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[bookmark: _Toc385270126]Abstract
GloBol—Glowing While Mobile—is a privately funded project focused on developing a novel bicycle prototype that increases cyclist safety through visibility, cost effective to maintain and build while providing self-generation of energy for a green and sustainable mode of safe transportation for the modern commuter.    There are currently several options on the market for bicycles that can be illuminated; however, the novelty of the Globol design involves harnessing the mechanical energy generated by the pedaling of the cyclist.  It is estimated that approximately 27%, of cyclist fatalities occurred during nighttime hours, between 5:00 PM and 10:00 PM with visibility being the main reported reason. The Globol project will 
The frame is illuminated by Lumilor™, an electroluminescent coating system developed by Darkside Scientific, LLC.  The system was chosen because it is gives a uniform illumination, a uniform Lambertian reflectance, low power consumption, low heat generation and vibration and impact resistant. A similar electroluminescent coating system can be developed using materials that can be purchased commercially from companies such as DuPont with the materials arranged in such a way that they form a capacitor structure with inorganic phosphor sandwiched between electrodes.
The GloBol electroluminescent bicycle frame is powered by the mechanical energy generated by the rotation of the wheels supplied through hub dynamos as well as 9V rechargeable batteries. The Hub Generator is used to power the main frame.  The rechargeable batteries were used to power the brake lights and turning signals.  The voltage that is produced by the Hub Generator is dependent on the rotational speed of the wheel.  The Hub Generator produces voltage at a ratio of 1:10 of voltage to rotational speed in rpm, respectively.

[bookmark: _Toc385270127]1. Introduction
[bookmark: _Toc385270128]1.1 Problem Statement
	According to the National Highway Traffic Safety Administration, a total of six hundred and thirty bicyclist deaths occurred in the United States in 2009.  These deaths accounted for two percent of all U.S. traffic fatalities in that year alone.  As stated in the 2009 Traffic Safety Facts released by the U.S. Department of Transportation, twenty-seven percent of cyclist fatalities occurred during the nighttime hours [3].  Cyclist injury and fatalities are potentially greater in global societies that rely more heavily on bicycling as a primary mode of transportation.  Increasing cyclist safety worldwide can profoundly affect modern daily life in many indirect ways.  Feeling safer when cycling may cause drivers to rely more on their bicycles as a safe mode of transportation.  This can reduce the consumption of fossil fuels and provide an inexpensive and fun method of exercise.  Cyclist safety is an issue that can be dealt with on the design level.  Increasing nighttime rider visibility is a main problem that the Globol Bike project seeks to address.

[bookmark: _Toc385270129]1.2 Motivation
The Globol project was driven by the universal desire among commuters to increase rider safety and allow bicycles to be further integrated in modern daily life.  To increase cyclist safety it was determined that visibility was a major issue.  To address this visibility issue it was determined that the bicycle should be lighted.  Currently there are similar designs were bicycle frames are lighted, however, our group sought to improve on these designs specifically in terms of power generation, lighting system and cost effectiveness.
[bookmark: _GoBack]Another main motivation for this design project was to have the bike to be ‘green’ in that the power is self-generating and sustainable.  A major motivation for the sustainability component of the design was due to economic and environmental impact that oil is having on society.  The Swiss design of the Stromer E-bike provided some inspiration for the energy capabilities and bicycle energy sustainability.  The Stromer design is a popular example of an “e-bike”.  Electric bicycles, commonly known as e-bikes, have an internal motor that can be used for propulsion to provide electric-assist for the rider.  The Globol project was inspired by the Stromer e-bike, but it also offers something different to the cycling community.  Globol deviates from the Stromer design by utilizing the pedaling mechanical energy for work instead of providing propulsion assistance to the rider.
Auxiliary applications were added to the bicycle.  These components include brake lights and blinking turn signals for communicating with drivers and other cyclists.  The ultimate goal of the Globol project is to make a functional prototype that supports the fun and sustainable nature of the cycling community while increasing safety for cyclists and drivers. 
 
[bookmark: _Toc385270130]1.2 Literature Survey
The issue of safety for cyclists is one that is extremely urgent to deal with.  In fact in 2011 there were a total of 677 cyclists that were killed in vehicular collisions which represented a value of 15% of all vehicular related fatalities for that year (NHTSA, 2011).  It is even more alarming when we look at the number of fatalities that occurred in that same year with the number standing at a staggering 48,000 cyclist injured (NHTSA, 2011).  In the European Union Member states it is estimated that there is an annual death toll of approximately 48,000 cyclists, with more than 1.8 million more injured (ECF 2009).  Of all the lives claimed and injuries sustained by cyclists, the majority of these accidents are attributed to the cyclists not being clearly visible to the driver, with approximately 57% of all the accidents being reported as the driver not being able to correctly identify the cyclists. These figures are staggering and not only costly in terms of lives but that bill can cost the state as the European Union States suffered a bill of approximately 160 Billion Euros in 2008 (ECF 2009).  This data clearly shows that there is a urgent need to increase rider visibility and as a result rider safety.
The economic impact of oil and gas is taking its toll on the nation as a whole as well as the individual.  This effect is so great that in recent times there has been a serious push to make everything even sports cars electric or at least hybrid powered.  In the United States the price of gas has been increasing steadily over the years as it moved from an average of $1.07 in 1993 to $3.67 in 2013 (EIA, 2013), which represents an average annual increase of 12% and an overall increase of 240% during that time period.  It is truly a plight that is experienced by the United States since the nation is ranked at 51 of 61 countries for highest gas price (Bloomberg, 2013).  The trend makes sense since the lowest prices are being enjoyed by members of OPEC with Venezuela paying the least at $0.04 per gallon while India pays approximately $10.08 per gallon (Bloomberg, 2013).
The effect of oil and gas is much more than economical as there is the environmental impact that needs to be considered.  It is a disturbing trend that off all emissions in the US 57% is from fossil fuel use with 13% of this emission for transportation (EPA, 2014).  The rapid increase over time is overwhelming in that the CO2 emissions have increased by a factor of almost 16 since 1900 until 2008, while since 1980 to 2008 the emissions have almost doubled (EPA, 2014).  This is enough evidence to prove that the system should aid in reducing the carbon footprint of society.
The bicycle chosen to be the base of our design was one that was commercially available which meant that in order to be placed on the market it had to adhere to safety requirements.  The standard used was ASTM F2711-08.  This standard is used to test and verify the strength of the bike frame under several conditions.  These loads that the bike was determined to bear were for the following tests with the loads seen in Table 1 below (Dwyer, 2011):
Horizontal Loading Durability Fatigue Test
Vertical Loading Durability Fatigue Test
Impact Strength Test
[bookmark: _Toc372484509][bookmark: _Toc384965976]Table 1: Loading Conditions Defined By ASTM F2711-08
	
Condition
	Intended Use
	Cyclic Tensile Load (N)
	Cyclic Compressive Load (N)
	Cycles (x1000)

	0
	Children’s Bike
	600
	300
	50

	1
	Paved Roads and Smooth Surfaces
	600
	600
	100

	2
	Unpaved and Gravel Roads
	800
	600
	50

	3
	Rough technical areas, unimproved trails, small jumps
	1,200
	600
	50

	4
	Extreme Off-road
	Undefined
	Undefined
	Undefined



[bookmark: _Toc370685425]

[bookmark: _Toc385270131]Conceptual Design

The core concept behind Globol is to create a self-sustained, illuminated bicycle frame with a lighting system powered by the pedaling motion of the cyclist. 

[bookmark: _Toc385270132]Prototype 1
Initially, the team set out to build a bicycle, however, this design option was ineffective because it was not cost effective as a mold would have to be created, not aesthetically pleasing as the wiring could not be properly concealed within the frame and the frame would have to be altered to the point where the safety of the rider could be compromised.  The preliminary material choices to build a clear bike were Trivex, polycarbonate, and acrylic as well as some composite fibers which were S-glass and E-glass. Polycarbonate and acrylic were deemed unsuitable materials because they would make the bicycle very uncomfortable to ride and would be very heavy and cumbrous. S-glass and E-glass are difficult to manufacture into tubes and are not transparent, but cloudy. Trivex is the most viable alternative, but it is expensive and patented by PPG, which makes it difficult to research the material properties and manufacturing processes was extremely costly.
[bookmark: _Toc385270133][bookmark: _Toc370685428]2.2 Prototype 2
	Another avenue that was explored was structurally modifying an existing bicycle.  The modification of the bicycle would be performed to facilitate the LED’s into the structure which would shine in a specific configuration.  This design was discontinued because of several factors.  Firstly, the structural changes to the bicycle would be extensive; furthermore, to facilitate the LED’s a method of heat sinking would have to be developed for the frame which would require greater modification of the bicycle.  The extent of the modifications may have compromised safety and quality of the rider’s experience which made the following 2 alternatives not viable.

[bookmark: _Toc385270134]2.2.1 Aluminum Frame with Slits
The shape of the frame is considered diamond shape, or double-triangle, and consists of four tubes: the head tube, top tube, down tube and seat tube. The rear triangle consists of the seat tube joined by paired chain stays and seat stays.  The strength of the design comes from the triangle shapes that make up the diamond design.
The frame material would have been Aluminum 6061 because it is lightweight, strong, and makes for a comfortable ride.  Other materials that were considered were titanium, carbon fiber, and steel. Titanium is expensive—it can cost up to 15 times more than steel—and is difficult to manufacture. Steel is stronger than aluminum, but is significantly heavier than aluminum. Carbon fiber is also expensive and would not be suitable to make slits in the frame. Aluminum is relatively soft. This makes it easier to manipulate into tubes of varying thicknesses and shapes. It is also much less expensive than carbon-fiber and titanium, which would make the bicycle easier to market to young riders. Although aluminum is not as light as carbon, some major bicycle manufacturers, such as Jamis, have been able to make aluminum frames as light 1,150 grams. Aluminum tubes will have much larger thickness than steel tubes, but they are still lighter.

[bookmark: _Toc370685436][bookmark: _Toc370722534][bookmark: _Toc370722792][bookmark: _Toc372484513][bookmark: _Toc385270061]Figure 1Close-up of top tube slit of aluminum frame
The frame would have been modified to allow for slits in the frame along the head tube, down tube, and seat tube from which LEDs would emit light.  Further slits would have been placed along the seat stays for LED turning signals. The determination of the strength of the bicycle would have been achieved using Finite Element Analysis.  This design was not pursued eventually since there would have to be further structural modifications to the bicycle that would allow for heat sinking of the LEDs.  This additional modification would not only be more costly, but will affect the performance and safety of the bicycle.
[bookmark: _Toc370685429][bookmark: _Toc385270135]2.2.2 Aluminum “Half Moon” Cross Section
Another design alternative for the frame was to have a “half-moon” cross section on the top tube in order to fill the other half with a clear plastic. The top half of the moon would serve as the structural support so that the LEDs could be mounted on the top half facing downward to illuminate the drop tube and seat tube. This design is not likely to be utilized since the factor of safety for preliminary FEA simulations returned a factor of safety below one.

 (
Figure 
2
: Solidworks Simulation of Half Moon Cross Section
)
[bookmark: _Toc385212166][bookmark: _Toc385270136]2.3 Final Prototype
After exploring the alternatives, the best design was chosen to fulfill the requirements for the prototype.  Our final design uses electroluminescent paint on an aluminum frame bike that is powered by a Hub Generator attached to the front wheel of the bicycle.  Furthermore, the electroluminescent paint was applied to the rear of the bicycle to give the effect of turning signals and brake lights which are controlled by the cyclist. The company that applied the electroluminescent paint was Darkside Scientific; a startup based in Medina, Ohio.
[bookmark: _Toc385212167][bookmark: _Toc385270137]2.3.1 Frame
The frame of the bicycle has the same basic shape, layout and parts although the size may change. In the Figure below, the basic components are displayed, which are; the stem, bars, forks, down tube, seat tube top, seat stays and chain stays. One of the major objectives of the design was to have a bicycle that would have been designed for commuting. This means it needs to be comfortable, has a gear ratio that allows for quick acceleration and a high cruising speed while maintaining a lightweight structure to be easily transported. To achieve this objective, we are using a road bike design, which has the rear dropouts that are designed for a derailleur hanger and fits 700c wheels.

[bookmark: _Toc385211958][bookmark: _Toc385270063]Figure 3: Bicycle Components Diagram. (Bicycle Buzz, 2012)

[bookmark: _Toc385211959][bookmark: _Toc385270064]Figure 4: (Above) Basic Bicycle Frame CAD Model

[bookmark: _Toc385270138]2.3 Energy Generation
[bookmark: _Toc385270139]2.3.1 Hub Dynamo	
The bicycle prototype design involved the utilization of a hub generator to capture the mechanical energy generated by the rotation of the wheels.  The particular hub generator integrated into the Globol prototype was the SONdelux Dynohub.  The SONdelux Dynamo hub is 390 grams in weight compared to a similar, yet older model, the Shimano hub, which is 575 grams.  This hub generator is rated to produce an output of 6-volts and 3 watts.  The thirty-two spoke-hole design was chosen over the thirty-six spoke-hole design to allow for less weight.  The SONdelux hub generator was installed in the front wheel.  The SONdelux hub is commercially available, and the wheel and hub generator was purchased as one preassembled piece.  An older, Shimano hub generator is shown in the figure below to compare the older design to the newer design of the SONdelux dynohub used on the Globol prototype bicycle.  
			
[bookmark: _Toc385270065]Figure 5:  SONdelux Dynohub Bicycle Wheel Generator 				Figure 6: Shimano Nutted Dynohub

[bookmark: _Toc372484516]

[bookmark: _Toc384965977]Table 2: Specifications for the SONdelux Dynohub Bicycle Wheel Generator
	Electrical power output
	6 volts/ 3 Watts

	Energy efficiency
	65% at 9 mph in 622 (700 c) wheel

	Weight
	390 g


[bookmark: _Toc384965978]
Table 3 Efficiency Comparison of Hub Dynamos
	
	Shimano NX-30
	Shimano DH-3N70/71/72/80 & Alfine
	Schmidt SONdelux

	Efficiency at 15 km/h, (about 10 mph)
	49%
	53%
	64%

	Energy required of the rider to rotate the hub when the lights are turned off at 30 km/h.
	6.5 watts
	2.2 watts
	1.5 watts

	Weight
	720 grams
	680 grams
	575 grams



The mechanical cranking technology of the hub generator is coupled with electroluminescent paint to illuminate portions of bicycle frame.  Electroluminescent paint was also used to outfit the prototype with blinking turning signals, which were powered separately with four alkaline, non-rechargeable 9-volt batteries.  The electroluminescent paint on the frame was electrically connected to the hub generator.  The mechanical energy of the pedaling was converted to an electric current which was fed directly into the lighting system.  Integration of simple switches located on the handlebars provided an interface between the rider and the turn signals.  The utilization of turn signals further increases the visibility of the rider during both nighttime and daytime hours.  Blinking turn signals on the Globol bike allows riders to efficiently and safely communicate to drivers and fellow cyclists.  Electroluminescent components are safe and convenient methods of providing light on the prototype frame.  
[bookmark: _Toc385270140]2.3.2 Solar-powered fenders
Another avenue that was initially observed was using flexible solar panels to support the energy generation of the Hub Generator.  The flexible solar panels would have been connected to the fenders of the bicycle. The flexible solar panels would have been used as passive energy generation that could be used to charge cell-phones, mp3 players, or potentially iPads and other electronics. The addition of the fenders as well as the solar panels will add weight to the bicycle.  Due to the low efficiency of solar panels on the market usually less than 20%, the surface area that would need to be covered in order to give significant power generation will be large and not only is that area not available on the bicycle but the addition of the weight will not be justifiable. 


[bookmark: _Toc370722543][bookmark: _Toc370722801][bookmark: _Toc372484522][bookmark: _Toc385270066]Figure 7: Flexible Solar Panel

[bookmark: _Toc385270141]2.4 Electroluminescence
Electroluminescence is an optical phenomenon and electrical phenomenon where a materials emits lights when an electric current is applied, or in the presence of a strong electric field. Electroluminescence is the result of radiative recombination of electrons and holes in a materials, usually a semiconductor. In radiative recombination, or band-to-band recombination, the electron in the conduction band recombines in a hole in the valence band, giving off energy as a photon. The emitted photon has energy similar to the band gap and is therefore only weakly absorbed such that it can exit the piece of semiconductor.

[bookmark: _Toc385270067]Figure 8: How Electroluminescence Works at the Sub-Atomic Level (Photo by lumilor.com)


[bookmark: _Toc370684055][bookmark: _Toc370722539][bookmark: _Toc370722797][bookmark: _Toc372484518][bookmark: _Toc385270068]Figure 9:  (Right) Flexible electroluminescent (EL) panel.
[bookmark: _Toc370684056][bookmark: _Toc370722540][bookmark: _Toc370722798][bookmark: _Toc372484519](Image taken from adafruit.com)


[bookmark: _Toc370684057][bookmark: _Toc370722541][bookmark: _Toc370722799][bookmark: _Toc372484520][bookmark: _Toc385270069]Figure 10: Schematic for layers within electroluminescent panel.
[bookmark: _Toc370684058][bookmark: _Toc370722542][bookmark: _Toc370722800][bookmark: _Toc372484521](Image taken from globalspec.com)

[bookmark: _Toc385270142]Prototype Design: Major Components
Our final design will use electroluminescent paint on an aluminum frame bike that with be powered by generators attached to the bicycle. Darkside Scientific, a startup based in Medina, Ohio, patented Luminor™, an electroluminescent paint that can be directly applied to the aluminum frame.

[bookmark: _Toc385270143]Structural Analysis of Frame
For the scope of the project, the existing structure of a bicycle is used, which means that the frame will have already met standards for safety and for the load that would be placed on the frame.  This initial testing performed by the manufacturer was inadequate for the project as the frame will have only been affected by the loads described in ASTM F08.10 and ASTM F2711-08 Series.  These ASTM standards maintain an internationally recognized definitive for bicycle design and testing.  Before the manufacturer is allowed to market the frames the tests prescribed in the standards will have to be performed ensuring public safety.  These tests indicate specific loading conditions for the bicycle frame.  
The project entailed the addition of auxiliary equipment to the bicycle frame, which will present an additional loading condition on the frame.  The addition of parts such as the Hub Generator and other auxiliary parts applied additional loads to the system.  The Hub Generator had the load applied to the bottom of the frame, where it is connected to the wheels, while the other applications are placed directly on the frame itself.  However, these loads were small compared to the loads that the bicycle would be subjected to on a daily basis, i.e. the loads that are tested in the ASTM Standards and can be considered as negligible.

[bookmark: _Toc385270144]Hub Generator
Self-sustained energy generation remained an integral design objective of the Globol project.  This was achieved by utilizing a hub generator to power the electroluminescent paint on the bicycle frame.  The hub generator was integrated into the spokes of the front wheel of the bicycle prototype.  The SONdelux dynohub is rated to output 6-volts and 3-Watts.  However, power output testing on the hub generator led the student design team to conclude that this power output rating is rather conservative.  The hub generator on average outputs voltages in the range of 10 to 14 volts when the wheel is spinning in the range of 80 to 120 rpm.  Refer to section 5 of this design report for tabulated data and further explanation of the hub generator power output testing.  Prototype functionality testing also provided a successful proof of concept, and the hub generator was concluded to output enough power to adequately light the electroluminescent bicycle frame.


[bookmark: _Toc385270070]Figure 11: Hub Generator Integrated into the Front Wheel of the Prototype

[bookmark: _Toc385270145]3.3 Electroluminescent Paint Illumination
Lumilor™ is a multi-layer coating system that fully applied is about 0.003” (0.1mm) thick. On top of this coating, an additional topcoat is applied, typically a tinted clear-coat. The choice of topcoat is up to the user, and such factors as sheen elasticity, weather protection, and impact resistance will determine which topcoat should be used and the ultimate thickness of the coating system. It’s comprised of an environmentally friendly aqueous based polymer blend, rendering it cleaner than a large majority of paints on the market. Its user friendly as it requires no special tools or expensive equipment to apply.  Lumilor™ is safe and cool to the touch, which makes it ideal for consumer use. It also looks like regular paint in light.
The life of the paint depends on the color selected, and the frequency and voltage of the source. Charging and discharging does not impact the life of the paint, only the total hours that it is powered. Lumilor™ requires an alternating current field to operate and takes 0.7 mA of current to charge one square inch of paint.  The aluminum will need to be primed first to insulate it electrically before the Lumilor™ paint is applied. 

[bookmark: _Toc378883028][bookmark: _Toc383964993][bookmark: _Toc383965014][bookmark: _Toc385270071]Figure 12: Sample Painted with LumiLor Electroluminescent Paint
The two unique prototypes paint designs were observed for the purpose of comparison for the design.  One design is streamlined that only outlines the shape of the bikes on the sides enough so that cars and pedestrian can recognize that the object is a bicycle. The paint was applied to the main front triangle, i.e. the main, top and down tubes, on the bicycle.  This area was painted with blue because blue has the highest level of luminance compared to other electroluminescent colors.  This design can be seen in Figures 12 and 13 below, with the lining of the frame clearly illuminated by the EL paint.  A secondary design was also explored where the paint would be applied in solid colors along the bars of the frame.  This is seen in Figure 14, where the bike was painted in red and blue.  While both designs presented data for the testing of power efficiency, these designs also provided a comparison for aesthetic value and cost effectiveness, which were also important factors to consider since the bicycle is to be commercially manufactured and marketed to the general public.  The first design was chosen for the prototype primarily due to cost effectiveness as the difference in the cost of the two designs was approximately $2000.

[bookmark: _Toc385270072]Figure 13: GLOBOL Streamlined Design when EL Paint is Turned On in the Dark

[bookmark: _Toc385270073]Figure 14: GLOBOL Streamlined Design with EL Paint


[bookmark: _Toc385270074]Figure 15: Design Alternative GLOBOL Solid Design with EL Paint










[bookmark: _Toc385270146]3.4 Reflective Handlebars
 (
Figure 
16
: 
Bullhorn Handlebars with and without 3M Reflective Tape
)
Retroreflective 3M tape was placed on the handlebars to increase visibility at night. These entirely reflective handlebars are the first of its kind in the cycling world. It's a minimal but highly effective way that requires no power to add visibility to the rider at night. Retroreflective surfaces reflect light back to the light source with minimal scattering. Retroreflectors have an angle of incidence greater than zero, which means that even a car’s headlights that are perpendicular to the bicycle it is approaching will be able to see the reflectance. Clear handlebar tape is wrapped around the handlebars to protect the tape from water and sweat and used as a grip for the rider. The translucent tape allows for light to pass through to the retroreflective surface beneath and reflect it to the source to appear as if it is illuminated. 

[bookmark: _Toc385270147]3.5 Main Switch

[bookmark: _Toc385270076]Figure 17: Main Waterproof Rocker Switch
	A waterproof rocker switch was used to turn the main frame blue lighting on and off. The switch was placed on the center of the stem that holds the handlebars and is routed through the top tube of the frame along with the other switches. The switch is waterproof to IP65 and is a SPST single pole, single throw, off-on switch. The specifications are listed in the table below.

[bookmark: _Toc384965979]Table 4: Table of Specs for Main Waterproof Rocker Switch
	Main Waterproof Rocker Switch Specs

	Switch Type
	SPST, Off-On

	Housing Dimensions
	0.51 x 0.77 inches

	Current Rating
	16 A @ 125VAC, 10 A @ 12 VDC

	# of Contacts
	2




[bookmark: _Toc385270148]3.6 Turning Signals & Brake Lights

	Brake lights and turning signals are incorporated into the electroluminescent paint design on the seat stays using a normally-closed momentary push button switch that is mounted on the brake lever and rocker switched mounted into the handlebars. This will be connected in a circuit from the inverter boxes to the taillights so that when the lever is pulled, the brake lights, located on the seat stays, will turn on red and when the rocker switches are flipped on, the brake lights will flash. The brake light design is depicted in the figures below.
	

[bookmark: _Toc378883100][bookmark: _Toc385270077]Figure 186: Brake Lever Design
      
[bookmark: _Toc385270078]Figure 19: (Left)Testing of the brake lever momentary switch on an LED 
[bookmark: _Toc385270079]Figure 20:(Right) Rear Right Brake Light using EL Paint on Prototype Bicycle



[bookmark: _Toc385270080]Figure 21: (Left) Momentary Push Button Switch
[bookmark: _Toc385270081]Figure 22: (Right) Mounting of the Momentary Push Button Switch on the Brake Lever


[bookmark: _Toc384965980]Table 5: Momentary Switch Specs
	Miniature Momentary Switch Specifications

	Switch Type
	SPST, Normally Closed

	Housing Dimensions
	Mounts on a 1/4 inch (7mm) hole

	Current Rating
	0.5 A at 125 VAC

	# of Contacts
	2




	The specs of the momentary switch used are listed in the table above. In order to mount the switch onto the brake lever, the brake lever was taken apart to work on the just the lever. The adjustment screw of the lever was removed and a larger hole was drilled for the momentary normally closed push button switch using a drill press. In order to be able to replace the switch under any circumstances, such as a short circuit blowing out the switch, a threaded nut was attached to the hole using JB weld epoxy. The threaded switch is then screwed onto the lever, next to the cable housing. While the lever is not pulled, the button switch is pushed, opening the circuit. Pulling the break lever releases the button switch and therefore closing the circuit to turn on the brake light. The brake light switch is routed through the handlebars and out of the stem, then through the top tube of the frame and connected to the inverter boxes under the seat. In order to maximize safety and visibility, the brake lights are powered using two standard  nine volt batteries for each light, for a total of 4 nine volt batteries.


[bookmark: _Toc385270082]Figure 23: (Right) Mini Rocker Switch
[bookmark: _Toc385270083]Figure 24: (Left) Mini Rocker Switch on Handlebars

	The turn signals used were mini SPST rocker switched that were placed on both sides of the handlebars. One switch for turning left, and another switch for turning right. Each switch turns either the left rear light or the right rear light on or off. The switch is routed through the inside of the handlebars and continues into and out of the bottom of the stem, where it is then routed through the top tube of the frame, along with the brake light switch, and out of the top tube to connect to the inverter boxes below the seat. The switch turns on the 555 timer in the inverter box circuit in order to flash on and off, like a regular turning signal on a vehicle. The rocker switch specifications are listed below.
[bookmark: _Toc384965981]Table 6: Mini Rocker Switch Specs
	Miniature Rocker Switch Specifications

	Switch Type
	SPST

	Housing Dimensions
	18.4 mm L x 12.9 mm W x 13.8 mm

	Current Rating
	10A @ 125 VAC, 6A @ 250 VAC

	# of Contacts
	2




	The inverter box provided by Darkside Scientific was altered by removing the original 3-pole slider switch and instead connecting the momentary switch and the rocker switch for the brake lights and turn signals. Desoldering the slider switch brought some setbacks since the quality of the PCB was low and there were several instances of delamination. The circuit diagram with the momentary switch and rocker switch is displayed in the figure below. We were not able to fully simulate the circuit because the inductance of the transformer is unknown. Ther is no identification on the transformer and Darkside Scientific purchased the inverter boxes from China and were not able to provide any information on the components inside.

[bookmark: _Toc385270084]Figure 25: Inverter Box for Brake Light and Turn Signal
	One inverter box is used for each light source on the seat stays. There is two rocker switches used, one for the left and one for the right, but only one momentary switch is used for both sides so the wires had to be split into two additional wires to be connected to both inverter boxes. Since the hub generator will not be able to provide enough power to light up the main frame and the rear lights, the rear lights will be battery powered. This was decided since the main motivation behind Globol was safety.


[bookmark: _Toc385270149]3.7 Electrical Circuits
[bookmark: _Toc385270150]3.7.1 Electrical Specifications and Requirements

One of the most challenging aspects of the Globol design project was building the electrical circuits that power the auxiliary components and integrating the hub generator with the electroluminescent frame.  The power output provided by the hub generator is specified as 3 watts and 6 volts on average.  These are average values because the wattage and voltage output of the SONdelux dynamo is a function of the rotational speed of the wheel.  According to Darkside Scientific, the electroluminescent frame of the Globol bicycle requires 7 mV and 0.7 mA per square inch of frame surface area.  The LumilorTM electroluminescent paint sample provided by Darkside scientific has a start-up voltage of 4 volts.  This is the minimum voltage to light up the electroluminescent paint, and this voltage results in approximately 20% brightness on a full-brightness scale.  
	In the initial phases of the prototype development, the electroluminescent paint sample was directly connected to the hub generator.  Once that circuit is built and debugged, then the hub generator was directly connected to the electroluminescent frame.  It is hypothesized that the same circuit will work to power the electroluminescent frame with a larger voltage step-up.

[bookmark: _Toc385270151]3.7.2 Proposed Prototype Main-Frame Circuit 1
	
Multiple proposed prototype circuits were developed and tested to light the electroluminescent paint on the bicycle prototype frame.  These circuits are called “main-frame” circuits to differentiate between the two circuits that control the brake lights and turning signals.  There are three independent circuits on the bicycle prototype.  Those three circuits are the main-frame circuit that powers the blue electroluminescent paint on the bicycle frame and the two circuits that work on the red electroluminescent paint of the brake lights and turning signals.  The circuit design for the main-frame was an iterative process, and three different proposed main-frame circuits were tested.  The different proposed prototype circuits will be explained in detail to illustrate the evolution of the circuit design and implementation.  The hub generator produces an alternating current, and the electroluminescent frame requires an alternating current input.  However, the circuit will contain an AC/DC bridge rectifier to allow for the energy output of the hub generator to be stored in external batteries located on the prototype frame.  The batteries store direct current, so the implementation of an inverter is necessary.  The supplier that applied the electroluminescent paint, Darkside Scientific, sent the bicycle prototype back with an inverter box.  The first proposed circuit integrated the charging of two 9-volt batteries.  

[bookmark: _Toc385270085]Figure 26:  Proposed Prototype Circuit 1


[bookmark: _Toc384965982]Table 7: Component List for Proposed Prototype Circuit 1

Note:  All circuit diagrams were drawn with the use of the computer software iCircuit. 3

In  the first proposed prototype circuit, the hub generator produces an alternating current when the front wheel spins.  That AC current is converted to a DC current by the bridge rectifier.  Then, the capacitors even out the current supplied to the batteries.  The DC current then travels to the batteries to charge them.  The batteries then supply a DC signal to the inverter box, which then converts the DC back to AC and steps the voltage up to approximately 120 volts.  This feasibility of this circuit was tested extensively.  However, Proposed Prototype Circuit 1 could not be implemented because the hub generator does not supply enough voltage and power to the batteries to charge two 9-volts in the same circuit.  The hub generator is rated to output 6V and 3W.  However, a maximum voltage of 10 volts was recorded during testing of the generator.  Therefore, that is not enough voltage to charge two 9-volt batteries, especially while they are being discharged simultaneously to light the electroluminescent frame.  The load in all of these circuits is the electroluminescent bicycle frame.  

[bookmark: _Toc385270152]3.7.3 Proposed Prototype Main-Frame Circuit 2
	
	The second conceptual prototype circuit, Proposed Prototype Circuit 2, is shown in the next figure.  This circuit supplies power directly to the electroluminescent bicycle frame without the use of any batteries.  The feasibility of this circuit was tested extensively, and it can successfully work to power the electroluminescent frame of the prototype.  This circuit was tested on the Lumilor sample and the bicycle prototype, and it provides plenty of power to light both the sample and the bicycle frame.  




[bookmark: _Toc385270086]Figure 27: Proposed Prototype Main-Frame Circuit 2


[bookmark: _Toc384965983]Table 8: Component List for Proposed Circuit 2



The Proposed Prototype Circuit 2 is a very useful circuit because it successfully illuminates the Lumilor sample as well as the bicycle prototype frame.  Another benefit of this circuit is that is eliminates the use of batteries, which decreases the number of components on the bicycle prototype.  Space is very limited on the Globol prototype, especially in terms of circuit and electrical components.  There are some negative aspects of utilizing this circuit, and these cons are associated with the fact that the brightness varies with wheel speed.  The brightness of the electroluminescent paint is a function of voltage, because the intrinsic electrical properties of electroluminescence is very voltage-dependent.  Furthermore, the voltage supplied to the circuit is a function of speed.  Thus, the faster the front wheel rotates, the more voltage supplied to the paint and the brighter the paint.  This results in the paint dimming when the bicycle prototype slows down, and the paint loses luminescence completely when the bike is stationary.  

	Pros
	Cons

	Successfully illuminates the Lumilor sample and the prototype frame.
	Light turns off when the wheel stops spinning.

	Eliminates the use of batteries, resulting in less components on the bicycle prototype.
	Light dims when wheel slows down.

	
	Requires the least number of components of all proposed circuits.



[bookmark: _Toc384965984]Table 9:  Pros and Cons of Integrating Proposed Prototype Main-Frame Circuit 2




[bookmark: _Toc385270153]3.7.4 Proposed Prototype Main-Frame Circuit 3

Proposed prototype main-frame circuit 3 was designed to charge one battery and use that battery to light the electroluminescent frame.  The AC signal generated by the hub dynamo is converted to a DC signal with a bridge rectifier, just like the proposed main-frame circuits 1 and 2.  The DC output of the bridge rectifier is used to charge a 9V rechargeable battery.  The 9V battery then supplies an input voltage to a DC to DC converter, which steps up the voltage to 18Volts.  The 18-volt output of the DC to DC converter is passed through the Darkside inverter, where it is converted back to an AC signal and stepped up to about 120-volts.


[bookmark: _Toc385270087]Figure 28: Circuit Diagram for Proposed Prototype Main-Frame Circuit 3



[bookmark: _Toc385270088]Figure 29:  DC to DC Converter Used in Final Prototype Main-Frame Circuit







The pros and cons of this prototype main-frame circuit are discussed in the table below.  



	Pros
	Cons

	Incorporates battery charging capabilities into the prototype design.
	Requires the incorporation of the DC to DC converter circuit board, which takes up more space.

	Requires only one 9-volt battery, instead of the two 9-volt batteries used by proposed prototype main-frame circuit 1.
	Not possible with current inverter box and DC/DC converter.



[bookmark: _Toc385270089]Figure 30: Pros and Cons of Proposed Prototype Main-Frame Circuit 3


The extra space required by the DC to DC converter circuit board is the only con associated with the integration of proposed prototype main-frame circuit 3.  However, this extra space needed is offset slightly by reducing the number of rechargeable batteries required by the circuit.  Circuit 3 requires only one 9-volt rechargeable battery whereas circuit 1 required two.  Halving the quantity of batteries was possible with circuit 3 because of the configuration of the DC to DC converter.  The hub generator supplies charge to the batteries, and the batteries supply an input DC supply to the converter.  The converter has an adjustable potentiometer, and the circuit board regulates the input DC supply to provide a constant output voltage.The DC to DC converter uses integrated circuits LM2596S and LM2577S and has the following input and output specifications:
		Input: 3.5 to 28 Volts, 1A rated amperage, 3A maximum amperage
		Output: 1.25 to 26 Volts, 1A rated amperage, 3A maximum amperage

This converter regulates the output to supply the voltage set on the potentiometer regardless of the input voltage, as long as the input voltage is within 3.5 and 28 volts.  To adjust the output voltage on the potentiometer, a DC power supply was used as the input voltage and was set to approximately 8 volts.  Then, the output voltage of the DC to DC converter was measured using a multimeter.  The voltage was set by turning the small precision screw on the potentiometer.  The adjustment was set once the output voltage of the DC to DC converter was measured at 18 volts.  The electroluminescent paint is voltage-dependent, so this ensures that the electroluminescent paint on the bicycle frame receives enough voltage, while minimizing the number of batteries on the circuit to one 9-volt.
	This circuit was not functional when implemented during prototype testing.  The DC/DC converter worked well when connected to a 9-volt battery or the DC power supply.  However, when it was connected to the inverter boxes and the electroluminescent paint, the current demand of the circuit exceeded 2A, and the DC/DC converter is only rated for 1A.  When a battery was connected into this circuit with the inverter box and electroluminescent paint, the battery began to overhead in less than a minute.  Therefore, this circuit was deemed nonfunctional and possibly not safe for the cyclist.  The table shown below compares the expected input voltage, output voltage and current draw of the DC to DC converter to the actual measurements during the circuit design and testing phase of prototype development. S


[bookmark: _Toc385270154]3.7.5 Final Main-Frame Circuit Design
	The proposed main-frame circuit 2 was chosen as the final circuit design to illuminate the bicycle frame.  This circuit was chosen because the student design team found difficulty with the other two circuit designs.  The primary reason for the setbacks in the other proposed circuits is the poor quality of the inverter boxes provided by Darkside Scientific.  The design chose was made to go back to the original design of powering the electroluminescent frame strictly on the hub generator, without the use of a battery charging circuit.  Despite the fact that the battery charging circuits were unsuccessful, the design team was still successful in achieve the original goal of maintaining a self-sustained illuminated bicycle.  The figure below shows a circuit board made for this final main-frame circuit.  This circuit board organizes and stores the bridge rectifier  (
Leads from hub generator
)and 1000 μF capacitor used in this circuit.  
 (
Leads to inverter boxes and EL paint
) (
1000 
μ
F Capacitor
) (
Bridge Rectifier
)
[bookmark: _Toc385270090]Figure 31: Circuit Board Built for Main-Frame Circuit Integration






[bookmark: _Toc385270155]3.7.6 Inverter Box for EL Paint
	
Darkside Scientific provided inverter boxes for the electroluminescent paint, and this inverter circuit is required to illuminate the paint.  This box is connected in series to the load, which is the electroluminescent frame.  The inverter circuit is designed to take in the DC voltage provided by batteries and converts it to AC, while also providing a 1:10 voltage step-up.  This inverter box is designed for a 12 volt input and a transformer within the box steps up the input to provide 120 volts output.    The circuit also contains a three-way switch that is used to turn on the paint on to provide constant light or flashing light.  
The electroluminescent sample shown in the Figure 18 requires one inverter box.  However, the electroluminescent frame on the bicycle prototype requires two inverter boxes connected in parallel.  This dual inverter box configuration is required on the bicycle prototype to decrease the load on the transistors.  The increase is electroluminescent paint surface area is too demanding for one of small type inverters. The dual inverter box configuration connected in parallel decreases the demand on the inverter boxes, generates less heat.  The transistors in the inverter boxes do not have any heat sinking capabilities, so an increase in heat generation can cause functionality problems for the prototype and safety issues for the cyclist.  Therefore, the dual inverter configuration allows more current to flow through the system, giving off more light.  The electroluminescent paint is voltage dependent.  Unlike a normal light bulb with a fixed resistance, electroluminescent paint will decrease in resistance upon increasing the voltage. Thus, as more voltage is applied, the current demand will increase. The two inverters prevents the transistors in the circuit from burning up due to the increase in current demand. 


[bookmark: _Toc385270091] (
Inverter box
)Figure 32: Darkside Electroluminescent Paint Sample with Inverter Box



The circuit diagram for the inverters is shown below in Figure 19.  This circuit for the inverters are based on 555 timer/oscillator. The microchip is a D/C driven oscillator with a 5-30 volt input capability, and the output capability is the same. It is timed by using a pair of resistors and a capacitor, causing the oscillation to be between 1 kHz and 2.5kHz.  The voltage then gets driven into a small transformer with a light buffering circuit, and then out to the electroluminescent paint.       


[bookmark: _Toc385270092]Figure 33: Circuit Diagram for Inverter Box Provided by Darkside Scientific

Note that the yellow line in the inverter circuit diagram shown above indicates the flow of current through the inverter circuit when the switches are open. 


[bookmark: _Toc385270093]Figure 34: Image of the Closed Inverter Box Provided by Darkside


[bookmark: _Toc385270094]Figure 35: Inverter Box Circuit Board

[bookmark: _Toc385270156]4. Proof of Concept
	The primary concept of this project was to illuminate a bicycle frame with the mechanical energy exerted by the cyclist.  This concept became feasible with the use of a front hub dynamo on the bicycle wheel coupled with electroluminescent paint on the bicycle frame.  The initial proof of concept was analyzed when the Lumilor sample provided by Darkside scientific was powered by the hub generator.  This initial proof of concept was deemed a success because the power generated by the hub dynamo was sufficient to adequately power the Lumilor sample.  The figure below shows the electroluminescent Lumilor sample being powered by the hub generator alone, without the use of batteries or any other external power source.


[bookmark: _Toc385270095]Figure 36:  Electroluminescent Sample Powered by the Hub Generator Alone


The second phase of the proof of concept was analyzing if electroluminescent paint could be applied to a bicycle frame to adequate provide light and increase visibility in the dark.  This phase of the proof of concept was also deemed a success when the bicycle prototype was sent back from Darkside and illuminated in a dark room.  The figure shown below compares the conceptual CAD design of the Globol prototype to the actual prototype being lit up in a dark room.  Please note that in this figure the bicycle prototype is being powered by two 9-volt batteries, not the hub generator.


[bookmark: _Toc385270096]Figure 37: Comparison of Conceptual Prototype CAD Design and Actual Prototype.  LEFT:  CAD Rendering of Globol Prototype.  RIGHT:  Actual Globol Prototype


The final phase of the proof of concept was to analyze if the electroluminescent frame on the bicycle prototype could be successfully powered sustainably by a bicycle hub generator located on the front wheel.  This phase of the proof of concept was also deemed a success when the prototype frame was illuminated only by the power generated by the front hub generator.  The figure shown below shows this final proof of concept.


[bookmark: _Toc385270097]Figure 38:  Globol Prototype Frame Being Powered by the Hub Generator




[bookmark: _Toc384255769][bookmark: _Toc385270157]5. Prototype Testing
	The student design team performed extensive testing on Globol bicycle prototype to and analyze the functionality and safety of the design.  Some preliminary tests were be performed before building the bicycle prototype.  The design team performed power output testing of the SONdelux dynamo hub generator to determine the wattage and voltage supplied by the hub generator.  The SONdelux dynamo hub specs list the output of the hub generator as 6 volts and 3 watts.  These specs were verified with power output testing.  The team also performed power requirement testing of the electroluminescent frame and the LumilorTM sample provided by Darkside Scientific.  These tests were utilized to ensure proper system integration.  The Globol student design team strives to create a safe and functional bicycle that meets proper safety guidelines and standards.

[bookmark: _Toc384255770][bookmark: _Toc385270158]5.1 Hub Generator Power Testing
	Power output testing of the SONdelux dynamo hub generator is critical to the prototype circuit design, because it the circuit needs to be configured in such a way that the hub generator can supply adequate power to the desired surface area of the electroluminescent frame.  Separate tests were performed with the hub generator implemented into the bicycle prototype design.  However, this section of the report will detail how the hub generator was testing individually.  The SONdelux dynamo hub generator was purchased already installed on a wheel.  The use of a truing stand allows the design team to test the hub generator separately from other prototype components.  This is beneficial because it allows for power output testing to be performed in parallel with other tasks.  A truing stand is a specialized mount designed for aligning and straightening bicycle wheels.  It is used during hub generator testing simply as a wheel mount.  It will also be used during prototype assembly to straighten the bicycle wheels.  A standard multimeter is used to acquire the voltage, current and resistance output of the hub generator as the front wheel rotates freely.  A tachometer is used to measure the rotational speed of the wheel to determine a relationship between wheel rotation speed and power output of the hub generator.  Figure 13 shows the test setup for the hub generator functional power output test.  
	                  
[bookmark: _Toc384255720][bookmark: _Toc385270098]Figure 39: Hub Generator Test Setup
		
[image: ]
[bookmark: _Toc384255721][bookmark: _Toc385270099]Figure 40: Tachometer Used for Prototype Testing

[bookmark: _Toc384255722][bookmark: _Toc385270100]Figure 41: Multimeter used to measure voltages and current

[bookmark: _Toc384255684][bookmark: _Toc384965985]Table 10: Parts List for Hub Generator Power Output Test Setup
	Item #
	Description
	Qty

	1
	Front Wheel (XL14/32h)
	1

	2
	SONdelux Dynamo Hub Generator
	1

	3
	Bike Wheel Truing Stand
	1

	4
	Multimeter (Figure 30)
	1

	5
	Tachometer (Figure 29)
	1





[bookmark: _Toc384255771][bookmark: _Toc385270159]5.2 Performance Testing
The performance of the bicycle was analyzed in a couple ways.  The Hub generator was connected to the sample and was spun at several different speeds to observe the difference in the lighting that was produced by the sample.  From the data obtained it was clear that at the highest speed the intensity of the light was the highest and this corresponded to a value of about 11V produced by the Hub Generator.  It was clear that the values of intensity produced by the light was dependent on speed and also varied throughout the rotation showing that the signal produced directly from the Hub Generator was not constant even at the same speed of rotation.  This was further reason to connect the Hub Generator to batteries and auxiliary electrical components that could stabilize the signal produced and by extension produce a uniform lighting pattern.  The Hub Generator, since the signal will vary over time, was used to charge the battery system of the bicycle.  The batteries configured were observed to behave as if they were cumulative, which means that the batteries properties would be added for example, 2 batteries would take twice as long to charge as 1 battery since current is the same in series.
When any additional components are added to a bicycle, it will inevitably add weight and affect the performance.  In this case the Hub Generator and auxiliary components will affect the behavior of the bicycle and the human factors will come into play.  
[bookmark: _Toc384255772][bookmark: _Toc385270160]5.3 RPM and Voltage
The hub generator was connected to the circuit and spun at several speeds.  At the output of the circuit the DC Voltage produced was measured using the Multimeter shown.  The RPM was measured using the Tachometer at the point where the speed was at a constant value.  The velocity of the wheel was varied to obtain a wide range of speeds to correlate to the voltages produced by the circuit to the speed that the Hub Generator was run at.  Table 8 below shows the results of this experiment.  It is quite interesting to note from Table 8 and Figure 31, that the RPM and Voltage produced has a 1:10 ratio, which remains constant regardless of the value of RPM.  What is means is that for to obtain 10 Volts out of the Circuit, the Hub Generator must be rotating at approximately 100RPM.  The importance of this result is that the performance of the bicycle can be effectively correlated to predict the performance of the circuit.
[bookmark: _Toc384255685][bookmark: _Toc384965986]Table 11: Correlation of Voltage and RPM
	Trial
	Vdc (V)
	Vpp (V)
	RPM (X10)

	1
	12
	1.58
	13.03

	2
	11
	1.28
	12.25

	3
	10
	1.24
	9.66

	4
	10
	1.24
	10

	5
	5
	0.8
	5.04

	6
	12
	1.64
	11.67

	7
	14
	1.78
	15.8

	8
	13
	1.76
	14.81

	9
	9
	1.04
	9.37

	10
	10
	1.56
	10.02



[bookmark: _Toc384255723][bookmark: _Toc385270101]Figure 42: Correlation of Voltage output to the RPM of the Hub Generator.  This graph corresponds to the data displayed in Table 8

[bookmark: _Toc384255773][bookmark: _Toc385270161]5.4 Rider Speed
It is expected that as reported by Idaho National Laboratories as being between 70 and 100 RPM, and reported by Livestrong.com as between 50 and 100RPM.  This data for rider speed was correlated to the information obtained for the RPM and the Voltage produced to effectively predict the performance of the bicycle over a long period of time.

[bookmark: _Toc384255774][bookmark: _Toc385270162]5.5 Rate of Charge
The Hub generator produces power when the rider is in motion, while this can be effective it does not fully meet the criteria of the project which is to maintain safety at all times for the rider.  Furthermore, by connecting the bicycle directly to the Hub Generator the lighting effect is not consistent this was not aesthetically pleasing.  To ensure that the bicycle would produce a smooth, consistent lighting effect the bicycle was connect to 2 9V rechargeable batteries.  These batteries served as a storage basin for the charge produced by the Hub Generator which was to be discharged to the paint.  
To determine the performance and effectiveness of the system on of the most important factors were the Rate of Charge, both analytically and empirically.  The batteries used were 9V rechargeable batteries with rated with capacity of 250mAh.  This Capacity gives a predictor of the Rate of Charge of a Battery in that if the batteries are exposed to 250mA consistently it will take approximately 1 hour to charge.  This is known as the C Rate and defined according to Equation [3].  Using the conservation of Power, which can be seen in Equation [4], where the Power Rating of the Hub Generator is at 3W, and the RPM for the testing approximately 80RPM which gives an output voltage of 8V.  The Current that would be passing through the circuit is 375mA.  Using the C rate principle, the batteries should charge from a fully dissipated state in 0.67 hour or 40 minutes.  However, from the data collected the batteries charged from 3V to 9V in approximately 3 minutes, giving an extremely high error of 92.5%.  This disparity can be due to the fact that the batteries were not completely dissipated and the theoretical calculation assumes that the battery and the circuit will have ideal behavior.  Nevertheless, considering that the trials between the batteries were similar the data collected should be used as the predictor of performance.
										[3]
										[4]
Where C is the Capacity, I is the Current Supplied to the battery, t is time.
The trials using different batteries showed that the Rate of Charge was basically constant according to the rated capacity.  The relatively small standard deviation shown in Table 9 and Figures 32 showed the similar Rate of Charge of the batteries. The Average Rate of Charge was used to determine an equation which would predict the performance of the batteries, seen in equation [5] and Figure 33.  This equation had a Reliability of 0.9767 which is high enough to be considered as an accurate predictor of the performance of the batteries.
							[5]
Where V is DC Voltage, t is time, is the initial voltage.
[bookmark: _Toc384255686][bookmark: _Toc384965987]Table 12: Observation of Rate of Charge
 
	T
	V1
	V2
	V3
	Average
	STD DEV

	0
	2.64
	2.53
	2.95
	2.71
	0.22

	10
	3.65
	3.65
	3.98
	3.76
	0.19

	20
	4.48
	4.4
	4.75
	4.54
	0.18

	30
	5.25
	5.15
	5.66
	5.35
	0.27

	40
	6.1
	5.95
	6.25
	6.10
	0.15

	50
	6.85
	6.95
	7.05
	6.95
	0.10

	60
	7.64
	8
	7.99
	7.88
	0.21

	70
	8
	8.15
	8.23
	8.13
	0.12

	80
	8.23
	8.2
	8.35
	8.26
	0.08

	90
	8.47
	8.45
	8.55
	8.49
	0.05

	100
	8.48
	8.49
	8.63
	8.53
	0.08

	130
	8.65
	8.6
	8.95
	8.73
	0.19

	190
	8.86
	8.95
	8.99
	8.93
	0.07




[bookmark: _Toc384255724][bookmark: _Toc385270102]Figure 43:The Rate of Charge of the 2, 9V Batteries.  This graph corresponds to the data displayed in Table 9



[bookmark: _Toc384255725][bookmark: _Toc385270103]Figure 44: The Average Rate of Charge of the 2, 9V Batteries and the Performance Prediction Equation

[bookmark: _Toc384255775][bookmark: _Toc385270163]5.6 Rate of Discharge
To ensure that the bicycle would produce a smooth, consistent lighting effect the bicycle was connect to 2 9V rechargeable batteries.  These batteries served not only as a storage basin for the charge produced by the Hub Generator but were responsible for discharging to the bicycle.  
To determine the performance and effectiveness of the system the Rate of Discharge of the batteries were found, both analytically and empirically.  The batteries used were the same 9V rechargeable batteries with rated with capacity of 250mAh that were used for the Rate of Charge Calculations.  The importance of this test was that the results obtained were compared to the Rate of Charge of the batteries to determine whether the configuration of the circuit was acceptable in this configuration.  This Capacity gives a prediction of the Rate of Discharge of a Battery in that if the batteries are required to power 250mA consistently it will take approximately 1 hour to completely discharge.  This is the C Rate and defined according to Equation [3].  The Power Requirement of the Bicycle was calculated according to Equation [6].  The paint was rated to require 0.7mA per square inch of paint to light.  The surface area of the paint was calculated to be approximately.  Using Equation [6] the Current Requirement was found to be 49.2 mA.  Using the C-Rate Principle identified in Equation [3], the time for complete Discharge was found to be 5.081 hours.
										[6]
Where I is the current, is the Current Rating of 0.7mA/square inch, A is the surface area
However, from the data collected the batteries discharged from 18V to 15V in approximately 30 minutes.  This means that at this rate the batteries would be expected to be completely discharged in approximately 6 hours which is similar to what is expected from the theory.  The differences in the reading could be because of the assumptions that the theory uses to idealize the model, since the error is approximately 15%.
The trials using different batteries showed that the Rate of Charge was basically constant according to the rated capacity.  The relatively small standard deviation shown in Table 10 and Figures 34 showed the similar Rate of Discharge of the batteries. The Average Rate of Discharge was used to determine an equation which would predict the performance of the batteries, seen in equation [7] and Figure 35.  This equation had a Reliability of 0.8151 which is high enough to be considered as an accurate predictor of the performance of the batteries.
							[5]
Where V is DC Voltage, t is time.



[bookmark: _Toc384255687][bookmark: _Toc384965988]Table 13: Observation of Rate of Discharge

	T (min)
	V1 (V)
	V2 (V)
	Average
	STD DEV

	0
	18.44
	18.27
	18.36
	0.12

	0.5
	17.83
	17.75
	17.79
	0.06

	1
	17.48
	17.32
	17.40
	0.11

	1.5
	17.29
	17.26
	17.28
	0.02

	2
	17.20
	17.18
	17.19
	0.01

	2.5
	17.17
	17.10
	17.14
	0.05

	3
	17.05
	17.00
	17.03
	0.04

	3.5
	16.96
	16.89
	16.93
	0.05

	4
	16.88
	16.73
	16.81
	0.11

	5
	16.62
	16.66
	16.64
	0.03

	6
	16.60
	16.58
	16.59
	0.01

	8
	16.54
	16.50
	16.52
	0.03

	10
	16.44
	16.34
	16.39
	0.07

	15
	16.11
	16.04
	16.08
	0.05

	20
	15.96
	15.80
	15.88
	0.11

	25
	15.70
	15.70
	15.70
	0.00

	30
	15.50
	15.44
	15.47
	0.04




[bookmark: _Toc384255726][bookmark: _Toc385270104]Figure 45:The Rate of Discharge of the 2, 9V Batteries.  This graph corresponds to the data displayed in Table 10




[bookmark: _Toc384255727][bookmark: _Toc385270105]Figure 46: The Average Rate of Discharge  of the 2, 9V Batteries and the Performance Prediction Equation

[bookmark: _Toc385270164]5.7 Current Draw Testing
	Testing was performed to determine the current draw and internal resistance of the electroluminescent components.  This testing was done on the painted bike frame and the electroluminescent sample provided by Darkside Scientific.  The purpose of this testing was to quantify the current draw, internal resistance and power required by the electroluminescent paint.  Four sets of data were collected during this testing; the sample was tested during solid and flashing conditions, and the bike frame was also tested during solid and flashing conditions.  The inverter boxes for both the sample and bike frame have a three-pole switch where the use can switch the EL pain off, flashing and on solid.  To perform this testing, a DC power supply was connected in parallel to the terminals of the inverter boxes.  The inverter boxes were then connected to the electroluminescent paint sample or bicycle frame.  Therefore, the current draw data acquired experimentally is the current drawn by the inverter and paint as a system.  So, when testing the sample, the single inverter box and EL paint sample was tested as the load.  When testing the bicycle prototype, the double inverter box and EL bike frame was tested as the load.      
[bookmark: _Toc384965989]Table 14: Current Draw Data for EL Sample with Switch on Solid Setting
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[bookmark: _Toc384965990]Table 15: Current Draw Data for EL Sample with Switch on Flashing Setting
[image: ]

[bookmark: _Toc384965991]Table 16: Current Draw Data for EL Sample with Bicycle Frame on Solid Setting


[bookmark: _Toc384965992]Table 17: Current Draw Data for EL Sample with Bicycle Frame on Flashing Setting
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[bookmark: _Toc384965993]Table 18: Average Experimental Electroluminescent Paint Resistances
[image: ]

This data is somewhat limited when comparing the current draw data of the sample to the data of the paint.  This is because the sample only uses one inverter box, and the bicycle frame uses two inverter boxes in parallel.  Unfortunately, these inverter boxes were sent from Darkside scientific, and some of the internal components are not labelled.  A complete and accurate circuit diagram is unavailable for these inverter boxes, so the student design team cannot accurately analyze or predict the electrical behavior of these boxes.  Please note that the circuit diagram for the inverter box found in section 3.7.5 of this report is only a predicted circuit diagram, because some of the actual components are not labeled.


[bookmark: _Toc384965994]Table 19: Expected Current Draw vs. Actual Current Draw of Electroluminescent Paint
[image: ]

The expected current draw data calculated in the table above was estimated using the specification of 0.7 mA/in2.  The electroluminescent surface area on the bike was measured by hand once the prototype was received from Darkside scientific.  The electroluminescent surface area of the sample is an estimation because the sample is an irregular shape with curves and raised surfaces. This unexpected increase in current demand could provide an explanation for the possible interference between the DC/DC converter and inverter boxes.


[image: ]
[bookmark: _Toc385270106]Figure 47: Comparing Current Draw of Electroluminescent Sample and Bike Frame




The two graphs below show current demand as a function of input voltage for both the electroluminescent sample and bicycle frame.  The inverter boxes for the paint have a 3-pole switch that allows for the paint to be off, flashing or solid.  For both the sample and the frame, the electroluminescent paint drew less current when on the flashing setting.  Also, the relationship between current demand and input voltage is linear.  A linear trendline was fit to the data curve for each set of data.  The R2 values were well over 0.95, indicating that the linear relationship is an accurate representation of the data trendlines.  

[image: ]
[bookmark: _Toc385270107]Figure 48: Current as a Function of Input Voltage for Electroluminescent Sample


[image: ]
[bookmark: _Toc385270108]Figure 49: Current as a Function of Input Voltage for Electroluminescent Bike Frame



[bookmark: _Toc384255776][bookmark: _Toc385270165]5.8 Problems Encountered and Potential Concerns
The batteries that are used do have a component of leakage and when it is fully charged the battery begins to discharge at approximately .  This is concerning in that the battery was charged to 8.95V and connected to the circuit and left for 48 hours, at this point the battery had a voltage of 8.45V.  The batteries may also need to be replaced for better quality batteries as the batteries tend to burn out after a while.  The Figure below illustrates what happened to the battery after about two hours of testing.

[image: ]
[bookmark: _Toc384255728][bookmark: _Toc385270109]Figure 50: Exploded Battery

[bookmark: _Toc385270166]6.  Prototype Assembly and Integration
	When the bicycle frame was originally received with the Lumilor painted on, the leads were connected to high up on the seat tube that a seat clamp could not be placed. Without the seat clamp, the bicycle cannot be ridden because a seat post cannot be clamped on. Although we could not remove the leads, the JB weld around them was sanded off with a dremel and the wires were cut off. We were able to remove 0.25" off the top so that a seat clamp could fit. Solderless mechanical connectors were used instead of wire to ensure that friction from the seat clamp would not cut any wires and that the connection would not overheat from the solder, which would cause the dielectric in the paint to breakdown. The mechanical connectors were then coated with silicon and JB weld to hold them in place facing down along the seat tube instead of up.

[image: C:\Users\XIMENA~1\AppData\Local\Temp\IMG-20140321-WA0011.jpg][image: C:\Users\XIMENA~1\AppData\Local\Temp\20140331_115910.jpg]
[bookmark: _Toc385270110]Figure 51: (Left) Closeup of the leads on the seat tube
[bookmark: _Toc385270111]Figure 52: (Right) Leads on the seat tube with the seat clamp






[bookmark: _Toc385270167]7. Timeline for Project
[bookmark: _Toc385270168]7.1 Gantt Chart
	The Gantt chart for the Globol project timeline is shown below.  The project timeline shows the major milestones of the project starting in the beginning of the Fall 2013 semester and ending at the end of the Spring 2014.  This Gantt chart will be used to ensure that all of the important goals of the Globol Project were competed in a timely and efficient manner.



[bookmark: _Toc385270112]Figure 53: Gantt Chart for Globol Project Timeline


[bookmark: _Toc385270169]7.2 Team Member Responsibilities
The responsibilities of each team member is listed in the table found below.  Please note that each team member contributed equally to all of the reports and presentations for this senior design project.  The Globol project was very much an extensive collaborative effort of the three students and their senior design advisor Dr. Benjamin Boesl.


[bookmark: _Toc384965995]Table 20:  Roles and Contributions of Each Team Member on the Globol Project Student Design Team





[bookmark: _Toc385270170]8. Cost Analysis
[bookmark: _Toc385270171]8.1 Time Cost Analysis
The time costs analysis includes the total individual hours spent by the student design team on the Globol Project.  The total human hours spent were quantified to calculate the human capital costs of the project.  The human capital costs estimates the cost of the engineering services rendered if this project was completed by paid engineers.  This value does not contribute to the actual cost of the Globol project, because this project was completed by a student design team as a thesis requirement.  The engineering services cost was estimated as $25 per hours for a junior mechanical engineer making a gross annual income of $50,000.  The tables below list breakdowns of the actual hours spent on the Globol project by each team member during the Fall 2013 and Spring 2014 semesters.
[bookmark: _Toc384965996]Table 21: Time Reporting Breakdown for Student Design Team During Fall 2013 Semester

[bookmark: _Toc384965997]Table 22: Estimated Time Reporting Breakdown for Student Design Team During Spring 2014 Semester


[bookmark: _Toc384965998]Table 23: Total Engineering Hours for Fall and Spring Semesters


Please note that the dates were simplified on a weekly basis.  The hours listed for those dates are the sum of hours for each week.  

[bookmark: _Toc385270172]8.2 Project Cost Analysis

	The monetary cost analysis for the Globol Bicycle Design project is detailed in the table shown below.  The table lists the total project cost with and without the engineering costs.  The actual value is the cost without engineering services, because the student design team was completing this project as a fulfillment of their undergraduate degrees.  However, it is imperative to estimate the engineering cost if this project was completed by a team of engineers.  Therefore, the total cost of the project is estimated to be $4,150.99.

[bookmark: _Toc384965999]Table 24: Estimated Monetary Cost Analysis for Globol Design Project


[bookmark: _Toc384966000]Table 25:  Actual Monetary Cost Analysis for Globol Design Project



[bookmark: _Toc385270173]8.3 Prototype Cost Analysis

An initial cost analysis estimate was performed during the Fall 2013 semester to project the cost of the Globol Project.  The prototype cost is the sum of the materials and components, which comprises of most of the total project cost.  The total prototype cost was estimated to be$3,940.99.  The total project cost was estimated at $4,150.99, so approximately 95% of the project cost was expected to be invested into building the Globol bicycle prototype.  The most costly portion of building the Globol prototype is painting the frame with the LumilorTMelectroluminescent paint.  The vendor that created the LumilorTM paint, Darkside Scientific, provided a quote of $10-$15 per square inch to apply the LumilorTM electroluminescent coating system to the Globol bicycle prototype.  It is estimated that the surface area of the bicycle frame that will be painted is approximately 100 square inches.  The calculation of the estimated cost of painting the prototype uses the upper limit of the quote provided by Darkside Scientific, resulting in an estimated cost of $1,500 to apply the LumilorTM paint to the bicycle prototype.  The cost of painting the frame was estimated to be about 38% of the prototype cost and 36% of the total project cost.  
The actual project cost is outlined in Table 13, and these values were tabulated upon the completion of the Globol project at the end of the Spring 2014 semester.The actual total project cost was $9,937.53, so approximately 69% of the project cost was invested into building and testing the Globol bicycle prototype.  The actual cost of applying electroluminescent paint on the bike from Darkside Scientific far exceed the initial estimate, with a value of $4,800.  Darkside originally provided a quote of approximately $1,500.  Darkside Scientific informed the student design team of the increase in prototype cost late in the project, and the team did not have enough time left within the scope of the project to apply the electroluminescent paint in a different manner.  The actual cost of painting the frame was about 48% of the total project cost, and 40% of the project funding.  The LumilorTM paint was costly but necessary for the scope of this project, because the electroluminescent frame is one of the primary components of the Globol bicycle.  The total funding allocated to the Globol Project was $12000, so approximately 82% of the project funding was utilized.

[bookmark: _Toc385270174]8.4 Project Funding

	This project was sponsored by the founder of the Glowing While Mobile Project, Duriel Taylor.  Mr.  Taylor provided $12,000 of funding to Florida International University as a donation to sponsor the design and implementation of ideas for the Globol Bicycle Project.  The actual total projected project cost of $9,937.53 proves that the student design team completed the Globol project well within the allotted budget.  The total project cost with engineering servicers would have been $14,356.28.  If the project been completed by a team consisting of three design engineers grossing an hourly income of $25, or $50,000 annual salary, the budget would have exceeded the funding by $2,356.28.


[bookmark: _Toc385270175]9. Conclusion

	This design project details the development of the first iteration of the Globol prototype.  Multiple prototype iterations are necessary to make the Globol bicycle a marketable product.  Numerous future recommendations are in order, because the student design team did not have time to pursue these avenues within the scope of this project.  Future recommendations for the next iteration of the Globol prototype are listed below.
Develop a more cost effective application of electroluminescent paint with Dupont materials.
Avoid using a white topcoat on the electroluminescent paint on the bicycle frame.  This decreased the brightness of the paint.
Obtain better quality inverter boxes or design and build custom inverter circuits.
Further investigate methods of keeping the frame illuminated when the wheel stops spinning.
The primary goal of the Globol Bike project is the development of a fully functional, self-sustained illuminated bicycle that is safe to ride and adheres to current design and testing standards.  The commercialization and mass market production of the Globol bike is a future possibility. The cost of designing and producing a bicycle prototype with an electroluminescent frame is relatively high, however it is expected that the sales of a mass-produced Globol bike will return the initial investment.  This design project will also prove to be immensely useful as a learning experience for the student design team.  The construction of the Globol prototype will allow the student engineers to improve techniques in circuit design, hands-on skills, electrical wiring, additive manufacturing and prototype development.  Furthermore, the Globol student design project will be successful in contributing towards to improvement of sustainability and safety within the cycling community.
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[bookmark: _Toc385270179]Appendix B:  Component Data Sheets

[bookmark: _Toc385270113]Figure 54: Datasheet for 9V Rechargeable Batteries Used on Globol Bicycle Prototype

[bookmark: _Toc385270114]Figure 55: Data Sheet for Tenergy 9V Rechargeable Batteries Used During Prototype Testing and Development



[bookmark: _Toc385270115]Figure 56: Data Sheet for Enercell 9V Rechargeable Battery Used During Prototype Testing and Development


















[bookmark: _Toc385270116]Figure 57: Duracell 9V Alkaline Batteries Used During Prototype Testing and Development (Page 1)
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