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Abstract

The Spartan Superway Team is comprised mostlyrobskevel Undergraduate Students
from the Charles W. Davidson College of Engineeah&an Jose State University. The main
core of Mechanical Engineering Students is joinga small group of Electrical Engineering
Seniors, as well as a few Masters Students of thieddsity from various engineering
departments. Working together with the Internationstitute of Sustainable Transportation
(INIST) and a select group of Industry Mentors &adulty Advisors the student group has a
wealth of practical experience and knowledge tovdram.

This current academic year’'s Spartan Superway Tresinherited the project as a
legacy from previous students of San Jose Stateehity; this is the fourth year of
development as a Senior Design Project for the &fsity. Through the first three years of the
project the team developed a One-Twelfth Scale Mib@de supported working software and a
control system for a single car, as well as a &allle length of track that faithfully demonstrates
an intersection of track, as well as shows the mamwhich the system can steer and switch
while in motion on the track.

The Spartan Superway Team is much larger tharsibban in previous years; almost
fifty students have taken up the mantle left byrtpeedecessors. To accompany the expanded
roster, the team also has greater expectationg@add for this academic year. An expansion of
the One-Twelfth Scale Model is planned that wilrease the size of the system by four times
and add more robust software to control multiples @a the track simultaneously. This One-
Twelfth Scale Model expansion is a challenge i right, but a newly built One-Quarter
Scale Model will be the focus of this year's Spargperway Team. The One-Quarter Scale
design will be faithful to the Full Scale systensidmed by previous years but will complete a
loop to demonstrate continuous operation and il slopes to the track and active suspension
to the system to further prove the robustnessisfdésign. As with any project of this size and
scope the safety of those who interact in any mawith this system is a large concern; the
current team is also researching the implementationeasures to make this system safer and
add fail-safes to the design.

SPARTAN
SUPERWAY

S




Executive Summary

Small Scale

The current twelfth scale track displays limitegahilities and rough transitions. It is
limited to left-handed stations and runs one cartahe. Although the summer team designed an
additional path for the bogie to travel, which weatled a ‘shortcut’, it was not a reasonable
implementation. The track was designed in multipieall segments, which created rough
transition points for the bogie. Our solution isstgand the track to display its network
capability, consequently, the track will have npliiloops and more stations to allow for more
vehicles. There will be both, left-handed and righhded stations to show adaptability. To
mitigate the rough transitions, the track will helbwith longer segments and brazed in many
locations, adding to the track’s rigidity.

This semester, we decided to modify the baseséosteel supports, making the
construction more simple and lightweight. We alsmpleted the final track and support
designs, discussed fabrication methods, recordedrdunventory and created a bill of
materials. Within the coming semester, we planit@io materials and begin fabrication of half
of the track. Upon completion of two loops, theckavill be available for other sub teams to
implement their designs. Wayside power and smalkssolar will be able to implement their
designs. Also, the bogie and controls team wilabke to test their designs.

The current servo to steering arm link on the sisedlle bogie suffers from slipping
issues, which causes the steering mechanism toaigoime fully-engaged with the rail. The
steering mechanism is currently connected to theodey a piano wire, which often loses
contact with the servo joints. This would leadhe vehicle falling from the track and damaging
the major components. Furthermore, the currentadveghicle assembly is missing the cabin
that would allow the audience to better visualizeatmhe full-scale model would look like.

A new servo to steering link was designed to caaatehe slipping issue. The original
piano wire would be replaced with a hobby gradé Ibedages that are found in RC vehicles.
The ball linkages are more rigid compared to piaires, which would establish a stronger hold
on the servo joints. In addition, a cabin model i 3D printed using ABS plastic with the 3D
printer that is already in-house. Modificationgtie cabin model have been designed to allow for
easy access to all of the components such asrgplitte model into two half shells and
combining the two over the assembly by hinges.

The current control system utilizes magnets anbdfifct sensors to track the motion of
the vehicles as they travel along the rails. Algiiothis method works, there are limitations in
the overall position tracking, as the magnets aelye to act as checkpoints that the encoder
uses to measure how many more rotations that tleelwican travel before hitting a station.
They do not provide any more information on currghereabouts on the track. Furthermore,
there was no collision detection system implememtigin the current control system, which
would lead to potential accidents occurring withltiple vehicles running on the track at the
same time.
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A new type of sensor technique will be implementedrder to counteract the tracking
issue. Barcodes will be printed along major poaftthe track and an optical encoder on the
vehicle will run through and scan the lines. Thmwd yield multiple bits of information for the
main system to collect and analyze rather tharsithgle bit of information gained by the use of
magnets. In addition, in terms of the collisioned#ion problem, an ultrasonic sensor was
installed and a test program was written. The ssnsorked as expected in terms of detecting
an object in front of the vehicle. The correspogdiest code also was able to slow the vehicle to
a complete stop once obstacle was detected.

The wayside power team is focused on creating &ppwkup system to run bogie cars
with power supplied through solar energy. Overghst years the Spartan Superway models
have been battery powered which requires charditigedbatteries which defeats the purpose of
a sustainable mode of transportation. To make paet& Superway a sustainable transportation
system, the wayside team will create a new powak @p system, which will enable bogies to
collect solar power from a power rail to chargebigstery. This will eliminate the hassle of
recharging batteries and would benefit the envireminby reducing the use of electricity and the
associated carbon emission.

Intermediate Scale

The Spartan Superway is a project that aims tadeeaetwork of podcars suspended far
enough above streets so that other vehicles ceal toelow without interference, yet there are no
fail-safes implemented in the project yéthe possibility of the bogie falling from the guiday
IS not a misconception, but rather is a harshtsedlhe scenarios such as motor and power
failure, earthquake and falling objects on the guidy are highly possible. Even a mechanically
well-designed bogie cannot undergo these fatalssg®s) unless the design is equipped with
proper fail/safe mechanisms. In an event of meda&failure, fail-safe mechanisms respond to
either nullify or minimize the impact of the faikjrso that there are no human casualties and a
mere property damage.

In this section, objectives of the fail-safe teart e explained, followed by the design
requirements and the specifications of the fad/sidsigns. Also, the research that the team did
during the initial phase will be presented. Neltg tlesign concepts will be explained, along with
the detailed CAD drawings. Most importantly, FEAabsis on the designs of the fail-safe
mechanisms will be explained. The implication & thil-safe mechanisms and its importance to
the overall Spartan Superway’s system will be askbd. Lastly, the accomplishments of the
fail-safe team throughout the semester will be eslsled along with the plans for the Spring 2016
semester.

The cabin team is responsible for designing ammtawing cabin designs that were
created from past Superway teams. The cabin isingrgrtant as it accommodates the
passengers when the system is running. The calshlvewable to hold 4-6 passengers, have
acceptable safety features, and have a streandhmgae as to reduce drag. The cabin team will
be making overall adjustments to past designs,alisaw taking inspiration from other cabins
already in use to accomplish the objectives listeldw.
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The goals of the project are refining the steenmgchanism, adding a braking system,
and redesigning the guideway. The steering mectmamsredesigned without deviating too
much from the original design by altering someicait components. A braking system was
proposed to be installed next to guiding wheelalkowv the braking force to be directly applied
to the wheels to safely stop the bogie. Furthermibie guideway was redesigned by having the
track leading to the station run down a 17° slopeé ereating loop sections to demonstrate the
performance of the whole bogie and podcar. It was kept in mind to make the designs as
simple as possible to reduce fabrication complesiind costs.

The design process started out with brainstorndegs and visualizing the existing bogie
to get an idea what should be changed in the deSlygse ideas were then sketched out on paper
to clarify the changes made. The top and bottoerisig links were connected by one long rigid
shaft to synchronize the movement with one steppetor. An braking system consisting of
bicycle disc brakes was chosen to be implementedaiow cost and reliability. The guideway
consists of several critical sections which areph# that runs down a 17° slope to the station to
pick up passengers and several loop sectionsaw &blr a continuous running guideway.

Finite Element Analysis was performed on the ailtigarts of the steering mechanism,
braking system, and guideway to ensure the pagtslale to handle the stresses produced and
yield a minimum safety factor of 2. The L-brackessithe lowest safety factor of 2.5164, while
the highest Von mises stress was 9.935E7 N/ m"@ 280 Ib-f applied. For fabrication, the
team chose A36 steel as the material for most parsto its low cost and easy machinability.
The parts would be machined using a bandsaw, latitle, and welding machines. The guideway
parts will be extruded, cut, welded, and undergulbe.

The Spartan Superway personal rapid transit syeenibeen in development for the past
3-4 years and has yet to have a suspension systgigndd. This year the “Active Suspension
Development Team” was created to fill this gap.e Téam was tasked with creating a passive
and active system that would be able to suit tleels®f the intended final product. Some design
requirements were to limit vibrations to the calaing to be able to keep the cabin level to
traverse 17 degree slopes. The suspension sysisramintegral part that had been missing
from the Superway system.

The following sections are from the Fall 2015 tdaat designed the suspension system.
Most importantly, the Finite Element Analysis FEA ihe parts were finished to prove that the
system will be able to handle more than the maxeetqul load with room to spare. The final
section will discuss what the team has accomplishes far and what needs to be accomplished
for next semester.

The primary goal for the torsion test sub-teanoisgtimize the design of the guideway
for maximum strength at a minimized cost. The logdn the guideway from the vehicle causes
a net torque on the guideway. This is due to tlsggdeof the vehicle’s guideway switching
system. For this reason the guideway must be ag@lynder torsional loading. Two methods
will be used to analyze the most current trackglegheoretical analysis and physical
experimentation. The current guideway design wilfoe analyzed using FEA in ANSYS. The
design will then be scaled down and fabricatedettelsted in a torsion testing machine. The
torsion test results should confirm the FEA resw@t®wing for the optimization of the cross
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section through ANSYS. Two simple cross sectiomgddition to the guideway, will be
modelled in ANSYS and torsion tested. This willdmne prior to the analysis and torsion testing
of the full guideway section in order to verify tA&ISYS modelling and the experimental
methodologies used in the torsion test. The follmsection outlines how these initial tests will
be performed. Future plans for the torsion testtealn will also be discussed.

Solar

The Solar Interface Electrical sub-team is compadetree senior electrical engineering
students. This semester, our team has developeslabke, modular electrical interface for the
SMSSV. This interface is designed to take powedpced by solar cells, as well as power taken
from the city power grid, and supply it to a congwcail providing power to the system’s
electric vehicles.

The overall system design will apply to both th&2lscale and 1:4 scale models.
However, there are several key differences betwheetwo scale model circuits. For the 1:12
scale circuit, the grid power will be supplied @eigeparate DC power supply. 100% of the power
produced by the 1:12 scale solar cells will be usgubwer the 1:12 scale bogies, and any extra
energy produced will not be stored. The major comepts of the 1:12 scale circuit are solar
cells, linear regulators, high-current diodes ad@ aolt DC power supply.

The 1:4 scale circuit will be designed to supply ancess power generated via the solar
cells back to the power grid. This circuit will lige solar cells, a DC-DC converter circuit and
source switching circuitry similar to the 1:12 scaircuit. In addition, the 1:4 scale circuit will
include rectifier and inverter components that ailbw the system to both draw power directly
from the power grid and also supply any excess ptaek to the grid. Unfortunately, at the
time of writing this report, the exact power regments for the 1:4 scale model have not been
determined. As such, our team was not able to dpvslecific design details or a bill of
materials for the 1:4 scale solar interface ciratithe time of writing this report.

The Intermediate Solar Team used their time to ldgvan Excel based calculator for use
in the design and production of a Solar Cell PoSgpply system for the Spartan Superway.
This calculator takes into account the parametetiseoother sub-systems of the Superway and
design specifications to output meaningful valuebe used in the development of variable sized
Power Supply Systems. In addition to the develogroéthe calculator, the team also designed
a modular mounting system to be used in the Powepl$ System. This mounting system takes
into account the orientation of the track and zg#i two different arrangements to accomplish
optimal energy generation.

The purpose of this design process was to improeetstainability of the Superway
system. A green energy source is critical to tloggat and continual improvement and research
will keep the system viable into the future stagkedevelopment. The redesign of the system to
use a static mounting system for large scale erfargying has many benefits over the previous
design of a dynamic tracking system; the previesgh was also changed to accommodate the
new sub-systems being implemented on the Supefiteynew mounting system and Solar Cell
array design takes into account as many desigthecigas of the Superway as possible.
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Research into already existing systems for eneegieiation and solar cell mounting was
undertaken as a preliminary design task; fromghaihered information the team was able to
design the system to accommodate existing techyp@nod ease the process. Working from
information derived by previous students and graafiihe project was also beneficial instead of
trying to start from a scratch-point. Analysis lbétproject needs and parameters was done to
optimize the design and build an effective system.

The Intermediate Solar Team succeeded in develaimgrking calculator to ease
adaptation of the system and a static mountingseysthat takes advantages of the Superway
design while minimizing the flaws in its configuiat.

The purpose of the 1/12 scale track was to showithehls how the Spartan Superway
works. Currently, the 1/12 scale track operateh Wwétteries on-board the bogie and does not
fully capture one of the important issues the $pa8uperway is trying to solve. Each bogie has
their own battery pack and needs to be recharge o often. In order to show one of the
most important aspects of this project, solar paast needed to be installed where it can be
visually displayed. To stay true to the whole desi§the Spartan Superway, the solar panels
also need to be fully functional, which can be aehd with the help from the EE team. A
mounting assembly is needed to attach a numberaf ganels onto the existing steel posts. The
solar panels also need to be orientated 32 degrezsouth, in order to achieve the best results
for a passive solar panel system. Previous solzel®®lutions involved a tracking system in
order to achieve the best possible angle at argngivne. Due to the large nature of the Spartan
Superway, a complex tracking system with many ngyarts will require more maintenance.

In order to keep the system simple and cost effect passive solar panel system can achieve
the desired energy requirement as well as prowagde ef installation.
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Chapter 1: Introduction

Traffic congestion is a problem in dense urbansdeaing rush hour. As of now, there is
no alternative type of transportation that has begslemented in the urban areas that can help
avoid the traffic congestion. Many problems areseaiby our impacted roadways, such as
wasted time, accidents, and pollution. This red@mtusses a potential solution to these problems
in addition to addressing increasing the qualitpalblic transportation and the high cost of
vehicle ownership, the Spartan Superway Project.

The Spartan Superway Team from San Jose State iSityis developing a Sustainable
Mobility System for Silicon Valley (SMSSV) followmnthe Personal Rapid Transit (PRT)
archetype that has been becoming increasingly papalar across the world. Small, automated
pod-cars will carry up to four passengers effidieahd without stops from their origin to their
destination in a citywide network of track thasisspended above the city streets. The Spartan
Superway Team’s desire is to reduce congestiorighwiays and arterial roads within cities in
Silicon Valley and improve the public transportatiexperience for commuters in the area. To
meet the criteria of a sustainable system the &p&tiperway Team is also designing a solar
cell array that can be installed atop the lengttheftrack so that the system can generate its own
energy without drawing from a non-renewable source.

The fundamental problem that The Spartan Supereaynilaims to solve is local, urban
transport within the Silicon Valley. Silicon Valley situated in the San Francisco South Bay
Area of California and is one of the most populgiktes in the world. Unfortunately the area is
plagued by suboptimal public transportation andead of a dramatic shift in local travel
technology. Not only is the public transportatigstem outdated, the population of highway
commuters is already large and only growing largérs traffic congestion is a problem that
ridesharing and smart-cars cannot address; théag®pauperway aims to alleviate this issue by
removing cars from the road and riding above exgsinfrastructure in urban areas.

Tackling a second issue, The Spartan Superway Bgasto implement a fully
solarized power system onto the SMSSV. Fossil Farelsnon-renewable energy sources are
prevalent and pervasive as today’s power sourcgehwer, they are also harmful to the
environment and the general population of the gldnstalling a system of solar cells on the
lengths of track used to carry passengers willombg supply energy to the SMSSV system but
has the potential to over-producing energy andedeser dependence on non-renewable sources
for the city that installs the system.
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Chapter 2: Small Scale

Small Scale Track Team

Objectives

The purpose of the small scale track team is t@desmodel that can display aspects of
the full scale system to be understood by the gepeiblic. We will be able to display an
automated transit network where vehicles can caatto their destination on the shortest
possible path, without stopping at intermediaryigtes. We will also be able to display a general
idea of the switching mechanism and how the velalegs from the track. The vehicles will
travel smoothly along the rail.

Design Requirements and Specifications

In order to make the new track, we had some reo@ines that needed to be met. The
first thing we needed to make sure was that tlek tshould be modular. If we want to expand
the track in the future, we should be able to attahole sections with minimal work or
modifications. Another requirement is that the krabould be able to accommodate up to ten
vehicles. The reason we are making a new tradkariitst place is that the existing track cannot
fit or run ten vehicles at once. We don't wanthargye the track too much so other teams like
wayside power pickup and small scale solar wouldlide adapt their design to the track. One
big requirement we have is to make the track easidisassemble and reassemble when we take
it to out of the Spartan Superway Design CenteD(§SThe current track is very hard to put
together and takes about 30 minutes for five petuppit together. We want to improve that by
making the track into solid sections by brazingp&rgether.

Design Concepts

Track Design Concepts

The summer 2015 track team had spent much oftiherdesigning a new track with the
help of Swedish Professor, Bengt Gustafsson. Tdesign expanded the current track and added
an extra loop with two stations in the middle c# thack as shown in Figure 2-1. This track will
able to accommodate for multiple vehicles runnintha same time and allow for two directions
of travel at the middle section of the track. Tledieles on the track will only be able to run in
one circular direction, either clockwise or counteckwise, on the two loop. When working
with this track design concept from the summer teaemran into some problems with how the
guide connectors were drawn as they were offsat fine another and not symmetrical. Also,
the guide connectors which holds the individuatkraections together were not implemented in
the drawings, so there would be more guide connecieeded in the drawing.

SPARTAN
SUPERWAY

S




Figure 2-1:Summer 2015 track concept design.

Another track design concept was generated by allB15 track team. We used the
Summer 2015 design and improved on it. Our nevktdasign as shown in Figure 2-2 will have
two additional loops added right next to the sumtaam’s track design. Having four loops will
show the proof of concept for the modularizationhaf track design. The track may be expanded
by attaching additional two loops on any side &f dhiginal two loop design and that is what
makes the design modular. The four loop track male more space for a number of vehicles to
run on the track and will be able to accommodateerspace needed for the Small Scale Solar
Team to implement their solar panels on the sup@stwell as for the Wayside team to attach
their wayside pick-up on the track supports. Anliayement can be seen in the placements of
the supports and the materials used. Fabricatiocegses will also be done differently as
opposed to the current process used for the egistick at SSDC.

Figure 2-2: Fall 2015 newly improved track concept design
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Support Design Concepts

The summer 2015 track team also had a new desighddrack supports to replace the
aluminum rod supports we currently have at SSD@irTdesign includes a square steel tube to
enable it to be more robust compared to the alumirads that could be easily bent by the
weight of the track or by external forces. The sgquabe is then fixated to a cement base by
using a steel plate that is bolted down by fourmathwm angle brackets to each side of the square
tube as shown iRigure 2-3. It is similar to the design of the emtrsupport at SSDC. The
cement base has been lowered to 4 inches in heigatiuce the weight of the cement. New
double sided square clamps have been designedstgdm to clamp onto both sides of the
track which can be implemented on the middle saaticthe double loop track.

Figure 2-3: Summer team support concept design

Our team designed with a new support which stragyainom using the cement base. We
wanted to replace the cement base with a stea pkse to reduce the weight of the base
drastically of about 20-30 pounds as shown in Fed#. The design will use the same four
aluminum angle brackets that will join the steatplto the steel square tube. It will be roughly
8x8 inches with % inch thickness. The design wadatia improve the aesthetic look of the base
and to eliminate the chances of tripping over #igd cement base when passing by.
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Steel Plate Base
Figure 2-4: Steel plate base concept design. :

Our next concept design uses the cement base. @imedmive for this design is to keep
the fixture between the base and the support pdst &is simple as possible. This means
reducing the size of it even further down to 3 eghn hopes of cutting down the weight even
more for easier transport to the events. Alsostigport base joining unit (the four angle
brackets, steel plate, nuts, and bolts) will béaegd by a single square steel tube of a size
slightly larger than the square tube post. It Wl5 inches in height and the square post will slip
inside the inner hole of the square tube as shaviAigure 2-5.

Figure 2-5: Simple support concept design
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Analysis and Concept Selections

For the track design concepts, our final design made by progressive improvements of
the summer team'’s track design. When going thraligin drawings on Solidworks, we faced
many problems with regards to how the parts wareegbtogether and built. There were missing
guide connectors that needed to be placed to helttack pieces together. Also, there were
some alignment issues with the guide connectotsatbavere able to redraw and constrain.
However, though the process of fixing and investigatheir drawings in every detail, we were
able to improve and add new parts to the drawi@gs,final track design now has the current
station parts that were manufactured by Vanderb€Elne station is slightly larger than as drawn
so adjustments were made to the drawings. We iied the positions of the guide connectors
with the idea of brazing sections of the track tbhgefor easier transport as well as assembly and
disassembly. The locations of the supports weresigpned evenly to areas around the track.
They will be able to hold distributed loading anill wccount for slight vibrations when multiple
are running on it at the same time with the helgheffinal support design.

Our final support design was accounted for usirgd aoalysis, ease of fabrication,
material usage, and transportability. We decidegs®the track design in Figure 2-5 since the
plate base concept design was heavy on the catthamaterials for the cement base were
fairly inexpensive. We also liked the idea of remmgmthe excessive base plate and the four
angled brackets since it will reduce the fabricatioocess by a few steps and reduce the cost
even more. It will also help with the assembly dighssembly processes since the support post
will only have to be inserted into the larger sguaube as opposed to bolting them together
using an angle bracket and a steel plate in thequre designs. There will be a small clearance
in between the post and the square tube whichalalv the post to not be statically be in place.
It will act as a shock absorber to reduce the stitest will be transferred to the brittle cement.
This design will lower the overall height of thadk by 5 inches, but we will able to extend the
post a few inches by welding the extra inches asl@e@. Also, the weight of the cement will be
reduced by 10 pounds since we are reduced the témigiht to 3 inches.

Fabrication Methods

The current track is held together with many tingesvs and sometimes these screws get
loose over time which leads to faulty vehicle tlang The screws also pose trouble when
disassembling and re-assembling the track wheraleeit out of the SSDC to other events. In
order to combat this problem, we plan on brazingspaf the track which will get rid of some of
the screws. We will however, screw to bigger sedtiof the track so we can still transport the
track in sections. The planned sections of thektase shown below in Figure 2-6.
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Red - Station Pieces

Green - Curved Pieces
- Loop Connector Pieces

Purple - Side Rail Pieces

Figure 2-6: Final track design assembly.

The figure above shows the track color coordinatgd the brazed sections. Each color
represents a section of the track. Every componéhin that section will be brazed and each
section will be screwed together as seen in ther€ig-7.

Figure 2-7: Brazed pieces are joined together by guide connectors.

When we were making the model for the track, wézed that some of the station tracks
don't seamlessly transition into the main trackeen in Figure 2-8.
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Figure 2-8: Top ralil station ends does not seamlessly connect with the top rail straight end.

In order to fix this issue, we will cut off sometbie excess material of the station rail and
then grind the rail to make the transition smodftthere happens to be a little gap between the
two rails, we will fill it in with some brazing metial and then grind it smooth.

Brazing will be the main method of fabricating tio@ and bottom rails as well as some
of the guide connectors together. Brazing is a doatimn of soldering and welding which
involves a heat torch and brazing rod. The bramiuigwe will be using is made of aluminum but
it also comes in different materials. In order taz®, we heat the part up and drag the brazing
rod at the joint and the brazing rod will melt inkee joint and will join the pieces together.

Another issue we found was joining the green cseation to the purple straight section.
To fix this issue, we decided to drill a small hoteo the purple section that goes into the green
curve and use a small fastener to join them togeih@& can look like the Figure 2-9 below. We
will then grind any protrusions that would inteégghe movement of the vehicles.

Figure 2-9: Curved top rail ends will be joined together with the straight top rail ends using bolts.

cf

SPARTAN
SUPERWAY




In order to make the structural supports, we v8k goncrete and steel tubing. To make
the supports, we will make circular molds madeadwtardboard with a release agent on the
inside perimeter. We will place a section of squakeng in the center of the circle and then mix
and pour the concrete around the tube. The finistaett supports should look like the ones
shown in Figure 2-5. The tube that we will be mgtwill be slightly bigger than the tube that
will be attached to the support legs on the tracthey will slight right in.

Outcomes

Figure 2-2 shows that we have designed a wholetrask that can accommodate
multiple vehicles. We have a fabrication plan whsttows how we will be going about to
making the track. We also designed new track suppdrich will minimize the costs. Since we
have our fabrication all planned out , we are re@adstart building the track. All we need to do is
buy the aluminum for the track, learn how to braae] start building the track. The sooner we
can get the materials, the sooner we can start.

Discussion

Our major accomplishments from this semester ireduthving completed a track and
support design to be fabricated next semesternQuie process of creating the new track
design, we have done a lot of research regardmgyigiory of the project as well as what needs
to be done. The summer track team has done ajgkeat providing us with the necessary
materials and information to build upon and improwe We also kept our connections with
previous manufacturers for our project such as ¥dmehd. Overall, our track subteam managed
to research and develop a new track design tlwainmgpatible with the Solar and Wayside team’s
design to implement the solar panels and waysicle ygp.

Our plans for the winter break and next semesf@ing 2016, is outlined in the Gantt
chart listed in the appendix. Each week we contouénding out new information about the
summer team design and the inventory we currethein the SSDC. We will keep on doing
some research on where the guide connectors, sdaanp, double square clamp, and curve
connector were manufactured. Communication withsthall scale solar and wayside team will
be held regularly to make sure their parts are @tiile with the track. We will practice brazing
on scrap parts we have in SSDC sometime duringvthier break so that we will be prepared to
start brazing the actual parts once the Spring semstarts. Research regarding how to build the
cement base will be done and we will also praditferent methods to create a robust cement
base. We will also need to order as much partseee from the Bill of Materials listed on the
appendix for next semester during the winter br&alks will prepare us for next semester where
we can focus on brazing, making the cement baskpatting the track together. At the start of
the Spring semester, we will build the two loogtfithen if time and money permits, continue to
build the four loop as planned.

Small Scale Controls and Bogie Teams

Objectives
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The objective of the small scale model is to sirtauthe vision that is the Spartan
Superway project. Its purpose is to bring the miogelittle closer to reality through a physical
representation of the system. To do this we wilbb#ding a more complex track that consist of
multiple loops, not just one. In terms of vehickes aim to build up to ten and have them all
running at any given moment. To manage all tho$ecles we will need a control center that
can take care of everything from pathfinding ankicle management. All of this would not be
complete without the most important element of tladinthe human element. We plan to change
this by connecting the control center to the ind¢rmhere it will act as a server that can get user
input as to where they are and where they woukltikgo.

In terms of sub-team specific objectives the boegen will redesign the servo steering
linkages, the current design relies on thin wiregclvths not rigid enough for its application. They
will also be tasked with creating a scale modehefcabin that will act as a chassis to mount the
electronics and act as a visual representationeoéttual vehicles. The controls team’s objective
this semester is to design a control center thihtamtrols all the vehicles from one central
location. Their objectives will also include deveilog a barcode location system, integrating a
collision avoidance system, and write a path geimralgorithm so the vehicles can find its
way from location to destination.

The objectives for the vehicle sub team is to faeathe vehicle's design. Also, the team
create SolidWorks part and drawing files of finatizcomponent designs of bogie and cabin.
After that, the final design of the cabin modellsthél be 3D-printed. And for the bogie, the
finalized design will be sent to David Moal for fatation.

Design Requirements and Specifications

The bogie team’s objective this year will be toegidn the servo to steering arm linkages
to be more reliable. They are currently held togety piano wire, and they tend to slip out of
their joints which results in vehicle failure. Thelution we are going to use are hobby grade ball
linkages that are used in remote controlled vekicl&e ball linkages will be more rigid and
provide a better connection between the servo amdghe steering arms. The other objective is
to also design a printable cabin that will acttes¢hassis that will holds all the electronics on
the vehicle and act as a visual model of the lapgdée cabin. The scale model must be sturdy,
aesthetically pleasing, and easy to take aparpanbtack together.

The objectives for the controls team this yeaoiddsign a new control center, integrate a
better collision avoidance system, and develop eemabust location system for the small scale
model. The control center will be the heart of Buperway model, it will be in charge or path
finding, sending and receiving information from thehicles and it will need to be able to
receive data from the internet as user input. Trerol center will essentially be a dedicated
computer that is in charge of handling all the tskhe entire system to run. One of the biggest
requirements we will have for the control centatssability to gather user input like a server.
This will be how people can interact with the systéhey will have to be able to tell the control
center their location and then where they would tix go. With multiple vehicles running at the
same time we will also need a sophisticated coliisivoidance system that will be able maintain
the vehicle's speed, not come to a full stop wheretis something in front of it. Finally a new
location system will need to be developed for thek, it will use some technology much like
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last year’'s design however instead of magnetslituse barcodes. The idea of barcodes is that
they are easy to print out, and they have a higtiermation density to cost ratio than the single
bit magnets.

All components must be lightweight and cost effitiel he turning mechanism has to be
redesigned to maximize the reliability of turninguation. Also, components such as motor,
servo, Arduino and ultrasonic sensor must havesgydated area for mounting. Moreover, wires
must be well managed to minimize errors when reagidgomponents. For the cabin, it has to be
large enough to house all circuit components safetysecurely. The cabin design must look
similar to the full scale model to ensure that &paSuperway Project is properly represented to
potential sponsors and audiences.

Design Concepts

Barcode Location System

One important component to our project is to haveféective location system. We need
a more robust location system since our track inger going to be a single dimensional loop.
For this reason we would need a tracking systetrvtbald give us more information. The cost
of Hall Effect sensors and magnets are far grehtar an optical encoder and printed barcodes,
not only that, a single magnet can only provideviik a single bit of information whereas a
barcode can be unlimited in length. For our desigrplan to use foil tape, or something similar
that has high light reflectivity to signal the $tand end of the barcode reading, then the
barcodes can be printed using a width code protédtdrnating black and white will signal the
next bit, and the duration of the code would previde bit value, where short would equal 0 and
long would equal 1. Since we will have severalisastof track we will be using a barcode that
is 10 to 16 bits long to allow for sufficient nunmlyey. Shorter configurations in barcodes will be
used for signaling when the vehicle should engtmstéering mechanism and position on within
the station.

Central Control

One of the big tasks we need to overcome this demies the controls team is to
develop the brains of the entire system. The vekichn have any sensors and feedback system
to tell it what to do situationally, however we deeesomething that gives them a specific task.
For this we need a control center that processéisealehicles position, and pathfinding in real
time all while taking in user inputs such as vehigquests and their desired destination to travel
to. For this task we want to use a computer tlmaestall the information about the track and
have an algorithm to decide how to go from locatmdestination. The control center will also
need be able to access the internet to acquiranagr This is going to be the greatest challenge
for this upcoming semester along with developirgydlgorithm that will be used to calculate the
best path for the vehicle to travel.

Collision Control System

For the collision detection system, the team frampgast summer proposed the following

design.
cf
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Figure 2-10:Summer Team Ultrasonic sensor design.

After looking at their design, we decided to bréans other types of sensors that could
be implemented in the collision detection systera. [dbked into the idea of using infrared laser
sensors that would utilize a laser triangulatiostem. While it would have been more accurate
in the sense that there would be less interferamcaltimately decided that it would be more
cost effective to use ultrasonic sensors. Furthemoted that it was unnecessary for the vehicles
to have two ultrasonic sensors oriented at an angleard from the vehicle’s front. Because the
vehicles would be traveling in a straight line ganigy of the time we decided that one
ultrasonic sensor placed at the front of the vehigbuld suffice.

Vehicle

The design concept for the Spartan Superway 1/4l2 seodel vehicle integrates the
vehicle made by the Spartan Superway Summer 2@b% véth the new design specifications.
In order to incorporate the design specificatidghe,summer 2015 teams design is inspected for
design choices in order to generate a list of prascons. The list of pros and cons for the
current design help the current vehicle team ireseghing components as needed. The concept
of the cabin portion of the vehicle is to creatahin that is similar to the large scale model for
the cabin. It will help articulate the concept @laB®an Superway to potential sponsors at events
such as maker faire.

SPARTAN
SUPERWAY

cf




Figure 2-11:The top portion of the vehicle shown is the current bogie design for the vehicle. Changes to the bogie
design are minimal and only serve to reduce weight, remove sharp edges and corners, allow room for wire
management, and integrate the new design for the new design for the turning mechanism

Figure 2-12:The figure above displays the current cabin design and placement of the ultrasonic sensor

Analysis and Concept Selections




Barcode Scanner

The barcode scanner method was considered bed¢auseld be a cheaper alternative to
buying and using magnets and Hall Effect sensdrs.Hall Effect sensors cost as much as an
optical encoder, however the cost of magnets atrd exanufacturing steps would make them
harder to work with. For our plan of having barcetleat can express 10 to 16 bits of
information would require the same number of magfat each section of track. We can print as
many barcodes out as we need however the extra ist@pecisely placing those magnets would
give us more trouble than they are worth.

Figure 2-13: Comparison between delta (top) and width (bottom) bar codes.

We have also already gone ahead with developinppawode scanning method with
some basic components. Since we did not already &awptical encoder we used an LED with
a shroud around it and a photoresistor that readhlnges in light intensity. The barcodes
initially used were simply sharpied on a stripgaper. These tests were initially unsuccessful
however we found a different way to differentiaits lof information rather than having it based
on a unit length. Using a width code the scannemoare easily differentiate one bit from the
last and by changing the length of that bit we egoress that as a one or zero.



Figure 2-14:Here are the images taken from the initial barcode scanning tests, on the left we have the hand drawn
barcodes, on the right we have the make shift optical encoder for scanning the barcodes and at the center we have
two test runs showing the results.

Collision Control System

Below you can see the team’s final design for ttr@sonic sensor as it would be encased
by the 3D printed shell.

Figure 2-15: Final Ultrasonic Sensor Placement Design

For the ultrasonic sensor, we decided to use theSRG4 Ultrasonic sensor module that
would be easily interfaced with the Arduino. Thisyided a cost efficient solution because there
was already an inventory of these sensors in tlaet&p Student Design Center.



Vehicle

Based on the current design of the bogie and dabnicated by the Spartan Superway
summer 2015 team, the current vehicles team has pfahges to design choices that have been
considered as a design flaw or a unfinished de€igee. design flaw that was noticed was the
choice of using piano wire connect to the servortter to actuate the turning mechanism of the
vehicle. The new design for the turning mechanistreplace the piano wire with ball links in
order to provide a solid connection between thesand the turning components. This will
increase the reliability of the turning mechanisrhstantially because the ball links will be more
solid and have less play compared to the piano @anmection. The current design for the cabin
was also analyzed and as a result the currentlegiei@m has determined that the cabin design is
unfinished. Currently the cabin consists of seveaahponents that serve solely as a support for
the Arduino and other circuit components. The nesigh for the cabin looks very similar to the
proposed large scale design created by the lagje sabin sub team. The new design will better
articulate to potential sponsors the concept ofSpartan Superway project therefore, increasing
the chances of appealing new sponsors into ingstithe project.

Fabrication Methods

Collision Control System

For fabrication, the collision detection system Vdowitimately rely on the printing of the
vehicle shells. Once fabricated, the sensor woelddsily placed inside and interfaced with the
Arduino. Most of the “fabrication” for this sub dgs was primarily programming the logic of
the controller itself. Below is a general screengtidhe code we wrote for the collision and

Figure 2-0-16: Design for Collision Detection Code

We would have a timer initialized with interruptsaghed. When the interrupt occurs, the
function would be called that checks the distaret@ben the vehicle and any object in front of



it. If there were nothing in front of the objecetmotor would written with a pwm for full speed.
The next function in the code would detect whetirarot an object was within 60cm. If it were
within that range it would adjust the speed accayi. Finally, if the vehicle became within
10cm of the object in front the program would stiop motor completely in order to prevent a
collision.

Small Scale Cabin

The final design for the vehicles have been drasingiSolidworks. The drawings for
the components of the bogie have been createdfdideisdand will be sent to David Moal in
Oakland for fabrication when the final designs @efirmed and correctly incorporate all needs
including the needs of other groups such as thesiayickup sub team. The finalized cabin
model will be 3D printed in-house using the 3D teimprovided in the Spartan Student Design
Center (SSDC). The ball links for the new turningamanism design will be bought as it would
be more cost effective to buy pre made componatier than spending time to design and
fabricate an existing component.

Figure 2-17: Conceptual Design of the Small Scale Cabin. The cabin will be a 3D printed shell that will look more
similar to the cabin model drawn in figure 2-15.



Figure 2-18: The cabin will be 3D printed as two half shells to allow easy assembly and allow easy access when
mounting circuit components.

Outcomes
Barcode Scanner

The barcode scanner as of now with the make-spiital encoder and hand drawn
barcodes does not work reliably, however that sm¢snean it does not work. Since we will be
purchasing actual sensors and printing out barcattbsmore precision it will perform with a
higher level of accuracy. Also when implement thdtlwvcode format it should make it easier to
read the barcodes leading to better readings.Heosdke of reading the barcodes part of the track
may need to be painted black. The paint will heigh\wreventing the vehicle from picking up
false readings which may affect the performancidefvehicle.

Collision Control system

For collision detection, the code successfully penied according to our goals and met
all objectives. In the reference section is a Ydud link to the demonstration. While the
demonstration is short it is evident that the imgilvehicle is traveling at a much faster speed and
then detects the vehicle in front traveling at astant speed. As the trailing vehicle approaches
it slows down and finally when the lead vehiclepstathe trailing vehicle stops as well
maintaining its distance.

Vehicle

As an outcome of the modifications to the vehiasidn, the bogie design is now
finalized and ready to be sent to David Moal fdsrfeation. Ball links have been added to the
bill of materials and will be ordered and readyifaplementation when production begins next
semester. Lastly the cabin model has been createtbbfinalized.

Discussion
Control Center and Pathfinding
As of now the control center has not gone throughfarther development, which it

needs. We have put that off until we have a syshathwe can test on. In the upcoming semester
we will need to find a dedicated computer or finday to have our program online that can



easily be acquired and ran with minimal effort Imy@ne who is trying to run the program. We
will also be talking to the master students alsokimg on this project to integrate the user app
input that we would like to have for the model. fAsthe pathfinding algorithm we will either
leave that up to the master students of reseamfertwinter break. Since our track is becoming
more complex, counting how many magnets you hassquawill not cut it as a location system.
Some possible issues that may arise may be thatewvéeveloping the system faster than the
current technology can keep up with so we may neeggrade the Arduinos to Megas in the
future.

Barcode Scanner

The barcode system is semi-proven to work, furtlemelopment needs to be made on it
before it is ready to be implemented to the tradle barcodes will have to be at least 10 bits
long, to account for future expansion, and havigigeent numbering system where tracks
beginning with a certain numerical value represantsrtain type of track such as straights,
turns, and forks. The next step we have to take tisst the width code format this may prove to
be more reliable than the delta code we testedqursly. Also with an actual optical encoder the
results may be more accurate since they will usaried and will be less susceptible to visible
light. This will also need further testing to semhit performs under sunlight, if there is a
disturbance in readings we will have to designrawgth that goes around the sensor to limit
external light sources.

Collision system

For future evaluation of the collision system, Hedicles will be tested further to ensure
proper functionality next semester. Upon observatamy problems that may occur will be
investigated and fixed as soon as possible. Alsogcbllision system code will be revamped in
order to smooth out the reaction when detectingclehin the line of path to reduce vibrations
that may occur.

Vehicle

The cabin model will be prototyped beginning nesthsster in order to ensure correct
sizing needed for the purposes of the small scatk team. Once the prototype stage is
complete, further modifications will be made asdexkuntil a design can be finalized for the 3D
printed cabin. Upon completion of the design, 118 sé& cabin shells will be 3D printed and will
be implemented on the 10 sets of bogies to crettmbof 10 sets of vehicles.

Conclusion

This year we decided to focus on further developimegscale model rather than to scrape
the old design and come up with a new track andeb&With that in mind we mainly had to
refine the old system and develop and integrata¢wesystems we had in mind for the project.
The track team is focused on creating a more t&atrack set up and fixing the kinks to allow
for a smoother ride, while the controls and bogant is focused developing and implementing
new system that will help bring the Spartan Supgrelaser to reality. So far we have created a



speed controller and a collision avoidance systehwill prevent the vehicles from hitting each
other. We have also tested a location system umngpdes should be a lot more reliable when
we acquire the proper components for it. When e semester comes we will have to redesign
the control center and work on a path finding atgan that will help the vehicles get to where
they need to go. Now we have made a list of alcthraponents that we need, and set a goal for
the next semester to reach. Ten vehicles and aingprikodel.

Wayside Power

Description of the Subteam and Objectives

Implementation of wayside power is the primary gufahe wayside power team. Over
the past years that the Spartan Superway progretbsed has been no team that worked on
integrating power from solar panel into a waysidipp system that would power the vehicles.
As mentioned previously, the Spartan Superway nsda@ve been battery powered. This year’s
team is focusing on research and design of a waysockup system. Research was done on third
rail, how trains and subways works, fourth railkpip, conductive materials, how to charge a
battery, and materials that can be used for fatboicdor the wayside rail system for the 1/12th
scale model of the Spartan Superway. After reseamgbrimarily the 3rd and 4th rail designs of
train systems, the wayside power team decidedttlesburth rail design proves to be a simple
design that will be easy to assemble, safe foruaiieace of all ages, aesthetically pleasing, and
be durable.

The main objective of the wayside power team isuccessfully design a wayside pickup
system that will power ten vehicles on the smadliksenodel. Other objectives include having
the wayside rail be aesthetically pleasing, be lnetaand be easy to assemble. The power from
the solar panels will supply power to the hot ohithe wayside rails, which will then supply
power to the batteries for each vehicle. Moreothex team'’s objective is to integrate solar energy
from photovoltaic cells onto the rail system sonmedel can be powered by clean and green
energy, which is the overall goal of Spartan Supgrwhe solar panels will provide the energy
that will make the Spartan Superway ATN sustainable

Design Requirements and Specifications

The goal of the wayside power team was to givebtagies power via a wayside power
system. The design for the 1/12th scale waysidevithiadopt the forth rail system much like a
slot car's power pickup seen in Figure 2-19. Tiisdesn uses two rails to provide current and
return the current.



Figure 2-19: Slot cars use a forth rail system with current and return rail (Slot cars: How it works, 2015).

Since the 1/12th scale track will be shown at Mdtare, there must be some sort of
insulated housing protecting onlookers from hazasdshock. Insulated housing for the current
rail and the return rail will make it safe for ahién and adults to examine the model at Maker
Faire. The insulated housing must also have mogtiackets every three feet at the minimum
to provide proper stability. A % inch slit will et into the housing for the collector shoe to
slide along in. The housing must also be able talleathe heat that will develop in the current
and return rails when the system is running whidhbe no more than 6@. The wayside rail
must be able to come apart in six foot sectiormaatlg the wayside rails to be taken apart easily
and reassembled elsewhere. The current rail anchredil will be seated inside of the insulated
housing. A glue that can handle the constan€Gfom the rails will be needed. The current and
return rails will need to handle a minimum cons@ntent of 20 Amps and get no hotter than 60

C. The rails must also be flexible so that they fdlow the contours of the track. A collector
shoe will be attached to the boogie. The collestmre must not interfere with any other the other
components on or that will be added to the bogms $hoe will slide along the current and
return rails, providing the power for the whole gssembly. With the system powered the
final requirements will be to make sure that thikector shoe will not lose contact with the
current and return rails. To prevent this probl#éme, collector shoe will be spring loaded in some
way.



The %4 scale wayside rail will need to meet simiéquirements as the 1/12th scale
model. Therefore, the forth rail system used onlti€ scale model can be scaled up roughly
three times to get an approximation for this desidre ¥ scale will require much more current,
making it a more hazardous endeavor. This meansalfiety will be a top priority. The insulated
housing on the ¥4 scale will be rated to handle keghperatures from the rails inside. The rails
themselves will be rated to handle high Amperageget not hotter than 6@. The rails need
to be bent or be flexible to fit the contours of thack.

The amount of material that will be required fonstuction of the system on the small-
scale model can be foundTiable 2-1along with the total estimated cost of the system.

Table 2-1: Bill of Material for the small-scale wayside rail system

State-of-the-Art/Literature Review

The first step in the state of the art literatueeiew was to determine what technologies
have been implemented and proven successful diyafierational ATN system. In previous
years work on the Superway ran with the assumphiahwayside power was the best way to
provide constant power to the bogies but didn’tchaully developed explanation as to why this
was the case. During the literature review thereevieur examples of ATN systems that were
deemed fully operational. The first is the Ultrateyn in the London Heathrow Airport, which
runs on battery power alone but only on a shorkh8rack with downtime required to recharge
(ULTra, 2014. Phenix, 2014). The second fully opereal system that we identified is the
2getthere system in Masdar city with a similar é&gtpowered model that only travels 800
meters at a time and also requires downtime togeh@ill, 2011). The third system identified is
the Vectus Skycube in Suncheon Bay Korea that tgem a third rail system and runs for 4.64
km ("Korea's First Personal Rapid Transit (PRT)yQkbe"). The final system is the
Morgantown PRT system that runs on a 575 Volt wagysail for 13.92km of track (Historical
Snapshot, n.d.).



Figure 2-20: The Ultra PRT is fully operational in Heathrow London. This system uses battery-powered pods to travel
on a 3.8 km track (ULTra, 2014).

After determining that both wayside and battery pmd ATN systems have been
successfully implemented in fully operational systée both power delivery technologies were
analyzed further to determine the best fit for $uperway. The main advantages of wayside
technologies are reliability, power, and uptimethvihe main disadvantage being the inability to
operate in inclement weather due to submersioivefrails in water (Ande, 2012. “District
Department of Transportation,” 2014). Onboard epsigplies such as batteries, super
capacitors, and flywheels all have the benefit thay don’t require a power infrastructure to run
parallel to the track for it's entire length, hovee\none of these solutions offer the required
power and energy density to make steep gradeaaltsignificant distances (“District
Department of Transportation,” 2014)]. For the @istes that the Superway pods will need to
travel, wayside power becomes the obvious choicethtomain power source of the bogies.
Onboard solutions remain a critically importantigeslement in the development of the
Superway but only as a redundant source of powesrfergency situations. Additionally, the
previously mentioned disadvantage of non-operationclement weather is much less of a
concern for vehicles traveling suspended from amated structure than for ground based
vehicles due to the easy avoidance of a rail susiorescenario.

A critical goal in the development of the 1/12 scalodel is to keep it as true as possible
to the full-scale implementation of the SuperwalyisTis so that visitors easily make the
connection between the various scale models dyriegentations at Maker Faire and other
events. To be successful in the implementationayfside power on the 1/12 scale model means
having the power to run 10 bogies on the tracknmaaner that is safe for bystanders during



presentations. OSHA determines 50mA to be a patigntatal current and this current can be
achieved between the hand and foot of a personth&ti24 volt source proposed for running our
wayside power rail (OSHA, 2006. Giovinazzo, 1987).

Conducting materials was researched in order ecstie material for the wayside rail
and the shoe collector. An electrical conducta sabstance where electrical charge carriers,
electrons can easily move from atom to atom witla@gplied voltage. In general, conductivity is
having the capacity to transmit electricity. Thesthconductive materials are metals such as
silver, copper, and gold. Although silver is a bettonductor than copper, copper is cheaper than
the other two materials as shown in Figure 2-2Jppg@o will be chosen for the wayside rails and
collector brush.

Figure 2-21: A chart showing the relative cost of materials with respect to its conductivity (“Resitivity-Cost”).

Design Concepts

A third rail system was the first design that waseloped for the 1/12 scale wayside
power, seen in Figure 2-22. In this design the@@viilg rail has an insulated strip underneath it.
Directly underneath that there is a copper stripictvwould be used as the current rail. The
bogie itself has a collector shoe attached tanithis design, the collector shoe uses a copper
wheel that rolls along the current rail. Otherdhiail collector shoe design were created, seen in
Figure 2-23, but the third rail system could notuised because it requires the support rail to be
used as the return rail which brought problemslaad to the design’s demise.



Figure 2-22: A 1/12th scale third rail concept using a roller for a collector shoe.

Figure 2-23: A 1/12th scale third rail concept using a slider for a collector shoe.



The forth rail system has perks to offer, it isafes and more reliable system because the
current does not have to travel through the estiggporting structure. Instead, the return current

has its own dedicated wire, which can be insulgteelyenting hazardous shock. The first fourth
rail concept can be seen in Figure 2-24.

Figure 2-24: A 1/12th scale forth rail concept, using a H/O scale model train track.

This design uses a H/O scale model train tracksasurrent and return rails. The track is
flexible so it can make the turns on track. Thebfgm with the H/O track was that it would get
in the way of the switching wheels. To get outhad tvay of the switching mechanisms, it was
decided that the wayside rail should be locatedve¢he support rails. This would give the

current and new mechanisms on the bogie ample to@perate. The design created is seen in
Figure 2-25.

Figure 2-25:The fourth rail system final design



The concept chosen as the final design was thie faiitsystem with the perpendicular
collector shoes on either side. The collectorsath Bides allow the bogie to get power when on
the main track and when at a station. The collsatoll be 3D printed and made from ABS
plastic. They will have holes going down the stehad allow wires to come through where they
can be soldered to the copper shoe (seen in F306.

Figure 2-26: The collector shoe assembly

The PVC insulated housing keeps the rails out@aheso that electrical shock is not a
problem. The material used can be purchased at Himpet; it is schedule 40 PVC electrical
conduit. The wire that will be used for the retuaris will be ¥4 inch flat 10 AWG bare wire, that
is flexible seen in Figure 2-27.

Figure 2-27: The flat % inch 10 AWG wires that will be used for the current and return rails.

This wire can handle 30 Amps of current constaatlg stay at a temperature of 60
The wire can handle a maximum current of 53 Andjtee support brackets will be 3D printed
using ABS plastic.



Analysis/Concept Selection

Most Electric Transport Systems, whether they ateraated or not, use a third rail
system. But, those systems have metal wheels arbibhgies, which are constantly in contact
with the support rails. This allows their waysideyer systems to use the support rails as their
return rail and only require one extra rail (ordhiail) to get their power. The 1/12 scale model
uses rubber wheels to support the boogie, thissgive bogie more grip on the Aluminum track.
It was quickly realized that this system would wotrk as a third rail system. This is because the
rubber wheels insulate the bogie from the trackaltbwing any current to flow between them.
The switch wheels were then considered to grouadtgie, but testing showed that they do not
stay in constant contact with the support structlings restricts the wayside power to be a fourth
rail system. The forth rail design chosen is seemfa different angle in Figure 2-28.

Figure 2-28: The 1/12 scale, forth rail final design.

Fabrication Methods

Fabrication of the 1/12 scale wayside power systéimnvolve 3D printing of the
support brackets and collector shoes, bending attehg of the insulated housing, and adhesion
of the flat copper wire. The 3D printing was origliily planned to be done in house at the SSDC
but new information about the consistency of prorighe Superway 3D printer has led to the
search for outside vendors who can create thetyuwaldd quantity of prints that the project
requires in a cost effective manner. 3D printingwhosen for these parts due to the properties
of electrical insulation that polymers provide,ragawith the flexibility in geometry and cost
effectiveness for relatively low production countisen compared to traditional methods such as
injection molding.

The insulated housing will be bent using an innggobradius mold constructed from
plywood as seen in Figure 2-29. This method wilubed to achieve a consistent radius while
providing the additional benefit of holding the s in the correct shape during the cooling
process. The pipes will be heated internally Hinfilthem with hot sand and externally using a



heat gun. Once they become malleable they wilbbeefd into the shape of the mold and
allowed to cool before removing the sand.

Figure 2-29: The insulated housing will be bent into shape using a wooden frame (Doherty, 2015).

After bending, the insulated housing will be cueopo allow for the collector shoe to
enter. Several methods will be tested on a screqemf PVC to determine the quickest and
cleanest way to achieve the desired results. Tinekede the use of Dremel bits, cutting wheels,
and other high-speed cutting devices. Finally fldilecopper wire will be fixed to the inside of
the insulated housing using silicone caulk. This @atermined as the best solution for a robust,
semi-permanent adhesion. The flat copper wire dhices one of the most significant costs to
building the wayside system and so a more forgiadigesion is desirable so that the wire may
be repurposed if necessary.

Outcomes

Throughout the semester, the wayside team had ajeelseveral approaches to solve
the problem presented on the models. First the tehdecided to integrate a third rail system
configuration, however this design was discardedséveral reasons. As mentioned previously
in third rail systems the support rails are useddturn currents. This caused an issue due to the
fact that the structure for the small-scale modelsidnot contain a ground. The wayside group
had conducted an experiment using a power supplyaanotor to see if the structure of the
model would ground the returning current. This ekpent resulted in the motor being run at
every point of the small-scale model. This was esgxesince there are not insulators or any sort
of ground connection between the support rail &wedstructure of the smalls scale model. This
raised a safety concern because if a person caneamtact with any part of the model when
bogies are being run then they can get shockee iy will be the person would be the path
for the return current.



Furthermore, the wayside team had moved toward$emeht configuration of fourth rail
systems. As mentioned earlier, this system corditum has a separate rail for the return current.
One challenge the team faced while designing alaail system was the lack of space on the
small-scale model design. There were many obstHwé¢$ame in way of possible setups.
Finally, the team had developed a final desigmaf PVVC conduit pipes on which one would
contain the running power rail and the other wdagdor the returning current. These rails will
be insulated from the structure and limits the fioigy of human interaction.

At this point the research and the design thatégside team has developed implies that
it is possible to power bogies using a wayside pdvaek. This would make the current and
future models be presented in a more efficient wialgout having the need of replacing
batteries. Moreover, the model will be able impbwhrenewable resources such as solar energy
can be used into transporting people around placeéselp reduce demand for electricity which
release carbon emissions.

Discussion

In conclusion, this semester the wayside power twamsuccessfully able to develop a
design that would allow solar energy to be trandiinto running the Spartan Superway
bogies. After researching and evaluating diffepogsible configurations for a wayside rail
system, the team has decided to go with a fouitle@afiguration. This configuration will be
more safe and efficient because there will be alitiadal track through which the return current
will return. This would eliminate issues of havitig current return through the structure, which
would be experienced in third rail configuratiomfe team designed a forth rail system which
consists of a conduit containing conductive matéhiaugh which power will be transmitted to
the bogies battery pack using a collector shoe gotiducting material.

The wayside power team will be focusing on the nqdwse of the project starting late
December The focus will be on fabricating, assengoéind testing the designed system to
develop a final working Spartan Superway modelziiyy solar energy to run bogies. The work
that needs to be done next semester is shown fghee 2-30 and Figure 2-31. The group is
planning on assembling the wayside track and vedjib testing in portions of track using
electric motor and electricity. Once it is confirdninat the wayside track will be able to power
the bogies battery, the team will then integratarsenergy into powering the track. To
accomplish the goals of the project it is very impot that there is strong communication
between the Small Scale Track Design, Controlsgend Small Scale Solar Team. Finally,
once it has been verified that wayside power is &bpower up bogies on the small-scale model
the team will then integrate the same concept @etacale models. However, the constraints to
that would be that there would be much more poweded to run bogies. Overall, the wayside
group will bring Spartan Superway a step closedindpa new sustainable mode of
transportation.



Figure 2-30: Gantt Chart for Spring 2016

Figure 2-31: Tasks for Spring 2016.



Chapter 3: Intermediate Scale

Fail-Safe Mechanism

Objectives

The current bogie design has been created to sawetrack with no elevation change.
Additionally, it has no fail-safe mechanisms. Theative of the fail-safe team is to re-design
the bogie to be able to traverse these elevatiangds as well as create fail-safe mechanisms to
keep the bogie from derailing. All of these desigiisbe done based on the full scale design.
However, this team will be building the fail-safedhanisms on an intermediate scale; therefore
the designs will be tested and analyzed for therinédiate scale. Finally, as per Professor
Furman'’s input, the designs created will not relypower and/or sensors as this leaves room for
the possibility of failure due to an issue withhett or. The specific objectives the team will be
tackling are as follows:

Re-design bogie to be able to traverse up and goguideway sloped at +17° (30%
grade)

Design fail-safe mechanisms that keep bogie frdimépoff the guideway despite failure
of switching or main support wheels

Design Requirements and Specifications

It will fulfill the design requirements listed belo

Bogie must have multiple fail-safe systems forftiiwing situations:

Falling straight down

Falling to the left or right
Fail-safe mechanisms must be mechanical and opeitteut the usage of sensors
and/or power
Each fail-safe mechanism must be able to hold B@kight of whole bogie and cabin)
Bogie must be able to traverse up and down a gadeloped at +17° (30% grade)
Bogie must have at least a safety factor of 4

State-of-the-Art/Literature Review

When it comes to suspended personal rapid traysgmms, there aren’t any that are
currently on the market. Because of this, the téamased on analyzing fail-safe mechanisms
that are implemented by roller coaster systembesundergo significant testing to be
considered safe. The two mechanisms that seemeddsteapplicable to the design was the
safety chain and the under friction wheel.



When roller coasters traverse an incline, theeefal-safe mechanism called a safety
chain dog that keeps the roller coaster from rgllack in case there is a failure. The safety
chain dog consists of a ratchet and pawl systefigare3-1 (Pescovitz).

Figure 3-1: Safety Chain Dog used for Roller Coaster (Theme Park Review, 2010).

Generally the pawl is located on the car, whilertitehet is on the incline portion of the
track. As the roller coaster traverse the inclthe,pawl drags over each tooth of the ratchet.
The pawl can only move over the ratchet in onectiiva; there can be no movement in the other
direction because the pawl is ‘locked’ by the ratchSince the new guideway design has an
incline, the team considered this fail-safe mectraras it could be useful. Eventually the design
concept wasn’t implement because it was deterntimgtkhe braking system would be sufficient
enough in keeping the bogie from moving backwards.

The other fail-safe mechanism that is applicabt@ésimplementation of an under
friction wheel, later referred to as an upstop Wiieescovitz). The under friction wheel acts as
one of the wheels that fully ‘lock’ the car to ttiacksError! Reference source not found.



Figure 3-2: Upstop wheel from a rollercoaster (Theme Park Studio, 2013).

Since roller coasters maneuver in all differengdiions, it is able to stay on the track
because there track is surrounded by different igltbat will not allow the car to fall off. In
terms of this project, the upstop wheel also asta stabilizing factor when the bogie traverses
the incline and decline.

Design Concepts

During the Fall 2015 semester, there were sevailadéfe design concepts explored by
the team. The previous teams had not createddtglfaechanisms for the Spartan Superway.
The primary concern involving the bogie is thahié steering mechanism or any of the wheel
fail, it can derail. When designing the Spartane&way, the safety and mindset of the
passengers are taken into consideration. The tes@arched roller coasters and other
transportation systems to develop ideas applidabilee Spartan Superway. While the team
explored various ideas like redundancy and theysafein dog(a common roller coaster fail-
safe), the team decided to prioritize redundancyderailment prevention. The final bogie
design with the fail-safe mechanisms assembledds/s infigure 3-3.



Figure 3-3: View of bogie with all final fail-safe mechanisms visible

Initially, the team focused on integrating ideasnira roller coaster into the Spartan
Superway since roller coasters are able to traveba speeds with the passengers suspended.
The two ideas that came from that are the safeinaog and the upstop wheel. As the semester
progressed, the safety chain dog was dropped fnerdésign. Additionally, the upstop wheel,
which was originally placed on the steering mectianiwas placed on a static portion of the
bogie, as shown in Figure 3-4.

Figure 3-4: Modified design of the upstop wheel. This modified design has the upstop wheel attached above the
steering mechanism.

By placing the upstop wheel on a static portiothefbogie, it stabilizes the bogie during
inclines/declines and acts as one of the three iwlle&t lock the bogie to the guideway, keeping
it from derailing it.



The top and bottom catches were also designedalie prevent the bogie from falling
off the guideway. When the bogie is about to ddrgifalling to the left or right, the top catches
attached would collide with the top rail of the dgnvay, preventing the bogie from derailing, as
shown in Figure 3-5

Figure 3-5: Past bogie design derailing due to the lack of catches.

When the bogie is about to derail by falling dovertically, the bottom catches will
collide with the bottom rail of the guideway, stapgpit from falling downward. The catches
will have no issue with the guideway while in mati@ven during track switching, due to the
design of the catches. The team designed the catchee able to clear the guideway. The
distance between the guideway and the catchebevithodified as the guideway is finalized to
ensure there is adequate clearance in the casg ehaations in the track due to manufacturing.
The distance cannot be too far or the catchessaaalysis will need to be redone to ensure that
it can withstand the impact load,

The top of the bogie was improved as well. Thedafle team implemented a inside catch
between the two wheels located at the top, as shwigure 3-6

Figure 3-6: View of top half of bogie with inside catch highlighted in blue.



The two inside catches act as a fail-safe mechatiatwould trigger if one of the
yellow wheels broke causing the bogie to tip. Tiede catches would prevent the bogie from
tipping by catching against the inside of the taip of the guideway.

Analysis and Concept Selections

Once the final design was approved by the teanPaofiéssor Furman, the different fail-
safe mechanisms were tested in SolidWorks. Forwegerformed finite element analysis on
every part simulating fully loaded condition of T@ising A36 steel as the material. The load
was chosen to be 700lIbs as that is the currematstd maximum weight of the bogie, cabin and
suspension systems. The results of the first sitaus performed, shown in Figure 3-7,
suggested that the stresses were very low sinaaaherial selected was too thick for the
application.

Figure 3-7: Upper hook made of  A36 steel plate stress analysis.

From here, we proceeded to reduce the thickneteohaterial from inch to % inch
and performed all the tests again. Using the saealysis software available in Solidworks, it
showed that the upper inside catch, shown in FigeBeproduced a safety factor of 32.2. The
upper catch, as shown in Figure 338duced a safety factor of 12.8.



Figure 3-8: Inside Catch under 700Ib load.

Figure 3-9: Top catch made of ¥4 A36 Steel under 700Ib load.

Lastly the bottom catch, shown in Figure 3-10, el a safety factor of 5.26. Through
finite element analysis, it shows that the desigth material selected for the fail-safe
mechanisms greatly surpass the original safetpfaeguirements.



Figure 3-10: Bottom Catch made of ¥4 A36 Steel under 700Ib load.

Fabrication Methods

In order to simplify manufacturing of the fail-safeechanisms, the decision was made to
purchase stock materials and fabricate them irtichea instead of ordering custom made parts.
This would make the process of fabrication easmre effective, and cost efficient. The stock
parts to be purchased are ¥ inch A36 steel platash will be used and cut to specifications
through waterjet cutting. Waterjet cutting was ambecause of access to the machine and it
provides even and consistent cuts causing lessamntbwaste of materials. After the pieces for
the catches are cut, they will be TIG/MIG weldegddther to form their respective catches. TIG
welding will provide clean welds that do not produesidual splatter, however it is more time
consuming. MIG welding is also an option becausegs can be welded together quickly, but it
produces splatter and the welds are not as cleametNeless either of these welding techniques
will provide strong structural integrity for theifgsafe system, The welding method will be
determined once access to either is establishetlylthe fail-safe mechanisms will be attached
to the bogie via TIG/MIG welding.

Outcomes

As stated earlier in the report, the bogie wastetkaithout any mechanical fail-safes.
Although the steering mechanism was meant to ambiding the bogie to the guideway, it was
later mentioned that it did not reliably do so. felover, if the power or a sensor failed in the
steering mechanism, there would be nothing to helg it. Thus, this year’s aim was to create
purely mechanical fail-safe mechanisms, reducieg#tiance on sensors or power.

The fail-safe mechanisms designed by the teanilfiié current objectives. They
address the selected situations of failure(fallog/n vertically, tilting left or right) along with



stabilizing the bogie during incline/decline, whichturn helps lock the bogie to the guideway
when the steering mechanism is activated. Basdbeostress analysis performed on the
catches, the mechanisms should perform successfully

The benefits implementing these fail-safe mechasiemthe intermediate bogie will be
twofold. For one, it will allow failure testing toe done, making certain components
intentionally fail to ensure that the designed-&aife mechanisms will catch the bogie, keeping
it on the track and protecting the potential peapside or below safe. The other benefit is that
the model will be able to show that the bogie fe saaking the Spartan Superway as a whole
more appealing for potential investors. Futurenganay build upon this work by using failure
testing to find additional fail-safe mechanismsnoprovements that may be necessary to the
ones designed this semester.

Discussion

The fail-safe team has four major accomplishmemts$his semester: the bottom catch,
top catch, inside catch, and upstop wheel. Alhee designs help satisfy the objectives, design
requirements and specifications. Based on thatedbne, they should work successfully.

At this point, the team has selected the matebialsking outside condition into
consideration in order to resist wear and corrasfdso, the materials were selected with respect
to the dimensions and identical threaded size.t&am selected McMaster and Metal Depot to
obtain parts for the fail-safe mechanism. All tlaetp are on stock, so there is not any hassle of
customization and delay. The team has a fabricqiam for all three of the catches and the
upstop wheel will be assembled from that compong@witeels, nuts, washers, shaft, and shaft
collar) of McMaster. The next goal for the teanoipurchase all the required materials and look
to the prospect of fabrication.

The team spent the majority of the semester resegron the fail-safe mechanisms. Since the
team has finalized four major fail-safe mechanisttms team will take the initiative and proceed
towards the fabrication process. Prior to the baigim of spring semester, the team will be
finalizing the design along with other intermediatale sub-teams. Once this is done, the
budget will be re-analyzed and based on the ovpraject budget, parts for the project will be
ordered. As parts come in, the team will work vather members from the intermediate scale
to potentially begin the fabrication process. Tdiarication process may be lengthy because it is
important that the parts are manufactured corred@ly stated earlier, the top and bottom catches
are designed to clear the guideway; however ifjideway is warped, or the catches are placed
incorrectly, then there can be an issue with cleaea It will be very important for the

fabrication process to be done correctly the firse.

Cabin

Objectives



The objective for the cabin team is to design amgrove on past cabin designs, more
specifically the 2015 Swedish summer team. Ourifip@bjectives are to design a larger cabin
shell that will provide adequate dimensions for elbkair space and accessibility while
maintaining its aerodynamic and aesthetically preprm. We want an interior layout that will
allow passengers to store their bike in a safecantpbact way. The design will also have added
features to secure wheelchairs. Also, we want sigdea station that will allow the cabin to dock
safely and securely.

Once the team has a final design of the cabin, iNde/fabricating two quarter scale
wooden models that will display our design. On¢hef models will be completely hollowed to
allow the suspension team to add weights in thencdlhis model will be connected to the actual
quarter scale system that will be fully functioriBlhe other quarter scale model will act as a
diorama. Using a hinge mechanism, the dioramadigflay the shell of the cabin as well as the
interior. Depending on time, we will also fabricatstation to show how it will function with the
cabin.

Design Requirements and Specifications

The cabin designs are regulated by ADA standardenee those with special needs and
general public needs. The doorways will be at 1825thigh and 32” wide, to comply with ADA
regulation 838.53. There will be a 32" by 48” opemior wheelchair mobility, as per ADA
regulation 838.57. Also, the height of the cabirstrhe at least 70" to allow an average bike to
be stored in a vertical position. Internal tempambf the cabin will be controlled at °Foto
72°F and the humidity levels will be at 40-60%. Therfidity and temperature will be regulated
by the HVAC system, housed in the empty spaceeté#bin. Overall shape is to be based on its
ability to reduce air drag as much as possible.ceien will be expected to have a drag
coefficient of between 0.8 and 1.8 when travelintha believed max speed of 30 miles per
hour. This drag coefficient goal is decided frora kmown examples for busses and trains. Drag
is not a huge issue because the cabin will be lirmyat such a nominal speed.

The station design is focused on the interactidwéen the cabin and station. When the
cabin pulls into a station the floor must be ldvetween the two. The station also must have a
securing mechanism that will be able to hold ohtdabin and prevent any unnecessary
movement during loading and unloading.

State-of-the-Art/Literature Review

The Spartan Superway is a student project to desigalternative system known as a
Personal Rapid Transit (PRT). A PRT system is tarrative form of transportation that uses
pod cars operating on a guideway. More specific#ly Spartan Superway will be using a
suspended guideway and will consist of a bogieesyghat will use a switching mechanism for
directional purposes. The whole system will be p@den green energy by adding solar panels
to the system. Connected to the bogie will bestispension of the cabin and will prevent any
unnecessary movement to the cabin.

One of the famously known PRT system can be foum@/est Virginia University's
campus. According to West Virginia University, ttehin, shown in Figure 3-11, has 8 seats but



can accommodate a total of 20 passengers. The babia rectangular shape and is designed for
passengers to ride in a standing position. Theif By&tem has been around since 1975 and can

travel up to thirty mph. Due to its age, the religbof this system has decreased to as low as 93
percent.

Figure 3-11: The cabin used on West Virginia University’s PRT system (writeopinions.com)

Another example of a PRT system can be found athif@a Airport in London. Called
the ULTra, the pods can carry up to 4 passengehsadiequate space for luggage (Ultra Global
PRT). The pod cars travel by rubber tires and aveeped by battery. ULTra had plans to add
the same PRT system in Amritsar, India in 2011dvagress has not gone forward since.

Figure 3-12: : ULTra system found at Heathrow Airport (londonist.com)

With biking becoming a very popular form of trangjation, we want to incorporate a
design that will allow bike users to use the PR3tay as well as biking. Bike commuting has
increased by 9% in 2012 and will continue to riSeyder, 2013). The city of San Jose has



adjusted to this increase by adding bike lanesraralowntown. Also, programs such as the Bay
Area Bike Share offer kiosks to allow anyone ta t@kes. According to Bay Area Bike Share,
there are about 700 bikes and 70 stations acredsaharea alone. Other forms of transportation
such as Caltrain and VTA will usually have somerfaf bike storage for passengers. An
example can be shown in Figure 3-13 of a bus usiogs rack. Having bike storage on the PRT
system will keep up with the demand of bike usage.

Figure 3-13: Similar form of bike storage on a public bus (cycle-works.com)

Design Concepts

Exterior of Cabin

For the exterior shell of the cabin, we want toomporate our design with the 2015
Swedish summer team to prevent us from starting soratch. The overall shape of the cabin
shell is going to be very similar but with minoffdrences. Figure 3-14 shows a simple sketch of
the cabin shell. The Swedish team design has cugidedwalls but our design will have vertical
flat walls. This modification will allow additionapace for the interior as well as allowing an
easier manufacturing process. The positioning @ftmdows will be oriented differently. We
want the passengers to be able to look directhydod and backward. The back of the cabin will
be a simple round curve while the front will havease for aerodynamic purposes. Lastly, the
doors will have a hinge mechanism that will alldwe doors to open in an outward position.



Figure 3-14: Concept sketch of the cabin’s exterior shell
Interior of Cabin

The interior of the cabin will have a greater vokim comparison to the 2015 Swedish
summer team. The interior will allow a maximum obf passengers, two in the front and two in
the back. We want to make sure there is sufficmbunt of space for wheelchair accessibility.
Using a folding mechanism for the seats, therelvalenough space to allow two wheelchairs to
sit side by side. Also in the design, we want tovalbike storage for passengers that commute
on bike. To allow bike storage, there will be tvaddiable hooks that will allow the bikes to sit in
a vertical position. Figure 3-15 shows early sketcbn how the interior will look when a bike is
stored with a seat in a folded position.

Figure 3-15: Early sketches of the interior design



The width of the interior portion of the cabin pides different configurations for the
wheelchair types. Two manual wheelchairs can beeplaide-by-side, as shown in Figure 3-16.
The configuration followed ADA regulations for thequired movability of the wheelchairs.
Powered wheelchairs and scooters are aligned hatlront or back of the cabin wall, depicted
in Figure 3-17. The vehicles have longer lengtlt raiguire more space, and thus cannot be

placed side-by-side. This positions prevents thaways for the cabin from being blocked, and
will help the entering and exiting the cabin faster

Figure 3-16: Wheelchair cabin space visualization

Figure 3-17: Powered wheelchair cabin placement



Safety

Preliminary designs for safety features of the mdétcused on wheelchairs and their
securement to the cabin. As shown in Figure 3Hi8wtheelchair is anchored to the floor by
hooks attached to the front and back wheels.

Figure 3-18: Wheelchair anchor hook locations

Figure 3-19: Wheelchair restraint locations

The hooks have retractable belts and lock fullggoure the wheelchairs in place.
Positioning of the belts changed by moving thenal@gmg the walls of the cabin. This is for the
scenario when a person was riding a cabin solg,weild be able to secure themselves in
without others’ assistance. The new configuratian loe seen in Figure 3-19, the belts are now
at level with the arms of the wheelchairs. Thepstnaould model the Sure-Lok retractable belts
with S-hooks. Selecting the S-hooks as fastenargaced to clips was because no force is



required to attach them to the wheelchairs. Cabstdtion gap must also not exceed four inches.
It prevents tripping from those entering and exgtine cabin during usage. Also the floor of the
cabin and station will be the same elevation scangps need to be implemented. Then
wheelchairs of any type can enter and existingdmathis with ease, and provides less work for
the user.

Cabin Station

The cabin station concepts are still under conatd®r. The concept decisions will be
moved forward if there is time during the seconmhaster. Fabrication is the main focus.

Analysis and Concept Selections

Exterior Design

With some changes and improvements to our eaketcked, we rendered our final
cabin design shown in Figure 3-20. First, we adalsdcond doorway on the other side;
suggested by Bengt Gustafsson, the CEO of Beamwaeeyadded the second doorway to allow a
continuous flow of traffic. Secondly, we rounded thie edges that has a 15” radius to allow a
smoother flow of motion. Lastly, we slightly lengtithe cabin size to prevent interference from
the door opening and a wheelchair that is in agzhgosition.

Figure 3-20: Final design of the cabin’s exterior shell

The final dimensions of the cabin will be 6 feetl®/feet and a height of 7 feet. The
door openings will be 6 feet by 3 feet to allow &x€ space for wheelchairs. The front of the
cabin sits at an angle of 63 degrees and the Backinded using a radius of 63” from the center
of the doorway.



The final cabin design was run through Solidworle\FSimulation software. The goal
of this test was to see if the final design metahdesign specifications with a drag coefficient
of 1.3. The simulation was run using air as thelfand traveling speed as thirty miles per hour.
When the program is run it simulates the flowingawfand calculates how it will impact the
design.

Figure 3-21: : Pressure contours on cabin design

The first iteration of the simulation shows simplessure contours on the model. In
Figure 3-21 the air flows from right to left andshthe cabin full in the front. It can be seen that
the average drag force experienced by the calaibast 14.7 psi. The point of highest force
(rounded yellow area) can be seen to occur atehgnose of the cabin. It was taken into
consideration that changes could be made to alethés area, but the effects would be minimal
and ultimately require more material in the deskjgure 3-22 is another visual to show airflow
across the surface of the cabin. The cabin caede t® cut through the air extremely well,
guiding the air up and over the top.



Figure 3-22: Airflow model of cabin flow simulation

The Solidworks flow simulation can also run equagidbased on the data found during
calculation. Using Equation 1 for drag force, itsy@ssible to iterate the drag coefficient for the
cabin model. This equation states that the dragefar equal to the drag coefficient times half the
density of air times flow velocity squared times front facing area of the model. Upon
completion of the simulation, it was found that thiag coefficient of the cabin model is about
1.023. This value is successfully between our gahles of 0.8-1.8.

Fa=cgll2 VA (1)
Interior Design

The interior design will have foldable chairs ttoal space for wheelchairs and bikes.
Figure 3-23 shows a configuration of the interidrew a wheelchair or bike is in a parked
position. This configuration will be symmetricalttee front side of the cabin to allow a
maximum of 4 passengers.



Figure 3-23: Examples of how a wheelchair/bike will sit

To allow storage of a bike in a vertical posititime roof will have a hook mechanism,
shown in Figure 3-24, which will hold the rim ofetlbike. When not in use, the hooks can be
folded to prevent any collision with the passengé&here will be a total of 4 bike hooks in the
interior design, 2 on each side.

Figure 3-24: Bike hooks that will securely store bikes in a vertical position

Fabrication Methods

Fabrication for the quarter scale cabin models bellwood based. Plywood will be used
for the outer shell to give it the strength andgh¢ineeded for the quarter scale model. The
wood will be cut to the desired specifications aotes will be cut for windows. The rounded



portions will be completed using a mix of bendgtil@vood and expansion foam. Expansion
foam will fill up the empty spaces as well as allfmw more detailed shaping. Both models will
be able to be opened up using a metal hinge. Te@mthat the cabins will have to be
assembled in two halves and put together. Oneeodbin models must be able to be loaded up
with almost 250 pounds and thus must be reinfotodubld the extra weight. The second model
can be lighter because it will be used to shovitwfinterior.

The internal components to illustrate the intevudr use a variety of methods. The plan
is to 3D print most of the internal parts. This Wballow more intricate work at a smaller scale.
If the 3D printer is not a viable option then thérnal parts will be made by hand using a
variety of materials to create the desired comptm&ompleted fabrication will result in two
equal sized quarter scale wooden models. Both readélhave the ability to open up as to
allow vision or to add additional weight.

Outcomes

At this point in the project there is a completateenal and internal cabin design. Plans
have been made to work on station interactiontheges designs have been put on hold until
after the quarter scale fabrication is completeziftathese parts completed will be a great
addition to the quarter scale rail system. It &ilbw interested parties to understand how the
cabin will look and feel when travelling on thelrsystem. Visuals are key to getting a point
across, and cabin design is an important parteobtlerall project.

Discussion

The Fall 2015 semester has been extremely produstiiar. When the project began we
inherited a full-scale model provided by the Swhdeam. It was our responsibility to get this
full-scale model aesthetically finished and prepdoe presentation. The cabin team successfully
completed this task, as well as taking the initmtio build a custom gantry and suspend the full-
scale cabin in the air (FSCCW, 2015). Simultanegugé were able to design and model a
successful new cabin design both externally aretmally. Tests were successfully run to
determine that the cabin design meets previougdesgiecifications in regards to a drag
coefficient. The completed design is how read &trication.

The main focus for the next semester, Spring 2i31&] about fabrication. Getting two
quarter scale models complete and ready to gdoeithe main use of our time. If production is
going well and ahead of schedule we will simultargdpbe working on the cabin station. Other
parties have shown interest in helping our dessgnee will be working with them if time
allows. First we must make final decisions on alihe required materials and then purchase all
required materials. Fabrication will begin by presiag all of the plywood pieces. Tracing,
shaping, and cutting will all be taking place befany assembly can begin? Most, if not all, of
the fabrication will be done in house by our cale@m. Interior pieces will be printed when time
allows. 3D printing takes large amounts of time] #re printer must be shared with other
groups. Organization of printing times and amouwvitsbe crucial if everything is to be
completed on time. Lastly, assembly will take plaoee all the pieces are done being created.

Steering, Breaking Mechanism and Guideway




Objectives

The 2014-2015 bogie team made a great achievemestdcessfully designing the
switching mechanism for the top and bottom rail amdsystem to actuate the switching
mechanism automatically. However, not enough thbughs put into the reliability and
efficiency of the bogie as well as how the bogibawes on the guideway.

Upon observing the full scale bogie at the begigrihthe semester, a few shortcomings
were identified. The main aspect that stood outntiost was the slow and sluggish operation of
the steering mechanism. Such mechanism would redifgitio operate in real world conditions
as this would hamper the flow of traffic due to thedcar having to slow down to allow
sufficient time for the switching mechanism to agier Another aspect was the temporary loss of
contact of between the steering wheels and guidewen the bogie makes a turn after hitting
the Y intersection. Furthermore, the bogie is prtma lot of vibration, thus providing a rough
ride experience for the passengers.

The main goal of this year is to modify and furthewprove the steering mechanism
while maintaining the structure and function of thst year’s bogie. One improvement that
needs to be made is to develop a mechanism to symizh the motion of both the upper and
lower switching links to prevent mechanical failushen one of the links fails to operate.
Because the steering links from previous year'srstg mechanism switched slow and sluggish,
the team decided to integrate a more powerful stepmtor to speed up the switching process.
Furthermore, an extra pair of steering wheels dded on the top steering link to align them
directly with the ceiling wheels to add redundaaoy extra stability to the steering mechanism,
and to have the wheels press more firmly agairestrdck.

The 2014-2015 bogie team also had proposed a lgralyistem in their CAD model
which is located on top of the bogie between théngewheels. However, it ultimately was
scrapped when building the full size model becanfs¢éechnical issues. So for this year in
addition to the steering mechanism, a new brakiysjesn will be implemented next to the
guiding wheels which allows the brakes to direegyply braking force to the wheels.

The goal for the guideway is to show that the blogiein is capable of traveling turns
and different elevations. Last year's team succélgsflemonstrated that the bogie can travel
along a straight line as well as a curved secfldns year the goal is to show the bogie decline
and incline a sloped path at a 17 degree angkewitlisimulate arrival and departure to a ground
level station to pick up patrons. Another goalashiave a complete closed loop to allow the
bogie complete laps around the track. This is diffe from last year, as that design would move
forward and after it has reached the final posijtibrwould have to reverse direction to come
back to its original position. A switching in theligeway will also be demonstrating as the
sloped tracked is located at the entering forkeortght, from the respected starting position.

Design Requirements and Specifications

While designing the prototype of the steering araking mechanism, and the guideway,
several requirements must be taken account to ertsardesign is compatible with the designs
of the fail-safe team.



Steering

The new bogie is developed in half scale rathem thdull scale. This decision was made
in the beginning of the semester by the team leadduce cost of fabrication and prove
the viability of our concept. While designing thede on SolidWorks, each part was
measured and dimensioned accurately. The bogiefirgasiesigned in full scale using
SolidWorks and was then scaled down to half sdée the assembly was finished. Prior
to scaling down the model, we worked closely witle fail-safe team to ensure their
designs were compatible with ours.

In contrast to last year’'s design using two actisatechere one each operates the top and
bottom steering link, the team decided to use ¢eper motor to control both the upper
and bottom steering links simultaneously. The upped bottom steering links are
physically connected by a four bar linkage mechanigich in turn is connected to the
stepper motor shaft to allow simultaneous movemeéhis decision was made because
lowering the number of motors decreases the chahoechanical failure and providing
a better reliability.

The switching time of last year's steering mechaniwas 7 seconds. To keep the
available track length for the steering mechanismswitch as low as possible, the
operation time of the steering mechanism needsetaub roughly in half to around 3
seconds

Two pair of wheels on upper steering link to inseatructural redundancy in order to
create more stability and balance and aligningsteering wheels directly to the ceiling
wheels which counteracts the force produced byéileng wheels

Switching must occur smoothly with little vibratiom ensure smooth rides for passengers
During cornering the centripetal acceleration caubke bogie to swing out in the radial
direction. The steering mechanism needs to couhigrforce to prevent from the bogie
from “flying out”

Braking

Assuming the pod-car was moving at 7.333 ft./ 8emph), braking distance was 9 ft. in
2 seconds, total weight was 700 Ib, coefficientfraftion was 0.7 for dry track, the
average braking power was estimated to be 1.971fdfvinalf scale model for straight
track section. In addition, braking bracket has ltwest safety factor of 38.1128 with
1000 Ib force applied on it.

Guideway

Demonstrate lowering elevation by traveling up dodn a 17 degree sloped rail.
An allowance of four degrees a second curve astidme and end of the sloped track.
Complete closed guideway to allow the cabin to detegracks and return to initial
position.

State-Of-Art/Literature

Steering



Originally, research was done to determine whatlivbe the best method to actuate the
steering mechanism. A Futaba 3306 High Torque Semaoriginally pursued. However it was
decided to move forward with a stepper motor feirtkorque and driving power. Pneumatic
actuators were also considered. The actuatorshiglegesistance to side load, is easily attached
with little space.

Braking

From the beginning the braking team decided onemginting disc brakes onto the bogie
system since they were were good in heat transésry to maintain, have strong braking power
and no fading in wet condition. In addition, medieahdisc brake was easy to setup and
modifying parts. Braking pad and rims last longed aequired less maintenance.

Guideway

The guideway idea was to recreate a playgrounthopod car to test run with different
courses of challenges. The track needed to haweoons section for the vehicle to move, a
slope of 17 degree and the switch section to chdirgetions. Research was done in areas that
had similar vehicles, such as amusement park coldéesters and other supported vehicle Personal
Rapid Transits. A lot of concept ideas were origgdarom suspended roller coasters guideways.

Design Concepts

When generating concepts for the steering mechartismas suggested to us to keep the
general structure same, so a lot of brainstormiag done to come up with different variations
of the steering mechanism.

The only changes made is that the upper and lowesrisg mechanism are now
connected and synchronized by linkage system am@ tactuators are replaced with a stepper
motor. Also some changes are also made on the spgEning wheels since our team decided to
install an extra pair of green guiding wheels oa hacket made with square tubing for better
stability of the bogie during cornering. The lowsteering arm is almost identical except a
triangular support is installed for the linkage eTdiriving shaft of the stepper motor is connected
to the L-shaped rocking bracket and the L-shapéldretate in order push or pull the linkage.
The upper and lower steering arms have differeatrggrical radius and hence the upper control
arms have higher angular velocity than the lowes. drherefore, the arm connected to the lower
control arm on the L-shaped bracket has to be rstolter than the one connected to the upper
control arm in order to have the both the upperlangr arm at the same horizontal level when
they are at top dead position. The new parts megldased on the previous teams’ design and
the bogie’s structure hasn’'t been altered or rgghesi significantly. The 2 side plates, which is
the main structure of the bogie, needs to havegelaopening to accommodate the redesigned
Y-shaped control arms.

The location of the braking system was criticalceint determined the braking force,
surface and stopping power. In addition, there was much room on the bogie. Initial
suggestion was to place a brake system betweennguwheels but the vertical space was



limited. The brake was then placed on the outerssaf the guiding wheels since braking power
would be directly distributed on the guiding whemlaking it more effective in controlling speed
of the vehicle. Brake bracket set up right aboweghiding wheels.

The original designs were relatively simple, Apperisi contains the progress of growth.
Initially, the guideway was going to have an opede= rail with a drop and a rise. Then we
added a switch to this concept. From there it gtova full track with curves and splits. The
design of the cross section of the guideway anatstre of the supports (Posts and ribs) were
left alone. The changes that were made was theastextended and curved so it could make a
complete loop. Other more subtle changes werexttengion of metal frames in the ribs. This
was done to allow the upper steering wheels to l@dwarance with it makes a switch. The
original sizing showed contact and would demonstetastrophic failure. The support posts
were extended upward to allow a greater distanddeaslope. At the lowest point, the cabin
would offset the ground about a foot. This was seagy to prevent the cabin from colliding
with the bottom of the post frame support. Sevsuglports were designed at different lengths to
support the guideway as it traverses downward.rildsesupports at the sloped posts are tapered
to be able to fully contact the rail to have a futintact welded connection. A more important
addition was the rate at which the bogie enteredsibped trackway. This had to be at least

enough radius to allow a change of four degreesspeond so that the suspension mechanism
can adjust for the change of elevation.

Figure 3-25: Upper steering mechanism control arm



Figure 3-26: CAD model of bogie with modified steering mechanism

Figure 3-27: Triangular link



Figure 3-28: L-bracket

Figure 3-29: Control Bar



Figure 3-30: Brake Racket

Figure 3-31: Top View of Guideway

Analysis and Concept Selections




The team carried out the stress analysis on sontheoimajor parts of the steering
mechanism in SolidWorks and our results show thatparts are designed in such a way that
they can handle the stress caused by the stepger anad the guideway. All the parts have a
safety factor above 1 but through the stress aisatysr team is able to foresee some of the
possible weakness in our parts.

From the stress analysis, the L-shaped bracketth@asighest Von Mises Stress of
9.935*1076 N/m2 at the inner radius of the joindahe bracket may bend for 1.65mm under
such load. The design can be changed to haveea With bigger radius. For the triangular
support, there may be chances that the cylindpeat for the screw will bend when they are
subject to heavy load from the linkage. The VonédiStress at the edge of the cylindrical parts
is 5.594*10"6 N/m2. Ribs can be added for reirdament on both the cylindrical part.

L-bracket S.F. = 2.5164
Triangular link S.F. = 44.6872
Brake bracket S.F. = 38.1128

Analysis was performed on sloped part of the guadewrrom the Solidworks FEA

simulation it was found that maximum deflection weed at the top rail where the yellow
wheels apply a normal force. The maximum defleciso®.39 mm.

Figure 3-32: L-bracket Von Mises stress



Figure 3-33: L-bracket deformation



Figure 3-34: Triangular link Von mises stress

Figure 3-35: Brake Bracket Von mises stress



Figure 3-36: Sloped section deflection analysis

Fabrication Methods

The team decided that most parts of the bogie @regggo be fabricated out of A36 steel
due to its low cost and easy machinability. Funtineme, A36 steel is a very common structural
steel as it is used in many applications such allibgs, bridges, and automotive parts, is
available in variety of forms, and exhibits greaamanical properties. This type of steel also can
be galvanized to provide increased corrosion r@st&. There will be a lot of welding done to
assemble the bogie, so A36 steel was chosen gimceasy to weld using any type of welding
methods, and the welds and joints formed are oflésa quality.

Our team has planned to construct the main strei@fithe bogie first. Our plan is to cut
all the necessary parts from A36 steel plate uiiegmachine saw and milling machine. The
square tube section on the main structure areccityemachine saw. All the parts will be
assembled together and all the joints will be wetlttether. For parts with complex geometry
such as the triangular support, Y-shaped controlsaand L-shaped control parts will be
fabricated from a solid piece of metal using mdlimachine. The linkages are custom made with
rod and tie rod end purchased in the market. Camteas initial plan on making the red driving
wheels out of solid aluminum rod using the lathd baarings will be installed onto the wheels.
However we have found some polyurethane wheelsoanteam decided that our first choice is
to use the wheels that we can purchase from mavkKetwill consider building our driving
wheels if we have spare time and budget.

For the guideway, the team has decided to alsé\B6esteel for the upper and lower
rails. The upper rails being of dimension 2"x1”loal cross area with thickness of 0.08” . The



lower rails will be of 3"x1” cross area with thic&ss of 0.12 inch. The metal will be cut to
length, welded, and bent to size. The post andugports will also be made of A36 steel. The
top of the rail will be made of birch wood. Theylvae cut to size in-house using wood table
saws. The plan is to order a portion of the porparts to start building the straightaway, switch
and the slope. Once that is complete, the teandedide if it is possible to move forward with
the closed loop track.

Outcomes

The CAD model of the steering mechanism succegssythichronized the motion of both

the upper and lower steering links. However, aofgposition adjustments were made to the L-
bracket and tie-rods to ensure both steering e perfectly in sync and pressed against the
track equally. The long rigid shaft extending frahe top to the bottom of the bogie did not
interfere with any other bogie parts. The steelinks have enough clearance for switching due
to their mild tilt angles which were carefully cassred when connecting the L-bracket and tie-
rods into the switching unit. Portion of the bogiele plates needed to be cut out to allow
clearance for the motion of the mechanism linkagbe stress analysis on the steering
mechanism shows that the L-bracket and tie-rodsilaleeto handle the stresses generated during
switching. The safety factors of all parts analyaeslwell above the requirement.

The SolidWorks motion tool was used to simulatertiagion of the steering mechanism,
which successfully switched in both directions.hdligh the team met its goals by getting the
CAD model to work successfully in SolidWorks, a labre work needs to be done to get the
prototype to work in real life situations.

The Finite Element Analysis on the brake brackewsid the lowest safety of 38.1128
with 1000 Ib-f applied, which indicated that thesdm was very safe due to thickness of the
beam. However, brake was an important safety featurefore, it would be recommended to
have a large margin of safety in case of extrenseglants.

The solidworks model of the guideway scale dowrcessfully to half-scale. The new
bogie and cabin were mated fine onto the railsodk a lot of iterations to get it right, but the
outcome was a success. The stress analysis ofldpedssection showed results of a small
deflection of 0.39 inches due to the weight oflllbgie pressing against the upper green wheels.

Discussion

There were a number of substantial challenges tiegided to be overcome when
designing both the steering and braking mechanisnthe beginning of the semester, a lot of
different ideas were iterated from all team memiageis sketches were made to display our ideas.
A lot of these ideas displayed a lot of potentlalt in the end many of these ideas were
discarded for being too complicated to manufacamd adding too much complexity to the
system. Because simplicity is key when designirgggdfototype of the bogie, it was decided in
the end to modify last year’s bogie design instefadesigning a completely new prototype as its
design appeared relatively simple. Modifying lasays bogie proved to be a challenge because
the bogie offered limited space for modifications.



When making progress on the prototype design, ladlenge was to also keep track of
the designs of the fail-safe to ensure none ofdésigns interfere with each other and are
compatible. The hinge on the lower switching linksaextended to allow enough clearance for
the fail-safe team to add their upstop wheels. dditeon, the upper switching arms were
extended a bit to fit the fail safe hooks. Frequaarhmunications were also made between the
steering and guideway members to discuss about thack the guideway and how much
clearance there needed to be between the steehrglsvand the center wheels to ensure the
wheels are securely pressed against the track.

Arriving to the final design of the guideway invely many iterations. One of the most
notable challenges was learning to use solidwarkaadel a guideway. At first, sections of the
track were being model and then assembled tog&thereate a complete track. That was very
difficult because a lot of the time the end powtxe off and did not connect at a lot of points.
At the end it was found that making the track as part using surfaces, split lines, 3D sketches,
and sweepts made the model very easy to make. &domd challenge that was experience was
accommodating other subteams. There were requitsntbat had to be designed into the
guideway and we believe we did a good job in ddimgf. Some of those requirements were
giving enough clearance for the cabin team, nompshlape for the suspension team, and giving
space for the fail-safe.

The plans for next semester are as follows:
Prior to the start of the semester, all parts aatenals need to be gathered in order to
start fabrication. Furthermore, a fabrication plteeds to be clearly laid out to avoid
hindrance of progress during the semester.
Between January and early April, time is spent @nufacture the whole bogie and
complete the initial prototype to allow enough tifoetesting and necessary adjustments
that need to be made
When the initial prototype is finished, about tweeks (early- to mid-April) are taken for
test runs to make sure the steering links switapgry in sync and the disc brakes safely
slow down the bogie
After running tests, another two weeks (mid-Apdldarly-May) will be spent to make
any adjustments the bogie needs to finalize theopioe
As soon as the parts for the guideway come innalsigewill begin. As stated above the
first goal is to have a working guideway. Afterwsrde will assemble a full track, given
budget and time allows for it.

Active Suspension Development

Objectives

Due to the many axes of excitation in transportataur suspension system needs to be able to
adapt to a variety of situations, and satisfy tiWwing key points:

1. The suspension system must isolate any vibratidhdrvertical axis due to the bogie
wheels rolling against the overhead track. Vibmatan come from irregularities in the
track such as seams and transitions or uneverm#ss rail construction.



2. The suspension system must allow for the cabiiittivdnt to back and stay level with
the ground when ascending or descending rail graidessumed 17 degree angles. At the
same time, the suspension system must stop the fralm swaying front to back when it
experiences an abrupt start or stop.

3. The suspension system must allow for the cabiermain parallel with the ground and
even with the platform when at a station, as wekk@unteracting the load/passenger
weight to keep the cabin entrance same level aglétirm. This will ensure easy access
to the wheelchair users.

4. Since these conditions require that the susperssistem be active, the suspension
system must have sensors monitoring the motiorttamttack of the system, as well as a
control system to interpret its current state amderthe appropriate adjustments.

5. The system must be able to interface with the bag@cabin in a compact design that is
easily concealable for aesthetic purposes

Design Requirements and Specifications

The active suspension team is a completely newtiaddhe Spartan Superway project.
Integrating an active suspension into the bogiecafih system is another feature that will
complement the forward thinking design of the pcbps whole. In the context of this project, an
active suspension was once thought of as onlyayubeature that could be omitted. However
with changes in track angle and elevation betwésioss, a means of controlling the cabin
angle was found to be a necessity. Upon furthezgtigation, it was determined that there are a
number of design requirements that would be denthotithe active suspension in order to
produce and safe and comfortable ride for SpartgreiSvay passengers.

In general the active suspension system will neeshtisfy the following six design
requirements:

1. The cabin must be must maintain a horizontal amgeallel with respect to ground).

2. The suspension system should constrain the moveshéimé cabin such that there are only
two degrees of freedom (2 DOF).

3. A damping system will be needed to isolate thercéioim vibrations and oscillatory motion.
4. The suspension system must be capable of levdlegabin to the station platform.
5. The suspension system must interface to both thie ead the bogie.

6. All components and hardware must have a suffigafdty factor associated with the forces
and stresses imposed by static and dynamic loading.

Design Specifications:




The cabin angle must be controlled such that itlelable to negotiate a 4@hange in
angle of the guideway. That rate at which the guadeangle changes, and the velocity of the
cabin during transit, will dictate the angular \@tg at which the cabin must rotate in order to
maintain a horizontal orientation (Eq.1). The regdiangular velocity of the cabin can be
determined using the following equation:

- —(2
Where:
=angular velocity of cabin about the pitch axis
v=linear velocity of cabin
r=radius of rotation
d /dt=change in angle of cabin with respect to time

It was determined that that the cabin’s motion destrained to 2 DOF, vertical
translation, and rotation parallel to the guideW@iych axis as seen in Figure 3-36). Adding a
third degree of freedom to the roll axis was coased, but was eventually considered
unnecessary. While the cabin will be negotiatimg$won the guideway, the radius of these turns,
and the velocity at which they will be traversed both small enough that the radial component
of acceleration can be considered negligible (FEg88). However, to compensate for the small
amount of torque generated from the angular acisber; flexible bushings should be used to
lessen the possibility of fatigue failure of rigidhounted hardware and components.

—(3)
- —(

—(9)

( 6) Figure 3-37: Three axes of motion
Where:
=angular acceleration
a=tangential acceleration

a.=centripetal acceleration

Figure 3-38: Torque and Angular

r=radius of arc Momentum of a Ridgid Body



=torque
I=angular momentum

For the ¥4 scale suspension design, an estimatddso®@s accounted for in the weight
of the cabin plus the weight of the passengerss figure will dictate the damping parameters of
the suspension system (Figure 3-39). To provideatitn isolation and oscillation control, the
spring constant and damping coefficient shouldHmesen such that the suspension system is in a
slightly under damped state. An overdamped systenidicertainly limit any oscillations from
occurring, but it would likely inhibit the suspeosis ability to cycle and result in rigid ride
quality. While critically damped systems returretquilibrium the fastest without any oscillation,
this would still result in a stiff or harsh riderfthe passenger.

Choosing a slightly under damped system will alfowsome oscillations; however the
benefit will be more comfortable ride charactecstildeally the oscillation will be dissipated
and the system will return to equilibrium in 2 @glor less (Figure 3-40). The damping ratio

is a function of the system’s spring stiffness, garg coefficient, and sprung mass, and
should be around 0.4-0.8 to achieve the best balbetween damping and rider comfort.

(7)
(8)

—(9)

(10)

Figure 3-39 Damped spring mass system with vertical motion

—_— rro (11)
Where:
k=spring stiffness
x=spring displacement
c=damping coefficient
v=velocity of spring displacement
Fs=spring force

Fq=damper force



n=natural circular frequency
Figure 3-40 Different damping system scenarios

+=damped circular frequency
=damping ratio

The addition of a suspension system to the calierently adds some complexity to the
overall system. One problem that will arise frora suspension system is the deflection of the
springs when loaded. When the springs compresgathia will be displaced vertically, leading
a misalignment with station platforms when loadamgl unloading passengers. In order to cope
with this problem, the active suspension systerhiviéd to alter its position to maintain
alignment with station platforms, which is espdgiahportant for disabled persons who depend
on wheelchairs for mobility (Figure 3-41). The bapproach to solving this problem will
involve changing the position of the cabin relatiwehe platform without further causing a
displacement of the suspension system. This waglitey the cabin does not work against the
spring and damper through compression or extenaimhfhe two systems can operate
independently of one another.

Figure 3-41 The position of the cabin and statitetform must be level in order to ensure
passenger safety and convenience

When designing the suspension system, many idebsantepts were proposed, some
more complicated than others, and each with its pral cons. Part of working with many sub
teams on a large scale project such as Spartam&apeaequires the consideration that many
systems will need to come together and be intediiate a seamless final product. Designing a
suspension system that has adaptability as wékkebility when it comes to interfacing to the
bogie and cabin will be crucial (Figure 3-42).



Figure 3-42 An example of utilizing a modular desggpproach where parts are built around
certain specifications, ensuring compatibility exadter small changes are made

The best approach will be a modular one, where oomapts can easily be resized or
changed without needing to completely redesigrstiséem. In a large group it is natural for
there to be some uncertainty in the final dimensionconfiguration of different systems,
therefore it may be best to choose a design ttstnple yet effective.

Perhaps the most important design requirementrfpin@echanical system used or
operated by humans is the factor of safety. Dubdmature of suspended cabin, the factor of
safety of the suspension components is the lasoliefense between the cabin and bogie.
Hardware and components must be selected sucth#ratis a high margin of safety with the
mindset that “a chain is only as strong as the wsiknk”. On this particular system some
components may be overdesigned in terms of streagthnpredictable failure could lead to
catastrophic results. The materials used will dgecthe ultimate yield strength of different
components. Failures due to axial loading, sheassttransverse shear stress, and bending will
need to be considered.

Safety Factors in General:
. (&
# #3 % $& (—( 12)
+ ) #$ % & # #3$% $& ' - (13)
Stresses to be considered:
Axial: ( -(1)
Where:

F=applied force

A=affected area



Bending:( , +—( 15)

Where:

M=resultant internal moment

c=perpendicular distance from neutral axis to exédimer

I=moment of inertia of cross section about neutxé a
Shear: E( 16)

Where:

V=internal resultant shear force

Q= d%3where A’ is the area above or below where t issaezd, and3is the distance between
the neutral axis and centroid of A’

I=moment of inertia of cross section about neutx& a
t=width of cross section where ismeasured

State-of-the-Art/Literature Review

Many organizations and companies around the waddvarking hard to solve the traffic
congestions and accident problems by bringingnewa age transportation system. Even though
it has been more than twenty years, we are yedtieqt the design. While there are many small
scale off line transportation systems such as Mdayen PRT (Figure 3-43), it still uses large
railway and infrastructure as that of BART trains.

Figure 3-43: Morgan Town Public Rail Road Transjsf&m

As one of the problems we have tried to solve, i@ gigantic infrastructure as seen
above is not space saving, and very costly. Whiake® the design irrelevant to our design, and
the suspension system was not considered. Onfiee lnind, there are many small scale in town



transportation systems that suspend from a guigs.v&uch motorized elevated tram systems
include: Wuppertal Suspension Railway Figure 3a##] the Chiba city Suspension Railway
Figure 3-45.

Figure 3-44: Wuppertal Suspension Railway

Figure 3-45: Chiba Suspension Railway

The fault with these types of transportation sysseispension design is that they simply
use the suspension system that resembles clostidgttof a train Figure 3-46. They do not
incline or decline, and the suspension is defipitedt actively controlled. As one of the design
requirements we are to solve this issue by creatige suspension system that puts the
comfort of the rider first.



Figure 3-46: Suspension System of a Typical SuggeRdilway Transit System

So these systems so far, were no help in designinguspension system. Our search for
the previously designed products continued. Duomigresearch it became clear that no other
suspended guide way system that actively contt®isde has not been invented yet, and we are
in an uncharted territory. However, this does neamthere are none being developed. For
example, in Secaucus, New Jersey Jpods are benetpged (Figure 3-47). They are suspended
off line transit system that closely resembles oBrg they have not yet come up with the
solution of leveling, and providing comfort to tbabin. Similarly there is Swift, a slightly larger
system being developed for Boulder, Colorado (Fed3#48).

Figure 3-47: JPods

Figure 3-48: Swift



As it can be seen from the pictures, the curresigtieonly includes suspending the pods
from the bogie with direct connections, that trateskevery vibration and imperfection directly to
the cabin for the rider to feel. They are currebiyng developed, but has not come up with the
design yet. Lastly, the most relevant design, sleaims to resemble our system the closest is the
Metropolitan Individual System of TransportationamElevated Railway (MISTER), that
utilizes small pods for transportation (Figure 3-48d is being developed to be able to elevate

up a slope of 45 degree angles (Figure 3-50). lBarethas not been many information of the
design of the suspension system.

Figure 3-49: MISTER pod design

Figure 3-50: MISTER at a decline of 45 degrees

Because of the suspension system has not beerdauloped yet, we are privileged to
be the pioneers in developing the first active sagied suspension system, that self levels and
controls the ride tilt to provide comfort duringcast and descent of the cabin.

Design Concepts




As soon as we have started the semester, our vasrkéen cut out to us, as far as what does
the suspension system needed to accomplish. Asistathe design specification section, we
needed our suspension system to do:

The cabin must maintain its level parallel to theuwnd
Allow only two degrees of freedom
Isolate the vibration caused due to the track,teancelling motion
Capability of leveling the cabin to the platformden different loads
During our team meetings to come up with the défifierideas to solve the problems, and few
of the important designs worth mentioning are shdvWany other design concepts did not make

it in the report. All of the sub team members weguired to come up with 5 different concept
drawings and the voted as a team to choose thelbsigin. Following are few top designs:

Figure 3-51: Cantilever Design Suspension

This design was a good start for us. Cantilevdediyks and Coil over were used to
control and assist the tilting, and the isolatiéwibration. While this design would have helped
bringing the cabin close to the guide way, givingrenground clearance, did not address the
issue of lifting and lowering the cabin to allowsgaccess to the wheelchair users.



Figure 3-52: Utilization of Air Bag and Magnetic Dgpers

Above design utilized the help of air bag systeat #re found commonly on modified
cars, and high end luxury cars to control ride heigs opposed to the previous design that
lacked the ability to do so. Hall effect sensorsilddhave been used to sense the position of the
cabin as it arrives to the platform, and the ag auld rise or lower the cabin to align the cabin
perfectly. Magnetic controlled dampers are usetbtdrol the tilt as travelling through the
sloped section of the guide way. This was a goathyjdebut it seemed to be tilting the cabin as it
lowers or raises the cabin, and would take manypticated parts to solve the problem. For that
reason, this design concept was deemed not suiticie

Figure 3-53: Utilizing Actuators and Coil Overs



This design was one of the highest voted desiglizing linear actuators to control the
tilt of the cabin, and the set of coil over to damphe vibration. By far this is the closest design
to our winning design concept. Figure 3-53 shows tiee suspension would look like while the
guide way is level to the ground, and Figure 3-8l shows how the suspension handles
different slopes.

Figure 3-54: Actuators and coil over to keep theiodevel

Our members’ process of design evolution can be §een the previous figures. These
have been just the concept drawings to determmméetisibility of our system. While we were
choosing the best design, we have also taken orisideration that our suspension system
should take up less space, giving the overall desligk and futuristic look. The design we have
chosen can be read from the latter section: Cor®elettion Analysis.

Analysis and Concept Selections

The previously mentioned concept designs all hagatdgeatures. When considering
which concept design to go with, the ASDT evaludtedconcept designs on three
characteristics: design size, design complexity, @ggsign aesthetics. Design size is very
important when considering a transportation syst&sithe size of a design increases, the
probability of different parts interfering becongeater. The ASDT needed to be sure that the
chosen design wouldn’t interfere with the trackbogie when navigating the inclines and
declines of the track. Design complexity is an img@ot factor when a design is being
reproduced. Since the chosen design may be implesharo a large transportation system, the
design needs to be easy to maintain. As well, @sggd needs to be as simple as possible to
reduce the probability of system failure. Desigathetics was the third characteristic that was
evaluated for each concept design. The ASDT netxethke sure that the chosen design
wouldn’t detract from the futuristic image of thpaBtan Superway. After all of the
characteristics were evaluated, the ASDT decidethigachosen design was superior.



The components of the vibration isolation systedee to be evaluated to ensure the
quality and performance of the design. The analysis iterated in an excess of ten times and
design changes were made appropriately. Only talysis of the final design is represented
here. In order to begin the evaluation processpgmopriate loading needed to be determined.
The loading was determined from an estimated atesahaximum “Full Scale” loading in
Equation 17.

=2,500lbf :%sea'e:ezabf (17)

=scale
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The loading was then appropriately applied to camepds of the vibration isolation
components of the system.

The Bottom Tube assembly consists of the BottofmeT which connects to the cabin,
and the Main Pin, which connects to the shock ddeser The loading was applied to the Main
Pin of the Bottom Tube of the assembly. The loadwag applied to the very ends of the pin to
produce a more conservative simulation. The MameRperiences the maximum von Mises
stress of 17,990 psi. Although von Mises stresses@mmonly used to determine the Factor of
Safety (FOS) of a system, one must consider noam@lshear stresses as well. The Main Pin has
a minimum FOS of 3.1 due to normal stress. Theddoff ube experiences a maximum von
Mises stress of 17,690 psi. The Bottom Tube haghvamam FOS of 2.0 due to normal stress.
The Bottom Tube assembly has an overall FOS ofl@elto the normal stress in the Bottom
Tube. See Figure 3-55 for the distribution of voisds stresses in the Bottom Tube assembly.

Figure 3-55: This figure represents the distributiof the von Mises stresses in the Bottom Tube
assembly.



The Top Tube assembly consists of the Top Tubesiwtdnnects the suspension system
to the actuators, and a few other components thet im conjunction to connect to the shock
absorbers. The loading was applied to the TabiseoTop Tube assembly. This is the component
that eventually connects the bogie to the shockraéess. The loading was applied to the inside
faces of the Tabs to produce an accurate simulafioa Brace experiences the maximum von
Mises stress of 14,040 psi. When evaluating theTidpe assembly as a whole, the Top Tube
assembly has a minimum FOS of 1.7 due to the nostreds in the Tabs. This is a conservative
FOS since the simulation software does not havabiigy to account for the filet-like
characteristics of the welds that hold the talihéarest of the Top Tube assembly. Therefore,
the Top Tube assembly has a FOS greater thande7-i§ure 3-56 for the distribution of von
Mises stresses in the Top Tube assembly.

Figure 3-56: This figure shows the distributiorvoh Mises stresses in the Top Tube assembly.

The Top Connection Plate is used to connect theTiye assembly to the actuators. The
loading was applied to the inside faces of the hiolehe Top Connection Plate. The loading was
applied along multiple axes to represent the natiea loading in the two outside holes. The
Top Connection Plate experiences maximum von Migesses in the outside hole at a
magnitude of 1,883 psi. Due to the normal streskenTop Connection Plate, the part has a FOS
of 2.0. Thus, the entire vibration isolation pontiof the active suspension system has a FOS of
greater than 1.7. See Figure 3-57 for the distigibubdf von Mises stresses in the Top Tube
assembly.



Figure 3-57: This figure shows the distributiorvoh Mises stresses in the Top Connection
Plate.

The shock absorbers that have been chosen teeutilthis design are air shock. Thus,
that the spring rate of the shocks is progresditiat means that as the shocks are compressed,
the spring rate increases. This makes it diffitmitalculate the natural frequency of the system.
Using estimated dimensions of the shocks and thal Idas Law, the force provided by the
pressurized air in the shock could be calculatdiizing Microsoft Excel, the assumed loading,
the calculated spring rates, the expected quair@n owch of displacement, and an assumed
damping ratio of 0.3, the transmissibility ratiosm@alculated and plotted versus a range of
excitation frequencies from 0-20 Hz. If the estiethtimensions of the shock are near correct,
and a damping ratio of 0.3 is achievable, thenvibeation isolation system will have a
transmissibility of less than 2. Equations 9 andviBe utilized to calculate the transmissibility
ration. See Figure 3-58 for the relationship betweeansmissibility ration and excitation
frequency.
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Figure 3-58: This figure shows the relationshipvbeen the transmissibility ratio of the
suspension and the excitation frequency.

Fabrication Methods (How will you build it)

As our team heads into the second semester ofpifwee® Superway project, our focus
has shifted away from design and looks forward tawabrication. Our main goals as we build
our suspension system are to fabricate the systenthigh quality and precision manner, while
also completing our tasks on time, and within budggnce the entire cabin will be supported
by our suspension system, it is imperative thatetlage no fatal flaws that would cause the cabin
to become separated from the bogie. While the stasidution to this would be to have our part
professionally made, in order for the project tantan a reasonable budget, we plan to do all of
the fabrication ourselves.

Our design contains a relatively small amount afganaking the assembly of the
suspension system somewhat simple. Figure 3-5&r&@D61 show the main components of the
design that we will need to fabricate. The squéuwbse in Figures 3-59 and 60 are made of
ASTM A500 steel tubing while the rest of the comgots will be made of ASTM A36 mild
steel. These types of steel are industry standardsre easy to work with. The manufacturer
will likely cut the Square tubing to size. The omipdifications that will need to be done are a
slot on two sides of the tube in Figure 3-59 aml@ on two sides of the tube in Figure 3-60.
The rest of the parts attached to Figure 3-59hlfirst cut from plate steel by using a saw, then
refined by a grinder. The individual parts can thernwelded together by using a MIG welder
either at San Jose State or off campus. The pmisdéigure 3-60. will either be bought or
lathed to size, depending on availability, and Wélinserted into the square tubing and tack



welded in place. Figure 3-61 shows a piece thitw@imilled from one piece of steel, then
drilled, then welded to the top of the tube in FeyB-59.

Figure 3-59: Outer square tubing assembly Figure 3-60: Inner square tubing
assembly

Figure 3-61: Top connection plate

Once all the individual components are made, all will be left is to fit them together
and attach the actuators and shock absorbers.riline asembly can be seen in Figure 3-62.
Attaching the actuators and shock absorbers shmmifits simple and bolting on the components.



Once we have reached this stage of productionmaim concern will be making minor
adjustments so that the system works flawlessly.

Figure 3-62: Full assembly
Outcomes

The active suspension will be able to keep therchviel with the ground and even with
station platform through the use of actuators. Tikallow the Spartan Superway to be ADA
compliant and open to all possible passengers.i$kasnajor stipulation when a government
authority evaluates the system to be put into msemajor city. The active suspension system
will isolate any vibration through the use of diosks. This will keep the cabin in a pleasant
riding state.

Discussion

Next semester is about turning all our ideas frbim $emester into a deliverable product.
Since we will be gone over winter break, it will ingportant to recap all of our ideas so that we
are all on the same page as we go forward. Thefénsweeks of the new semester we will be
discussing our design to make sure there are ndficaitbns that we need to make, as well as
ordering the parts that we need to complete thedation. We will also need to be in contact
with the bogie and cabin teams to finalize a destigi will allow our suspension to interface
with the rest of the Spartan Superway. Currentlydmsign allows us to easily add a component
that will be compatible with a multitude of pos&lgonnection types in order to keep our options
open.

Once the designs are finalized and all the magehale been acquired, it will be time to
start fabrication. We anticipate that it will take longer than two weeks to machine all the
components, and no longer than an additional timesks to assemble all the parts. Once our
suspension system is completed, it will take anotleek to interface with the other teams’



designs. This will bring the project up to mid-MarcThe rest of the Semester will be used for
testing the operation of all the components, a$ agethe controls and code that we will use to
run the system. The two months remaining at theodnide semester will be a crucial time to
ensure that any unforeseen issues that may arisleendealt with. Our Goal is to have
consistent, reliable operation by the end of Ayarihave a finished product with time to spare to
work on our final report. See Appendix B for neatreester’'s Gantt chart.

Torsion Test

Objectives

The Torsion Test sub-team is responsible for dasigiuilding, testing and analyzing a
five foot section of the guideway track. The tagtjsct will be a slightly scaled down model of
the actual full sized build due to limitations imtling and size requirements set forth by the
torsion test machine.

The main objective for the Torsion Test sub-teato iisuild and test a 60 inch full-scale
model of the guideway system. There is a sequeiheeents that will entail this overall
objective. The first is to build and test a simplif, inexpensive, square hollow closed cross
section of steel. This will familiarize the teanthvthe torsion test machine and its process.
Along with the square cross section, a circulatdwokross section will also be tested to
calibrate the torsion test machine. The seconal udilize the data obtained from the simple
torsion test exercise to figure out how and whernglace the strain gauges on the full scale
model. The third is to create a model in FEA sofenhat will be used to optimize the design
once the full scale build has been tested. Laattydesign, build and test the 60 inch model. The
test results will then be used to check the comess of our FEA software analysis. From that
point, any changes can be made in the FEA modelemteld using the software to optimize the
design.

At this point in time, transitioning from the firealf to the second half of this project
timeline, the goal is to build the simplified crassction and design the strain gauge system that
will be used to collect the stresses experiencath the torsion test. This workpiece needs to
have side plates and two inch solid steel end wadded on for securing the workpiece into the
torsion test machine chuck. The strain gaugestiagih be secured to the workpiece. The goal is
to have the build completed over the winter breakhat the test can be conducted near the
beginning of the 2016 spring semester.

Design Requirements and Specifications

The Torsion Test sub-team shall improve the streagt durability Spartan Superway
guideway structure. [Tier 0]

The Torsion Test sub-team shall confirm the sabétyre Spartan Superway guideway structure.
[Tier O]

The Torsion Test sub-team shall find the stressesept in a guideway section when
placed under torsion [Tier 1]



The Torsion Test sub-team will confirm the analyse by Kriti Kalwad by
physically conducting the tests on similar specisnesing the torsion test
machine located in ENG131 [Tier 2]

The Torsion Test sub-team will first calibrate thachine using a stock
pipe as a calibration specimen. [Tier 3]

The calibration specimen is shown in Figure 3-68 waiil be
purchased as a stock component. [Tier 4]

Following the Tester’s calibration, the TorsiorsTsub-team will
familiarize themselves with the machine and testuhcertainty using a
square diameter pipe with end caps. [Tier 3]

The square diameter is shown in Figure 3-64 anidbeipurchased
then welded by Steve Trevillyan and Ivan Tapiaef#]

Following the uncertainty test, the Torsion Tedi-seam will conduct the
final test on the rail specimen. [Tier 3]

The specimen dimension will be determined by Kgailwad, then
built by either an outside source or Steve Treaitlyand lvan
Tapia, but needs to fit within the tester (60 i)H@ier 4]

Kriti Kalwad will create model the sample in ANSYA8d do finite element analysis to
calculate the expected stresses [Tier 1]

Kriti Kalwad will find suitable dimensions for thguideway specimen such that
the torsion machine can apply enough torque tombtseful data about the stress
and angle of twist of the specimen under load [Zier

State-of-the-Art/Literature Review

The Urban Light Transit (ULTra) is a bottom rail PRcated at the Heathrow airport in
London. Similar to the Superway, it implementsdise of off-line stations to store the personal
rail vehicles until they are called upon. It wasrid that 90% of the trips were available
immediately during peak hours, and received “excellor “good” feedback by over 90% of the
users (Bly, 2005). However, since the vehicleuslgd by a rail below, it uses four tires to
support the system, and is level with the groufdis also means that the system requires more
material and space to build a track separate fratkways and streets. This system exemplifies
the use of a PRT in a crowded area, and was faubd 70-90% more energy efficient than
using a car (Lowson, 2002).

The Siemens People Mover H-Bahn is a suspendedngessrailway system installed in
Dortmund, an independent city in Germany. The sydtas received various upgrades since its
public opening in 1984 at the University of Dortnayand the rail network is currently about 2
miles long (‘H-Bahn21’, unknown). The vehicle itsisl suspended under the guide rail, similar
to the Superway system, and can carry a load &b 4923kg, excluding the carriage. It has



proven useful for its use on-campus, but proposéehsions have been rejected due to cost-
efficiency. Also, the system is not a PRT, but bljguransportation system. Carriages are
available at stations about once every ten minutes.

Another proposed PRT, the SkyTran, is a transtiesyslesigned by NASA that has not
yet been implemented, but expects its first netviortie complete by early 2016 (SkyTran,
2014). The system uses magnetic levitation teclgyphhich drastically decreases energy
consumption. The current design is more spaceiefithan the Superway, but has a high cost
of installation.

Design Concepts

For the simple hollow cross section designs, theiaito minimize cost, while
maintaining adequate results that can be analyizezllength of the circular workpiece is 60
inches. Figure 3-63 offers an illustration for thisce. The length of the square workpiece, not
including the end plates and end rods, is 24 inchiesse lengths will offer enough angle of
twist to analyze the effects of the torsion forapplied. The circular piece did not require any
end plates or end bars and was only used for aedilior purposes.

Figure 3-63: Circular Closed Cross Section: This piece is used for calibrating the torsion test machine:

The end plates for the square cross section ararfoes square with an eighth inch
thickness. These end plates are designed to appifam loading to the workpiece. Attached
to the end plates are two inch in diameter sokélstnd rods which will be the attachment point
for the torsion test machine. Figure 3-64 showgds#gn concept.



Figure 3-64. Simple Square Closed Hollow Cross Section for first torsion test

The design concepts for the full scale build follosely to that of engineer Bengt
Gustafsson, illustrated in Figure 3, who designadi @atented the vehicle system used by the
Spartan Superway.

Figure 3-65. Full-scale Track Design by Bengt Gustafson: Spartan Superway will use this design as a basis, with
some minor changes

The design of the full scale model must be sized@ting to what will fit in the torsion
test machine. The torsion test machine is set@mabyze a structure no longer than 60 inches, so
the full scale model will be limited to this lengtfhe materials used will be A36 steel due to its
availability and cost. A36 steel is common and g@agyrocure. It will minimize the cost, which
is an important factor for the Superway project tubmited funding. At this point in the
project, the team only has a tentative designterfull scale model. The design was created by a
grad student over the summer by the name of Jalkéat. There are flaws in the design that
will need adjusting, where another grad studerthieyname of Kriti Kalwad is assisting in that
process. The tentative design by Jake Parkhusston in Figure 3-66.



Figure 3-66. Jake's initial design of five foot full scale guideway. This is an initial design, which needs adjusting, that
will be used for the torsion testing. The side plates and end bars are shown here.

Design includes the end plates and mounting batsaite added to the structure for the
torsion testing process. A detailed drawing withtpdst is shown in Appendix B.

There will be some design changes to the finaldcdlle build. One of the potential
design changes will affect thicknesses of the giledés. Mr. Parkhurst’s design represents
thicknesses of 0.75 inches which too large. Fdigatyy scaled down version of the full scale
design, this thickness is unnecessary and willedest up dramatically. For the Torsion Test
team’s purpose, a thinner material is desired. Sttpgort rail attachment design is also in
question and up for redesign. Figure 3-67 showls bt Gustafson’s, and Mr. Parkhurst's base
plate attachments. The aspect of Mr. Gustafsorsgydehat causes for reevaluation of Mr.
Parkhurst’s design is the way the attachmentsitratsd.

Figure 3-67. Design comparison of full scale models. Mr. Gustafson’s design invokes a potential flaw in Mr.
Parkhurst’s design



The attachment on Mr. Gustafson’s design has atedngp which will keep debris and
water from accumulating. Mr. Parkhurst’s designngshe two triangular gussets will catch any
debris and water that may fall on it. This is agodial hazard to the integrity of the material.

The Torsion Test sub-team is set to optimize therall guideway design. Through this
process, the guideway will be designed to be dbstteve, safe, and robust.

Analysis and Concepts Selections

Prior analysis for each of the three torsion teslisbe done using hand calculations and
FEA through ANSYS. For the simple hollow cross e, the hand calculations and FEA will
give us our expected maximum shear stress valueslaas tell us the where the maximum
shear stress occurs. This will help us to deterrtfiegplacement of our strain gauges during the
torsion test. These initial results will be comphte the experimental results from the first two
torsion tests in order to confirm the accuracywfmeasurements and calculations. ANSYS
modelling will be done on the scaled down trackiglegrior to the final torsion test of this
design. This will tell us the expected maximum slstigess and the expected locations of
maximum shear. ANSYS modelling will be done by Kikalwad. Hand calculation analysis for
the round and square hollow cross sections withlténed in this section.

Shear stress for a circular hollow cross sectiareutorsional loading:

Circular cross sections are the easiest to anaiyea it comes to torsional loading. This
Is because the bar experiences St. Venant (pustphobut not warping torsion. Warping torsion
occurs if the unconstrained ends of the beam warpfogplane under a torsional load. While bars
and beams of all other cross sections experienoe sonount of warping torsion, circular cross
sections do not. This also applies for thin wahetlow circular cross sections (Hughes, lles &
Malik, 2011, p. 8). The equation for maximum sh&taess of a circular bar under torsional
loading is given in Equation 19. In this equatiois The applied torque, c is outer radius—which
Is where the maximum shear stress occurs—ancé@ ®tsional constant of the cross section.

(19)

For a hollow circular cross section, the torsiac@mistant is given by Equation 20, where
R, is the outer radius and R the inner radius.

(20)

The maximum twist angle was also calculated usiepggiEion 21, where T is the applied
torque, L is the length of the bar, J is the taralaconstant and G is the modulus of rigidity of
the material.



(21)

The geometric dimensions, material properties gplied torque for the analysis
performed are given in Table 3-1. Modulus of rigrdvas obtained from AZO Materials. The
results of the analysis are displayed in Table Bhk value for applied torque may be changed
for the actual torsion test in order to achievaiss that can be easily measured. These results
will be compared to the ANSYS FEA results when kade.

Table 3-1: Parameters for Torsional Analysis of the Circular Hollow Section

Table 3-2. Results of Analysis of the Circular Hollow Cross Section

Shear stress for a square hollow cross sectionrtoonal loading:

Torsional analysis for members with a non-circalass section is more difficult because
of the presence of the above mentioned warpingstse However, according to Hughes, lles
and Malik (2011), the warping torsion for a rectalag hollow cross section is negligible,
therefore it does not need to be taken into accdunihg torsional analysis. The following
calculation were done using equations from theakhBesign of Steel Beams in Torsion
Equation 22 gives the maximum shear stress, whésehe applied torque and\§ the
torsional section modulus.

(22)



For a thin-walled hollow square section; /estimated using Equation 23. In this
equation t is the wall thickness ang 8 the area enclosed by the mean perimetgis A
calculated using Equation 24, where h is the sedteght, b is the section width and r is the
mean corner radius. The mean corner radius is a&drto be 1.25t for hot-finished bars
(Hughes, et al., 2011, p.65)

(23)

(24)

The maximum twist angle was then calculated usiqggiEion 25, where T is the applied
torque, L is the bar length, G is the shear modafube material andrlis the St Venant
torsional constant. The St. Venant torsional caristacalculated using Equation 26, in which
‘a’ and ‘b’ are the dimensions of the rectangulass section and a is greater than or equal to
‘b

(25)

(26)

Table 3-3 gives the parameters used during thitysisand Table 3-4 displays the
results. As with the analysis of the circular cresstion, applied torque may be modified in the
future. This data will also be compared to the ANS¥ésults.

Table 3-3. Parameters for torsional analysis of the square hollow cross section



Table 3-4. Results of analysis of the square hollow cross section

Fabrication Methods

The initial step to fabrication is to find a fatyiwhere the Torsion Team can conduct
their work. The facility must at the least have dweg) and metal cutting equipment. The first and
most logical option for the team would be the SaseJState University welding shop. This
location is the most beneficial to the team becdtusdocated on campus and the team should
have easy access as opposed to working in a yaoificampus. As per Professor McMullen,
there is also a technician in the welding shop Wwaild be able to help us with the welding and
fabrication. Another facility where the team woulel able to conduct some of their work would
be at the fabrication shop at JM Construction angifieering, Inc. A member from the Torsion
Team works here in between semesters and his bossceto let the team use the IMCE shop.
The JMCE shop has welding equipment, metal cudopgpment as well as a water jet.
However, this facility is located in Turlock, CA @it is approximately an hour and a half away
from San Jose. This facility will only be availaliaring winter break and spring break when the
team member has direct access to it.

The next step for the fabrication process woulddbebtain the necessary material to
build at least two testing specimens. Two metdtithstion companies in the bay area have been
contacted for material donations and the teanilisvgtiting to hear back from them. The two
companies that were contacted by the torsion tearwalley Iron Inc. and PDM Steel Service
Centers, Inc. All of the material used for fabricatwill be A36 Steel. After the material is
obtained the fabrication process begins.

Circular Cross Section: The material that will lsed for this cross section is a 2” pipe
with a ”wall and it is 24” longstock pipe as shown on Figure 3-63. The fabriogimcess for
the cross section will include cutting the pipesize and deburring any sharp edges.

Square Cross Section: The material that will beldsethis cross section is a 2" x 2" x
" square tubing at 24” long. This cross sectiorudes two 4” x 4” x " thick end plates and a
2" shaft at an arbitrary length on either end @f tilbing as shown in appendix A. The first step
in fabricating this cross section would be to ¢ $quare tubing, end plates and shatft to size and
deburr any sharp edges. The next step would bassembly process. The assembly process
would start by welding the shaft to the endplates then welding the endplates to the square



tubing. During assembly it is important that evemg is squared and centered in order to
maximize accuracy of the torsion test. AppendixoBtains a tentative step by step process for
building the simple enclosed cross section.

Optimized Cross Section: The design for the opteahizross section will be finalized
when Kiriti finishes the ANSYS FEA modeling. Shéasing the final design off Jake’s drawing
in Figure 3. However, due to testing purposes hatfdéhe parts in Jake’s drawing will not be
fabricated because they would be irrelevant tddh&on testing results. The fabrication process
for this cross section is going to be extremelyllehging. When the team talked to professor
McMullen he informed the team that the fabricatmacess could from 3 to 6 weeks. Professor
McMullen obtained this information from the welditechnician on campus. The team will have
to start fabricating this cross section at the ieigig of the spring semester but ideally towards
the end of winter break would be wise. The optedizross section will be made of A36 steel.

Outcomes

The results of the 'Analysis of Designs' sectiam@ganized in tables 1-4. Regarding the
circular pipe calibration specimen, we will applyoaque of 5000 ft-lb. The hand-calculations
are simple, and we expect a high degree of acculaeyo the simple geometry. We expect the
maximum shear stress to be equal to 92310psi,lenchaximum angle of twist to be around
0.1926 radians. We will use the angle of twist ltssa order to calibrate the torsion tester for
the next two tests.

We will apply the same torque of 5000 ft-Ib to #rel plates of the square-cross section pipe.
Doing so should result in a maximum shear stre€§8670 and a maximum angle of twist of
0.02970 radians. Testing this specimen will noyydamiliarize ourselves with the machine, but
allow us to consider the uncertainty of the test eclude it in our final results.

Discussion

Most of the work done this semester entailed coatihig with people, outside of the
Spartan Superway team, that are involved in thentakzsign. The team met with people such as
Jake, Kiriti, and Bengt who are crucial contributiarshe beam design. The team also had to
coordinate with professor McMullen who is goingump-start the team with the testing of the
beam. After the coordinating was complete, a mutiealsion was made. The decision entailed
for the team to fabricate two simple cross sectfonsitial testing and then to fabricate the
optimized section based off these results. Theesobghe project was set in place and the team
immediately started to plan the work for next seeres

The team proceeded to contact two metal distributmmpanies in the bay area for material
donations. As soon as the materials can be obtainedooner the team can start fabricating and
testing. Testing the fabricated cross section ireeely important. It will let the team know if

the torsion test results match the ANSYS and hafcltation results. If these two results do not
match the testing results, the team will have tthir investigate why the results do not match.
The discrepancies in the results could be duedaddsting, the testing machine not being
calibrated or the ANSY results not being accur@tes aspect of the project is extremely
important and it could be extremely time consumirige problem is not found immediately. At



this point of the project the team has the ultingagal in its sight and is ready to conquer all task
presented to them.



Chapter 4: Solar

Solar Interface Electrical Team

Objectives

There are two main goals for the Spartan Superwaegt this year. The first goal is to
expand on the current 1:12 scale model and to Bwlite power source of the 1:12 scale model
from battery power to conductor rail power. Theosgtgoal is to build a new 1:4 scale model
track and bogie, and to provide power to the 1alesbogie vial conductor rail. Our team is
tasked with designing a system to provide powehéoconductor rail for both the 1:12 and 1:4
scale models. Our team’s primary goal for the sygteto create a solar interface that can supply
continuous power to the Spartan Superway utilizrmgmbination of solar panels and grid
supplied power. Our team’s secondary goal is tatera system that will be scalable between the
two different models as well as up to a 1:1 model.

Design Requirements and Specifications

For this project year, two different scale moddlthe SMSSV will be produced. The
first scale will be the 1:12 model, which will eroglmultiple pod car units. Each pod car model
has a motor, a series of servos, a microcontralet,a backup battery - all of which will be
powered through an energized rail and sweep piskafem. The second version will be a 1:4
scale model, and will have a very similar electraznfiguration. However, at the time of the
writing of this report, we have not received thectdical load specifications of that scale.

We have received the load specifications of ti€ cale from the other members of the
project team. The estimated electrical requiremehé&ach pod car will be about 0.5 amps at 6
volts DC, or about 3 watts DC. To support multipées operating simultaneously on the model
track, our team has to design a power conversistesyusing a combination of solar power and
city grid power.

The solar power conversion module will consisttwée LT3083 adjustable low dropout
regulators, each capable of supplying 3 amps ot@nt. These will be connected in parallel
and the output will be controlled by a 100 kilo-opwtentiometer, to adjust for optimum
operating conditions once connected to the modwd.tfiree regulators will have ballasting
resistors to improve load sharing performance betvieem, and the module will have tantalum
capacitors on the input and output ports to impistedility.

The city grid interface for the 1:12 scale modél lae connected to the solar conversion
module input. This city grid connection will be 2 tolt AC/DC supply and it, along with the
solar cell array, will have high current blockinigdes to prevent reverse power conditions from
occurring. When the solar array can no longer stghe operation of the regulators, the city
grid analogue will take over and power them uihid solar illumination increases enough to
switch back. See Figure 4-1 below for an LTSpi@ghm of the circuit.



These design criteria will be used again on thestade and eventually on the 1:1 scale.
However, starting at the 1:4 scale, the componesed will have to conform to the National
Electric Code for solar power installations. Thigans that the components used will instead be
specified as modules or assemblies, rather thanetésdevices.

Figure 4-1:DC Power Regulator LTspice Model. This circuit is for the 1:12 scale electrical interface circuit. It utilizes
three LT3083 linear voltage regulators in parallel to generate a total maximum current of 3 Amps DC.

Design Concepts

The complete circuit component list for the 1:12lscsolar interface circuit can be found
in Table 4-1. The solar interface circuit is degidmas a localized system, which will provide a
central location that will connect with each salel, grid power and with the conductor rail.
The block diagram for the overall system can ba seé&igure 4-2. In the current 1:12 design,
ten solar panels will be used to supply power tota of ten bogies. A DC power supply will be
used to simulate grid power and provide an addilipower source to the Spartan Superway. A
DC-DC converter circuit will be utilized to conditi the solar cell power output to provide the
appropriate power level for the bogies. Three LM308Itage regulators will be used in parallel
to ensure that enough current is produced by tlae serface system. The source switching
component will utilize two IN1206A high current dis to select the voltage source with the
highest output. In addition, the 1:4 scale moddl also contain an inverter circuit to rout any
excess solar power back to the grid, and a rectireuit to take power directly from the grid to
power the bogies. Unfortunately, at the time oftwg this report, the specifications for these
parts could be determined due to lack of informmafrom the other teams.



Figure 4-2:0Overall System Block Diagram. This system takes power generated from the solar cells and uses a DC-
DC converter circuit to condition the power before it is sent to the conductor rail. It also uses the city power grid as

both an additional power source and power storage system

Table 4-1 List of Systems and Corresponding Major Components. The table contains all the components for the 1:12

scale circuit. At the time of writing this report, the power requirements and system components for the 1:4 scale
circuit design have not been determined

Major Components

System

1:12 Scale Solar Interface

1:4 Scale Solar Interface

Solar Panels

MiaSole Flex-02w

MiaSole Flex-02w

DC-DC Converte

-

LT3083 LDO Regulators

To Be Determined

Source Switch

1N1206A Diodes

To Be Determined

Inverter N/A To Be Determined
Rectifier N/A To Be Determined
Grid Power 12 Volt DC Power Supply

To Be Determined




Table 4-2: Estimated Cost for 1:12 Scale Solar Interface. This cost estimate includes all the components needed for
the current 1:12 scale circuit design, as well as an AC/DC power supply that will be used to simulate city grid power
for the 1:12 scale model.

Total Cost
Cost Per | per Part
Quantity Description Part ($) (%) Notes Total Cost ($)
10 Solar Cell 0 0 Donated 112.45
LT3083 Adjustable LDQ TO-220-5
3 Regulator 5.90 17.70 package
TO-220 Compatible
3 Heatsink 1.82 5.46
2 1N1206A Diode 4.60 9.20
2 Tantalum 10 uF Capacitor 1.26 2.52
Rotary Potentiometer,
100 kOhm 5.42 5.42
Resistor, 1 kOhm, 1 W 0.628 0.628
Ballast Resistor, 10
3 mOhm 1.37 4.11
AC/DC Power Supply,
1 12VDC, 10A 63.00 63.00
Mains Cable, NEMA 5-
1 15P 4.41 4.41

Discussion

The estimated cost for the 1:12 solar interfaceutes $112.45, including the external
power supply to act as the grid. This estimate da¢snclude the solar panels that will be used
on the 1:12 model. Unfortunately, since the povpercdications for the 1:4 scale model have not
yet been determined, a 1:4 scale cost estimat@maiict list could not be completed at the time
of writing this report. The solar panels for bdtle t1:12 scale and 1:4 scale models have been
donated by MiaSole, a local solar cell manufactyand distribution company. The remainder
of the funding for this project will be providedavihe Spartan Superway GoFundMe account. At
the time of writing this report, the Spartan SupgywsoFundMe has raised $1,385 toward the
project Spartan Superway: Our Sponsprghe Spartan Superway GoFundMe will be used to
supply $112.45 required for the 1:12 solar intezfahe complete bill of materials for the 1:12
scale solar interface can be seen in Table 4-2.

The tasks for our team for next semester will ree@round prototyping and testing the
1:12 scale and 1:4 scale solar interface circhitgure 4-3 below shows our team'’s detailed



Gantt chart and schedule next semester. The tasktsemester will be separated into gathering
components, assembling and testing a functionabpoe for both scale models, and making
revisions and improvements where necessary. Thergpacific deliverables that will be
produced at various points during the semestertteot:12 scale model, the first deliverable
will consist of a functional prototype for the 1:4@ale solar interface, which will be produced
by mid-February. Next, a performance evaluatiothefl:12 scale interface circuit will be
completed by March 15th. Revisions and improvemesiitde made to the solar interface

circuit using this performance evaluation as asaRiese revisions will be completed and a
finalized design will be developed by the firstAyril. Lastly, the final 1:12 scale solar interface
circuit will be assembled, tested and installedrenl:12 scale model by May 2016. These
deliverables and corresponding dates are summariZEable 4-3. It is important to note that
these dates will also correspond with the equivadeeps for the development of a 1:4 scale solar
interface circuit. However, since the specificatidor the 1:4 system have not be provided to
our team at the time of writing this report, thedfic deliverables were neglected from Table 4-
3.

Figure 4-3:Project Gantt chart as of December 4th, 2015. The design of the 1:4 scale circuit was not completed this
semester due to lack of power specifications. The 1:4 scale circuit will be designed during the spring semester, once
the power requirements for the 1:4 scale model



Table 4-3:Project Deliverable Dates, Descriptions and Estimated Cost. This table only contains deliverables for the
1:12 scale model circuit. The 1:4 scale circuit deliverables will be determined and produced during the spring
semester.

Estimated

Date | Quantity Deliverable Description Cost (%)
Prototype of Solar Interface For 1/12 Scale Model (

2/15/2016 1 including grid power supply) 45.04

3/15/2016 1 Performance Evaluation of 1/12 Scale Interface A N/

4/1/2016 1 Finalized Prototype of 1/12 Scale |seef 45.04

Finalized 1/12 Scale Solar Interface Circuit (irtthg grid

5/1/2016 10 power supply) 112.45

Intermediate Solar Team

Objectives

The objective of the Intermediate Solar Team iddwelop a means to supply power to
the Spartan Superway; this includes: theoreticsigtefor a full scale network, implementation
of an intermediate scale model, and developmeatfoli size modular mounting system. The
team will supply power using solar cells to thetegsso that the system does not need to draw
power from the grid as a primary source. The dedilvke objective is to have a working system
that can fully power the intermediate scale molat ts under development for MakerFaire in
May 2016.

Design Requirements and Specifications

The stationary modular frame’s design requiremargsas follows:
Modular- easy to assemble and take apart
Design a frame that would eliminate the need &ingcsystem on the full scale model.
Able to fully power the intermediate solar scabecl
Structurally sturdy and aesthetically pleasing
The modular stationary frame does not have anyvsoét requirement. The hardware
specification include: Aluminum strut channel, sithannel clamping nuts, 3flosed angle
bracket, clamps, flexible thin film solar paneldararious screws and bolts.

According to the year 2014-2015 Spartan Superwpgrtethis year’s solar team was
able to get hold of some of the measurements ®Miasole’s flexible thin film solar panels for
our design specifications. Provided to us by 20@452Spartan Superway report, the
specifications of the Miasole’s thin film solar ghmare shown in Figure 4-13

State-of-the-art / Literature Review

Currently, we have three main solar panels thanadely used throughout the world.
There are monocrystalline silicon solar panelsy@gistalline silicon solar panels, and thin-film



solar cells. Each solar panels has its advantagediaadvantages depending on the application
for which it is used for. Specifically for the Spam Superway, the intermediate solar team
decided to select the types of solar panels basédost, efficiency, lifespan, simplicity of
manufacturing, and the amount of space allowedstalled the solar panel” (Spartan Superway,
2014).

Monocrystalline silicon solar panels are made \ithh purity silicon as shown in Figure
4-4. High purity means that the solar cells ar&kpd@nd aligned extremely well. As a result, the
precise alignments will help convert solar enemglectricity better. “Monocrystalline silicon
solar panels has an efficiency of 15-20%, it hashiighest efficiency of the different types of
solar panels, a long life span, and produces th& gfticient result under low light conditions”
(Spartan Superway, 2014). Unfortunately, it isii@st expensive amongst the three types of
solar panel due to the amount of work to produeeipe alignments.

Figure 4-4: Monocrystalline silicon solar panel (Image retrieved from: http://www.borgenergy.com/monocrystalline-
solar-panel/)

Polycrystalline silicon solar panels utilizes ralicen, they are manufactured by pouring
raw silicon into a square mold. As a result, pojgtalline silicon solar panels are easier to
manufacture and cost less compared to monocrystalllicon solar panels. Polycrystalline
silicon solar panels has an efficiency of 13-16%¢his case, there needs to be more
polycrystalline silicon solar panels in order toguce the same amount of power output
compared to a monocrystalline silicon solar paAeadolycrystalline silicon solar panel is shown
in Figure 4-5.



Figure 4-5:Polycrystalline silicon solar panel (Image retrieved from: http://www.aliexpress.com/item/20pcs-125-
125mm-Polycrystalline-Silicon-Solar-Cell-for-DIY-Solar-Panel/32439726826.html)

Thin-film solar cells are made from “depositing areseveral layers of photovoltaic
material onto a substrate” (Spartan Superway, 20 film solar cells has an efficiency of 7-
13%. They require more space in order to produees#me amount of power output. Thin-film
solar cells are easier to mass produce and thegesthetically appealing due to the ability to
bend. Unfortunately, thin-film solar cells degrddster compared to polycrystalline and
monocrystalline solar panels. A picture of a thimfsolar cell is shown in Figure 4-6.

Figure 4-6: : Miasole Flex 02 thin film solar cell (Image retrieved from: http://miasole.com/products/)

The intermediate solar team decided to utilizeMinesole’s thin film solar panel. The
Spartan Superway project was fortunate to have rapagsers and one of them included
Miasole. Miasole’s flex thin film solar panel thats donated to us has an efficiency roughly
16% and outputs 340W (Miasole, 2015). Miasole’'s fiim flex solar panel has many benefits
that include: lightweight, bends, it is designedtah wind resistance and seismic zones, and
etc. One of Miasole’s successful application of thilim solar panel is located in Missouri,
Columbia. Located in Missouri, Columbia is 3M Corgiion, they are one of Miasole’s partner



that designed the protective film around the soddis. The thin film solar panels were installed
in December of 2013 and as of today, they arefstittional and needed less maintenance
compared to many solar panels produced by othepanras (Miasole, 2015).

Design Concepts

We wanted to improve last years full scale desam, eliminate the need for a tracking system.
Initially, we did research on cylindrical solar mbels, which can be arranged in an array to elireitfae
tracking system. We discovered the company thaensatir modules Solyndra, went bankrupt. This
meant the solar modules were very difficult to faslwell as, very expensive. We decided to use the
given Mia Sole flexible solar panel in a curveceatation either in concave or convex fashion, thilfu
our requirement of eliminating the tracking systdihe three were: Planar (figure 4-7), concave
(figure 4-8), and convex (figure 4-9). We were doleise these designs because we had thin
film solar panels that were donated to us from llasWe wanted the mounting system to be
aesthetically pleasing as well as efficient andeliethat one of these three designs would fit the
criteria.

Figure 4-7: Initial planar mounting design. This is the design chosen that was later improved.



Figure 4-8: Initial concave mounting design. This design was least appealing to us compared to the other two.

Figure 4-9: Initial convex mounting design. This will be looked into next semester to see if it can be improved to
succeed the planar design.

After some calculations and discussions, we deoitetthe final design mounting system
to be the planar design, it provides the efficieasyvell as looking aesthetically pleasing. With
the final choice being planar, there needed tavoeviersions of the design to be made. One
design was created to be mounted on track goingt&&¥est, and the second version was

created for a North to South track, these desigasliaplayed in figures 4-10 and 4-11
respectively.



Figure 4-10: East to West track mounting design. Made from strut channel, it is light-weight and easy to fabricate.

Figure 4-11: North to South track mount design.



Figure 4-12: Mount system on full scale model.

Analysis and Concept Selections

The solar team was able to utilize some of inforomatrom the year 2014-2015 Spartan
Superway report, this include the amount of loggliaf to the full scale bracket, which is 200
Ibs. This value was used to perform majority of ¢hkeulations. We designed a calculator to
help make our calculations easier. The power requents that were provided were from a full
scale model, the calculator would take the fullscaumbers and provide the proper
requirements to a quarter scale. If the power requior propulsion was adjusted, all of numbers
involving the propulsion would be adjusted. Forrapée if the power required for propulsion
was decreased, the number of solar panels wouléase as well. The power and track
requirements are determined, by the values thahpteted in the colored boxes. Some power
and track requirement include power output per wiilgack. The power output per mile of tack
is the power required for a certain mile of tradkthin the mile of track along with the given
power, the calculator also determines the numbeods§ within the mile of track. A shot of our
power calculator is shown in below Figure 4-13.fllfill the design requirements of the solar
mount, calculations were made to understand howhmaatar panel is needed, which will
determine the amount of solar frame needed as shottigure 4-14.



Figure 4-13: A screenshot of our calculator with showing our power and track requirements.



Figure 4-14: Calculations of cost, efficiency, etc of solar panel

By utilizing the calculations, the intermediateasdieam decided that 7 solar panels can
be placed in series or 7 solar panels can be plageatallel, or 6 solar panels can be placed in
combination of series and parallels. With the amadisolar frames decided, our team believe
that the ideal material used to build the solamiavould be to use aluminum because aluminum
are lighter than steel, aesthetically appealind, s corrosion protection. Steel has three times
the modulus of elasticity of aluminum, but givéxe benefits of aluminum, aluminum is selected
as the primary material for the strut channels. E\av, the strut clamps, closed angle bracket,
and clamps are made of steel because the fastegms to be strong to hold the frame together.

Fabrication Methods

Fabrication of the mounts will be done in housaibythe intermediate solar team. The
design center has all the tools and hardware tacttle the mounts. By fabricating the mounts
ourselves, we save money and time rather than gaenmounts made by an outside party.
What makes it easy to create the mounts in house isaterial we are using which is strut
channel. It is easy to customize and requires tmistto piece together.



Outcomes

The Intermediate Solar Team has completed an Bassd calculator to be refined upon
continuation of development for the Intermediatal&&odel. This calculator uses design
parameters and values to produce output valuabdéosystem and other parameters that will
help with the design of a full size network. Additally, a modular mounting design in full scale
that can be used to power the Intermediate ScatdeMad Maker Faire has been produced; the
team is fully prepared to begin fabrication anditgsof the prototype for this system beginning
in January.

Discussion

The power calculator is fairly simple to use. Thpdts are placed in colored region, and
the power and track requirements are outputtedfAight now the power calculator inputs, are
set for the full scale model. Once we receive gy requirements from the quarter scale
wayside group, we can change the inputs to thegpnopwer requirements for the quarter scale.
The power calculator will out the power requirensant will need for the quarter scale.

For next semester, the main goal is to build the ié&nar mounts. To achieve this goal,
there will great effort to get funds for materiatdugh personal networks and fundraising.
Another goal is to begin the process of creatingltarnate mount system that is efficient and
aesthetically pleasing using a convex design taat year’s group can build upon or improve.
Another goal include starting the fabrication pémsoon as possible because students tend to
underestimate the amount of time they have to h#dorototype, therefore, it is extremely
important to start early and adjust accordinglpablem arises.

Small Scale Solar

Objectives

The objectives of the 1/12 small scale solar teato focus on the amount of solar panels
needed to fully power the track and ten modeleddsbogies. In addition, placement, fabrication
and angle of the solar panels are needed as vatefent and angle are very important aspects
as they contribute to the maximum sunlight eneddgrpanels can absorb throughout the year.
Fabrication is also an important element to considesn accounting for the placement of the
mounts and brackets for the casings of the solaglpa

Design Requirements and Specifications

When trying to meet the objectives, the goal ofdhsign is to aim for all the
components to be lightweight and cost efficientuim, a passive setup is needed for the solar
panels. The solar panels will be fixed at 32 degteue south, which will give an overall
maximum solar energy over the year. Another maquirement is to make the mounts very
easy to remove from the post for future uses.



Design Concepts

Mounting Assembly Design Concepts

In order to completely solarize the 1/12 scalekracmount is needed to attach the solar
panels to the one inch steel posts. When desighagiount, simplicity with the least amount of
components was the main goal as well as keepingdsteto a minimum. The first two iterations
that were modeled using Solidworks are shown imfgigl-15. Both designs require the shape to
be cut from a metal plate. Also, rails will be sextiat the top of the mount for the solar panels

to lay across.

Figure 4-15: Initial Mount Design for Solar Panels. The design on the left allows for a more stable base. Both designs
have % inch aluminum rails that will be secured by screws. The rails will be where the solar panels will be attached.

In both designs, two % inch hex bolts and hex niitdoe used to attach the mount onto
the steel post in the location shown in Figureirléed.

Figure 4-16: Location of the base of the mounting assembly where hex bolts and nuts will be used to secure the
mounting assembly onto the steel posts.



The proposed material used for both initial desigas aluminum and the shape was to
be cut from solid aluminum plates. Due to the hdglaree of difficulty with replication in
manufacturing, it would be costly to send the alwm plates out to be professionally cut. In
order to save money as well as create mounts thig aesthetically pleasing, a new mount
design was constructed with most of the parts wktdgether to eliminate the need for fasteners.
The mount is primarily made up of 3/16 inch Alummm6061 flat bar that can be cut to size and
easily welded together. For one steel post, a tftalo mounting assemblies will be welded
together each consisting of four aluminum flat $&ctions. Figure 4-17 shows one of the two
mounting assemblies that will be attached to thelgiost.

Figure 4-17: Final design of mounting assembly. Full assembly consists of four individual pieces each out of 3/16 inch
aluminum flat bar. Individual pieces will be welded together.
In order to attach the solar panels onto the magrassembly, machine screws will be
used to fasten the areas shown in red (in Figulré)4directly onto the frame of the solar panel.
Detailed part drawings of the mounting assemblyl@ated in the Appendix.

Solar Panel Frame Mount Design Concepts

Before attaching the solar panels onto the mouragsgmbly, a lightweight frame is
needed to keep the solar panels at an optimum ah§2 degrees. This design did not need to
be iterated multiple times because the case omgeteto be lightweight and sturdy. The main
goal of the frame was to keep the solar panehbftatg the frame and tilted at a desired angle.
The initial design for this frame was simple anérthwas no need to over-engineer the frame.



Figure 4-18 shows the frame of the solar panellilabe attached on top of the mounting
assembly through the use of machine screws.

Figure 4-18: Final design of solar panel frame mount. Aluminum frame consists of ¥ inch aluminum square bars
welded together. 1/16 inch aluminum sheet metal will be used to secure the solar panel to a flat base. The sheet
metal will be spot welded onto the frame before inserting the solar panel.

Since the frame and solar panel will be light weigime steel post can fit two 1 foot by 2
feet solar panels side by side. Underneath aesaigminum frame, four holes will be threaded
in order to attach the mounting assembly onto themé using #12-24 machine screws. Figure 4-
19 shows the location of the machine screws undénrtee frame.



Figure 4-19: Underneath the solar panel aluminum frame. Four holes will be threaded with two holes on either side of
the frame.

Figure 4-20 shows the solar panel mounting systeiy dssembled with both a front and back
view. A detailed part drawing of the solar panahtfie is located in the Appendix.

Figure 4-0-20: Fully assembled solar panel mount. On the left, a back view shows two mounting assemblies attached
to the steel post, while the front view is on the right.

Analysis and Concept Selections

The main concern with the mounting system was tifless that the mounting assembly
will see during operation. The aluminum frame ishbsturdy and will only take the weight of
the solar panel, with weight being evenly distrézlailong the frame. Stress aysad was done



on both the previous mounting assembly designsedisaw the final design. Shown in Figure
421, stress analysis was done on the previousrdesily a 10 Ibf evenly distributed on the rail
locations. The strain on the aluminum mount is madiwith a maximum strain of 0.16.

Figure 4-21: Stress analysis done on previous design with a maximum strain of 0.16.

A stress analysis was also done on the final desitina 10 Ibf evenly distributed where
the aluminum frame will rest. Figure 4-22 shows dtress analysis done using Solidworks.
Again, the strain on the mounting assembly wilbdie minimal with the maximum strain of
0.046.



Figure 4-22: Stress analysis of final design with a maximum strain of 0.046.

Through the use of stress analysis, it can be oded that the final design will be able to
hold the solar panels. The cost as well as thetifumality of the solar panel frame and final
design mounting assembly will work well within tBeiperway budget while accomplishing the
final goals of the 1/12 solar team.

Fabrication Methods

Before fabrication of the mounts and brackets,targahe base for the solar panels is
needed. Sheet metal will be used for the baseldinfpthe corners and on one of the lengths of
the solar panels, shown kigure 4-23. Folding the sheet metal to the corpétke solar panel
will enable the panel to slide out before weldihg base onto the mounts. This will ensure that
there will be no damage done to the solar panels.

Figure 4-23: Location of where sheet metal will be folded.

Usage of struts and screws or welding aluminum regoars for the brackets was
considered. Struts provide a stronger bracketfemse of the solar panels. Since the thin film
solar panels and sheet metal are light enoughhéaltuminum frame, welding was chosen. In



addition, struts are more expensive and will additaxhal weight to the mounts. The welding of
the brackets serves for an easy disassembly fremdkt. TIG weld was chosen due to its
precision, and soft aluminum material was usedHerbrackets. Figure 4-24 shows where TIG

welding will be applied.

Figure 4-24: Locations of TIG welding.

The ease of the disassembly was one of the desggrirements to consider. Deciding to
use two hex nut and bolts allow easy removal froendost, as shown in Figure 4-25.

Figure 4-25: Two hex bolts and nuts are to be fastened onto the mount for easy removal.



Additionally, the use of eight machine screws eaghat the independent components
piece together with the welding, as shown in Figlie? and Figure 4-26.

Figure 4-26: Eight machine screws will be used on the red location.

Outcomes

Throughout the semester, the design plan of th2 d¢ale solar team has been constantly
evolving. For example, the initial plan was to Ierpent last year’s 1/12 scale solar team design
improving on the solar tracker design. Modificasare ideal in the design phase of a product
because it allows the creators to learn from thestakes and learn differents methods or ideas
that would elsewise go unnoticed. If consistentigsen to evolve, it will eventually lead to a
stronger final product than what initially wouldveabeen designed.

The 1/12 scale solar team has designed a functamhbn-track solar panel system that
will fully power the 1/12 model. The first majoc@mplishment of the 1/12 scale model was
using fixed thin film panels. Solar trackers warially considered due its high efficiency.
However, after thorough research, the 1/12 scdée sgam determined fixed panels would best
fit the design. Although solar trackers are effitjenany complications arose when
implementing the trackers. These complications raage from coding, price, maintenance,
fabrication and lifespan. Through research, it feasd that fixed panels provided sufficient
power, was simpler to design, fabricate and woetylire little to no maintenance to operate the
1/12 model. The goal from there was to determication and orientation of the panels.
According to the Solar Electricity Handbook andtigh mentoring from Anuradha Munshi and
Dr. Mokri, the premium angle for the fixed panelasaaround 32 degrees facing true south. This
angle can produce more power than any other firgdezor orientation throughout the year.
Furthermore, it was advised to use an angle proMiyePG&E as they have previously tested



for the optimal angle for fixed panels to be masgtefficient. While an external solar farm
consisting of a full size panel was consideredtthek panels were chosen instead as the
advisors felt it would better represent the ide&partan Superway. In addition, this would allow
display of a fully functional model. Based on tlacolations, the maximum voltage and current
each panel would provide, the factored fixed vatagd current, and the number panels that
would be required to completely power the 1/12 nhades determined. Moreover, calculations
found that nine 12” x 24" panels would be neededampletely power 10 bogies for the 1/12
model. After close consideration, the 1/12 sadant decided to use a 12 panel solar system to
assure sufficient power. Table 4-4 shows signifidaadings from the calculations proving 12
panels would be more than sufficient.

Table 4-4: Solar panel technical specifications including current, voltage, and power. Bogie measurements provided
by 1/12 scale team.

1/12 Solar Team Calculations

12" x 24" Full Efficiency Panel Measurements 3.00A 8.19V 246 W

12" x 24" Fixed Efficiency Panel Measurements 2.25A 8.19V 185W
Ten 1/12 Bogie Measuremerftsiven) 20.0A 7.2V 144 W
Number of Panels Required to Fulfil Bogie 8.89 panels 1 panel 7.78 panels
Measurements

Nine 12" x 24" Fixed Efficiency Panels Measurementy 20.5 A 8.19V 166 W
Twelve 12" x 24” Fixed Efficiency Panels Measurensen27.0 A 8.19V 222 W

As pictured below in Figure 4-25, the 1/12 scalarsteam has completely designed a
functional mount that can be implemented on théeddaack.




Figure 4-27: Complete 12 panel solar system implemented on 1/12 scale model.

When considering mount designs, the team focusexteating a lightweight design that
was simple to manufacture and reassemble. Nevesthet was found that the mount design
would be too difficult to accurately reproduce wgrecision. The team designed a new mount
that is more cost effective and can easily be asksimFrom the cost analysis, it was found that
$332.07 would be needed for materials to build pdr2el solar system with the donation from
MiaSole. Without donations, the cost of materiatsild increase to $1,052.07.

Discussion

The ultimate goal was to create a functional andrack solar system that will
completely power the 1/12 model. Additionally, teem sought to create a model to better
represent the Spartan Superway, which is to pravsges with a quick and cost effective way to
commute solely on renewable energy. The currerdymts in the market are either quick or cost
effective but hardly ever consist of both charastis together. Furthermore, there are currently
no transportation systems that run purely off resdde energy. The Spartan Superway aims to
create a viable model that will lead to a new aiggoemamuting. With the completion of research
and designing, our team will begin to fabricate@kaiszed system that will mount on the 1/12
tracks. A viable model will help the Spartan Suysey better represent the idea of solar energy.
With the live visualization of a 12 panel solarteys completely powering the 1/12 scaled
system, it would help individuals easily understémat solar energy is a viable renewable
energy.

The 1/12 solar team plans to complete the 1/12 hrsmdde by Maker’s Faire in May
2016. In order to ensure a viable model with &fpbwering solar system, objectives must be



met by Spring 2016 semester. These include: orgefithe materials, tracking of the materials,
and evaluating materials. Without evaluating theeeoed materials, fabrication may be delayed
due to defects in the material or misorders. Bigu$pring 2016, the 1/12 scale solar team will
begin fabricating the six mounts needed to holgdr2els. Upon completion of the six mounts,
implementation of the 1/12 model tracks will be domesting of the solar panel system will be
done on mounts such as stress, strain and exangaimgnt and voltage. Evaluation and testing
of the solar panel system will allow time for adjuents if necessary. Our team has created a
Gantt chart to better lay out the schedule. Folhgnschedule, the team is set to complete the
solar panel system by April 28, 2016. With all abjees completed in a timely manner, it will
assure optimum performance at the Maker’s Faire.
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Appendix A: Small Scale

Small Scale Track

Fall 2015 track team Bill of Materials.

Spring 2016 Gantt chart.



Small Scale Controls and Bogie Teams

ltem Quantity Price Subtotal Five Vehicle
Subtotal

Bogie Materials 10 Sets ~$40 $320.00 $160.00

[Al]

1:75 Motors & 16 (2/vehicle) | $13.55 + $3.85* $278.40 $140

Drivers

Encoders 8 Pairs $7.95* $63.60 $30

Wheels and 8 Sets $8 $64.00 $32

Bearings

XBee + Shields 10 Units $32 $320.00 $160

Arduino 8 Units $25 In In
Inventory($200) Inventory($100)

Opto-Reflector 20 Units $2 $40.00 $20

3D Print Cabin 10 Units $20-30 kg of ~$25.00 ~$25

Model PLA

Total ~$1120 ~$560

Bill of materials for the 10 vehicles.




Gantt chart for the full year.

Gantt chart focused on spring semester.



Wayside Power Team
Solid Model Detail Drawings

The Braces that support the Electrical Conduit.

The Collector Shoe that will gather current frora thayside rails.



The Electrical Conduit that will house the currantd return rails.

The flexible wire that will be used as the waysidis.



Appendix B: Intermediate Scale

Fail-Safe Team

Fail-safe design phase

Presentation phase

Finalization and Collaboration phase



Upstop wheel

Upstop wheel rod



Bottom catch

Top catch



Cabin Team

Spring 2016 Gantt Chart

Steering, Breaking Mechanism and Guideway Team

Steering and Braking Bill of Materials



Guideway Bill of Materials

Drawing of Control Arm



Drawing of Triangular Link

Drawing of L-bracket/Rocking Arm



Drawing of Bogie Frame
Drawing of Tie Rod



Drawing of Brake Racket



Drawing of Track

Drawing of Revised shortened track



Drawing of Tall Support Column

Drawing of Middle Support Column



Drawing of Short Support Column

Drawing of Single Rib Supports



Drawing of Angled Single Rib Supports

Drawing of Double Sided Rib Supports



Gantt Chart for Steering and Braking

Gantt Chart for Guideway



Straight Open End Guideway

First Iteration of Full Guideway



Second Iteration of Full Guideway

Third iteration of full guideway



Front, Side, Top, and Dimetric View of Final Guidsw



Front, Side, Top, and Dimetric View of Partial Gexeay



Torsion Test Subteam

1/1|1/2|1/3|2/1|2/2|2/2| 3/|3/1{3/2|3/2| 4/|4/1|4/1|4/2| 5/ | 5/|5/1|5/2|5/2| 6/

Weeks

Obtain Simple circular an
Square Cross Section
Materials

Build Square Cross Sectig
(Test sample #1)

Test both circular and
square cross section

Analyse data from Test #

Finalize design for full sca

Obtain full scale materialg

Build full scale

Test full scal

Analyse full scale results
with ANSYS

Optimize full scale desigr

Torsion Team

Gantt Chart for Spring 2016



Closed HOIllow Square Assembly Guide of First Tesirkldiece. The workpiece must be
welded together

Parts list for Jake Parkhurst's Design. This desdentative and will change throughout Spring
semester



Simple Square Hollow Cross Section Design

Active Suspension Development Team
Suspension Gantt Chart
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Appendix C: Solar

Intermediate Solar Team

Solar Interface Gantt Chart for Spring 2016 Semeste

Intermediate Solar Team Gantt Chart for Spring 28éfester



Intermediate scale track with solar panels mounted

Small Scale Solar Team

2015-16 Spartan Superway Cost Analysis for 12 P&aakdr System, 1/12 Scale Model.



Spring 2016 Spartan Superway 1/12 Solar Gantt Chart

Spring 2016 Spartan Superway 1/12 Solar Gantt Chart



Detailed drawing of middle bracket. Bottom Bracket

Detailed drawing of middle bracket.



L_Bracket

Detailed drawing of 49 inch bracket. Midbeam



