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ABSTRACT:

Since the beginning of time, man has needed to mVith this need to move came
different modes of transportation. This transpgaita brought about problems with
congestion, pollution and accidental death commibh many of today’s major cities.

The RUF system provides an answer to these probfeims idea of transportation is
rethought. RUF combines the best of man’s trarapon techniques into one dual-mode
transportation system. The goal of this groupoisdésign and dimension the junctions
needed for the RUF system. There are three bksieeats described in this report; The rall
configuration for the crossing junction, the switblat will be used for the crossing junction
and the switch that will be used for getting on affdhe RUF system.

These elements must be safe and comfortable foushge be realistic to construct
and allow for travel quickly and easily in eachedtion. Each elements design will be
described and dimensions will be suggested. Becthese are still questions surrounding
some aspects of the junction, these questionsbeilhoted and commented on when an
answer cannot be reached. The documented queatidnie work done in this report could
provide the foundation for future progress and rhicalions of the RUF junction. Sound
engineering principles from a multitude of engimegrfields will be considered when
making professional suggestions about a RUF junctiddeas will be filtered through a
series of decision making tools and techniqueshbtaio the best solution. It will then be
shown that this final solution is able to be impéated on Jarmers Plads street intersection
in Copenhagen, Denmark.
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GLOSSARY OF TERMS:

EPS European Project Semester

maxi-ruf : The name for the bus-like public transport e&hused on the RUF
system

RUF: Rapid Urban Flexible

ruf: The name for a personal transport vehicle useti@nltal-mode RUF
system

LCD: Liquid Crystal Diode

GPS Global Positioning System

PRT: Personal Rapid Transport

RT: Rapid Transportation

ULTra: Urban Light Transport

MAGLEV : Magnetic Levitation

TGV: Train a Grande Vitesse
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CHAPTER 1: Background Information

Introduction

The group working on dimensioning a RUF junctiondas composed of five
international students coming from around the wo8tudents in the group have different
educations and skills, which help to see the ptdf@ough in all areas. These skills include
backgrounds in economics, civil and mechanical reegiing, electronics and informatics.
This group is put together within the frameworktioé Erasmus exchange program for the
EPS at Copenhagen University College of Engineefinigl). This project will be doing
work for the RUF International company. This is tfeal report for the design and
dimension of a RUF system junction. The concepa ginction will be explained in more
detail in the following chapter.

The RUF system was originally the idea of Mr. Palensen, the founder of RUF
International. The RUF International logo can bensébelow in FIGURE 1.1. RUF
International is in collaboration with IHK and hiés test laboratory in the same building.

INTERNATIONAL
FIGURE 1.1: RUF Logo
RUF International

The RUF system is a new kind of dual-mode trangpiort system. The ruf vehicles,
know as rufs, are electrically powered vehicles daa drive on both normal road and special
RUF system triangular monorail. Vehicles are egegppith both normal road wheels and

special rail wheels. FIGURE 1.2 shows both thewheels and normal drive wheels.
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FIGURE 1.2: Ruf Wheel System
RUF International

The rufs can draw charge from the rail as it is mgvo charge its batteries that it can
then use to drive on a normal road surface. Belowexample of a ruf vehicle can be seen in
FIGURE 1.3.

b 14 wik §
: — - -
gltﬁilﬂf- v
% P el N ,
- '

FIGURE 1.3: Ruf Vehicle on RUF Monorail System
RUF International
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There are also bus-like rufs known as maxi-ruffie ain use of the maxi-ruf is for
public transportation, and can hold up to 10 pagsexnn They can transport passengers with
higher frequency, and are more economic and sntaber conventional buses. The length is
about 6.75 meters and is approximately half thgtleof a normal bus. FIGURE 1.4 shows a

comparison between maxi-ruf size and normal Copgemauses.

N Ry S

TEIEN O o v

FIGURE 1.4: Maxi-ruf Comparison to Copenhagen Buses
RUF International

Unlike classic buses, the maxi-ruf could go to &cHr place according to the
passengers’ desires. Plus, there could be difféiads of seats in the vehicle, similar to first
and second class, so it could be possible to bqakae in advance the place you would like
to sit. A new type of payment and communicationld@ppear with the RUF system based
on an electronic way to transfer information. Th&wv payment and communication way
could possibly use some type of chip that can stdfm@mation about financial, geographic
and user identity information. An example of th@sgment and communication device is
shown in FIGURE 1.5 below.
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FIGURE 1.5: RUF Handheld Device
RUF International

With the maxi-rufs and rufs, it could be possileiriclude such things as cameras,
LCD screens and access to the internet insideramcaimore riders. An example of the maxi-
ruf in action can be seen in the picture belowl@BRE 1.6.

[

FIGURE 1.6: Maxi-ruf
RUF International
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The RUF concept was born to combat the variou#isfaaf current modes of
transportation including traffic jams, air pollutioand the consumption natural resources.
The RUF system will first be implemented as publmsportation and then later for personal

vehicle use.

To show that the RUF system has the possibilitheng more efficient than
current transportation systems, it can be seenGURE 1.7 that during times of less dense
capacity one maxi-ruf could be used. During timmegseed for increased capacity maxi-rufs
could be coupled together to form an articulated. bthis articulated bus could increase
capacity without increasing the need for driver&lso shown in FIGURE 1.7 is the

possibility that the RUF system could consumer &s=gy than a normal car.

Articulated bus

0.00

Energy consumption per ruf

Time of day

24.00

One chauffeur
FIGURE 1.7: RUF Efficiency

RUF International

This project is to design and dimension a juncfmnthe RUF system that is safe
and comfortable for the user, and allows the useot quickly and easily in every direction.
It also must be realistic to construct and impletmerhe main implementation of this design
will be to fit into the Jarmers Plads junction img&nhagen. This junction can be seen in
FIGURE 1.8 below. This project generates a logoéstions, some of which will not be

answered. This project is quite general and isntn@aprovide a foundation of information
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and ideas for future groups to try and understarmtencompletely and precisely. The
guestions that are not answered will be noted endimapter regarding future progress that
needs to be made for completion of the RUF systesigd.

Each chapter of this report will exhibit a struettinat is composed of an introduction,
a main body, and a conclusion. The reader ofrdpsrt should have a basic understanding
of the RUF concept.

http://www.googleearth.com
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CHAPTER 2: RUF Junction Concept

2.1 Introduction

The concept of the RUF junction is a fairly comxptae, but when broken down
into separate parts, it becomes manageable. dtvies the need to take many variables into
consideration. As stated in the introduction chgjdtis the goal of this project to create an
intersection for the RUF rails that allows safe afficient travel, and is affordable and
reasonable to construct, modify and implement iamoalready existing infrastructure of
transportation. Throughout this chapter the cohoéthe RUF junction will be described as
detailed as possible. The problems that are disedviaroughout the process of this project
will be answered as completely as possible. Ifghestion is in need of further research it
will be noted and recorded in Chapter 6 design&dedurrently unanswered questions titled

Future Progress.

2.2 Concept

RUF is a dual-mode system that uses both road wiaeel ability to drive on a raised
rail. The rufs need to be able to enter and daatrail, as well as change from one rail to
another. The rufs that are travelling in one dicgct on the rail, and want to change
directions at a point where two rails intersect) ¢t so by means of a rail change. To
complete a rail change, the rufs need to get @fréil and use the road wheels to be guided
automatically by the magnetic field to another i@kresponding to the desired direction.
This is done within the confines of a switch. dndoe seen in FIGURE 2.1 that a switch that

allows rufs to access and exit the rail, as we#lvaisch from one rail to another.
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FIGURE 2.1: RUF Switch Concept
RUF International

These switches are usually placed around an irttéwaeof two rails. This layout can
be seen in FIGURE 2.2. After a switch, the rufeeethe crossing junction and are driven in
the direction they want to go. Rufs that are cgnfrom other switches around the
intersection and going in the same direction aregetk together onto one rail via another
switch. Another function of the switch is that rafsn enter and exit the system. If the switch
is not in front of an intersection, its functiontesallow rufs to enter and exit the RUF system,

it is called an on/off switch.
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Junction
Switch
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FIGURE 2.2: RUF Junction Layout

2.3 Magnetic Guidance

When the RUF system is in control of the rufs, gshistem will use magnetic fields to
guide the rufs while on road surface. Each directi@at can be taken will be set at a different
frequency in accordance with turning at right,,lgfting straight ahead, or exiting the system.
Cables will be laid underneath the road surfacelilaemit the magnetic field. There will
be a magnetic sensor in the rufs which can setectight frequency according to the user’s
desires. An example of the magnetic field guidacexe be seen previously in FIGURE 2.1,

they are represented by colored triangles.

The use of magnetic field is totally safe for thésras well as the user. The wires that
emit the magnetic field are buried beneath the readace, protecting any user from
electrification. Magnetic field technology has bg@oven safe and reliable in a couple of
different currently used systems. MAGLEV is a Jegs® train that can reach speeds of 581
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km/h by using a magnetic field between the traid #re rail, providing nearly zero friction.
Also, service vehicles in the Eurotunnel betweensPand London are guided by a similar
guidance system to ensure accident free travelth Bb these systems can be seen and

described in more details in Chapter 3 of this repo

When the rufs are not driving on the normal roaglthvill be riding on a triangular
monorail. The rail that will be used in real-lifarcbe seen in box 1 of FIGURE 2.3. For
simplicity sake, the triangle in box 2 was usedgjaresent the largest outer dimensions of the

monorail. These rails can be seen compared togetfeéGURE 2.3.

060
060

|

0.85 0.55
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FIGURE 2.3: RUF Rall
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2.4 Crossing Junction

As stated earlier there is a goal to show that assing junction and necessary
switches can be implemented at the Jarmers Plaeiséction in Copenhagen. There is a
dimensioned photo below in FIGURE 2.3 showing theasurement that will constrain the
overall size and placement of the designed crogamgion and switches.

It was determined to be important that no buildings to be destroyed in the
construction of the RUF junction and switches. oAldisruption of normal everyday traffic
on the road was to be kept to a minimum. When émginting the actual design and
configuration of the crossing junction and switghbere are specific needs for each unique
intersection. One junction will be described, the different configurations can be seen and

will be discussed further in Chapter 4.

e W

e - %, -
RADI4 TI085 ML 125336384500

FIGURE 2.4: Physical Dimensions of Jarmers Plads Intersection

http://www.googleearth.com
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2.5 Naming Convention

To ensure understanding of the naming conventied ts describe the different parts
of a switch, FIGURE 2.5s provided to show how things are named. Theré vé an
entering building that will be covered and be tlmnpwhere the RUF system automatically
takes control of the ruf vehicle and slow down peeds up the ruf to prepare for accessing
the rail. From the entering building the ruf wik guided with the magnetic field onto the
access rail where the rufs rail drive system walltested. This area will consist of both road
and rail to ensure the ability of the vehicle tovaadf the rail drive system were to fail. This
part of the switch will also be covered to protéet system from the environment. The ruf
will then enter the actual switch platform struetuHere the system will automatically guide
the ruf to the desired direction and rail. WitlstBwitch there is also an egress road that

allows users to exit the RUF system back to thenabroad.

Entenng Building

FIGURE 2.5: RUF Switch Naming Convention
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2.6 Conclusion

This chapter has provided a basic understandinigoaf a RUF junction could
operate. The ideas presented are not necessailest or most effective solutions for every
junction needed in the RUF system. There are mamables that can be changed, or
modified to provide each unique road intersectioth\@ RUF junction that both meets the
traffic need of the area, and can physically fibithe space provided. Ideas for different
variables that can be tuned to change differentacheristics of the junction will be discussed
further in Chapter 4 of this publication. There aakso some unanswered questions
surrounding the RUF junction that will not be dissed or solved in this publication.
However, they will be recorded in Chapter 6 whéeeissues can be presented to future RUF

engineers for discussion.
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CHAPTER 3: Project Plan

3.1 Introduction

As with every project, a plan is necessary to ensorrect direction and achievement
of project goals. EPS is as much about how to gmtabolving the problem as it is about
solving the actual problem. To ensure the sucoégkis project some organizational and
decision making techniques have been implementédiascribed in this chapter.

3.2 Group Structure

To ensure the goals and objective are accomplishea were certain ideals and
techniques implemented. Some of these includeklwaeeetings with supervisors and
daily group meetings to ensure completion and cobrdérection of the project. Some
organizational techniques were also used suchnagldées for formal meeting agendas and
minutes that can be seen in APPENDIX Al and APPENB2 respectively. The agenda
has fields for date, time, those invited, chairnsaud secretary. The agenda provided the
structure to allow for an organized and smooth mmmmeeting. The document for the
meeting minutes also has much of the same infoomafields to ensure proper
documentation. Each decision was recorded, anddaheral happenings of the meeting were
kept track of. To make sure each group membeicpaates evenly and has the opportunity
to experience the different roles, secretary arairotan positions were rotated each meeting.
Each week a to-do list was filled out and namesevassigned to each task to ensure team
member responsibility. Also, a date for completveas noted to allow for proper budgeting
of time. All the documents, research, and usefidrmation has been kept in a team folder
for future reference.

As information was gathered a technical givensuduwnt was produced to ensure
accuracy of previously determined RUF charactessti This document is viewable in
APPENDIX A3. This document is also useful for frglgroups to use as a quick reference

guide to getting RUF facts.
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3.3 Brainstorming

To help get started with understanding the progestounding a RUF junction, a
brainstorming diagram was created. The diagransistad of thoughts both radical and
reasonable to start mapping out the ideas eadmeainembers had about a RUF junction. It
incorporated thoughts and ideas that were incotpdnato the design of the junction. It also
provided a good starting point for determining dioes that needed to be answer for project
work to continue. When these questions were thptuoed, brainstorming on how to answer
those questions could begin. The beauty of brainshg is the ideation that goes along with
it. It maximizes the benefit of a team’s knowledgeencouraging and spurring on ideas in
each other as the brainstorming is carried out. e”Aample of the team’s brainstorming can
be seen in APPENDIX A4 The interesting aspect of brainstorming is thatitleas emerge
from the minds of each member. Half of the suggestare similar because they are
centered around the main characteristics of thgeagiro The other suggestions represent some
ideas which are in accordance with the educatiomach member. This means every student

does not have the same vision of same project.

15
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3.4 Flowchart

A flowchart was created in attempt to dissect thesphilities of the RUF system. It
attempted to capture the choices a RUF user woelthbed with along the journey from
beginning to end while using the RUF system. Thac@ss of creating the flowchart is
similar to that of brainstorming because each mengdees their ideas to describe the
flowchart. This flowchart is important to undersiethe big picture idea of the RUF system.
As the team attempts to design and dimension thE Rbctions it is important to keep in
mind that the work being done is just one piecéhefpuzzle that is the RUF system. If the
junctions are designed without the function of st of the RUF system being kept in mind

then the junctions may not fulfill exactly what tjumctions need to do.

To start to use the RUF system the user must @iestide to use the ruf for
transportation. The user can use the ruf to drwenally as a car, or can choose to enter the
RUF system with the ruf. If the user chooses ®the ruf on the RUF system, the user can
input the destination at any time before the acsesth is reached. The ruf would have a
RUF guidance system similar to a GPS navigatioystesn that would calculate a route to
the nearest RUF system access switch. If the alsmoses to take a route alternate to the
route suggested by the RUF guidance system a nae vall continually be updated for the
user to follow. If no destination is entered, REJF guidance system will not give any
suggestions and the user can go about driving whereAs the ruf driver nears the access
switch, they will need to navigate into the entgrbuilding. Once the ruf driver has safely
navigated into the entering building at the recomdesl 30 km/hr the RUF system will take
control of the ruf by means of some magnetic figldiating from the roadway. The RUF
system will than brake or accelerate accordinglyathieve proper road to rail transition
speed. The RUF system will also make correctieersig adjustments to ensure proper
alignment onto the rail, and to avoid contact wiitl entering building and other rufs.

16
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If not done up to this point, the user must thegpuinthe desired final destination.
This must be done by a certain point on the acrab$o allow the RUF system to adjust
incoming and exchanging traffic flow to ensure sthoand fast transition onto the RUF rail
system. Once the final destination is enteredthrdruf has successfully transitioned onto
the access rail, the RUF rail drive system willdbecked. The ruf will also have to be able
to use the road wheels for propulsion in case tH€ Ruil drive system is faulty. Testing of
the RUF rail drive system can be done using a presand propulsion test between the
transition from normal road to raised RUF rail syst If the RUF rail drive system is
functioning correctly the ruf will continue to beliged and integrated into the correct flow of
traffic via the switch. If either the user has mgiutted the final destination or the RUF rail

drive system is faulty the ruf will be guided omtiod off the switch by the RUF system.

After the ruf is guided off of the switch the useitl be given a signal to answer to
ensure ability to regain control of ruf. If theemdails to answer the signal then the RUF
system could guide the ruf into a safety turn aifiing area. If user continues to ignore
signal then authorities could be contacted to clueckiser. If the user responds to the signal
to regain control, the RUF system will allow furmetiback to the user controls. The ruf is
then ready for normal road use. If the user hasessfully entered the RUF rail system the
RUF system will determine the most efficient rotttechieve the final destination. If during
the course of the travel the RUF user decides angh the final destination, the RUF system
will recalculate best route and guide the ruf adowly. When the ruf reaches the junction
closest to final destination exit procedure isghene as mentioned before. An example of the
flowchart created can be found in APPENDIX A5.
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3.5 Responsibility Matrix

The purpose of the responsibility matrix is to eagtivision of work among the team

members, and is another organizational tool useensure group success. Along the left
vertical axis there are descriptions of the workdexl to be done. Along the top horizontal
axis is each of the group member’'s names. This tfpdocument in important because it
allows the team to know what is expected of eacimbes can put effort forth to make a

contribution to the success of the project. Respditg is given to one or all of the group

members, and designation with the letter “R” fospensible.

Those members that will

support the responsible person or persons areraggsi with the letter “S” for supporting.

Below in TABLE 3.1 is the example of the resporigpmatrix used. It can be noted that as

the project develops this matrix is a living docuneand can be modified to show the

different needs of the group as well as the chandesires of each group member.

192)

Team Members . - .

T e e Katie | Christian |Hendrik| Beau | Hubert
Planning / Organization S R
Documentation R S
Literature/Internet/ Expert Research S S S R S
Measurements (Jarmers Plads) S 5 S

Civil Engineering Research R S

Economics Research S R

Define Junction and Details R R R R R
Dimension of the Junction R R R R R
Create 3D Model S S R
Create Physical Model S S S
Calculations / Budget S S R S
Final Report R R R R R

TABLE 3.1: Responsibility Matrix
R = Responsible S = Supporter
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3.6 Gantt Chart

The Gantt chart was created to show as accuraselyossible the timeline for the

project that the team will attempt to follow. Thishedule of the project is broken into many

different parts. After each part of the projecindestone was set. Milestones are bigger

check points that allow for easier and better stupen of the progress of the project.

Furthermore all resources of the team are visibaé Gantt chart.

The project has been divided into these differemts

Literature / Internet / Experts research and Meaments of Jarmers Plads
Brainstorming / Ideas / Solutions
Define junction:
Define entering building
Define the access rail
Define on/off and crossing junction switch
Define the crossing junction
Rank the solutions
Dimension of the best solution
Create 3D model

Create physical model

The Gantt chart can be found in APPENDIX A6. Tlisiliving document and has been

modified through the duration of this project. Tversion shown is the latest version that

most accurately describes the timeline the teatovield.
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3.7 Research

3.7.1 Rapid Transportation

Research was carried out on different transportasiystems and technologies.
This research was used to fuel ideas as well afrieoitea possibilities. There was a wide
range of research carried out to help the teamrstaded which direction transportation is
heading. Some research was useful and othersrioaafi the team’s questions. This
following section will go through the different esch done and how it contributed to the
project.

Research on rapid transportation was done to betigerstand the direction that
transportation is heading. “Rapid transport is s-based system that will enhance the public
transport network to cater for increasing travehdad around the city. Rapid Transport will
work alongside other modes of public transport udolg buses, rail and taxis to give
residents and visitors more environmentally frigndiast and safe travel options. By
increasing the alternative options to private viglsicand utilising environmentally friendly
vehicles, it also offers environmental benefitéPalle Jensen, RUF International)

“Personal Rapid Transit-PRT is a system of smaliieles under independent or
semi-independent automatic control, running on dipgiide ways. The idea attempts to
address a number of perceived weaknesses of pubBs transit including fixed timetabling,
limited routes, and sharing travel space with watesl travelers.” (http://www.brighton-

hove.gov.uk/index.cfm?request=c1146307)
PRT has some of the following characteristics:

Fully automated vehicles capable of operation withmuman drivers

Vehicles captive to a reserved guide way

Small guide ways that can be located abovegrourgtpand level or underground
Vehicles able to use all guide ways and stationa fuly coupled PRT network
Direct origin to destination service, without a essity to transfer or stop at

intervening stations
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An example of a PRT system is ULTra. Althoughré¢hare no commercial
productions of ULTra a project is under constructad London’s Heathrow Airport with an
opening date of 2008. It was the hope that byareteng ULTra it would provide insight
into how a junction was implemented into the systetinfortunately, ULTra uses small
rubber tires on a road-like guide way and inteieast are very similar to normal vehicle
intersections. This did not help in figuring oudvh a railed vehicle junction would look.
One beneficial idea conceived from this research twause for the most part off-the-shelf
items and technologies to reduce the research evelabment costs. This ideal will be used
wherever possible. An example of an ULTra vehwteits track can be seen below in
FIGURE 3.1.

FIGURE 3.1: ULTra Transportation System
http://www.atsltd.co.uk/images/pics/13.jpg
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3.7.2 Eurotunnel

As the idea to use a magnetic field to control ngf®eing integrated into the
junction design, a real-life application of thich@ology was thought to be good to find.
Similar electronic guidance systems were found doubed in the Eurotunnel that connect
Paris and London. There are service vehicles umstte service tunnel that can be manually
controlled or electronically controlled. Becaudetlte close quarters in the tunnel, service
vehicles go under automated guidance as they passat¢h other to ensure safety. The
technology has been proven to be successfully udellGURE 3.2 shows these service

vehicles in operation.

FIGURE 3.2: Eurotunnel Service Vehicles
http://des-srl.net/ukc.pdf
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3.7.3 Tri Track

Another Dual-Mode system researched was called Btk from Austin, Texas
in the USA. It has some similarities to RUF beeaiprimarily uses a raised monorail guide
way system to travel as well as road wheels, boiged little guidance for how to solve the
problem of rails intersecting and changing diretdio As seen in the quote below, this
system has decided to avoid an intersection a#ttey and have the vehicles leave the rail

and drive with normal traffic to another rail goiimgthe desired direction.

“A computer advises the driver of the best patliatee, and the driver then decides
whether to follow that route or not. The only mexgis on the ground, and you have to come
down to the ground to make turns.” (http://wwwragk.net/grid.html)

With the RUF system, an attempt will be made tovaltirectional changes without
leaving the rail. You can see below in FIGURE ®a&t as Tri Track rails intersect they do

not have the ability to change directions.

FIGURE 3.3: Tri Track Dual-Mode System
http://www.tritrack.net/gallery.pdf
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3.7.4 MAGLEV

MAGLEYV is a system that stands for magnetic ldiwota This new technology
suspends, guides and propels the train. Unlikesicdasains, the MAGLEV does not have
contact with rails. This method minimizes frictgogo this train can reach higher speeds than
a wheeled one. It allowed a railed train in Japameach 581 km/h, that is to say 6 km/h
higher than the conventional TGV speed record. Algh this project is not using magnetic
levitation technology, it was still beneficial teesthat the use of magnetic technologies is
advancing, and the possibility of a magnetic guig@asystem seems more realistic. Seen
below in FIGURE 3.4 is an example of the MAGLEVitra

FIGURE 3.4: MAGLEV Train
http://en.wikipedia.org/wiki/lmage:JR-Maglev-MLX@ljpg
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3.7.5 Other Crossing Junctions

In order to ensure the success of the projectdédnesion was made to improve
and enhance the groups’ knowledge of currently @manted intersections from around the
world. Transportation and traffic junctions in USs#d Europe were researched. Each
member researched how intersection problems wédvedso their home countries of Latvia,
Germany, France, and the USA. Also, traffic ac¢swand traffic statistics, road and bridge

construction standards in Denmark were studied.

In Latvia, the Dienvidu tilts (Southern bridge)athis being built over river
Daugava at the moment, has one of the most sogdtesti traffic junction systems in the
country. Dienvidu tilts is expected to relieve Regaaffic problems. A complex multi-level
traffic junction system made of reinforced concretd be installed on both ends of the
bridge to ensure better traffic flow. An examplietbis junction can be seen below in
FIGURE 3.5.

FIGURE 3.5: Riga, Latvia Southern Bridge Plan
http://www.rdpad.lv/uploads/dienvidu%?20tilts/pic%2Rjpg
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The USA has some of the worst traffic congestiothe world and thus is forced
to design and use various traffic junction systesush as cloverleaf, partial cloverleaf,
collector/distributor roads, semi-directional ramisaiding' loop ramps and many others. It
makes USA one of the leading countries of the wanmldhis field. There are plenty of
possible solutions to traffic junction systems aath of them has its own pros and cons.
Below is an example of a cloverleaf junction foundhe USA in FIGURE 3.6. This picture

Is useful to get an idea of how the roads are ppakéogether, and how the question of going
from one direction to all directions is answered.

FIGURE 3.6: Cloverleaf Junction, Raleigh, North Carolina, USA

http://www.googleearth.com
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In Germany a roundabout interchange is the most fitsguently used traffic junction
system. It is relatively cheap to build and hasvpn to be able to handle large volumes of
traffic. It has the ability to be modified easilpcawith a little practice becomes simple to
navigate. An example of this type of roundaboutjion can be seen below in FIGURE 3.7.

The roundabout idea is a good idea that is expllamnere in depth in the next chapter.

FIGURE 3.7: Roundabout Interchange Model

http://www.cbrd.co.uk/reference/interchanges/roumulat.shtml
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Paris is a town with very special traffic flow.Has 26 million cars a day on its roads
and has a high potential of traffic congestion. mMmimize this phenomenon, a lot of
junctions with red light signalization are installdn this way, each branch of the junction
can across in turn. Plus, the crossing period eaadapted to the junction flow to account for
rush hours. The most common junctions have a dayss but are easily adaptable with a
road’s configuration. An example of a classic jiumctwith red light can be seen in the
FIGURE 3.8 with its different turning possibilities

FIGURE 3.8: Crossing Junction with Red Lights

http://fr.wikipedia.org/wiki/Image:Carrefour_16_meements.jpg

3.8 Conclusion

As previously mentioned the project planning hatpéd the team to maximize its
final results by getting a jumpstart with otherstixig ideas. Although the research has not
answered all questions, it has provided a foundaftto the work done in this publication.
Some of this research has been very helpful andowilsed as guidance for development of
the RUF junction. Other research has confirmed sdoubts and left questioned still to be

answered.
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CHAPTER 4: RUF Junction Ideas

4.1 Introduction

In this chapter, different types and design idefathe RUF junctions are presented.
Sketches are shown and described to relate adesnéagl disadvantages about each design.
After initial ideas were ranked, a final solutiormsvpursued. This choice was made using a
decision matrix weighting technique to understdreddtrengths and weaknesses of each idea.
A brief description of each of the ideas and tis&kigtches will be presented. These ideas will
naturally progress from the simplest idea to mammlicated ideas. Factors such as number
of levels, rail to road and road to rail transigpapacity and size will be noted and taken
into consideration when choosing a final desighshiould also be mentioned that designs
that include rufs driving on rail are considerefesaand designs with the least amount of
transitions from road to rail and rail to road avere desirable. The number of levels that a
RUF junction has is also important. This is beeatlse fewer levels needed the more
visually acceptable it would be.

It should also be noted that the crossing junctsketches do not include the
placement of switches. It can be assumed thatkestwill be placed in a similar fashion as
those in Chapter 2. Colors and lines will be usedescribe different levels and directions
the rufs will travel to help the reader better wstend the 3D nature of the 2D sketches.

These colors and what they represent are showmwhbel®ABLE 4.1.

RUF Travel Direction
Road Surface on 1st Level
Magnetic Guidance Field
Ground Level of RUF Rall

_ 1st Level of RUF Rail

2nd Level of RUF Raill
3rd Level of RUF Rail

TABLE 4.1: Sketch Key

29



Dimension of a RUF Junction

NS

4.2 Description of Junction Sketches

4.2.1 Crossing Junction #1

Crossing junction #1, in FIGURE 4.1, shows the nizestic form of intersection for
rufs. This junction resembles a normal streetsings It would be a raised platform that
covers a normal road intersection. However, tife that entered this junction would be
under complete automation. The capacity of thifestf junction could be greater than that
of a normal stop and go street junction becausheobutomatic control. Rufs would be able
to pass very closely to one another under com@atety and control of the RUF system.
With a constant motion and no stopping, this cdntitease capacity. There would be only
two changes from rail to road, and back again. s Téigood because it is thought that the
changing from rail to road and road to rail woukd dlightly agitating. Its overall small size
is also desirable for easy implementation intoaayeexisting street intersections.

On the other hand, the close passing of rufs coalte the users to be scared when
they are driving through a junction where otherscare passing nearby. One way to help
users feel safer would be to create trains. Traires rufs that are linked together and
traveling in the same direction. Being part of hole train would increase efficiency and
could give the user a sense of safety. Due tgdssibility of bad weather, the road part of
this junction would have to be covered to ensueeRWF systems ability to control the rufs

safely.
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FIGURE 4.1: Crossing Junction #1
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4.2.2 Crossing Junction #2

This junction represents another very simple raadttjon. Same as the previous it
would be placed above the normal road intersectiod,would need to be covered to ensure
safe operation. Instead of two streets perpenatiguintersecting, a roundabout junction is
created. All the rufs that enter the junctionnirtheir respective switches would enter the
roundabout. After entering the roundabout thewatild continue on in a circular path till it
reached the direction that it wanted to go and aial guided in that direction.

This design is advantageous because it is fairgllamsize and could easily fit above
an existing normal road intersection. It is alsdyocon one level which is desirable. The
switches that surround the junction would be ofmalter size also because there is only need
for switching to either the roundabout or the egmemd. Unfortunately, the capacity of this
style of junction is thought to be lower than whaiuld be ideal. FIGURE 4.2 shows the

roundabout design with arrows to signify directafriraffic flow.
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FIGURE 4.2: Crossing Junction #2
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4.2.3 Crossing Junction #3

This junction is similar to crossing junction #2 timat its design is based around a
roundabout. The difference is that the rufs thamtito travel straight use an entirely separate
rail from the roundabout. This is better than shog junction #2 because RUF users that
want to continue on straight through the junctian aow do so without having to deal with
going through a roundabout. It should be noted ttatwo directions of straight going rails
would cross at different levels. If the roundabisutonsidered level 1, then the two straight
going rails would cross at levels 2 and 3. Howgifdhere were room below the roundabout
platform, say in the middle of a roundabout onghmund, then the"8level of rail could drop
down below the %' level of rail and decrease the overall heighte Twer the overall height
the better the design is considered.

This design allows rufs from different directiores rherge together at two points if
they are going to be traveling in the same directithe first is on the switch and the second
is on the roundabout. The roundabout would be Wsedifs that want to travel left from
their original direction. If a right turn is wamktethen the rufs would just follow the road
going to the right with no need to enter the rolowld. This seems better because each
direction has its own road or rail to travel, seagly increasing capacity.

A big advantage of this junction is the sizeslniot bigger than crossing junction #2
but may be able to handle more rufs more efficiebécause it takes the straight going traffic
out of the roundabout. It should be mentioned ifhatruf is going to turn while on rail that it
needs a minimum radius of 26 meters to allow fer ¢hrrent design of rufs to be able to
navigate it. By using road to do the turning, $iee is reduced because a ruf can turn with a
smaller turning radius when using road wheels.oAllse rufs that are going right or left only
have to get of and back on a rail only once whscbansidered good.

Similar to the previous two crossing junction isieghe road section of crossing
junction #3 would have to be covered to proteéioin weather. Also, the switch needed for
this type of junction would be a little larger besa of the need to navigate to the straight
going rail, the roundabout and the egress roaGURE 4.3 shows crossing junction #3 with

three levels, and arrows signifying ruf travel dtren.
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FIGURE 4.3: Crossing Junction #3
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4.2 .4Crossing Junction #4

Crossing junction #4 is really just a slightly mioell version of crossing junction #3.
It has a mix of road and rail. The main differefi&ween this junction and the previous is
the addition of a completely separate rail for tight going rufs. This leaves only the left
going rufs to use the roundabout. This additiomadf on the same level as the roundabout,
would seem to also increase the capacity of thetipm which is good. However it also
increases the size of the switch because of the toeget to the straight going rail, the left
going roundabout, the right going rail, and theesgrroad. There is a drawback to adding
another rail. This means that only the left gorats are subject to just one off and on rail
experience. Both straight and right going rufs trget off the rail and back on the rail at
least twice to navigate this junction.

The sketch of crossing junction #4 as seen in FIGURE may be a little deceiving.
Because it is not dimensioned, it is unsure ifrilgat going rail and the roundabout would
have the same radiuses. As mentioned before anyguthat is done on the rail has to have
a minimum turning radius of 26 meters. The additd the right going rail means that this
rail has to have a minimum radius of 26 metersis Thnstraint could possibly make the size
of this junction bigger than previously describedgtions. This becomes the tradeoff that
needs to be taken into consideration. As with ipresty described junctions, the road would
have to be covered. With the addition of more tladugh, the need for covering is gone.
Rufs traveling on the rail could be considered 1088 e from colliding with another ruf.
There may be another advantage to this designubedae rufs have separate paths for each
direction, traffic flow could be sped up or slowddwn more precisely to allow the RUF
system to organize rufs in a more efficient wayhisTorganization of rufs may be good
because all traffic eventually has to be colleaatb a single switch which, if not designed

and controlled correctly, could lead to inefficidrgffic flow and backups.
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FIGURE 4.4: Crossing Junction #4
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4.2.5 Crossing Junction #5

This junction is completely different from previdysiescribed junctions because it
consists only of rails. This eliminates the neeadwer anything in the junction, and means
rufs are 100% safe. This also means there aredaa and rail transitions for rufs traveling
in any direction. This could be considered a drawkb

To implement this, a big roundabout for the exggnound traffic is needed. This is a
disadvantage right away because one of the goadavaot disturb normal traffic. One line
which goes straight ahead goes down to the bottotheoroundabout, the other rails cross
these rails on level 2. All the lines for goinghigare on level 2. Also two lanes for going left
are on the level 1 the other two are on level his Tan be seen below in FIGURE 4.5 by
following the direction arrows.

There are some disadvantages with this designbiggest is the size. This junction
is bigger than the previously described junctionks. would be more of a challenge to
implement into an already existing junction. ligescomes from the minimum radius
requirements needed to turn on rail, and the leng#dded to comfortably transition from one
level to another

With all these rails, the design has to be camedalto send the user on a rollercoaster-
like ride through the junction. Once again, beeaeach directions uses a separate rail, a
larger switch would be needed to allow rufs actedsft, straight, right directions, as well as

access to the egress road.
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4.2.6 Crossing Junction #6

This junction is similar to crossing junction #5hel different from crossing junction
#5 is that one straight going rail crosses therathr@ight going rail on the outside in a curve.
Check out FIGURE 4.6 for a better idea. Becaudtisfthere is more space in the middle of
the junction. So the lanes for going left couldfhgled in closer together which makes the
whole junction a bit smaller. A disadvantage cdugdthat you have to go up and down while
making a turn to the left. This may cause a robtlester like feeling talked about earlier.

This junction has the same advantages and disay@as crossing junction #5, but
in a smaller package. The rufs are completely wéiée traveling on the rail, and there is no
need for any type of covering. There are howeveremnoad to rail transitions than the first
three crossing junction designs. There is alsceased capacity because each direction has
its own traveling path, but there is also the n$khe switch being cluttered if not designed
and operated correctly. The switch would be theesaize as crossing junction #5 to allow
access to the straight going, left going, righingaiails and the egress road.

Level 1 would consist of the right going rails ame left going rails. Level 2 would
consist of the other two left going rails and oeé af straight going rails. The last set of
straight going rails is shown to go down to a galevel and would keep the junction at a
more desirable two levels. But, this last settadight going rails could also be put on level 3

if a roundabout for normal traffic is not available
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FIGURE 4.6: Crossing Junction #6
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4.3 Decision Matrix

To realize which of the previously described cnogsjunctions would be the best
solution, a ranking was made. The junctions werked in four categories. The first and
most important point was safety for the user. Témad point was how realizable the design
is. This means how possible would it be to créfai®junction to fit on Jarmers Plads. The
third is the size of the junction. The last catggewas the amount of levels needed for the
junction. These four points come from the goatscv were defined in the beginning of the
project. Also, a weighting of the different categerwas done, and can been seen in the last
column of TABLE 4.2.

For the ranking an approximate calculation of thacfions was done. The best
solution got received a “5” and the worst wouldeige a “1”. The ranking can be seen in
TABLE 4.2.

Junftlon Jun2c:t|on Jungtlon Junjtlon Junsctlon Juné:tlon Weighting
Safety 1 1 2 3 5 5 0.4
Realizable 5 5 5 5 1 5 0.3
Size 5 4 4 3 1 3 0.15
Level 5 5 2 2 2 2 0.15
Result 3.4 3.25 3.2 3.45 2.75| 4.25 1
TABLE 4.2: Decision Matrix

4.4 Conclusion

This chapter has explored some of the ideas feossmg junction design. The pros
and cons of each junction have been describedgdbd and bad characteristics have been
mapped out for any future junction ideas that magne up. In conclusion, a modified
version of crossing junction #6 will be explaineddetail and dimensioned in the following

chapters. The switches and the completed desidmaisd be covered.
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CHAPTER 5: Design of a RUF Junction

5.1 Introduction

This chapter is dedicated to providing the basioeatisions of specific switch and
junction ideas. The crossing junction that will faersued is a modified version of crossing
junction #6 in Chapter 4. The visual and verbalcdpsions will provide the basis for future
work. They will also provide an idea of the siZetlee switches and junctions, as well as
providing an idea of the size of the componentd thake up each. There is also an
explanation of why each decision was made as ftreaphysical dimensions and make up of
both the switches and the junctions. The finatjiom suggestion will be shown in its actual
environment on Jarmers Plads intersection in Coggerin Also, the flow of this chapter will
allow the reader to see the junction be construletger by layer, and then show the addition
of switches to complete the RUF junction. If thevere other questions surrounding a

decision being made that were unanswerable, thes ma@ed and discussed in Chapter 6.

5.2 Crossing Junction

To get a good first impression and to be able smalize how the rails are arranged,
the figures on the following two pages were creatédblors with similar consistency to
Chapter 4 were used. The color convention is tgdtelp improve the reader’s ability see
the different levels of rail. FIGURE 5.1 shows theese combined levels from the isometric
view. FIGURE 5.2 shows the three combined levelsadffrom a top view. FIGURE 5.3
and FIGURE 5.4 show the two different side viewshef three levels of rail.

RUF Travel Direction

Magnetic Guidance Field
_ 1st Level of RUF Rail

2nd Level of RUF Rall
3rd Level of RUF Rail
TABLE 5.1: Drawing Key
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FIGURE 5.1: Isometric View Crossing Junction all Levels

FIGURE 5.2: Top View Crossing Junction all Levels
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FIGURE 5.3: Side View #1 Crossing Junction all Levels

FIGURES 5.4: Side View #2 Crossing Junction all Levels

5.2.1 Design of Level 1

Level 1 consists of six rails. It has all fourlsafior turning to the right, and two left
going rails. This layout was chosen because itdcmecorporate the greatest number of rails
on the first level. This is advantageous for apteureasons, including the lower cost
associated with building lower levels, smaller @lejunction design, and better visual
appeal. They are arranged to allow clearance amvid® room for the other levels that will
be shown and explained in more detail later whencttimplete junction is put together. The
right going rails are designated with a letter “Rihile left going rails are designated with a
letter “L”. Arrows also show directional travel tife rufs on this level. An isometric view of
level 1 can be seen in FIGURE 5.5. A radius oin#§ers is used for any turn on the rail.
This is the minimum radius that maxi-rufs will bel@to navigate. This was a constraining
factor throughout the construction of the crosgumgction. To minimize the size of the

junction this 26 meter radius was used everywhe®ize of the junction could be made
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smaller if the maxi-rufs were designed to be abléutn on a smaller radius on rail. There
may be a drawback with a tighter turning radiusutiitoc  With the smaller turning radius the
speed on the rails may have to be decreased taeensar comfort. This decision would
have to be weighed to best fit the needs of theispgunction. Dimensions of level 1 can be
seen in APPENDIX A7.1
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FIGURE 5.5: Isometric View Level #1
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5.2.2 Design of Level 2

Level 2 consists of four rails. The remaining tieéf turning rails marked with the
letter “L”, and two of the four straight going reimarked with the letter “S”. An isometric
view of level 2 can be seen in FIGURE 5.6. Direes can also be seen. Arrows go to and
from the crossing junction switches. These swichél be shown later. To allow for the
junction to provide enough clearance for the rofsravel, the second level is designed to be
three meters above level 1. This number was detedno allow a maxi-ruf, if stranded
under another rail, to fully open their doors afidva passengers to exit. It should be noted
that that distance of three meters is also needeuden rails on the same level. If there is a
need to exit on the crossing junction it is stitidetermined where the passengers will go.
The height between the rails could be made smiéliee maxi-rufs door opening design was
altered or a complete opening of the door is noesgary.

It can be seen in FIGURE 5.6 that with level 2 ¢hisralso a red section where the
second level returns to the first level to alloveess to the crossing junction switches. The
transition from level 1 to level 2 has some constsa The elevation change was restricted to
10°. This is to ensure comfort for the RUF usdrisTis a compromise between size of the
junction and comfort for the users. A transitiadius of 26 meters was used, this however is
not a set-in-stone constraint and could be modifiddwas determined to be an acceptable
radius by the members of this group and its supersi

Speed in the junction could possibly be increadettha rails were banked during
turning. However, there may be a drawback bec#useuld cause the ride through the
junction to be roller coaster like. Speed is benafibecause it allows the rufs to go through
the junction faster which is more desirable for RigF user. The straight going rails in level
2 can be seen bowing out. This is both favorahtk unfavorable. It is favorable because
this arrangement allows for a crossing junctionb created with three levels. It is
unfavorable because the straight going rufs havexperience a non straight travel if they
want to go through the junction. If height concesmot a factor then these straight going
rails could be moved to level 4 that would allovertn to travel straight on their passage
through the junction. To better understand the ewels together, FIGURE 5.7 shows the
combination of level 1 and level 2 each with thegpective colors. Dimensions for level 2
can be seen in APPENDIX A7.2.
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FIGURE 5.7: Isometric View Levels #1 and #2
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5.2.3 Design of Level 3

The third level of the RUF junction is the simpléstel. The rails just go straight
forward and allow the rufs to do the same. It th@ssame constraints as level 1 and 2 in that
it is three meters above level 2, changes elevatian 10° slope, and has a 26 meter radius
change to make elevation changes smooth. Thesendions of level 3 can be found in
APPENDIX A7.3. These rails are located three medgent to allow again for the doors of a
maxi-ruf to be useful in the event of an emergen®jith these rails an emergency walkway
could be suspended between the rails to allowdé@passengers an exit route. This method
is not available for the rest of the junction whepacing between the rails is not as uniform.
You can also see the change of colors in FIGURHrB1@ blue to red to signify the change
from level 3 back down to level 1 to allow accesshe switch. The decision to have this set
of straight going rails on a third level insteadgoing down to the ground level, was made
because to go down to the ground level a rounddbouormal road traffic would need to be
created. This situation wanted to be avoided. @stgaight going rails are a better design
than the straight going rails in level 2 becausertifs that desire to go straight can simply
continue on in a straight path. In level 2 theystnmake turns to achieve a straight

destination. A combination of all levels can berse the next section.

FIGURE 5.8: Isometric View Level #3

49



Dimension of a RUF Junction

NS

5.2.4 Design of Combined Levels

The combined levels of the crossing junction wegensat the beginning of this
chapter. A more detailed picture showing the dioes of travel for each rail can be seen
below in FIGURE 5.9.

For a description of the advantages and disadgastaf this crossing junction please
refer to Chapter 4. Because each level has besmilded in detail, the combination of levels
should be fairly clear. When the levels are corabjrithe greatest diameter of the crossing

junction is created by the straight going raild tip@to the outsides.

It should be noted that because of the 26 meteing radius that was used to
minimize the size, a speed of 30 km/h is beingmauended to keep the lateral G-forces to a
minimum when traveling in the junction. The iddabanking the rails came up, but was not
officially included in the design or calculated gee if it was even feasible. But if it were,
this may allow for the rufs to travel faster betwele switches thus cutting down travel time
in the junction. If the rufs were to create traitswould be more efficient. These trains

could possibly be built on the rails between thédves.

Throughout the design of this junction, there basn one part that has purposely
been left out. That is the placement of the suppasts. There were no calculations done
on the amount of support needed for the crossingtijpn designed. It is known that for
every 20 meters of straight going rail there wdotda need for support. It has been noted in
Chapter 6 as to the work that still needs to beiedhrout and some suggestions for mast
designs can also be seen there. With the effattvtlas put into determining where the mast

would go, it can be said that it is a fairly invetl/process to figure it out.
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The crossing junction that was designed is the mdestl junction. It can be seen that
it is symmetrical. However, it is known that noteey crossing junction is a perfect
perpendicular intersection. So there are knowntditions to this design because of this. It
would be impossible to say that one design of a&tjan is universal and can be used on
every junction. Each real life intersection haswrelsteristics, terrain, buildings and traffic

flow that must individually be taken into consid#wa when a RUF junction is designed.

As mentioned before, FIGURE 5.9 shows a combinatibtevels 1, 2 and 3 with

arrows that show travel direction.
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FIGURE 5.9: Isometric View Levels #1, #2 and £®>mbined
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5.3 Crossing Junction Switches

This section will build off of Chapter 2 and theiwl concept. It will go into the
detail as to what needs to be considered whentahs¥ar the crossing junction is build and
designed. This section is designated only tosthigches that are directly surrounding the
crossing junction. An example of the crossing fiorcswitch that was designed can be seen
below in FIGURE 5.10. There are a couple of ddferswitch designs for the crossing
junction that will be described later, but this gfie switch that will be dimensioned is
considered a full crossing junction switch, witltt@gs rails and egress roads on both sides of

the switch.

FIGURE 5.10: Isometric View Crossing Junction Full Switch

It was determined that the best place for rufsidgvin normal traffic to enter the
switch was on the right. This is consistent wite horm for exiting on normal highways and
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wanted to be used as much as possible. Indivijdnations and compromises may not make
this possible in all situations. First the rufsuMbhave to leave the normal road and begin to
align their approach to the entering building. STs done via the entering road that is
represented by the dark gray colored road that gweshe entering building. Sizes of this
may vary due to availability of space and naturehef switch. In the city, there is limited
space and speeds that are slower than on the hygtowthis entering road can have a shorter
distance. Outside the confines of city drivingsthoad could be longer to accompany the
greater speeds and the greater abundance of space principle can be applied to the exit
road also. The distance needed to achieve prqmedsfor reentry into normal traffic
depends on the settings surrounding the switch tlandlistances can be altered accordingly.
These distances also depend on the technical givdre rufs and how fast they are able to
accelerate. Real life lanes for merging traffic eveised as the basis for these dimensions.
The actual dimensions of this component can be ise@RPENDIX A8.1.

From the entering road the rufs would then comtaécentering building. There were
a couple main dimensions that needed to be detednimhese included length, width and
height. Because the RUF system will be taking atethis point a covering is needed to
ensure safe operation even in bad weather. Alede dimensions were kept to as minimal
size as possible to allow for easiest implememntatioThe height of the covering was
constrained by the maximum height of the maxi-rithwits doors open. The doors of the
maxi-ruf would only be opened in the event of appexl emergency, but to ensure that

passengers would be able to exit properly complete function is needed.

It should be noted that all coverings on the dvagcare shown in the pictures to be
transparent and are only 1mm thick. It is undedtthat an actual covering may not be of
these dimensions and is just put there as a repedse possibility. Actual covers will need
structure and possible lighting to be implemented their design. These things were taken
into consideration when the suggestions for a heghgiven.

The height that would allow for complete use of mak doors and allow for
structure and lighting was determined to be 3.2enset This height will be consistently used

throughout the coverings of all the switches.
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Next, the length of the entering building neededéodetermined. In this length, as
stated previously in the description of the flomtheufs have to be able to obtain a speed of
30 km/h when entering the access rail. This mehatsthe entering building has to have
enough distance to allow rufs traveling at highesabf speed to be slowed down, and rufs
traveling at a low rate of speed to be sped ugerAd couple of quick tests to see the slowing
and speeding up distances of a normal vehiclea# settled that the entering building would
need a length of 15 meters to allow for rufs toed@@te from 0 to 30 km/h and to slow down
comfortably from 50 to 30 km/h. The actual accatien and deceleration characteristics of
the rufs are unknown, so future work needs to bedo figure these out exactly. Once they

are specifically known the length of the enteringiding can be modified.

The width of the entering building is the last doasing dimension needed. Because
there are no emergency exit stairs leaving thecbvttiere was enough room designed into
the entering buildings width to allow for passersgen foot to exit even when the maxi-rufs
doors are completely open. Also, for RUF userfeéb comfortable, the width of the entering
building needs to be big enough to allow for safd aasy access to the system. A width of
4.5 meters was used when all these criteria aentako consideration. This width was used
to accommodate room for an emergency exit on ate @i the rail. Passengers on the side
opposite to the extra room for emergency exit salle enough room to exit the ruf and make
their way out of the access rail. To get a bdtek at the height and width of the entering
building look at FIGURE 5.11 below. Dimensions ®fetswitch cover can be seen in
APPENDIX A8.2.
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FIGURE 5.11: Front View Crossing Junction Full Switch

The next decision that had to be made was howatitess rail would actually be
designed to allow for smooth transition from roaddil and allow for both drive systems to
be used. This is done in case the rail drive systiunction is tested and does not work.
Then the normal road wheels would still be funaiofor propulsion onto the switch

platform and off of the junction via the egressd.oa

The interaction of the access rail with the roadl Wwe described next. It was
important to design this transition to be as smasttpossible. The rail starts right from the
ground to give the approaching user a feel thatttaesition will be smooth. From the
ground, the rail rises above the road 8 cm withdaus of 26 meters to allow for use of both
road wheels and rail drive system. When the earhinates on the switch it just stops at 8 cm
about the switch platform.

This 8 cm was measured from the current ruf vehiotelel but may be subject to
change because there may be differences betweeattin production ruf and the one that
was measured. The rail and road rise at 10°. tdta¢ length of the RUF junction would be
greater or lesser if this angle was altered. df iilfs were able to comfortably use a steeper
angle than the total length of the RUF junction {dodecrease. If they needed a less steep

angle than the total length would increase. Asiticeming rail reaches the switch platform
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it begins to descend to the surface of the switieltfggm to allow for full weight to be

transferred back to the road wheels. It is impurthat the rail does not begin its descent
until it is already on the switch platform. If tihail were to begin to get closer to the switch
platform surface before the wheels of the ruf Hadred the edge of the switch platform then

the wheels may hit causing an undesirable impact.

As mentioned earlier there is a need to test thadree system. Because this test
procedure is undefined the actual distance needembriduct this test is unknown. It is
assumed that the access rail will provide enougiadce for this test. All switches are
designed that if the rail drive system does notkytire ruf has a straight path from the access
rail to the egress road to ensure minimal traffteiruption. To get a better idea of how long
the access rail is, look at FIGURE 5.12. Dimensican be seen in APPENDIX A8.3.

FIGURE 5.12: Side View Crossing Junction Full Switch

If everything goes well the ruf would then entke tswitch platform. Here the ruf
would be automatically guided to its needed railhe size of the switch platform was

determined based on the following factors.
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The length of the platform is a function of comédoe turning ability of the ruf
vehicle, if it had to go from one side of the piath to the other. Comfort is determined by
the speed and turning radius used. So the slowef taavels through a switch the sharper
the angle it can comfortably drive.

A magnetic field will guide the rufs as they aretbe platform. An example of this
magnetic field can be seen in FIGURE 5.13. Twarier radiuses were used to reach the
correct rail. Turning begins as soon as the ratés the rail. The length was designed to
allow for a small section of straight going tratelensure proper mounting of the rail by the

ruf.

FIGURE 5.13: Top View of Magnetic Field for Crossing JunctionlIFwitch

Length could also be shortened if the two middiés ran the right side of FIGURE
5.13 were moved outwards. This decreases the ddadang radius which allows for the
switch to be shorter. However, if the rails arevewoutwards this means that at some point
they would have to come back closer together mwafbr uniform masts to be used. This
also moves the rails from a position that allowes straight going rails to be in line from one

side of the switch to another. This is unfavorable
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Width of the platform is determined by the distamezded between the rails. The
fewer number of rails the smaller the width will. bkt should also be known that the rail on
the egress road was deleted to save cost and leeitasisiot completely necessary. The ruf
can navigate with the magnetic field and use thenabroad wheels for control. If the rail
was added to the egress road then that would adlddsd to rail transitions, and extra cost.
Because of Copenhagen’s extensive use of bikésrédcommended but not shown that the
bikes should be routed to the complete outsidd@fsvitch and both access rail and egress
road.

In cases where a smaller switch width is neededinsiorming has been done to
come up with possible alternatives to the full siito save width. There would be the
possibility to only have one access rail and egread on the switch. If there were four of
these switches placed around the crossing jundtiovould still allow the junction to be
functional. Also, it would be less convenient foe user, because there are less places to get

on and off. An example of a half switch can bendeelow in FIGURE 5.14.

FIGURE 5.14: Isometric View Crossing Junction Half Switch
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In some special cases, there may be no need wngatd off directly on the crossing
junction switch. The RUF user could get on andatf separate on/off junction and then
proceed to a small simple switch as seen in FIGBRIS. This obviously puts limits on
some things, but would allow the rufs to switchviestn the necessary right, left or straight
directions of the crossing junction.

FIGURE 5.15: Isometric View Crossing Junction Small Switch

On every switch there would be a covering as maerticearlier. This covering could
possibly be made of a transparent material thatdvallow for sunlight to light the junction
during the day, and would only necessitate the rteelight during evening hours which
would cut down on costs. This covering extendsg¢hmeters beyond the switch platform. It
covers the rails to allow for extra covering in tbase of bad weather. This is only a

recommended distance but the idea to cover beymndwitch is presented clearly.
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The idea to make a parking area at the end of egcbss road was considered.
Thisidea was not used because of the extra spackede If there were to be extra space, it
may be beneficial to have such a parking areas @rea would be used for disabled rufs, or
passengers that are unable to regain control ofuhehen the automatic control is done.
Rufs would be parked here automatically if the @rigoes not respond to the systems signal
to regain control. Also rufs that are not funciboould be parked here. The disabled rufs
may be helped to this parking area by other rufmeoted to it, or by the speed created by
gravity and coming down the egress road. Afteresdime, the system could recognize this

disabled ruf and automatically contact a towingy®er, or ambulance if needed.
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5.4 On/off Switches

The on/off switch has very much the same conceghasrossing junction switch.

The on/off construction and concept is very simitathe crossing junction switch with only
a couple of differences that will be discussecdhis section. The biggest difference between
the on/off switch and the crossing junction switstthat the on/off switch only allows the
user to continue in their straight on path, aneeat exit the rail. These on/off switches will
usually be placed above existing roads. This $witas designed to be placed above a four
lane highway with two lanes of traffic in each dtien. Users will exit the normal road on
the right and into the entering building, and ifgood working order will be guided onto the
straight going rail. An example of this type ofigh can be seen below in FIGURE 5.16.
Dimensions of the on/off switch are found in APPENXIA9.1.

FIGURE 5.16: Isometric View On/off Switch over Existing Road

The on/off switch only has two rails going in angt @along with the access rail and
egress road, it has a smaller width than the argsginction switch that needs room to
accommodate each directional rail. Because oftki@son/off switch platform is not as wide
as the crossing junction switch platform so thesasaail and egress road must first get wider
to get to the edges of the road before descendimg do the road surface. It is important to

make sure that the access rail and egress roastithieigh enough to allow traffic to pass
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underneath. FIGURE 5.17 shows a front view anohalla view of how traffic could travel

underneath the switch.

FIGURE 5.17: Front View On/off Switch over Existing Road

Because the access rail and egress road musgéirsvide enough to clear the road
beneath, the on/off switch becomes a little lorigesverall length. This does not seem to be
a problem because of the rural place where thesziquns will be put. FIGURE 5.18 shows
the side view of the on/off junction.

FIGURE 5.18: Side View On/off Switch over Existing Road

The on/off switches are controlled using the sanagmetic guidance as the crossing
junction switches. This magnetic field is presbaginning at the entering building and is
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present until the end of the egress road. BeloWlI®URE 5.19 is the suggested magnetic
field for the on/off switch. As soon as the rufves a rail onto the switch platform it will
begin its turn to its desired direction. The tagradiuses are designed to allow a portion of
straight travel to allow the ruf to straighten befoeentering the rail. It is unsure if this
straight travel section is needed or not. If fatuesearch shows it not to be necessary, then

the switch could become a little shorter in length.

- >
«— «—
— —>

— .

FIGURE 5.19: Top View of Magnetic Field for On/off Switch ovexisting Road

As with the crossing junction switch there maydaeumstances where a different
design of on/off switch will suite the situationttez. Below in FIGURE 5.20 and FIGURE
5.21 are two different variations of on/off switsheFIGURE 5.20 shows an on/off switch
that could be used in the middle of a field. Owndicles that can use the RUF system would
be able to access the roads that lead to the awatith. This type of on/off switch is smaller
than the previously mentions on/off switch, becaiis#goes not allow for vehicles to pass

below it.
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FIGURE 5.20: Isometric View On/off Switch Isolated

FIGURE 5.21 shows a modification to one side of dlceess rail and egress road.
Sometimes if the switch is in a highly populatedaarthere may not be enough room for an
on/off switch to be placed completely in the cotregentation. One proposal would be to
turn one of the access rails and one of the egeads 90° and have them on a road

perpendicular to the normal travel. This is illased in the figure.

FIGURE 5.21: Isometric View of 90° Access and Egress to On/eiftéh
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5.5 Jarmers Plads Junction

In this section the two previous sections will bambined to show the complete
crossing junction with four switches. In an idedétation the crossing junction switches
would be positioned directly around the crossintgcjion as seen previously in FIGURE 2.2.
Unfortunately, this is not the case for the JarmBlads intersection. A number of
compromises needed to be made to fit a junction tns intersection. These compromises
will be discussed and explained in the followingtgm. FIGURE 5.22 shows a suggested

position of the crossing junction and its switches.

FIGURE 5.22: Overlay of RUF Junction on Jarmers Plads

www.googleearth.com
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The first thing that needs to be mentioned a symmetossing junction was used.
However, this will not be the best solution forrars Plads. To make things simpler a
symmetric crossing junction was designed and shtowfit. A crossing junction that is
skewed a little bit would better fit this non-pengiécular intersection and would make a more
comfortable crossing. At first the smallest sauatiwas thought to be the best because it
would take up less space in a crowded city ardaat Would mean switches placed directly
around the crossing junction. This proved to lba@ design because rufs would exit directly
at the existing intersection. It also would be lb&dause if a red light were to appear and
exiting rufs were stopped, a traffic jam could acthat would back up into the switch itself

and stop ruf travel altogether. So another plac¢he switches had to be determined.

As previously mentioned it was a goal to disturiseng traffic as little as possible.
For this it was decided to place the switches akersurround ground intersections. This
had some negative effects also. It increasedideen®eded for the junction and switches to
be implemented, and there was a need for the gsxthat are exiting and entering the switch
would have to travel parallel a long ways to re#tod actual crossing junction. Also, the
roads that make up the intersection of JarmerssRiesl not straight. This means that two of
the switches had to be placed at an angle. In RE.22 the northeast and southwest

switches needed to be turned.

The ground road leading to the southwest switcbursounded on one side with S-
Train rails. There was an assumption made thataitga could be considered useable area. It
is unsure how the placement of the switch in thesavill affect existing traffic and were the
final placement of the switch could be.

Current traffic levels were assumed to be highesthe road going from southeast to
northwest. Some decisions were made based upsrasisumption. In the design of the
crossing junction there were two different desigmsstraight going traffic. One had the
straight on traffic rise to the third level andveastraight on. The other bowed out to the
sides on the second level to allow for rufs to traight. The third level straight on design
was orientated according to the road with the hagheaffic flow. This will be the most
comfortable and fastest solution for the usersabse they do not have to make a curve
while going straight. An idea that was shown ia grevious section that had an access rail
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and egress road in an orientation that was 90° filoenswitch was not used. This was
because the access rail and egress road shouldthe coad with most traffic if possible. It
was possible if the southeast switch was positiod@ectly over the existing road

intersection.

The northeast switch, after a small turn between sWwitch and crossing junction,
seemed to fit well because of a parking area aladige boulevard which can be used. Also,

no buildings or ground intersections were disturbgdhe placement of this switch.

The northwest switch seemed to be a little morgcdit to place because of a large
angle between the two crossing ground roads. Whiehges that were designed best fit on
perpendicular intersections. It would have beepadssible to design a switch that can
universally be used on every street intersectiBacause of this, compromises were made in
the placement of the switches. The access railegnelss road had to be designed to allow
traffic to travel underneath them before descendinthe road surface. To make sure that
this will work the access rail and egress road havstay on level 1 for a distance before
making a curve and traveling down to the road sexfaThis is best illustrated in FIGURE
5.22.

Figure 5.23 shows a 3D view of the junction fromtle¢ northeast. The buildings
shown in this figure are just representative. Theg similar but not exact. Here it is also
possible to see that no existent ground intersecsialisturbed by the designed RUF junction.
There is the possibility to decrease the time nge¢deross the junction if more of the room
available was used. If this area was used, thieisas could be made larger, allowing for a
faster speed to be used. This does make the gunbigger which is unfavorable. Now the
junction is designed for 30 km/h but this couldihereased when the users feel comfortable

with the system and the crossing junction is bigger
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FIGURE 5.23: 3D Model of RUF Junction on Jarmers Plads

FIGURE 5.24 compares the whole solution of the jncwith a normal highway
junction. In this way it is possible to see thia¢ (RUF junction size is nearly half of the
highway junction size. The scale of the figurehed RUF junction to the highway junction is
1:1.

FIGURE 5.24: Overlay of RUF Junction on Highway Intersection

www.googleearth.com
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5.6 Physical Model

The creation of a physical model is the last stepmiake this project complete.
Indeed, the model will help people to understang bwe crossing junction works and to see
the complexity and constraint of this assignmemthe same way, the presenter can show the
different possibilities, benefits and functionapests of the selected solution.

The approach of the modelling is used to simplifg tvork and to eliminate the very
small details. So the result is neater because thelymportant details are shown. Plus, this
physical model will be made to look like Jarmerad3l to be more realistic. However, this
place has been adapted a little bit to better @xplee final idea. To obtain a correct aspect,
it's important to respect the dimensions and finduéable scale. The dimensions used to
describe the rails, switch, and buildings are ledah APPENDIX A10. The scale for the

model was set to 1:200, for example 10 metersusldq 5 centimetres.

Now, to obtain a clean model that could be showth& public, it's important to find the
suitable materials:

- polystyrene for making the buildings (to keep th&mooth)

- awood board to support the model

- aluminium board for the satellite’s floor (metadxXible enough)

- flexible transparent plastic for satellite’s roof

- small metal sticks (about 2cm) to make the massedeadges

- flexible wires of different colors to differentiatiee three levels

- spray paint, glue, adhesives and tape
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A top view and isometric view of the resulting pitgd can be seen below in FIGURE
5.25 and FIGURE 5.26.

Crossing
Junction
Building Switch

FIGURE 5.25: Top View Physical Model

FIGURE 5.26: Isometric View of Physical Model
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The complexity of the three levels of rails carsken in FIGURE 5.27.

FIGURE 5.27: Physical Model Rails

Below the crossing junction that is representethieyphysical model can be seen in
FIGURE 5.28.

FIGURE 5.28: Physical Model Crossing Junction Switch

Difficulties encountered when constructing the gibgl model are listed below:
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1. First, the buildings have been made with cardbdardthe result was not
totally satisfactory because of the adhesive tapasbility and the
imperfection of the cardboard so it was decidechéke them with the handy
material like the polystyrene that could be cuthwatspecific machine (which
was a fine wire that was heated). With this cartdton the buildings can
have a smooth texture.

2. The buildings were painted with different colorst bbe problem was that
some spray paints attack the polystyrene. So thidibgs have been made a
second time and painted with a non-aggressive edhich was in accordance
with the color of the wood board support.

3. The wires have to keep a specific radius of 13cims Twas resolved by
finding a circular object with exactly the sameiuvesd

4. Also a difficult aspect was to straighten the wires

5.7 Conclusion

In conclusion the design shown can be made mnfidlarmers Plads. This means that
the RUF system can be implemented into a city. éles, to say that the proposed junction
is the best design for every street intersectiomldvde incorrect. There are a number of
variations that are shown that would more easilpvalthe junction to fit on other
intersections with different characteristics. \hies such as existing buildings, angle of
road intersection, and the width available on tedrall need to be taken into consideration
when putting a junction in the city. Although thanction proposed is a possible solution,
there are even improvements to this design to tbétt@darmers Plads. The work done and
ideas presented in this chapter will provide thanfiation for future designs of a RUF
junction. It is certain that improvements can amidl be made to this design but the

knowledge gained will be forever useful.
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CHAPTER 6: Future Progress

6.1 Introduction

The different questions that still need to be amedefor the successful
completion of the RUF system are presented in tfiewiing chapter. These unanswered
guestions will be possibly starting points for fetuprojects, and allow the readers to
understand what assumptions were made in this qaildh when designing and
dimensioning the RUF junction. This projects mpimpose, as stated before, was to show a
proposal for a crossing junction that fits on tlaenders Plads intersection in Copenhagen.
That means, that not all questions could be anslv@iteese questions could not be answered
because of a lack of time or because of unknowtofadhat have yet to be determined.
These questions are important to mention to showthahgs have been taken into
consideration with the design, knowing that deemsearch and design is needed, and
modifications need to be made to the proposed RuiEtijon to accommodate and apply

knowledge learned from answering these questions.

6.2 Questions to be Answered
6.2.1 Crossing Junction Switches and On/d8witches

How long should the entering building be?

For the entering building there are some questibas have yet to be answered.
A lot of these questions depend on obtaining furtieehnical givens of the rufs. The
distance which the rufs and maxi-rufs need to sttown safely and comfortably is not
known now. It is not clear if the estimated diseansed for the entering building is long
enough to slow down the rufs from 50 km/h or 70 tkta/ the safe entering speed of 30 km/h.
For safety reasons it had to be discussed if awergoes into the entering building with a
very excessive speed can be slowed down by themysafely. To prevent entering at very
high speeds, an idea such as speed bumps coultgdemented in front of the entering
building. All these factors have an influence oa téngth of the entering building. Another
factor is the snow and environment. The enterinfgimg is roofed, but it is not clear how it
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could be prevented that snow is pushed inside ttieriag building while clearing the

connection between the entering building and threnabstreet.

What distance is needed on the access rail to susstilly check the rail drive system?
How will the drive system be checked?

At this point it is not clear if the rail drive 9¢$n needs a rail to check the
functionality of the rail drive system before emgrthe RUF system. If the rail drive system
does need a rail to check its functionality theis minsure if the designed about of access ralil
is enough for that test to take place. There isertly an idea that the rail drive system will
be checked by powering the ruf up the access i the switch platform. If the rail drive
system is not functioning correctly then the rodueels would power the ruf up the access
rail where the ruf would then be guided off of gwitch under the power of the normal road
wheels. It is impossible for the ruf to enter RF rail system if the rail drive system is not

working. A traffic jam would ensure, thus defegtihe efficiency of the RUF system.

What is the best distance for the rail to be place@dbove the street to allow both rail
drive system and normal road wheels to be used?

There has to be a standard which defines thendistbetween the rail wheels and
road wheels when each ruf or maxi-ruf is built. iSTis important to know this distance so
that the access rail can be placed at the optimighh for functional use of both rail drive
system and normal road wheels. This is an impbftarction to allow use of the normal

road wheels in case there is a malfunction of #iledrive system.

How accurate can the magnetic guidance work?

It was not known how accurate the magnetic guidasystem could work.
Designs were made under the assumption that tlaugee system was accurate t& €m.
The switch was created out of two circles with@iuwa of 26 meter and at the end a small part
which goes straight. If this straight line is habg enough another possibility would be that
the magnetic guidance of the switch consists 06 an2ters and 10 meters radius. But this
would mean that the rufs have to slow down in t@ernkters radius what would decrease the

capacity.

Which security measures have to be implemented?

74



Dimension of a RUF Junction <

If a ruf has a problem or if it wants to leave #ystem and the user don’t react to
the signal the system will guide it from the raalsd park it on a special parking area. This
project hasn’t handled with the signal on which tiser has to react or with the parking area.
This means that it isn’t clear if there has to j@gaging area at each satellite or if one for a
junction is enough. Also the place is not surehthuldn’t be far away from the satellite but it

also shouldn’t disturb the normal traffic. Also gty exits are not implemented.

Do the rufs have to be traveling straight when enténg and exiting a rail?
Turning at 26 meters right now, will the ruf birfdhey exit or enter at a slight off
of straight angle, if they need to go straight thi increase the length of the switch to allow

for a straight going section of travel

How will the switch coverings be supported and whathey will be made of?

The current drawings show a one mm thick repretientaf the covering for the
switches. Extra space was left between the tofhefrufs and the covering to allow for
future structuring to be designed in and spacesktiras such as lighting. It is unsure what
material the covering would be made of but couldsdy made of a transparent plastic that
would allow for light to come in during the day.hi$ transparent matieral would also allow
exiting RUF users to see existing traffic and beppred to make necessary actions when
control is regained.

How to make sure traffic jams on road don’t back upinto the ruf junction?

Because the rufs exit into existing traffic thesethe possibility that if there is a
traffic jam on the normal ground road it would radiow rufs to leave the rail. This would
cause the rufs to start backing up into the switththis were to happen it could cause a

traffic jam on the RUF system. It is unsure hovavoid this situation.

Is using the access rail and egress road for safetyiting of passengers on foot ok?
There may be safety regulations surrounding thé ekipassengers from a
structure like a RUF switch. The switches wereigiesd to allow for emergency exit, but

maybe in the future an escape staircase may hawe added.
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6.2.2 Crossing Junction

How will the junction rails be supported?
The whole topic of masts was not touched in detaithis project. It is not
calculated where the masts have to be, what thikyawie to carry or how they will influence

the ground traffic. The pictures show some postdsl how the mast problem could be

solve.

FIGURE 6.1: Isometric View Single Mast FIGURE 6.2: Front View Single Mast
FIGURE 6.3: Isometric View Bridge Mast FIGURE 6.4: Front View Bridge Mast
FIGURE 6.5: Isometric View T-Mast FIGURE 6.6: Front View T-Mast
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Each mast has advantages and disadvantages. itlge hflows traffic to flow
underneath it when there is need to support aflotits. The single mast is the simplest
design but can only be used for one rail. The Ftrdasign is possibly the most universal. It
could be used for supporting two rails or more wheaded.

Could be the junction rails be covered?
The junction could also be implemented in a buddimhis could be used like a
mast which carries some rails or safety system&idmeiinstalled in it. But it also could help

to make it more beautiful and because of thisul@te more accepted by the public.

Which safety measures have to be implemented?

At this status it is not clear what safety posgies have to be implemented.
There are different possibilities that include rIstao that passengers can leave the system at
certain points, or suspended walkways between ais. r Because of the complexity of the
rail design for the crossing junction it is unsin@v users would safely exit the system in
case of an emergency. Maybe a crane like appacatud be used to lift disabled rufs off of

the crossing junction. This has to be discussedaier time.

What capacity will the junction have?

Another topic which was not discussed in detaihes capacity of the junction. No
calculations had been made to see where the prebdémapacity could be. It is also not
clear if the capacity could be enlarged with makimg radius of the curves bigger so that the
rufs could drive faster because it is no use whenrtifs can cross the junction in a shorter
time, but than have to wait in front of the swit€erhaps the capacity could increase if the
switch is bigger and the rufs can merge at diffeqgrints. But all these point has to be

calculated in another project.

What is the cost of the RUF junctions?
Because of inaccurate cost comparisons a costheBrRUF junction was not
estimated. Listed below in TABLE 7.1 are the metef rail, and square meters for each

switch to allow for future cost analysis.
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Description Total Units
Crossing Junction Rails 2710 m
Crossing Junction Switch 1692 m2
Crossing Junction Switch
Rail 92 m
On/off Switch 1581 m?2
On/off Switch Rail 132 m
TABLE 6.1: RUF Junction Number Analysis

6.3 Conclusion

There are still many questions at this point thechto be answered, and still

many questions that need to be documented for otteeresearch and answer.

questions will provide a good starting point fotuite RUF engineers.

These
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CHAPTER 7: Remarks and Suggestions

Conclusion

In conclusion, it is clear that there is still wao be done before the best RUF
junction is designed and dimensioned. This repart be used as a starting point and
foundation of knowledge for future work on the R{uRction. That being said, it should be
known that the goals of this project were succdigsachieved. A crossing junction and
switches for the RUF junction were developed arair thimensions were determined. This
final RUF junction was successfully placed on Jasn®lads street intersection in
Copenhagen, Denmark.

To say that the designs and dimensions suggestgtsi publication provide the
universal solution for every street intersectionuldobe incorrect. It has become clear that
because of the great amount of variation from oxistiag street intersection to another,
specific attention and specific designs would hevée made to effectively execute a RUF
junction.

It has been shown that the RUF junction is smdhan conventional highway
intersections. Although there were not any spedciist calculations made, it is the hope that
the RUF system would be less expensive to buildapatate than conventional roads. The
many benefits of the RUF system seem to be veriyalds to ending the current problems
with transportation. Whether or not the rail syst@nd junctions will be visually accepted by
the public is yet to be determined. Also, the leggpects such as safety regulations and
building regulations are still obstacles that needde overcome.

It is the hope that this project has shed sonte bap the idea of a RUF junction
and what things need to be done and consideratatsieed to be made so that in the future

the RUF system can become reality.
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APPENDICES:

Al: Agenda Template

Group 4 Meeting Agenda

Meeting Date
Meeting Time:
Those Invited
Chairman:
Secretary.

O O O O O

o

Approval of Agenda:
Approval of last meeting Minutes:
o0 Summary of Previous Minutes:

(@]

o New Business:
1.
2.
3.

Other Business:
o Set Date for Next Meeting:
Set People and Dates to To-Do List:

(@]

o
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A2: Minutes Template

Group 4 Meeting Minutes

Meeting Date
Meeting Time:
Those Present
Chairman:
Secretary.

Issues Discussed

1.
2.

3.
To-Do List:

Things to do Persons Responsible Complete By Comied

Decisions Made:
1.
2.
3.
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A3: Technical Givens

Technical Givens

Given Units
Radius of minimum Turning ability on Rail 26 meters
Minimum Turning Radius on Ground 10 meters
Comfortable Angle of Elevation 10 degrees
Comfortable lateral turning G-force 0.2g
Distance between rails 3 meters
Max ruf width door closed 2 meters
Maxi ruf width door open 3 meters
Maxi ruf height door closed 2 meters
Maxi ruf height door open 3 meters
Maxi ruf length 6.75 meters
Maxi ruf weight full 3,500 kg
Mono Rail Overall width 0.85 meters
Mono Rail Overall height 0.60 meters
support of rail per meter 500 kg
distance between masts 20 meters
magnetic field wire distance apart 0.30 meters
Comfortable breaking from 50 km/hr to 30km/hr 20 meters
Emergency braking from 70km/hr to O 10 meters
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A4: Brainstorming
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A5: Flowchart
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A6: Gantt Chart
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A7: Crossing Junction Dimensions

A7.1: Dimensions of Level 1

FIGURE A7.1.1: Top View Level 1 Dimensions

FIGURE A7.1.2: Side View Level 1 Dimensions
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A7.2: Dimensions of Level 2

FIGURE A7.2.1: Top View Level 2 Dimensions

FIGURE A7.2.2: Side View Level 2 Dimensions #1
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FIGURE A7.2.3: Side View Level 2 Dimensions #2

A7.3: Dimensions of Level 3

FIGURE A7.3.1: Top View Level 3 Dimensions

FIGURE A7.3.2: Side View Level 3 Dimensions
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A8: Crossing Junction Full Switch Dimensions

A8.1: Crossing Junction Switch

FIGURE A8.1.1: Top View Crossing Junction Switch Dimensions

FIGURE A8.1.2: Top View Crossing Junction Switch Platform Dimemsio
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FIGURE A8.1.3: Side View Crossing Junction Switch Dimensions

FIGURE A8.1.4: Front View Crossing Junction Switch Dimensions

A8.2: Crossing Junction Switch Cover

FIGURE A8.2.1: Top View Crossing Junction Switch Cover Dimensions
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FIGURE A8.2.2: Side View Crossing Junction Switch Cover Dimensions

FIGURE A8.2.3: Front View Crossing Junction Switch Cover Dimension
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A8.3: Crossing Junction Access Raill

FIGURE A8.3.1: Top View Crossing Junction Access Rail Dimensions

FIGURE A8.3.2: Side View Crossing Junction Access Rail Dimensions
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FIGURE A8.3.3: Side View Crossing Junction Beginning Access Ramé&nsions

FIGURE A8.3.4: Side View Crossing Junction Ending Access Rail Disiens
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A8.4:. Crossing Junction Magnetic Field

FIGURE A8.4.1: Top View Crossing Junction Magnetic Field Dimension
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A8.5: Crossing Junction Switch Incoming Rails

FIGURE A8.5.1: Side View Crossing Junction Switch Incoming RailmBnsions #1

FIGURE A8.5.2: Side View Crossing Junction Switch Incoming RailmBnsions #2
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A9: On/off Switch Dimensions

A9.1: On/off Switch

FIGURE A9.1.1: Top View On/off Switch Dimensions #1

FIGURE A9.1.2: Top View On/off Switch Dimensions #2
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FIGURE A9.1.3: Side View On/off Switch Dimensions

FIGURE A9.1.4: Front View On/off Switch Dimensions
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A9.2 On/off Switch Cover

FIGURE A9.2.1: Top View On/off Switch Cover Dimensions

FIGURE A9.2.2: Side View On/off Switch Cover Dimensions

101



Dimension of a RUF Junction

NS

FIGURE A9.2.3: Front View On/off Switch Cover Dimensions
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A10: Physical Model

75cm

50cm

A

v

FIGURE A10.1: Physical Model Dimensions

FIGURE A10.2: Physical Model Building Dimensions #1
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FIGURE A10.3: Physical Model Building Dimensions #2
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All: Group Member Contributions

Group Member Contribution

Work Groupmember
Organisation all
Research all
Brainstorming, Proposals, Ideas all
2D drafting ideas HH,JS
Dimensioning of the junctions HS,HH,BA
Create 3D Model HS
Create 2D Model HS
2D Model Dimensioning JS,HH
Physical Model CL,JS
Final Report BA,HH,CL,HS,JS
Final Report Compilation BA
Beau Anderson BA
Hendrik Holscher HH
Christian Liv CL
Hubert Schmid HS
Jekaterina Seredenko JS
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