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Abstract High levels of pollution and congestion in urban
centres are an increasing concern for local councils in the
UK. Heavy goods vehicles delivering urban freight to city
centres are a leading cause of this problem. This paper
discusses the concept of using light rail networks to deliver
freight to city centres from surrounding businesses.
Specifically, various innovative designs are considered for
the interior of the metro carriage and developed into visual
models using Autodesk Inventor software. A full evalua-
tion of all the designs developed is completed, resulting in
a proposed design for consideration. The conclusion
reached is that the proposed interior design is viable and
coincides with the future metro fleet designs and concepts.

Keywords Metro - Urban freight - Interior design -
Autodesk Inventor - Tyne and Wear metro - Light rail -
Urban environment

1 Introduction

Freight distribution is an important part of economic and
national development in the UK [1]. The problem of
increasing congestion and pollution in urban centres is a
growing concern for urban centres in the UK. In 2015, 1.65
billion tonnes of goods were lifted by HGVs in the UK; this
represented an increase of 11% compared with previous years;
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during that time, a distance of 18.4 million kilometres was
travelled by domestic freight in the UK. Every year, busi-
nesses in the UK lose £10 billion per year [2] due to conges-
tion. If HGV usage can be reduced by using more sustainable
forms and means to distribute goods to city centres, then this
could generate major economic and environmental benefits.

Most air pollution in the UK comes from road transport
and residential emissions [3]. In 2014, the EU announced it
was taking legal action against the UK; this was due to
pollution levels persistently exceeding the safe limit. In
2003, 61% of particulate emissions in London were pro-
duced by freight transportation, causing an impact on the
health of those working in the city as well as the produc-
tivity of the firms located in urban zones [4]. Currently, the
main method of freight distribution in the UK is via heavy
goods vehicles (HGVs). The annual report from the
European Environmental Agency (EEA) claims that HGV
pollution costs EU countries £40 billion per year, making
up half of all transport air pollution costs. The EEA also
stated that HGVs should be charged with an increased
amount in certain European countries due to the higher
levels of pollution [5]. The UK Government is funding
various projects which are researching the use of gas and
dual-fuelled HGVs under the low-carbon truck trail [6].
However, even if HGVs were emission-regulated, the
problem of congestion caused by HGV freight delivery to
local businesses and shops still exists in city centres.

As stated by the European Commission [7], the com-
bined effects of congestion, safety, noise and environ-
mental issues are both economic and societal issues. These
issues not only reduce efficiency and effectiveness of urban
freight logistics but also impact the well-being of society
due to the negative effects on health. One way to reduce
urban pollution is to introduce low-emission zones (LEZ),
which aim to promote cleaner urban centres through the
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use of cleaner vehicles and a reduction in the use of older,
highly polluting vehicles [8]. In Europe, a modal shift
towards environmentally friendly freight distribution is
promoted by the European Commission, governments and
local authorities. However, as the financial engineering of
the projects is complex, a long period of time will be
required before implementing the modal shift [9].

A multimodal system using light rail is an important
concept and needs serious considerations. For the case of
Newcastle upon Tyne, the interested reader is referred to
[10]. It is evident that a modal shift towards more sus-
tainable transport methods is needed. Such a project could
generate employment, environmental benefits and business,
although large amounts of public and private investments
in the infrastructure and construction would be needed in
order to implement such a system.

The Tyne and Wear metro service in Newcastle upon
Tyne is chosen to act as a case study, outlining the potential
for light rail services to become well-adapted and suit-
able for a complementary freight delivery service. We
focus on how the interior of the metro vehicle can be
adapted in order to operate as a freight service. Various
designs are developed, discussed and analysed along with a
thorough review of the safety and security considerations.
A full evaluation of the designs is completed, while dis-
cussing the levels of investment needed with the benefits
and weaknesses of each design.

Autodesk Inventor simulation package is used to
develop visual models, demostrating the way the interior of
the metro carriage could be adapted without major changes
to the existing rolling stock construction. The advantages
and disadvantages of such a system are highlighted, con-
clusions about the effectiveness of this innovative idea are
derived and consequently whether this freight system could
be practical for the Tyne and Wear metro and other light
rail systems.

2 Current Systems

A HGYV refers to a large goods vehicle; it is the term used
by countries within the European Union (EU) for vehicles
with a total mass of over three and a half tonnes [11].
HGVs are currently the most common form of freight
distribution in the UK. In 2014, road freight was the main
method of freight transportation in the UK, with 75% of
goods transported by HGV over rail and water [2]. HGV
use peaked in the UK in 2004, before the recession and has
been on the steady increase since 2012 [12].

The advantage of using HGVs for transportation of
goods is that they can deliver goods directly to the door of
the customer, often eliminating the need for intermodal
transport. However, there are restrictions related to the use

of HGVs in the UK. The maximum vehicle weight in the
UK is 44 t (truck, fuel and load) [13]; this government-
enforced law means that freight distributed by HGV often
cannot compete with the high volume of goods transported
by rail or water. HGVs are generally seen as being envi-
ronmentally unfriendly and are a major cause of inner city
pollution. HGV transport by road produces 76% more CO,,
90% more particulates and up to fifteen times more NOyx
than the equivalent journey by rail [14].

Dense inner city zones require smaller logistics vehicles
in the modern environment. City freighters are vehicles
with a relatively small capacity that can perform distribu-
tion activities to locations along narrow and crowed streets
in city centres [15]. They are often significantly more
environmentally friendly (electric or hydrogen based).

Electric vehicles (EVs) are a cleaner alternative to
HGVs which use lithium-ion batteries that can be charged
at different locations such as at home or the workplace. The
UK Government has offered various benefits to those who
use EVs at home or for business such as a grant of up to
20% of the cost of the vehicle (up to £8000) [16]. This
scheme aims to improve the air quality in city centres by
reducing the carbon emissions from freight vehicles. Using
EVs for freight distribution in city centres also reduces
noise pollution due to the near silent state at running speed.

However, the case for solely using EVs for freight and
logistics services has its downfalls. More is required to make
a feasible business case than just replacing vehicles with
electric cars. The current logistics systems in many cities are
set up for conventionally powered vehicles. The number of
charging points in urban areas would have to be significantly
increased to deal with the demand. A new freight network
would have to be devised among freight companies,
resulting in high initial costs but low operational costs.

Many large cities in the UK, Europe and around the
world benefit from light rail transit systems such as metro
or tramways. The potential for freight distribution by light
rail is a topic that has been researched, though it has not
experienced a desirable implementation. Amsterdam City
Cargo started running in 2008 following a successful pilot
scheme, testing the capability on using the existing tram
tracks within the city. City Cargo did not affect passenger
tram services as it did not use passenger stops.

For the first phase of testing, the trams travelled without
carrying any cargo, to assess the traffic flows along the
routes. Delivery points outside the city were used to dis-
tribute goods to the corresponding consolidation hubs in
the city centre, where small electric vehicles (as shown in
Fig. 1) were used to transport the goods to the final desti-
nation. Cargo transportation in Amsterdam took 15 min
more than direct HGV transportation; however, this is
counterbalanced by the fifteen percent reduction in
expenses compared to conventional delivery [17].
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Fig. 1 Amsterdam City Cargo concept

Urban consolidation centres (UCCs) have drawn atten-
tion in recent years as a means of promoting existing
logistics systems. The appropriate application of a UCC
has the ability to improve supply chain performance and
reduce societal and environmental impacts of freight
transport activity [18].

Automated freight delivery has the potential to be a
game changer in the UK logistics industry. Technologies
such as radio frequency identification (RFID) and auto-
mated guided vehicles (AGVs) are an expanding sector
within the freight service market, from which light rail
freight systems could largely benefit. Such a fundamental
change to the industry could produce benefits and
improvements for congestion, emissions and road safety
[19].

3 Current Metro Interior Designs

Interior designs of metro vehicles are not suitable for the
transport of most type of freight, especially not suitable for
the transport of hand luggage and passengers’ bags.
Worldwide light rail and metro systems use various dif-
ferent seating layouts. There are currently two fundamental
seat configurations when it comes to metro carriage

Fig. 2 Tyne and Wear metro interior
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interiors. The Tyne and Wear metro (as shown in Fig. 2
[20]) uses a transverse (facing) arrangement, which is often
used in wider trains. Evidence suggests that passengers
prefer sitting in the direction of travel rather than sideways
[21]; therefore, this seating arrangement is usually used for
services with longer journey times, as the tolerance for
discomfort is lower than that in short journeys.

The transverse layout is said to be the least effective at
increasing passenger flow on services with multiple stops
[21].

This transverse arrangement involves a higher seating
density than the alternative of [17] using longitudinal
seating, as shown in the London underground (shown in
Fig. 3 [22]). Neither layout shows clear potential for
freight storage; therefore, alterations would need to be
made. The Institute of Transport Research Studies at
Monash University conducted a study [23], and researched
on how seating arrangements can affect dwell times on
metro services. The Stockholm metro was used as a case
study, in which the seating arrangement was changed from
transverse to longitudinal and tested during an eight-week
period. The study found that there was a 2.4 s reduction in
dwell time caused by the new seating arrangement. These
marginal gains would accumulate over the service to con-
tribute to a better compliance with the timetable.

Through a review of alternative freight transport meth-
ods, large benefits related to switching to an unconven-
tional mode of freight transport such as the reductions in
CO, and particulate emissions could be maximized. HGVs
are the most common form of freight transport in the UK
today, yet they cause many of the environment problems
due to their inefficiency. Certain transport modes are
clearly not suitable for some applications; however, com-
bining modes of transport would be a good approach
towards the goal of increasing efficiency while reducing
emissions within urban centres. Cities are unique and vary
from one to another, and thus, one freight system may not
be suitable to all urban areas.

Fig. 3 London underground interior
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According to [10], for the case of Tyne and Wear region,
the utilisation of the Tyne and Wear metro service for
freight distribution would allow for a greater usage of the
light rail network.

4 Design Software

Two computer-based packages have been identified for the
visualisation of interior designs: SolidWorks and Autodesk
Inventor.

SolidWorks is the most common 3D modelling software
package used in industry for detailed CAD models of
complex components and assemblies. This software has
successfully been used for similar design projects previ-
ously. However, the software does not provide the same
easy user interface as other software packages provide.

The Autodesk Inventor’s easy and user-friendly inter-
face makes it a great package for the use of visual models.
After reviewing various software packages that could have
been used for the project design work, Autodesk Inventor
was chosen due to its availability and easy user interface.

S Tyne and Wear Metro
5.1 Infrastructure

The Tyne and Wear metro has been in operation since 1980
and is considered to be one of the world’s first electric
urban railways, alongside London and Glasgow. The light
rail system serves over 60 stations, spanning from New-
castle to Sunderland. Since its introduction, the rolling
stock interior design has remained largely unchanged.

The service carries 38 million passengers a year, making
a vital contribution to the region, socially and economi-
cally. Nexus, the owner of Tyne and Wear metro, claims
that every pound invested in the metro yields a return of
eight pounds [24]. This shows that if a freight service was
introduced on the metro, such a scheme would very likely
be profitable.

There is a clear potential for the establishment of a
metro-based freight system in Newcastle upon Tyne. In
order for such a system to operate, a micro-consolidation
centre would be developed at Palmersville, near the metro
station [10]. All goods from surrounding businesses would
be loaded onto the modified metro train. The train would
depart from Palmersville metro station and arrive at a track
situated between Jesmond and Manors metro stations (as
shown in Fig. 4 [25]), currently only used at night to return
trains back to the depot. This section of the track is where a
distribution centre would be constructed. Goods would be

sorted and transported at the final stage of the journey by
bicycle couriers or electric vehicles.

5.2 Rolling Stock

The Tyne and Wear metro has one of the largest seat
numbers per train when compared to other light rail ser-
vices in Europe. This high number of seats does not reflect
the usage statistics of the metro, suggesting that most
passengers travel on the metro for a total of 10 min [26].
This shows that there is potential for removal and recon-
figurations of seats within the carriage.

The current metro trains are usually comprised of two
carriages, each made up of two cars [25]. Refurbishments
took place in 2010, extending the life of the carriages by
10-15 years before being replaced [27]. The capacity of the
carriage is 232 standing and 68 seated passengers [24]. Each
carriage has eight doors and a swivel bogie which connects
the two cars. The carriage can be split up into three sections
(as shown in Fig. 5 [25]). Sections A and C show potential
for freight storage without the need to change the interior due
to the larger floor space and accessibility to the doors at either
side of the carriage. To increase the freight capacity, section
B would need to be reconsidered.

6 Methodology for Improving Existing Design

Research into current methods of freight distribution in
urban centres was considered when developing designs for
a metro carriage capable of freight transport. There were
three design scenarios to be explored. The first being a
design that utilised the current metro interior, requiring
very low investment and could work as a short-term option.
The second scenario was to design a reconfigurable car-
riage that would be able to provide freight and passenger
services alongside one another, and will possess adapt-
able seating to free up space within the carriage. The final
scenario was to design a fully automated freight system
that operated using the metro system. Various designs were
considered before the final designs were chosen.

An initial CAD model was produced to obtain an
accurate visual aid of the current interior layout; this is
shown in Fig. 6. This model acted as a foundation for the
development of design work. The designs were developed
from initial sketches to 3D CAD models using Autodesk
Inventor. These models helped to present the designs in a
visual and realistic way, compared to the hand sketches. An
evaluation of the final designs was completed using a
decision matrix, comparing scenarios against a set crite-
rion. The potential for such a system is discussed and
conclusions are made, discussing the benefits and limita-
tions of implementing such a concept.
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Fig. 6 Autodesk Inventor model of current design
7 Application
7.1 Design 1: Utilising the Existing Design

Designs 1.1 and 1.2 have been developed using the current
metro design and have utilised it for freight storage. These
designs would involve the lowest investment due to the
minimal amount of changes made to the carriage interior
design. As shown in Fig. 7, there is significant space in the
doorway and longitudinal seating area (this area is depicted
by section ‘A’ in Fig. 5). In order to optimise the use of
space in this part of the carriage, the production of bespoke
cargo boxes would be needed.

@ Springer
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7.1.1 Design 1.1

Design 1.1 makes efficient use of the open space by using
wheeled boxes to transport the goods on and off the car-
riage. A full depiction of the design in full operation is
given in Fig. 8. The boxes would be stored uniformly
within the carriage, fitting two boxes side by side in the
longitudinal area and three boxes in the door area. The
boxes would have to be carefully arranged around the
pivoting bogie in the stationary section of the carriage,
making sure all four wheels are positioned securely, pre-
venting unsafe movement. The boxes would be locked into
position using a footbrake. This method of freight storage
on the metro could be applied to a passenger service by
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Fig. 7 Inventor model showing
the potential for goods in the
middle of the carriage

Fig. 8 Display of Design 1.1
when in operation

closing off one of the carriages; however, this arises the
problem of increased dwell time (the time taken at each
station). For this method to be efficient enough to work
alongside the passenger service, the boxes would need to
be removed from the carriage by workers extremely
quickly. This design would work best as a service outside
of passenger service hours. In order for the freight service
to act alongside the passenger service during the day, the
dwell time of loading and unloading cargo would need to
be significantly reduced (see Design 3).

7.1.2 Equipment and Features

Design 1.1 involves bespoke cargo boxes, specifically
dimensioned to fit within the constraints of the current
metro. The boxes would have detachable shelving that can
be rearranged as needed, to suit different freight sizes.
Using shelving allows different goods to be stored in one
box while being easily differentiated, acting similar to a
bento box [10]. The height of the box is just under that of
the average human height, to allow the user to see ahead
when manoeuvring the box. The boxes will be mounted
with swivel wheels possessing brakes to allow them to be
moved onto the metro by hand. This application eliminates

the need for forklifts as these would not be able to load the
cargo onto the metro effectively.

7.1.3 Design 1.2

Design 1.2 (as shown in Fig. 9) also utilises the metro
design without modifying the carriage. The transverse
seating could be used to accommodate platforms in which
freight could be stored above. This design is suited towards
smaller freight volumes, as the packages would have to be
individually placed in the storage area. A sack truck or
lifting trolley could be used to move the goods on and off
the carriage. These platforms could simply be made from a
sheet of plywood or other rigid material. This design is
easily set up and could be very effective for smaller freight
volumes at less busy times.

7.2 Design 2: Reconfigurable Carriage
Design 2 focuses on modifying the metro design to act as a

reconfigurable carriage, allowing the parts of the train to be
quickly switched between passenger and freight service.
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Fig. 9 Design 1.2 using
platforms over the current
seating

7.2.1 Design 2.1

After considering results from the research on rolling stock
design by Monash University [21], an alternative design
using longitudinal seating along the carriage length was
developed. Design 2.1 makes use of the more efficient
seating arrangement, creating more floor space for freight
storage. Standing space on board the train would be
increased; however, this configuration would reduce the
number of seats available in the carriage. Due to the
average journey time on the Tyne and Wear metro being
only 10 min [26], this arrangement would unlikely affect or
increase passenger discomfort. The introduction of foldable
seats would make the carriage more adaptable for a quick
change between freight and passenger services. This fold-
ing seat design drastically increases the space inside the
carriage, as shown in Fig. 10.

The panels (as shown in Fig. 11) act as a barrier from
the doors, causing a reduction in floor space due to the
distance from the side wall (roughly a seats width). To
address this problem and create more space, these panels
could be made foldable (as shown in Fig. 12) by using a
lock and turn mechanism with access via a key. There are
limited options to remove the panels completely as they act

‘wiW § F NIE
\ B |

Fig. 10 Folding seat design
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as a safety barrier from the automatic moving parts that
operate the carriage doors.

Removing the central handrail and adding more grab
rails at head height increases space without compromising
passenger comfort. An addition to the design would be to
add portable shelving to the part of the carriage between
the doors and pivoting bogie. The shelving would be
mounted on wheels with brakes to allow easy entry and
removal from the carriage. This shelving would be used for
smaller, individual packages that would not be transported
using the cargo boxes.

Figure 13 shows the organisation of the shelving and
cargo boxes inside the newly designed carriage. The
removal of the door panels creates an open plan space in
which a larger freight volume can be stored. In order for
the freight section of the carriage to be kept separated from
the passenger section, barriers would be needed to deter
passengers from entering the unauthorised area. Currently,
when metro drivers are under instruction, an elasticated
sheet is raised by connecting the handrails to section off
that part of the carriage. However, this method is only
applicable to the areas of the carriage with an abundance of
handrails. In the middle section of the carriage, another
method would need to be used. Through the research of

Folding seats
\

|

,‘- -

Door panels
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Fig. 11 Folding panel design

Fig. 12 Door panels

various barrier methods, it was concluded that the best
solution would be to use extendable fibre barriers. This
method would create a quick and easy way of sealing off
one part of the carriage from passengers. These fixtures
could be mounted to the carriage wall, eliminating the need
to bring any equipment on and off the carriage. Figure 14
shows how these barriers could be fitted to the metro.

7.2.2 Design 2.2

Design 2.1 uses an innovative transverse seating design (as
shown in Fig. 15), allowing seating to be folded away
during freight service. The design uses a central bar in
which both parts of the seat are mounted. This support bar
is able to rotate around a pivot, connected to the metro
wall. This pivot would be locked in and out of place using a
simple spring lock mechanism, similar to the mechanism
commonly used in gym equipments.

This design would have the same effect on floor space as
the longitudinal folding seating arrangement presented in
Design 2.1. Using this design would increase the number of
seats available in peak times. However, the time taken to
fold in all the seats would be longer than that of a simpler
longitudinal seating arrangement shown in Fig. 10. Fig-
ure 16 shows how the folding design would work when in
full operation.

This design would allow the metro to be utilised more
effectively during peak times when capacity is much
greater than usual, such as after a concert or football match.
Therefore, the option of being able to adapt the carriage in
this way would positively affect both the freight and pas-
senger services.

Fig. 13 Model showing the positioning of portable shelving on board the carriage
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Fig. 14 Extendable barriers in
the mid-section of the carriage

Pivot with lock
mechanism

Wall mount

Fig. 15 Transverse folding seat design

Fig. 16 Transverse seat design
in operation

7.2.3 Design 2.3

Design 2.3 has been developed from Design 1.2, by cre-
ating a horizontal platform in which smaller packages
would be stored during low-freight volume periods. The
design utilises the longitudinal seats next to the pivoting
bogie, by making the seats foldable into a flat platform.
Figure 17 shows how the seats would be refitted with a
locking mechanism that would allow movement into the
horizontal position by simply applying a force to one part

@ Springer

Foldable seats

Central support bar

of the seat. This mechanism is similar to those used in
caravans to convert a sofa into a bed [28].

When the seat is in the horizontal position, smaller
packages could be stored above the surface. The position of
the mechanism at the side of the seat eliminates the need to
modify the electric components underneath the seat. This
design allows for easy configuration between passenger
and freight service. However, this design would not operate
with the same freight volume as Design 2.1 or Design 2.1,
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Fig. 17 Folding seat
mechanism diagram

and therefore, it would be more applicable to a quieter
service.

7.2.4 Motored Seating Concept

B/E Aerospace [29] is a company that designs interiors and
utility systems for commercial aircraft. The company has
designed a seat that would adjust for taller passengers via
small motors mounted in the floor. The design arose to
address the problem of passenger discomfort on board long
flights [30]. The movement of the seats would be controlled
by the staff on board the plane via a single control unit (see
Fig. 18 [29]). Mechanically controlled seating is a concept
that could be applied to a metro car. This seating design
would allow quick and easy movement of seats when
positioned in a transverse seating layout. However, this
design could be said to be overengineered and inapplicable
to the metro, as the complexity of the electronics needed
would require a full redesign of the metro rolling stock.

7.3 Design 3: Full Automation

Design 3 focuses on the use of automation within the
carriage. The concept includes the use of autonomous
guided vehicles (AGVs) to distribute the freight from the
consolidation centre directly to the customer. Full
automation means that the vehicle would be capable of
safely completing full journeys without the need for an
operator, while encountering normal traffic and weather
conditions. This method would involve a high level of
private and public investment to become fully integrated

Fig. 18 Motored seating concept on board a commercial aircraft

into the system, but it could be the most efficient and
effective way to distribute freight in the long run.

7.3.1 Automated Guided Vehicle (AGV)

The AGV would act as the cargo container, distributing the
goods directly to the customer. AGVs are commonly used
in modern warehouses, making use of systems such as
radio frequency identification (RFID) [31]. AGVs can help
reduce product damage, eliminate lost loads and simplify
equipment maintenance in warehouses [32]. The use of
AGVs can deliver year after year cost reductions. Fig-
ure 19 [32] shows various applications of AGVs for
moving goods.

7.3.1.1 Radio Frequency Identification (RFID) RFID
utilises radios waves to identify goods by using chips [31].
Electromagnetic fields are used to identify and track chips
attached to the goods. The RFID device serves a similar
purpose to that of a bar code or magnetic strip on a credit
card [33]. Active chips have a local power source such as a
battery and can operate far away from the RFID reader.
RFID has many applications such as access management,
tracking goods and airport baggage logistics.

Using RFID in an automated system on the metro would
benefit the operational efficiency of the system by elimi-
nating the need to check the goods manually. An RFID
reader could simply be mounted on the carriage door,
which would monitor the inward and outward flow of
goods on the metro. A computer would store this infor-
mation, allowing all freight to be tracked effectively.

7.3.1.2 Navigation In order for the AGV to navigate to
the correct destination, an advanced navigation system
would need to be applied to the system. Visual guidance
would allow AGVs to operate by using cameras to record
features along the route. Specially designed stereo cameras
with 360 degree images would be used to build up a 3D
map, allowing the AGV to follow the route without human
assistance. However, geo-guidance are considered to be a
more accurate method of navigation. A geo-guided AGV
would recognise its environment to establish its position.
Obstacles would be detected and identified, allowing the
AGYV to avoid obstructions.
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Fig. 19 Automated guided
vehicle applications

7.3.1.3 The Metro AGV The metro AGV would operate
using geo-guidance navigation technology and would be
powered by a lithium-ion battery, located underneath the
goods in order to lower the centre of gravity. Lowering the
centre of gravity of the AGV is a key to inclined transit,
helping to prevent the AGV from tipping over. The AGV
would travel at average walking speed (1.4 m/s) [34] in
busy pedestrian areas, with the ability to speed up in open
areas. The AGV would be stored at the unused area at the
end of the metro platform, before positioning itself in front
of the yellow line at the end of the platform specifically
reserved and cornered off for freight use. The AGV would
have automated sliding doors at either end allowing easy
access to the goods inside. Figure 20 shows the Inventor
model of the AGV design and outlines the main features.
The AGV would be roughly 1 m wide, 1.5 mlong and 1 m
tall. These dimensions would allow two AGVs to fit side by
side within the modified metro carriage with sufficient

Fig. 20 Metro automatic
guided vehicle

Sensor

Sliding Door
[¢] ~__

Bumper

Battery

@ Springer

S

room to walk in between. A key feature of the AGV is the
double wheel. The double wheel allows the AGV to turn at
very sharp or tight corners without wearing down the
rubber tyres. The double wheel would simply rotate around
90 degrees and the AGV would move in the perpendicular
direction. This feature allows the AGV to move within the
carriage and along the platform with ease.

For the purpose of this design, the interior design of the
carriage has been extended or carried forward from Design
2.1. The AGVs would have the ability to arrange them-
selves within the carriage during transit; this would allow
the correct load to be by the exit door when it arrives at its
destination and needs to leave the train. To do this, one
space would need to be kept free at all time to allow the
AGVs to move in a way similar to a block puzzle (see
Fig. 21). This feature greatly improves the efficiency of the
freight service, reducing dwell time at each station. The
current dwell time at metro stations is roughly 20 s; this

Indicators

<« Goods

AGYV ldentification

Double Wheel
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Fig. 21 Plan view of AGVs on
metro

|

time would allow two or three AGVs to leave or board the
train.

Figure 22 shows an Inventor model of the AGVs in full
operation on the metro, displaying how the AGVs could
position themselves on the station platform, ready to enter
and leave the carriage as the doors are opened.

7.3.2 Greggs: Four Lane Ends Case Study

Greggs PLC is a Newcastle-based company, operating with
29 outlets in Newcastle, 9 of which are located in the city
centre. In 2011, Greggs opened a new £16.5 million site in
Longbenton [35], 4.5 miles from Newcastle city centre.
The site is located one mile from Four Lane Ends metro
station; this shows that there is large potential for a metro-
based delivery system to supply its outlets in the city
centre. Figures 23 and 24 show the location of the Greggs
manufacturing site in relation to Newcastle city centre and
Four Lane Ends metro station.

The route from Greggs in Benton to the metro station
consists of predominantly wide, open pedestrian areas and
cycle lanes, making it an ideal environment for the use of
AGVs. The Greggs site would be able to load AGVs with
bakery goods, which would be taken on the metro to the
city centre outlets, many of which are located next to metro
stations. The potential for such a system is large, with
many positive economic and environmental impacts that
could incur. The AGV would be modified to take long trays

Fig. 22 Metro AGVs in full
operation

Greggs Plc
0 Bakery for sweet

o City of Newcastle & savoury goods

Golf Club

toneleigh 4y,

P N 12210
quuoReS

Longbenton
Benton

GOSFORTH Benton Park RS

2 &

Py ol

Town Moor ; JESMOND 1\@ %

4’6)

U0
d

Newcastle 3
upon Tyne [uezan}

o 93

Algs A186

@ Springer



250

Urban Rail Transit (2017) 3(4):238-254

@

6 Greggs Plc

Bakery for sweet
PureGym Newcastle o R Caaroiiy s
Longbenton E

Quorum Business Park Q

-

Longbenton
Community College

©

. |
-

Fig. 24 Map showing location of Four Lane Ends metro station

of goods that could simply be slotted in and out of the
vehicle due to its ideal dimensions.

7.3.3 Potential for Mainline Application

The AGV system has potential for application on mainline
train systems as well as light rail systems. New develop-
ments in rail such as the HS2 line could be adapted for
national AGV freight transport, although the freight vol-
ume per train might not meet national demands. A problem
that arises is that the train is not levelled with the platform
in mainline services, unlike light rail services. This would
cause a problem for the AGVs entering the carriage. An
automatic ramp could be mounted to the train, allowing
easy access for the AGVs. Automatic freight services are
unlikely to be introduced on mainline services before light
rail services due to the increased logistical complexity and
investment needed, although it is a point of discussion for
governments in the future.

7.3.4 Safety and Security Measures
In order for the AGVs to be safe and secure, various design

features need to be addressed. The AGV would have an
obstacle sensor at the front and rear of the vehicle to detect
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obstacles such as pedestrians, preventing unwanted contact.
Two areas will be demarcated in front of the AGV: the first
distance being a warning area and the second being an
emergency area. If an object is in the emergency area then
the AGV will stop immediately. All AGVs will be equip-
ped with flashing lights and sounds as to warn people if the
AGYV is too near. The AGV will only be accessible to the
receiver of the goods via an access card or code, preventing
any unauthorised access.

Regulations for the development and use of autonomous
vehicles are yet to be confirmed by global regulatory
boards, and the potential legal issues surrounding autono-
mous vehicles are undefined [36]. Issues such as assessing
liability in the results of accidents involving AGV need to
be discussed. The majority of new vehicles in Europe are
subject to an approval process and requires that standards
are met [19]. However, specialist vehicles intended for
limited road use are exempt from this regulatory process,
for example, forklift trucks, airport baggage hauling vehi-
cles. The metro AGV would be likely to be exempt to this
process due to the nature of its operation.

8 Evaluation
8.1 Methods for Evaluating Designs

In order to evaluate the designs and propose the final
solution, two evaluation methods were completed. A
decision matrix uses specified criteria in which the designs
are compared and scored against each other, allowing the
designs to be ranked from highest to lowest scoring. The
designs in this study have been evaluated against a set of
key design criteria. The main criterion was system per-
formance as freight storage within the carriage is a vital
part of the design. The level of investment needed was
another key criterion for the final design; this was an
important factor contributing to the overall success of the
project proposal. Feasibility, safety, security and versatility
are other criteria in which the designs were compared
against. For this evaluation, the three key design scenarios
were considered as a whole. Design 1 involved utilising the
current metro, Design 2 introduced the concept of a
reconfigurable carriage and Design 3 developed the idea of
fully automated freight system. Another evaluation method
is to compare the proposed design to existing freight sys-
tems. This comparison would provide a clear comparison
of the performance of alternative freight distribution
methods.



Urban Rail Transit (2017) 3(4):238-254 251

Tabl.e 1 Design decision Criteria Weight (%)  Design 1 Design 2 Design 3

matrix

Rating/5  Score  Rating/5  Score  Rating/5  Score

Performance 20 2.5 0.5 4 0.8 5 1
Cost/investment 18 0.9 4 0.72 2 0.36
Feasibility 15 0.75 4 0.6 35 0.525
Ease of implementation 15 0.75 4 0.6 2 0.3
Safety 10 35 0.35 4 0.4 4 0.4
Security 0.24 5 04 4.5 0.36
Versatility 35 0.28 5 0.4 5 0.4
User-friendly 6 0.24 5 0.3 4 0.24
Total weighted score - 4.01 - 4.22 - 3.585
Rank 2 1 3

Table 2 Comparison of Design Baseline

2.1 to existing systems Criteria Weight  City Cargo [17] HGVs [11]  Design 2.1  EV [37]  Monoprix [38]
Capacity 4 0 -4 0 —4 0
Environment 3 0 -3 0 0 0
Versatility 2 -2 +2 0 +2 -2
Congestion 1 0 -1 0 -1 0
Total 10 -2 -6 0 -3 -2

8.1.1 Decision Matrix Results

The design evaluation can be summarised in the form of a
decision matrix as shown in Table 1. Design 2 scored
overall the highest as it would provide the best solution in
the short and medium term. The reconfigurable carriage
design scores highly in many of the given criterion, making
it the most suitable design for final proposal. The design
utilises the space within the carriage by making simple yet
very effective changes, allowing for a large increase in the
floor space without compromising the passenger comfort.
Other benefits are also created by this design, such as the
increase in passenger capacity on the train and a reduction
in dwell times [21], thus benefitting both the passenger and
freight services. With regard to performance, though,
Design 2 did not score the highest. Design 3 using full
automation scored the highest as this would provide the
fastest and most efficient freight solution. Design 1 scored
the highest in terms of ease of implementation with the
current metro as no changes would need to be made to the
carriage itself, but failed to score highly with regard to
performance as the freight volume would not be as high as
other designs.

As for long-term investment, Design 3 may be the best
option. Design 3 shows great potential for future consid-
erations, but this table highlights the weak points in the
design, mainly being the high initial investment costs and
implementation planning. For Design 3 to be successfully

implemented into the Tyne and Wear metro network, fur-
ther considerations would need to be made to make the
scheme more compliant with the current service. This
makes this design a long-term choice, as it would not be a
viable solution in the short term.

8.1.2 Comparison of System Performance with Existing
Systems

In order to further evaluate the proposed design, a com-
parison to existing freight systems has been completed.
Design 2, specifically Design 2.1, has been chosen as the
proposed design for comparison as this design scored the
highest using a decision matrix (see Table 1). The com-
parison table is given in Table 2.

Each system was compared to Design 2.1 using the
criteria as given in Table 2. Capacity of the service was a
key criterion, in which no other service scored higher than
Design 2.1. The comparison shows that the new design
provides similar performance to the already successful
Monoprix scheme. The capacity of Cargo Tram and
Monoprix services would be similar to that of the recon-
figurable metro carriage. HGVs were proved to be more
harmful to the environment than other methods of transport
[14], causing a negative score in the comparison table. In
terms of versatility, heavy goods vehicles (HGVs) and
electric vehicles (EVs) scored higher due to their ability to
access more destinations than the metro, which is restricted
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to the metro stations. However, the metro could be seen to
be more versatile in the sense that it can shift between
freight and passenger services easily. The table shows that
all other systems have a negative score, showing that they
do not theoretically perform as well as Design 2.1 overall.

9 Conclusion

This paper has presented solutions for the design work
needed to implement a metro freight system in the future.
Conclusions about the possibility of such a system being
carried out are discussed in this section.

There are many challenges that need to be considered in
order to achieve a functional freight service operating on
the Tyne and Wear metro. This paper outlined the potential
for a freight service on board the metro, without the need
for large changes to existing infrastructure or redevelop-
ment of the network.

In order to validate the designs, it must be confirmed
that the metro would be able to withstand the extra weight
added by the freight packages. The metro trains are
designed to withstand a capacity of six passengers standing
per square metre. The heaviest equipment on board the
carriage would be the loaded AGVs. An AGV would take
up 1.08 m? of floor space when on board the metro and
would be the equivalent of just over six people. Six people
weighing 80 kg would be a mass of 480 kg per square
metre. Therefore, the AGV with freight would be able to
represent up to 500 kg in weight, assuming that the
majority of the space on board is taken up with AGVs.
However, due to the nature of the AGVs on board the
carriage, not all space will be taken up (see Fig. 23). It can
therefore be said that the axle loading caused by the
additional freight in the carriage is acceptable. However,
this would need to be confirmed by completing engineering
analysis on the existing and new rolling stock.

There were three potential design scenarios researched
in this study. The first being a design which utilised the
current metro design by using bespoke cargo boxes in the
open region of the carriage. This space provided enough
room for freight equipments without the need to redesign
the internal layout of the carriage. Design 1.2 shows how
plywood sheet could be used as a temporary arrangement,
providing a platform for freight storage. Through evalua-
tion, it was clear that this method would not provide the
same freight capacity as other designs; however, this
method could be used as a pilot scheme in the short term by
Nexus, to identify whether such a scheme is viable for
further investment.

The second design scenario presented a very versatile
design in the form of a configurable carriage concept,
allowing the internal design to be used for freight and
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passenger service with quick changes. Three designs were
proposed for this scenario, in which Design 2.1 was
selected as the highest performing design. This was due to
the space that was made available by using the foldable,
longitudinal seating. This design acts as the final recom-
mendation due to its advantages in many areas with only
minor changes to the carriage interior. Design 2.2 provided
an alternative folding seat design, allowing transverse
seating arrangements to be folded away to the side of the
carriage. Both these designs created large amounts of space
in the centre of the carriage. This addition of space would
benefit the passenger service by allowing the seats to be
folded away during extremely busy times such as after a
concert or football game. Design 2.1 proved to be the best
solution for this scenario as the longitudinal seating
arrangement was more desirable for an interior layout due
to the reduction in dwell time in peak hours and increase in
standing passenger capacity.

The final scenario looked into the suggestion of using an
automated freight delivery service, coinciding with the
metro passenger service. This design scenario developed a
concept for an automated guided vehicle (AGV) to pick up,
transport and deliver the goods to the customer via the
metro system. This solution shows promise for a future
system, but many changes would need to be made to local
infrastructure to accommodate the system. Large private
and public investments would be needed to get such a
project off the ground.

There is clear evidence to suggest that there is potential
for a freight service on board the Tyne and Wear metro.
The suggestions presented in this paper successfully pro-
vide a realistic and achievable solution to urban freight
problems, which can be further investigated in the future.

10 Future Work

In order to provide a more detailed proposal, a cost—benefit
analysis would need to be completed to show the funding
needed to implement a metro freight service. Further
analysis into the detail of the designs would need to be
completed, such as a study into the components and
materials. Engineering analysis into the effects of the
increase in load on the rolling stock would need to be made
in order to validate any technical uncertainties in the
design. This paper briefly discussed how the freight would
be stored at the end of the platforms, utilising the unused
space; however, more research and design work would
need to be completed with regard to the storage and dis-
tribution of the freight within stations. The lifts in the
underground stations in the centre of Newcastle upon Tyne
would need to be adapted to withstand the new demand of
the freight network. An investigation into the potential for
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freight storage services at individual stations should be
conducted in the near future.
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