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Rail transport system with convoys automatic composition
Technical field of the invention
The present invention concerns a system of rail transport with an automatic formation of the
trains, constructed in such a way that said system can be advantageously put into the existing
railway networks without necessarily carrying out any structural works and therefore without
- interfering with the existing rail traffic.
Current state of the art
‘The management of the movement of wagons, mainly in the transport of goods, is currently
managed on the basis of plénning the offer of transport, conceived at table on the basis of
“historical data and presumable trends in affairs, without taking into account the effective
present request. The availability of a train for the transfer of a goods wagon, collecting it from
any particular station along the routes covered by the trains is costly and very slow.
There is no central coordination of the need for transport, and the same offer of transport is
often undersized because, in the absence of certain or probable requests for transport, the
creation of costly logistics structures is avoided.
In the majority of cases, the trains are formed in the station of departure and arrive unformed
at the station of arrival, where only later will they be shunted, without optimizing the routes of
the single wagons, for which if, in a station of departure, there is insufficient demand for
transport, evident diseconomies are created.
The stations of movements furthermore necessitate the presence of a specific office (with the
relative organization of spaces, equipment, people, movement of information) that manages
the incoming and departing movements; other than the administrative staff, the technical
personnel assigned to coupling/uncoupling the wagons must be present, a shunting locomotive
(otherwise it is necessary to use the tfain's locomotive) and relative train-driver.
Time ago, this costly organization existed but which has been thinned out over time, first by
suppressing the presence of the goods bays in the smaller stations, then by closing the offices,
even in some of the main stations, up to the current scant numbers,
The lack of demand closes goods yards, the absence of which in turn inhibits the birth of any
demand for goods transport by rail.
Solutions have been proposed as a remedy for such inconveniences.
WO02010043967A1 describes a railway transport system in which a railway network controlled
by a central control unit (1524 fig. 15) foresees the use of an intelligent carriage (1550 fig.15),

equipped with an autonomous computerized control unit which coordinates the movements of
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the carriage, following the indications that arrive from the central system and at least one

element of controllable rail-track (1508 and 1502, fig 15).

To function, the system described in W02010043967A1 needs to modify the existing railway
lines, introducing into the existing railway lines controllable rail track elements.

The system described in W02010043967A1 operates in the following way: the central unit
1524 knows the geographical (spatial) position of each of the railway carriages 1550a-d
because of the reception of signals of position from every carriage. Every carriage has a single
identity code and periodically transmits the information perceived and gathered to the central
unit 1524. The control interface (1428 fig. 14) receives information from each signal emitter for
the successive section of rail in the direction of travel. As a railway carriage comes closer to an
element of rail, the physical and spatial position of the carriage is determined by the central
unit 1524 and suitable commands are sent to the section of rail. For example, the formulation
of a switch is modified to direct the carriages 1550a to the second or third section of rail 1504 b
or c. In response to various stimuli, such as the weather or the traffic conditions, the central
unit 1524 is capable of sending diverse groups of signals or instructions to the signal emitters to
pass to the carriage.

This patent foresees the possibility of an autonomous movement of the wagon in a context of
traditional trains, which it integrates with in a natural way since the wagon can couple itself to
all the existing wagons.

The main function is that of hauling. The wagon can be compared to a small locomotive, with
the possibility of it being controlled from a distance.

The single wagons with the total number of engines mounted on the axles determine the
maximum autonomous or supporting motive-power to move the train, which remains,
however, within the classical ideology of movement and management of railway traffic.

No reference is made to automatic systems of composition of trains with remote management
of the operations of coupling/uncoupling of the wagons, without need for human intervention
on site, not being mentioned in any part the presence of automatic devices that permit, for
example, the uncoupling of a wagon from an existing train, which can certainly not be carried
out in movement in the proximity of stations. Evidently it is foreseen that the operations of
uncoupling the wagons take place with the classic techniques that necessitate specific '

personnel for the operations of uncoupling and coupling.
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Neither is there on board the locomotive a system of control of the carriages and interface with
the network owner and therefore with switching management systems.

There is great difficulty in applying the system described in W02010043967A1 to existing
railways because it foresees the intraoduction of sections of track that are controlfable from a
distance from a central unit. Such a solution wouid be difficult to introduce into an
international railway network in which the various international networks are connected
between themselves.

Every national railway network has, however, its own control system, and the introduction of
sections controlled by a central system would encounter the difficulty of utilizing a single
system of control of the sections of rail.

US5828979A describes the control of the circulation of a number of trains across a railway
network in a multiple railway system, and more particularly a method and system of controlling
the movement of a long goods train in which the movements of the train are monitored with
precision and orchestrated according to a dynamic program that is determined by an
evaluation of, among other things, the planning needs for consignments, of coordinating all
trains between them, of applicable speed limits and the effects of the topography of the track
on the train, consisting in the possibility of braking and applying power to the train. The system
described in US5828979A permits the implementation only of a program but not to intervene
in the effective composition of the train; it is limited to managing a train that is already formed
or is to be formed, but the formation of the train remains traditional and foresees the
participation of manual shunters, leaving the costs of railway transport on the goods

unchanged. Furthermore, it is applicable only to the transport of goods.

SUMMARY OF THE INVENTION

The limits and the difficulties present in the systems of railway transport currently in use are
overcome by the present invention, which poses the aim of creating a system of railway
transport without manual intervention, managed by an informatics system and utilizing the
existing railway network, without the need for costly structural interventions.

The technical problem that the present invention wants to resolve can be defined as a system
of railway transport that automatically forms the trains based on the demand for rail transport
in any railway station, using the existing railway.

The solution devised overturns the system and, instead of basing it on the supply, bases it on

the demand.
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The demand for transport occurs in a manner that is flexible between different stations that
are not necessarily those of arrival or departure of the train.

The way of conceiving transport is inverted, not tied to the supplier who places a train at
disposal, but to the client who, with his demand, determines the formation of a train.

The method of managing the railway lines is also inverted, and their use is no longer planned
on the basis of trains whose movements are determined long beforehand with fixed times of
departure, of distances covered and times of arrival, but the use is “on demand” with travel
plans that can be re-modulated in real time on the basis of the travel needs and the
availability/saturation of lines.

The system devised also has low running costs and extreme flexibility and does not need major
infrastructure and places itself in a natura! manner into the existing systems without creating
problems for the current method of traffic and the use of the network.

The system devised, in order to be activated, does not need any new interventions to the
existing railway network. It needs only the creation of the “smart” freight wagon and the
platform with the system of communication between the various control and management
systems present at a central level, onboard the train, on the wagons and in the stations.

The high level of automation allows the interventions of specific personnel not to be necessary
at the individual stations, reducing the costs of managing the service.

Infrastructure for the automation of the process of loading/unloading of containers can be
created only if held to be economically convenient with the increase in demand at specific
transit stations.

Practical functioning and advantages of the automatic system of transport within the current
railway network, with a description of the managerial and mechanical components for its

optimal usage.

The element (demand) that determines the departure of a wagon is determined by the
demand that is carried out by the various operators connected by the Web from a specific
portal, and by the physical availability of the wagon itself.

The wagons involved in departure are formed in a new train that connects two terminal
stations, and the departure itself will be determined in two different ways:

o Programmed departures at fixed times and on fixed days.

. Departures deriving from the presence in the stations (of departure and transit) of a

number of wagons in waiting, such as to necessitate the formation of a new train.
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The authorization for the departure of the train and the occupation of the line in a determined
section, can be managed with the maximum elasticity. There will be, therefore, no timetable
limitations to respect, subordinating the distance covered from the section of departure (and
so forth for all the successive sections until the station of arrival) to its effective availability,
creating in an opportunistic way the maximum possible speed for the train and also optimizing
the use of the sections, which it will occupy only when these same are not occupied by other
trains, with lower costs.

The progress of the train, with the necessary stops, will be totally automatic. It will receive
orders and authorizations from the “owner of the railway network”, proceeding from section to
section based on the needs and availability of the network.

It will pass on to the “owner of the railway network” its need to stop at the single intermediate
stations interested in operations of coupling/uncoupling of the wagons of the train.

On board the train there will be only a train driver, who will manage the train in the
conventional manner and have functions of control for the safety and management of
breakdowns or eventual unforeseen events.

Method of composition and movement of the train

Commencing from the station of departure, the train will be formed on specific tracks where
all the wagons involved in the departure will be arranged, coordinated in it by the Informatics
Platform. For an optimal management of the journey, the sequence in which the wagons are
attached to the train becomes important. To obtain greater efficiency, the order of the wagons
in the train must keep present the destinations of the wagons lined up. The wagons at the head
of the train are the last as to stations of destination.

This sequence will be maintained automatically, even during all the operations of
coupling/uncoupling of the wagons that take place during the train’s journey.

In the stations of transit the wagons in waiting will be kept in order commencing from the
initial moment of their being parked. Should there already be a wagon to be coupled in the
station, the new wagon will be placed at the head or tail, with respect to the direction of travel,
according to whether the station of destination will be before or after that of the wagon
already in waiting. In the case where more wagons with different destinations are present, it
will be necessary to interface with the station’s system in order to carry out the necessary
manoeuvres to place it in the correct position.

This method of composing the trains is not limiting, and a different evaluation could be made

in situations necessitating diverse compositions, for example in the case where the wagons
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must be coupled to different trains that transit from the station in different successions. This
eventuality certainly takes place in stations that are junctions of numerous lines, when the
trains must continue over different lines.

In the terminal stations (of departure/arrival) there will be a stock of empty wagons that will
be coupled in variable numbers to the train departing, in substitution of the wagons for which
the demand for a journey, increased by a number held to be congruous for extemporary
reasons (requests for journeys coming to the system after the departure of the train but before
the station of transit that in the meantime requests the passage).

In the intermediate stations, with the opportune manoeuvres, always coordinated by the
central system, the wagons waiting to be transferred will be coupled, and the wagons which
have the station as their point of destination uncoupled. They can be both wagons that
transport the containers to be consigned and empty wagons requested by the users and which
will be loaded later, ready for dispatch for a new train, as well as other types of wagons and
carriages, also passenger ones.

The management of the wagons to be left parked (in service) will depend, other than on
statistic planning, also on the extemporary requests coming from the market’s demands.

The peculiarities of the system permit the carrying out of non-conventional manoeuvres such
as the shunting of the wagons “in movement”.

During the movement of the train, nearing the station of destination of a wagon (but the
manoeuvre is identical for other contiguous wagons that will necessarily be at the tail of the
train precisely because of the given order) the cutting out of the wagon will be ordered,
without halting the train.

if, in the same station, it is not necessary to couple wagons waiting to travel, the train will be
able to proceed its journey over the main line, without making a stop. *

Before the uncoupled wagon reaches the switching point of the service track (which is always
present in every station), this will be activated to permit the “parking” of the wagon on this
track and then successively have it placed in a specific area that does not create any obstacles
to the normal running of traffic, which could be one of the final bays of this track.

If it necessary to couple wagons to the train in transit, these can already be present on the
service track in the same order foreseen for the train. During its passage through the station
the train will separate at the point where the wagon in waiting must be inserted, and the head
of the train will continue ahead slowly, passing the point where the switching point is situated

where the wagon to be coupled is parked, and which at this point will begin to move at the
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same time as the activation of the switch which permits its entry onto the track of movement
and will proceed to couple itself to the head of the train.

At this point the switch will re-position itself to aliow the passage of the tail of the train, wﬁich
will also couple itself and re-constitute the entire train as a whole, which can continue the
journey without having effected any stops.

This operation of separating the train in the station can be carried out at various successive
points of the train, depending upon the presence of n-wagons parked with different, non-
contiguous destinations, and the operations on the switching point on the main tracks and the
coupling of the wagon in waiting to the head of the train will be automatically repeated n-
times.

The optimal points of the railway line to carry out the separation of the wagons, the velocity at
which the train must travel in the station, the velocity with which the wagons waiting to be
coupled proceed and, in the case of insertion into the central parts of the train, also of the tail
of the train previously separated itself, and all the other elements of the management of the
journey, depend on many factors, among which the characteristics of the switches (greater or
lesser velocity of switching), the velocity of interfacing with the network’s owner, the
characteristics of the speed of the wagon, etc.

Another possibility offered by the intrinsic characteristics of the wagon, is the opportunistic
possibility of requesting “lifts” from any train in transit, such as local passenger trains that can
be used for short movements and which can optimize the management of withdrawals and
deliveries, for example having the function of trains of collection, and the concentration on
particular stations and deliveries that leave from these same.

The characteristics of the wagon can be applied not only to freight wagons of any type, but also
to passenger carriages, particularly efficient when a dynamic composition of the carriages is
necessary, such as may be the needs of local transport, in which single carriages can be
added/removed at intermediate stations, according to the needs for capacity of the trains.
Subjects for specific further research are:

) The optimization of the composition of the train, in order to reduce to the minimum
the stationary times for coupling/uncoupling the wagons in the intermediate stations.

. The optimization of the routes of the train, not only according to the necessities of
withdrawal/delivery, but also of the operative conditions of the lines, interacting with the

owner of the railway network.
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. The economical optimization for the decision to form and start a new train on the
basis of the demands from the users and the availability of the structures (equipment and
lines).

Method of loading/unloading container-carrying wagons

The modality of movement of the containers will depend on the dimensions of the station of
transit.

For big stations (or those with a high volume of movements), the loading/unloading of the
containers will take place in automatic mode, without the need for specific operators.

The equipment necessary will be constituted by a mobile wagon on wheels (or of the type with
tyres used in ports for the movement of containers within the port area but opportunely
provided with sensors), with a fixed motorized device placed on the upper part (with a two-
dimensioned mobile plane device for the correct automatic gripping of the containers) to
raise/lower the containers, and of another, sensorial, to send signals of positioning to the
railway wagons.

it will be necessary for the automatic loading/unioading of the containers (empty/full) of the
wagon and its stocking in pre-ordained positions along a pre-arranged section. The heiéht of
the stock in a pile will depend on the height of the wagon. It will also automatically carry out
the loading/unloading of other means of tyre-fitted transport, which will position itself for this
operation. The correct centering of the points of gripping will be done automatically by the
mobile part of the device.

For smaller stations the movements can be carried out with a fork-lift truck made available,
whose use for the movements can also be delegated to the users consignees of the container,
who will certainly have available the human resources assigned to similar operations in their
establishments.

If a railway branch line to the place of destination is present, the same railway wagon can be
delivered/withdrawn manually or automatically.

An alternative management to the current one can be put into practice at the ports that move
containers. Instead of leaving the containers in transit towards destinations that foresee their
transfer onto trains for their final destination on the dock, they can immediately be loaded by
the cranes onto the railway wagons in waiting next to the cranes, and which will automatically
position themselves in pre-defined positions with respect to these, guided by specific sensors
and control systems, moving themselves as soon as the loading operation is terminated to

leave a place for the next wagon to be loaded. The wagons loaded are immediately available
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for the successive automatic operations of attachment to trains in formation at the stations
near to the port.
The integrated hardware structure of the entire system is composed of the following elements.

It is constituted by a central system and three peripheral ones.

1. The central system is constituted by “servers” that host all the information
management programs.
Function: Collect the users’ needs for transport. Plan and coordinate all the transport needs
and the management of the trains. Interact, both with authorized users in control and in
management, and with the peripheral systems.

2. A first peripheral system will be fixed in every station in which the single wagons can be

‘parked.
Function: Exchange information with the wagons present in stations to survey their state and
coordinate movements in the station, interacting with the owner of the railway network.
Interact with the central system to provide information about transport needs
{dispatch/storage) present in the station.

3. Asecond peripheral system will be mobile, and situated on each single wagon.
Function: Coordinate the movements of the wagon, following the indications coming from the
station system, also taking into account the signals from the sensors on board. Furthermore,
communicate its state for transport and loading/unloading needs.

4. A third peripheral system will be mobile, and situated on the locomotive of the train.
Function: Interact with the central system to define journey needs (train cof‘nposition,
coupling/uncoupling wagons in stations along the route). Interact with the station’s fixed
system.

Figure 1 illustrates the interactions between the various systems.

Diverse configurations for the management of information (for example a centralized
management that incorporates the functions of the stations’ systems) can be implemented
without constituting innovations to the present invention.

The “smart” wagon

On traditional wagons (both of the flatcar type suitable for the transport of containers, and of
every other kind including passenger carriages) modifications will be necessary to make them
autonomous in the phases of manoeuvre and coupling to the wagons, carrying out orders that

are transmitted from the informatics platform.
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Starting from the basic structure of a traditional wagon, a smart wagon will be created,.
provided with electric engines for movement with an autonomous power supply (batteries or
another energy accumulating device), a device for coupling/uncoupling between wagons with
automatic and sensorial control systems, an automatic system of connection between wagons,
both for the braking element (which must also function autonomously) and for the electrical
part, an external control system for the safety of autonomous movements and for positioning
on the lines.

In detail:

The wagons will be furnished with a hardware platforfn, complete with a microprocessor which ‘
will be the “brain” of the wagon, said processor will manage the whole wagon and all the
systems described in following. The wagon’s safety systems (proximity sensors, radar, thermal
sensors, braking system) can be provided with a second microprocessor which will start to
function only in the case of sensing danger and the lack of a reply from the central processor,
thus a further superabundance of the safety systems will be guaranteed.

The engines present on the wagon, that act directly on the wheels, can also be used other than
for the initial starting acceleration of the train, but in other situations of necessity for the speed
of the train, such as when travelling over a section with a gradient, necessitating additional
puiling power to that expressed by the locomotive, or to permit the creation of much longer
trains, lightening, with the pressure of pull exercised by the engines, the tension on the
connecting joints between wagons.

A small compressor, fed by the wagon’s batteries will allow action on the braking system.

The coupling system for the train will consist of a mechanical device that permits the coupling
between wagons with only the power of thrust. The coupling will provoke the mutual insertion
of two coupling pins between the two wagons. The same coupling pins, to permit the
uncoupling of the wagon, will be automatically extracted by an electronic device controlled by
the “brain” of the wagon. The complete structure of the coupling system Is composed of two
structures, a fixed central block into which the systems of mechanical blockage and connection
between the wagons will be inserted. In this block the compressed air tubes, the electrical
connection between the wagons (necessary for their feed) will be included. These “fixed joints”
will be connected to the wagon by the mobile joints, guaranteeing the necessary elasticity of
movement to the wagons, which will be free to move both horizontally (wagons in a curve) and
vertically {movements of the suspension). Different, or other alternative automatic

mechanisms of coupling/uncoupling will have the same conceptual managing mechanism. The
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simultaneous presence of two coupling pins (controlled autonomously by each wagon) will
increase safety to avoid an undesired uncoupling.

The coupling of the wagon to the train will permit the re-charging of the batteries that feed the
engines for the autonomous movement of the wagon and the remaining electrical and
electronic equipment. The re-charging of the batteries can also be ensureci, during the journey,
by the presence of on-board energy recuperating devices, recovering energy during braking,
from re-charging points present in the single stations, for example on the terminal buffers of
service tracks, when parked in waiting for a journey.

Once the coupling to the train has taken place the locomotive will have absolute priority of
control over the single smart wagons, these will be controlied by the system present on board
the locomotive and will not be able to carry out autonomous operations if not imparted by this
system except in “special” cases. That is, there will be present on the train a generalized control
of the couplings with verification of connection before the train is put into movement,
permitting its unblocking, to allow the automatic movement of the wagons, when the train is
stopped in a station or in proximity of the same for operations of consignment. The automatic
blockage will always activate automatically, when the wagons are in movement coupled to the
train during normal travel.

Being smart wagons and provided with their own “brain”, an automatic management of arrest
and flight in exceptional situations will be possible (for example, railway accidents). Other
possible cases in which the wagon could decide to operate autonomously, or as a partial train
(a number of united wagons), can be situations of accidental disconnection of another wagon,
emergency communications from the locomotive, or other cases of da’nger pre-determined by
the programming of the wagon and variables (for example, according to the type of load which
is transported — normal goods or dangerous goods), the smart wagons can, in such situations,
carry out an emergency disconnection and brake automatically. Furthermore, in the case of the
presence of dangerous goods (chemicals, gas, etc.) they can automatically move themselves
away from the area of the accident, avoiding a worsening of the conditions of danger, caused
for example by a fire, and quickly remove the wagon to a safer place.

Before uncoupling the wagon, the braking system devices and the electrical system will be
disconnected.

The communications system between wagons/station/locomotive will take place by means of a
radio wave system on a network of connections present in the stations (when stopped in them)

or by “direct” connections on the train (when connected to the other wagons). The method of
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transmission will not be entrusted simply to a system of transmitter-receiver but, to guarantee
an abundant and reliable connection, other than receiving and transmitting its own
information, every radio structure (wagon-station-locomotive) will also have the role of
network repeater.

In order to manage the conceived system notwithstanding the “network owner”, the
interfacing will be managed through the definition of standard controls and communications
between the software components of the two systems. These will therefore always remain
distinct and autonomous. To integrate into the current systems, without needing modifications
to the current models of functioning of traffic management, only standard systems of
communication will be necessary. The elements present in the station system will interface
with the different “network owners” through specific modules (such as the drivers of the
computers’ devices), while they will have an identical management for as much as concerns

the new system created, wherever the wagons/trains may be.

The wagon will be furnished with a “brain” that will coordinate the movements of the same,
interacting with the telematic platform, receiving signals from contro! devices, both for its
position and for its movement, as well as for sensing obstacles.

To permit safe movement, the wagon will be furnished with a television camera for external
and sensorial control to sense obstacles. Long and short range radar will also serve for such an
end. Peripheral thermal sensors will sense the near presence of people in situations dangerous
to movement.

The wagon will also have sensors pre-disposed for the automatic loading and unloading of the
containers.

The wagons will be furnished with a manual external panel of controls of speed and
coupling/uncoupling, that will bypass the automatic control and can be adopted only in
situations of default of the system of automatic control of the wagon, both for the manoeuvres
in a station and for the transfer onto parking tracks, and for the destination to a particular point
of delivery where the control of the network of the tracks does not permit autonomous

movement.

5018 words
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Claims
1. Rail transport system with convoys automatic composition based on the
demand characterized by the fact that it comprises

a) a central system constituted by servers that host all the information
management programs;

b) a first peripheral system fixed in every station;

c) a mobile peripheral system, situated on the locomotive of the train;

d) a wagon having a peripheral system that interacts with the central
system, with the peripheral system fixed in every station and with the
peripheral system situated on the locomotive, an electric motor fed by a
battery, an automatic system of coupling/uncoupling with other wagons

and with the locomotive.

2. Rail transport system with convoys automatic composition according to claim 1
characterized by the fact that the central system of data elaboration collects
the users’ needs for transport and interacts, both with authorized users in

control and in management, and with the peripheral systems.

3. Rail transport system with convoys automatic composition according to claim 1
characterized by the fact that the peripheral systems fixed in every station
exchanges informations with the wagons present in the station and interacts
surveying their state and coordinating their movement in the station and
interacts with the central system to provide information about transport needs
present in the station such as dispatch and storage, and interacts, furthermore,
with the manager of the railway network for all transport needs of convoys

and wagons for the composition of the convoy.

4. Rail transport system with convoys automatic composition according to claim 1
-characterized by the fact that the mobile peripheral system situated on the

locomotive of the train interacts with the central system to define journey
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needs and communicating the state of the train and interacts, furthermore,
with the central system to define journey needs, train composition,
coupling/uncoupling wagons in stations along the route, and to be coordinate

with the manager of the railway network.

5. Rail transport system with convoys automatic composition according to claim 1
characterized by the fact that the interactions for interfacing with the network
owner are made with methodologies and communication protocols

independent by said network owner.

6. Rail transport system with convoys automatic composition according to claim 1
characterized by the fact that in stations with large container traffic, process of
loading/unloading containers from/on train and/or train and/or from/on

containers is automated.

7. Rail transport system with convoys automatic composition according to claim 1
characterized by the fact that the system of coupling/uncoupling wagons is

controlled and managed by the system present on said wagon.
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