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THE NEWEST TRENDS IN MARSHALLING YARDS AUTOMATION

Summary. Marshalling yards are one of the most importartspaf every railway
infrastructure. Means of mechanization and autamatire being built to achieve as
efficient forming of freight trains as possible. t#n, fully automatic systems based on
extensive utilization of computers are being imgeabed. Their main function is to make
freight trains into unit trains and divided accaglio their destinations. One part of these
systems is responsible for automatic routing ofpted or isolated cars through the
ladder. The other part automatically regulatesdigrders the speed of the cars on their
way into the destination tracks in the classifimatbowl. The state-of-the-art marshalling
systems provide not only these basic automatiorctimms. They offer also setting
interlocked routes with a level of safety integr&L.3. This article is focused on both
above mentioned parts of marshalling systems -haation and safety one.

NAJNOWSZE TRENDY W AUTOMATYCE GOREK ROZREZDOWYCH

SteszczenieGorki rozradowe g jedra z najwaniejszych czsci kazdej infrastruktury
kolejowej. Metody mechanizacji i automatyki tworeons w celu osigniccia
najefektywniejszego formowania pagbw towarowych. Implementowane a s
nowoczesne, w pelni zautomatyzowane systemy bezupa szerokim wykorzystaniu
urzadzen komputerowych. Ich gtdbwnfunkcja jest podzielenie poggéw towarowych na
pociagi jednostkowe, rozdysponowanie ich zgodnie z praezeniem. Jedna gz tych
systeméw odpowiedzialna jest za automatyczne uataviprzebiegu spgzonych lub
pojedynczych wagondéw przez poziomy. Drugasézautomatyczne reguluje, za pomoc
hamulcow torowych, rdkos¢ wagonu w drodze na tor przeznaczenia w obszarze
klasyfikacyjnym. Najwyszej jakdci systemy rozrgdowe zapewniaj nie tylko te
podstawowe automatyczne funkcje. Ofemgwniez ustawianie przebiegéw z blokadami
0 poziomie bezpiechstwa SIL3. Referat koncentrujegsina obu wymienionych
cze$ciach systemow rozgdowych — automatyce i bezpieézéwie.

1. GENERAL

Marshalling yards are one of the corner stonesénrailway network which enables to compose
freight trains. Marshalling yards consist mostlyaof arrival track group where trains are coming tha
are intended for subsequent split up, further tmysist of a hump, and a sorting group of trackd, a
a group of departure tracks, from which the newlgrshalled trains leave subsequently. When
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speaking about the hump we understand mostly thehalling yard area which includes the hump
and the split-up head of the sorting group of tsack

The marshalling yard capacity is measured mostlly thie number of split up train sets.

Split-up activities in marshalling yards are pemnfied on the hump where the arriving set of
wagons is disconnected step by step, and thenidhdicuts of wagons (i.e. one wagon, or a group of
wagons) go down by gravity to the defined sortirack (when the track is allocated to a cut of
wagons then such track is usually called "targetkif). Cuts of wagons moving down by gravity
subsequently enter the target track where they. Sibp cut of wagons stops either with striking
against standing wagons, or earlier when stoppied) usanual means (e.g. stop blocks), or because of
friction before arrival to standing wagons. It msportant for optimum filling of sorting tracks cuté
wagons to be stopped with as short mutual gap®ssilpe. If the gaps between cuts of wagons are
longer the useful lengths of the sorting tracksradeiced.
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Fig. 1.Example of a Hump Desigii‘ierna nad Tisou)
Rys. 1.Przyktad projektu gorki rozedowej Cierna nad Tisou)

Sorting group of tracks

In order to avoid wagon damages resulting from ssiwe strikes the cut of wagons arriving to the
standing wagons has to move with sufficiently lgeed. Therefore the approach speed has to be
regulated - the regulation is performed mostly évesal levels. One or multiple sequences of rail
brakes used to be installed between the hump anthtbet tracks that regulate actual speeds of cuts
of wagons. Of course, it is possible to regulate gsheeds of cuts of wagons in the area between the
hump and the target tracks with a limited accuray; thus it is not possible in this area to redgel
the approach speed of cuts of wagons against thadyl standing wagons accurately. Therefore an
accurate regulation is necessary for the appropebdsto utilize either manual work by stop-block
operators, or to use automatic target braking.

Manual work in the hump rail-yard ranks among thestdangerous ones within the railway field.
Many cuts of wagons are moving through the raidyaith various speeds during split-up activities;
top attention and experience are required fronptdreons working in the rail-yard. Therefore thare i
an effort to reduce manual work in the rail-yardie hump area as much as possible - thus automated
systems for hump rail-yards are created.

The effort to eliminate manual work in hump raikgsa is evident since the beginning of hump
rail-yard development. Almost simultaneously autoonas systems for remote control of points and
for control of rail brakes were created. At firgtwas individual control, later the whole complex
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systems were created which are able to control poitits, and rail brakes so that the cut of wagons
can arrive at the defined target track with theedwined speed practically without any operator's
action. These systems also pass generation tamsgimilarly to the classic interlocking equipment
first from fully relay devices through electroniparation to the fully computerized operation and
control.

2. TODAY'S SYSTEMS FOR AUTOMATIC SPLIT-UP ACTIVITIES

Today's systems for automatic split-up activitiesyrbe divided into an outer part and inner part.

The following is necessary in the outer part: tatoa points (using point machines), to provide
signalling for the train driver who pushes thetsdbe split up (using a signal device, it is alssgible
to transfer the information on the actual approsppded against the tractive vehicle, or to contrel t
tractive vehicle directly), it is necessary to moniactual positions of cuts of wagons (using track
sections or treadles), and it is also necessarggolate the speeds of cuts of wagons in the aoea f
the hump to the sorting tracks (using rail brakesniost cases). Information coming from the mass
measuring set, from the radar speed measuringeetsad for the leaving speed regulation from the
rail brake. The launching element for the measuntrsiart and speed regulation start is a treadé&e or
track circuit.

The following is included then in the inner par&rgs for point operation, monitoring devices for
track sections, parts for signal device controtipproviding automatic operation for cuts of wagon
(operation of points and entering of target trafthscuts of wagons), and parts providing automatic
control for rail brakes.

As regards to the functionality view, the systenyrba divided into 3 parts:

— The part providing automatic operation for the @ivagons to the target track,

— The part providing speed regulation for cuts of aregin the hump rail-yard area,

— The part providing route setting and cancellation shunt routes or train routes in the hump
rail-yard area.
Fig.2 shows a particular solution for the operatbfunctional parts.
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Rys. 2.Przyktad blokowej struktury systemu do czyiciautomatycznego rozdziatu
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Fig. 3.Example of the Operator's Workplace Arrangeme€igrfia n.T.)
Rys. 3.Przykiad aragacji miejsca pracy operatora

2.1. AUTOMATIC OPERATION OF A CUT OF WAGONS TO THE TARGE T TRACK

The whole set to be split up consists of individaals of wagons and each cut has its defined
track destination (target track). The task for #lneomatic operation is thus to transport the ooinfr
the hump to the target track.

So called cut lists are used for the allocatiotaodet track numbers to cuts of wagons. The cut lis
is a data file which contains information on thetsebe split up, information on compositions ofsu
of wagons and on target tracks for individual aftevagons. The file is received from the informatio
system of the Railway Operator.

The information on cuts of wagons and their tatgatks is used for operation of points in the
automatic classification mode so that the cut ofjaves may reach the target track. As it is not
guaranteed that the point reaches its end positi@ll cases it is necessary to minimize the rigk o
derailment resulting from such non-reached endtiposby a point. This is solved with automatic
reversal back to the original position on the oaad) and with the point throw over in advance with
sufficient time before the cut of wagons being iovement so that the operator has time to make
corrections of the route for the cut appropriately the other hand.

For operation of the cut of wagons to the targtKr it is necessary to monitor the actual position
of the cut of wagons in the area between the humdptize target track. Track circuits are used mostly
for the position monitoring.

The permission for entry of the set to be splitisipssued by the humping signal device in most
cases. In the split-up mode, the humping signaicgeenables to signalize the required approach
speed, too. Signals of humping signal devices neayepeated on repeating signal devices, and it is
also possible to transfer them directly to the singrengine.
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2.2. SPEED REGULATION OF CUTS OF WAGONS IN THE HUMP RAIL -YARD AREA

The aim of the speed regulation of cuts of wagamsafitomated hump rail-yards is to ensure
arrivals of the sets to the already standing waguitis a speed that does not exceed the maximum
allowed approach speed. The speed regulation ferpexd with rail brakes in most cases. The rall
brakes are distributed in space in several plasesdlled sequences). Three sequences are used for
fully automated speed regulation. So called primaatardation is provided in the first sequence
(primary retarder). The task of primary retardatiento ensure intervals between cuts of wagons
necessary for correct spacing of individual cutsvafjons. The second sequence (so called brakes at
foot of hump retarder) provides orientation targedking. However because it is not possible to
regulate the speed of cut of wagons "accuratelyhénarea between the hump and the target track the
second sequence serves only for decreasing thd spethat the resulting speed can be regulated in
the less effective brakes of the third sequence. firfal speed of the cut of wagons is then reached
using the third sequence (so called target braKesyjet brakes may be concentrated on sortinggrack
in multiple sequences (mostly based on the lengthséope of the sorting tracks).

For the speed regulation itself, it is always neagsto perform dynamic calculation of the hump
rail-yard. The dynamic calculation will determinteen particular leaving speeds for all rail brakes
depending on the hump rail-yard character, anceatufes of individual cuts of wagons. The dynamic
calculation gives also an answer to the questidhethoice of performance capacities for individua
rail brakes.

The rail brake regulation itself is performed elentcally in modern systems using speed
regulators. Speed regulators provide for seleatiotihe thrust force with which the rail brake aots
the passing wheel tyre. The speed regulator usemtbrmation on the required leaving speed for its
work; the information is compared then with theuattspeed of the cut of wagons at the rail brake.
The information on so called mean mass categorthefcut of wagons is also necessary for the
optimum braking level selection; the informationréceived from the mass measuring device. The
information on the required leaving speed is remgifrom the leaving speed database which is
specific for each rail brake, and may be differatetil also based on the target track and basedeon th
mean mass category of the cut of wagons. Measutesh#ime actual speed of the cut of wagons at the
rail brake is launched first when the cut of wagpasses the check point, and is performed with a
radar speed meter. Measurement of the actual spemdhluated by means of a programme in real
time as the cut of wagons moves with variable speddhe rail brake during braking. The actual
speed is subsequently compared with the requireddspand based on this the rail brake thrust force
acting on the passing wheel tyres is corrected.
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Fig. 4.Block Diagram of the Speed Regulation at the Realki®
Rys. 4.Schemat blokowy regulacji gatkosci w hamulcach kolejowych
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2.3.  INTERLOCKED MOVEMENTS IN THE HUMP RAIL-YARD AREA

Not only split-up activities are performed in thentp rail-yard area but also classic shunt
handlings, and/or train runs. Shunt handlings diifem split-up activities especially in the fabat in
this case these are not movements of autonomoatutagons but these are movements of whole
shunting sections incl. tractive vehicles. In orieminimize the risk of possible damages resulforg
example from derailment, or side or front clast#mnt or train runs have to be permitted with the
signals "continue" in accordance with regulatioeénf) in force. Moreover, shunting routes in the
hump rail-yard area may be led through rail brakiestefore it is necessary to ensure that the rail
brakes are released prior to the arrival, and dutie whole run of the railway vehicles throughnthe
Train runs where runs of wagons containing dangeoaingos may be expected are prohibited in most
cases through both the rail brakes, and the hump.

Unoccupancy has to be monitored for runs in thephuai-yard area, too. Serial rail brakes are
used in most cases in the hump rail-yard area lsecaiiquick responses in case of the detection of
point occupancy; the brakes do not enable safectitateof the route unoccupancy because of their
function principle. Unoccupancy of the whole robtes to be stated either visually, or with another,
additional technical means.

Therefore because the system for the automatidheo$orting process in hump rail-yards has to
contain safety functions, too, it is possible taidk it into the part ensuring the safety, andphe not
ensuring the safety.

The safety part provides directly functions asdedavith the safety (it has to meet the regulations
for railway interlocking equipment with the necagsaafety level, so called SIL), i.e. cumulatively
both for the part of operation of cuts of wagonsd &r the part ensuring safeguarded runs in the
hump rail-yard area. The following functions rardecularly among safe functions:

— Not to permit point throw over for an occupied gpin

— Not to permit point throw over for a point beingked in the route,

— Not to permit the signal "continue" to be switctoaduntil prescribed conditions are met,

— To ensure safe coupling to the adjacent neighbguiirterlocking equipment (consent
couplings).

It can be seen from 3 that the elements associetbdthe safety are included both in the inner
part, and in the outer part. However, on many adooasit is not possible to meet all safety
requirements, which are often in contradictionhte tequirements for quick responses; therefor it i
necessary to tolerate certain risk limit. The degoé the tolerable risk is defined by the System
Operator.

The parts that are not directly associated withstiety (i.e. parts for which no danger may arise
in case of a failure e.g. caused by derailmentyoexcessive damages of railway vehicles) may be
constructed without any safety requirements, howeediability is required in most cases. Therefore
during the design and operation stages it is nacgd® take into account sufficient spare part
availability, and possibly also backups of indivatigystems.

3. APPLICATIONS

The MODEST-MARSHAL system is shown as an examptate application of a modern system
for automatic split-up activities; the MODEST-MARBH system was put into operation in June
2008 in the normal gauge hump rail-yard in €ierna nad Tisou Railway Station. Totally 20 points
are situated in the hump rail-yard area; the paémigble split-up activities to 21 sorting trackbeT
speed regulation is performed with hydraulic radkes in two sequences (performing the functions of
the primary retarder and brakes at foot of humprdetr); target brakes are not used (i.e. final wago
braking is performed by stop-block operators).
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The MODEST-MARSHAL system is a system which is lobse the Modest Family interlocking
systems. It utilizes the well-tried basis for thafety part which is completed with an automation
extension. The automation part of the system ctmeisso called Marshalling Post containing BOS
computers (Baking Qperation $ation) and SOS computershihting_ (Qperation $ation).

System for Automatic Marshalling
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Fig. 5. Safety Distribution in the System for Automatic Bpip Activities
Rys. 5.Rozktad bezpieczstwa w systemie do czyném automatycznego rozdziatu

The task of the SOS compuisrto create a cut list, and to provide informatam target tracks for
individual cuts of wagons of the interlocking systeFor a cut list optimum creation the SOS
computer is connected to the business informatysites of the Operator (ZSR - Slovak Railways)
which provides already pre-prepared informationtio® composition of the set to be split up into
individual cuts of wagons, and on allocation ofgtdrtracks to individual cuts of wagons. The
information system also provides further additiomdibrmation such as the information on the fact
that the wagon is not allowed to run through thenpurail-yard, or that the wagon requires careful
handling, etc. This information is then displayed éperators who may perform corrections for the
split-up process.

The BOS computeprovides for the automatic regulation of cuts @fgans. The task of the BOS
computer is to define - using data communicatiaime leaving speeds for cuts of wagons from
individual rail brakes - observation of the leavispgeed itself is ensured by the BrakeMaster system
consisting of speed regulators (each rail brakeitsaswn speed regulator). The system enables to
allocate the leaving speed of the cut of wagonsfeach rail brake individually based on the
information on the target track, and based on tferiation on the mass category of the cut of
wagons. Rail brakes may be also operated manugalhlgdans of a touch display of the BOS computer.

The safety parts made in two control levels: central (Centrastpa@nd process (Field post). The
safety core consists of a group of computers, #ectanicro-kernels. The micro-kernels work in the
system 2003 at the Central Post level and in theeBy 2002 at the Field Post level. The system uses
safe displaying and commanding implemented usinipdu operating level Train Operation Post. The
safety part ensures both the automatic operatiothefcut of wagons to the target track, and also
safety functions ensuring safeguarded shunt aiiwl toaites. The safety part is implemented for the
SIL-3 safety level.
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The system also supports status diagnostics by srafaa journal recording. At the maintenance
level, so called Maintenance Post, the maintenpecsonnel can monitor not only the actual situation
in the interlocking equipment but also to analygstesm behaviour in the past.

High-speed electromechanical point machines ard fmeoperation of points in the outer part,
which provide high-speed operation of points todpposite end position (typically up to 0.7 sec.).

Light signals are used for the train drivers taaiie the run permission.

Serial track circuits which provide quick occupatitetection are used for the detection of railway
vehicles in the rail-yard. As these track circ@ite not designed for safe unoccupancy evaluatien, t
system for unoccupancy determination for train @sus completed with an axle counter section. The
hump rail-yard area is adjacent to the connectiagks to the relay interlocking equipment circuit -
the reciprocal coupling is ensured using consemplings. The system requires full rail-yard isadati
track circuits have lengths from 5 m to approx.n2G- overbridge detection is performed for track
circuits shorter than 17.5 m.

All outer elements are controlled in a contactlaeshod using electronic converters which belong
to the FieldPost control level.

MODEST- MARSHAL Control System
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Fig. 6. MODEST-MARSHAL System Architecture
Rys. 6.Architektura systemu MODEST-MARSHAL
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