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Introduction

Most of existing automation, signalling and
telecommunications systems in accession states are worn
enough and require renovations [1]. In accordance with
Technical Specifications for Interoperability [2-3],
accession states will be getting prepared for migration
from class B control, command and signalling systems to
class A. For this migration process to be efficient, there are
many different solutions. Therefore it is evident that some
of the infrastructure and rolling stock operators will be
more successful in this process, than the others, thus
increasing competition between themselves. Throughput
capacity is considered to be one of the most important
factors for successful competition. Though infrastructure
(especially in the 1520mm gauge countries) is quite
similar, there exist many different approaches for
increasing throughput capacity.

The issue of throughput capacity for lines with
automatic block system (having block sections with a
certain fixed length) was investigated earlier [4 — 5]. Later,
a train control model with dynamic block sections was
developed [6], and some of advantages of such
development were emphasized.

The aim of this work was to find out the
interdependence between speed of train and a throughput
capacity for lines with implemented dynamic block
sections, and to compare it with characteristic
interdependence of a line with automatic block system; and
also, to decide about the optimal train speed for reaching
maximum throughput capacity.

Throughput capacity for lines with automatic block
system

Throughput capacity for a single-track road with
ordinary automatic block system is denoted by the
following expression [4]:
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where Il 45 — is a throughput capacity of a section with

implemented automated block system, in trains per hour;
Lpp — a length of block section, in km; L — a length of a
line, in km; / - average length of a train, in km; v — is the
average train speed at the line, km/h.

For use in our investige Kuziai — Kretinga railways
road section with semiautomatic block system was
selected. If automatic block system were installed on this
line, throughput capacity I1,g would depend on n (a
number of trains in a “packet”) (see Table No.1) [4].

Table 1. Dependence of Iljp Table 2. Dependence of

from n IT,p from v,
n, number 1_[ABa trains Vo, km/h UAB)
of trains per hour trains per

1 4,87 60 12

2 7,56 80 16

3 9,28 100 20

4 10,47 120 24

5 11,34 160 32
However, more desired is dependence of the

throughput capacity II 45 and train speed v, (see Table

2), calculated by applying formula (1), under assumption
that a length of a block section Lpgp is equal to 2,25 km,

the average length of a train is =500 m, and the total delay
because of the human factor and duration of preparation of
braking system is equal to 5 s.
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Fig. 1. Dependence between throughput capacity and train speed,
for the line with automatic block systems



Dependence of the throughput capacity Il z and train
speed vy for lines with automatic block systems, from

Table 2., is seen in Fig. 1., and clearly denotes the
monotonously rising of this dependence.

Throughput capacity for lines with dynamic block
sections

An interval-based train control model, using dynamic
block sections was developed [6] in order to optimise train
traffic flows in lines. This approach was based on the idea
to use block sections with variable lengths, depending on
the traffic density. Control of traffic is performed from a
Centralized traffic control centre (CTC), which via optical
network is connected to several radio block centres (RBC).
Trains communicate by the help of GSM-R
communications, and GPS positioning systems together
with trackside equipment are used to define the location of
a train [7-8].
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Fig. 2. Control of traffic, based on dynamic block sections and
GSM-R in combination with GPS (GALILEO)

Throughput capacity I1,,,,., expressed in trains per
hour, for such a line (Fig. 2.) with dynamic block sections
is calculated by applying the following formula:
v

I+Lg~

2
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where v — is speed of train, km/h; Ly, - train braking
distance, km; / — average length of a train, in km.

A methodology for calculating braking distance [9]
could be applied.

Train braking distance L , that is, the overall
distance from the moment when a command for braking
was initiated till the complete stop of a train is denoted by
the following:

Ly = Lp +Lg, (3)

where L, is initial distance, which train pass without

applying brakes, during which brakes are only being
prepared to be applied, in km; L; - the real braking
distance, km.

The abovementioned initial distance depends on the
speed of a train v, before receiving the command for

braking, km/h, and time ¢ 'L

train was being prepared for applying brakes.
The initial distance, passed during preparation of
brakes, L » is as follows:

in hours, during which the
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here 7, for freight trains with a length from 200 to 300
axles is calculated by applying the following:

t,=10-—%, ®)

st
(6)

where i.— is relative friction, which depends on the road

i, =w; +w,,

inclination and turning curves, that is, w; —is acclivity of a
road (measured in %0 ), with sign ,,+* for acclivity and “—*
700 Iy,

sign for descents; w, = , where R is curve radius,

km; /4, is length of a curve, km; / — length of a train, km;

by, is relative train braking force, kg/t, that is, a braking

force distributed for 1 ton of train’s weight. b, is denoted

by the following:

2B,
0

where ZBg, is the overall braking force of all the drags,

b , (7

st =

kg/t; O — weight of a train, in tons.

We could apply the following technique to calculate the
overall braking force of all the drags. The force K impacts
the drag of a wheel, and as a result of this, a frictional force
B, appears, which is expressed by the following formula:

®)

where @, is a frictional coefficient, describing interaction

Bl :K(Dks

between drag and wheel mechanism.

By applying elementary laws of mechanics, we
could prove that for a single drag, the braking force is as
follows:

B, =B, =Koy . )
From formulas (7, 8 and 9) we obtain the following:
K
by = 22K g (10)
0
K
where = % is a coefficient of compression

characterising the compression force, influencing drags.

If a centralized automatic braking system is used,
additional reaction time should be added to the brakes
preparation time ¢, for conventional rolling stock, used

by LG, it has a fixed value of 12s:

Lautst =tp + 12,

(11

where ¢, 1s the overall time for preparing automatic

braking system, and ¢, are in seconds. It should be noted,



that for convenience of calculations, dimension of ¢, .
is usually in hours, converted from seconds.

The real braking distance, in the speed interval from
v; to v;, is as follows:

n
Ly=2

i=0

500v; = vii1)
é(bst +Wwop + ic)

(12)

where n is a number of intervals, into which the band of
speed vy —0 is split, in which integration is changed with
a procedure of “stepped approximation” (in accordance
with speed v). In order to obtain the desired precision, it
would be recommended to choose 7 so that the following

would correct: (vl- -V +1)£ 10km/ h ; where Vv, is speed of
a train at the beginning of the i—th calculation interval,
km/h; v,,, - is speed of a train at the end of the i-th
interval, it is equal to a speed at the beginning of (i+1) — th
interval, km/h; vy - is a speed of a train before the
braking, in km/h; v, .; =0 - is speed when stopped; & —
velocity factor which characterizes inertia of spinning

b

_ Vv +v; .
vy =L
2 c

wy - is a relative coefficient, characterizing opposition for

masses; is found from formula (7), in which

st

- is calculated from formula (6);

train movement, kg/t; & is gravity acceleration, expressed
in km/h*, during calculation of which, a coefficient of
spinning masses } is assessed, too [9]. In practice, & can

be expressed as follows:

| (3600)>

5 =120,
(1000)“(1+ )

(13)

where y = 0,06 is assumed for the case of passenger and

freight trains [10].

A relative coefficient, characterizing the opposition to
train’s movement depends on many factors: shape of the
wheel, gauge head construction, type of wagon bearing
(gliding or rolling) and so on. The wy (kg/t) is usually

expressed in empiric expressions like the following two
[9]:

w,, for locomotives:

woz = 2,4+0,011v+0,00035v2 , (14)

wopy for conventional freight four-axle wagons with
rolling bearings:

8+0,1v+0,0025v2
Woy = 0,7+ 5

90

(15)

where ¢ is the average load of the wagon axle, in tons.

With regard to the above mentioned,  simulation = was
performed and dependence was found between the train
speed and line throughput capacity (for lines with dynamic
block sections). For simulation the average weight of
freight trains was chosen to be (Q=4000t, and
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corresponding length /=1,090 km. A distance between
trains was presumed to be equal to Ly and was calculated
by applying formula (3) (see Fig. 3.)
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Fig. 3. Resulted distance
between trains

Fig. 4. Dependence between
throughput capacity and
train speed, for the line
with dynamic block sections

Duration of simulated observation was chosen 24
hours (so that to be able to compare a number of trains,
passed each hour, with existing statistics, if needed).

From obtained simulation results (see Fig. 4.) we see,
that throughput capacity is not a monotonously rising
function, and has an extreme point. From this extreme
point we can decide the optimal train speed, under which
the maximal throughput capacity could be reached. The
usable nominal speed is specified in the directive [11], the
existing typical value is 100 — 120 km/h. By a chance the
extreme point matches well the existing speed interval,
therefore it would be purposeful to use namely this speed.

Conclusions

1. Throughput capacity, which is one of the most
important operational characteristics, for lines with
automatic block systems, is a monotonously rising function
of a train speed.

2. Throughput capacity of a line can be increased, by
implementing train traffic control based on the approach of
dynamic block sections.

3. Throughput capacity of railway lines with
dynamic block sections differs from conventional
throughput capacity in lines with automatic block system,
because it is not monotonously rising speed function.

4. Throughput capacity I , has extreme point.

5. Based on the location of this extreme point we can
decide the best acceptable train speed under which the
maximal throughput capacity will be obtained.
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Salyse su 1520mm véZe) yra ganétinai panasi, taiau egzistuoja daugybeé skirtingy biidy pralaidumui padidinti. Sio darbo tikslas buvo
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itakoja pralaiduma. Yra pademonstruojama, kad galima pasiekti didesni pralaiduma, idiegus judriuosius blokuojamuosius ruozus.
Pralaidumas judriyju blokuojamuyjuy ruozy atveju néra monotoniskai auganti grei¢io funkcija, skirtingai nuo automatinés blokuotés
sistemy. Pralaidumas turi ekstremumo taska. Pagal §j ekstremumo taska gali buti nustatytas traukinio greitis, prie kurio yra pasiekiama
geriausia pralaidumo reiksmé. Il. 4, bibl. 11 (angly k.; santraukos lietuviy, angly ir rusy kalbomis).
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infrastructure (especially in the 1520mm gauge countries) is quite similar, there exist many different approaches for increasing
throughput capacity. The aim of this work was to find out the interdependence between speed of train and a throughput capacity for lines
with implemented dynamic block sections, and to compare it with characteristic interdependence of a line with automatic block system;
and also, to decide about the optimal train speed for reaching maximum throughput capacity. This paper describes in details calculation
of train braking distance, speed and influencing forces for conventional lines with automatic block systems and for lines with dynamic
block sections, as it considerably influences the throughput capacity. It is shown, that a greater throughput capacity can be reached if
dynamic block sections are implemented. Throughput capacity in the case of dynamic block sections is not a monotonically rising speed
function; not like for automatic block systems. Throughput capacity has extreme point. From this extreme point the train speed can be
determined, under which the best value of a throughput capacity can be reached. Ill. 4, bibl. 11 (in English; summaries in Lithuanian,
English, Russian).
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BonbmmHCcTBO M3 cymiecTByrommx B crpaHax EC cucreM aBTOMAaTHKH, CHTHAJIM3ALUK M TEJICKOMMYHHKAIUU SIBISIIOTCS yXKe
JOCTaTOYHO M3HOUIEHHBIMH U TpeOyloT OOHOBIEHMS. B COOTBETCTBMM € TEXHHUECKUMH CHENUMHUKAMUAMHE B3auMOJACHCTBUSL
MpeLyCMOTPEH MEPEXOA CHUCTEM YIPABICHUS M CHTHAIU3ALUM C YpPOBHsA KOHTpoist B Ha ypoBens A. IlpomyckHas crnocoOHOCTh
SBISIETCA OJHOM W3 CaMbIX Ba)KHBIX JKCIUTyaTAalMOHHBIX XapaKTEPUCTHK. XOTS HH(pacTpyKTypa (0COOEHHO B CTpaHaX ¢ Koyeéi
1520MM) moBOJIEPHA TOXO0’KA, OJHAKO CYIIECTBYET Macca Pa3iMYHBIX CIIOCOOOB YBEIHYHTH MPOMYCKHYIO CIIOCOOHOCTB. Llenpro 3Toit
paboTBl OBUIO HAWTH 3aBHCHUMOCTb MEXIY CKOPOCTBIO IIO€3J0B M MPOIYCKHOH CIIOCOOHOCTBIO C BHEAPEHHBIMH CHCTEMaMU
JMHAMUYECKH OJIOKUPYEMBIX YYaCTKOB M CPAaBHHUTH C XapaKTEPHOH 3aBHCHMOCTHIO CHCTEMBI aBTOMAaTHYECKOH OJIOKHPOBKH, a TaKxke
YCTaHOBHUTH ONTHMAJIbHYIO CKOPOCTh JUIS JOCTIDKCHHS MaKCHMAaJbHOM IPOITyCKHOM CIIOCOOHOCTH. OTa CTaThsl IPEIOoCTaBILsIET
JIeTaJIbHBIE PacCu€Thl TOPMO3HOIO ITyTH MOE3/1a, CKOPOCTH M BIMSIOIIMX CHJI, HOCKOJIBKY IO CYIIECTBY, HMEHHO OT JTOTO 3aBHCHT
MpPOIYCKHasi CMOcoOHOCTh. [IpoaeMOHCTPUPOBAHO, YTO MOXKHO JOCTHIHYTh OOJBIIEH MPOMyCKHOW CHOCOOHOCTH, BHEIPUB
JMHAMUUYECKYIO OJOKMPOBKY y4YacTKOB. B oTiimume oT cucTeM aBTOMaTHYeCKO ONOKMPOBKH yYacTKOB, MPOIYCKHAas CIOCOOHOCTh B
cllyyae JUHAMAYecKH OJIOKHPYEMBIX YYacTKOB HE SBIIETCS MOHOTOHHO pacTymieil ¢yHkuumed ckopoctu. Ilpomycknas crmocoGHOCT
HMeeT TOUKy dKcTpeMyMa. [locpecTBOM 3TOH TOYKM HKCTpEMyMa MOXKHO OyAET yCTaHOBHTBH TaKylo CKOPOCTH IO€3Z0B, IPH KOTOPOit
JOCTUTAETCs JIydlllee 3HA4eHHWEe IPOIYCKHOH cmocoOHoctH. M. 4, 6mbn. 11 (Ha aHIIHCKOM s3bIKe; pedepaTsl Ha JIUTOBCKOM,
AHTJIMHACKOM M PYCCKOM $13.).
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