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Abstract: In spite of an zncreasmg predominance of continuous conveyance, the underground locomotzve

haulage system is still a significant way of transportation of excavated material. The mnovatzons(‘, :
introduced in this field mainly relate to mechanical and electric equipment, which is crucially important.. -
However, in order to achieve optimal haulage results it is necessary to rationalize optimize the
technological parameters referential for locomotive haulage systems. This paper presents some aspects of

underground coal mmes

determination of rational and optzmal parameters characterzstzc for locomotlve haulagei*syst

Abstrakt: Naprtek stupa]ucej prevahe kontmualnej dopravy, system podzemnej lokomottvovej dopravy e
stdle vyznamnym sposobom dopravy materidlu v podzemi. Aviak za iicelom dosiahnutia optimdlnych
wisledkov v doprave je potrebné raciondlne optimalizovat technologické parametre suvisiace so systémom
lokomotivovej dopravy. Tento ¢ldnok poukazuje na niektoré aspekty urcenia raciondlnych a optzmal
parametroy charakterlsttckych pre system lokomottvove dopravy v podzemn 'ch uholnyc

1. INTRODUCTION

A lively development of diverse means of continuous
conveyance led to a significant relegation of
locomotive haulage systems. Rail transportation, once
predominant in underground coal mines is presently
reduced to less than 50%. Even though the previously
mentioned tendency is also present in the mines of
metallic minerals the situation here is fairly better.

The reasons for such tendencies lie above all in a
faster development of continuous systems, large-scale
ore production, an increased use of continuous mining
technologies, but also in certain  obvious
disadvantages of locomotive haulage systems. In spite
of rather successfully improved locomotives,
rationalization and modernization of wagons, the
major problems arise within the context of the
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1. UVOD

Rychly vyvoj roznych prostriedkov kontinuélnej
dopravy viedol k vyznamnému vytladeniu systému
lokomotivovej dopravy. Dokonca zmienend tendencia
sa zacala v tom Case prezentovat aj v rudnych
baniach, kde situdcia je ovela lepsia.

Dovodmi takychto tendencii boli predovsetkym,
rychlym vyvoj kontinudlnych systémov,  velka
produkcia tazby rud, zvySené pouzivanie kontinuélnej
tazobnej technolégie, ale aj ur¢ité nevyhody
lokomotivovej  dopravy.  Napriek  dspe$nému
zlepSeniu lokomotiv, racionalizdcii a modernizécii
vozikov, hlavné problémy siviseli s technol6giou a
organizdciou lokomotivovej dopravy.
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technology and
haulage.

the organization of locomotive

In Yugoslav underground coal mines the use rail
transportation has been considerably reduced
considerably. In mines of non-ferrous metals and non-
metallic minerals the locomotive haulage is still
present in 70% of main haulage roads. After
developing several new coal deposits the partaking of
locomotive haulage in Yugoslav mining is expected to
increase.

The goal of this paper is to indicate methods for
solving locomotive haulage problems with a view of
eliminating its disadvantages and shortcomings.
Thereat, guidelines are given pointing to the measures
that should be taken to overcome or to diminish the
shortcomings and disadvantages of rail transportation.

2. Determination of a rational arrangement of the
train of wagons for coal conveyance

The capacity of locomotive haulage is closely
connected with the haulage length. In contrast to
continuous conveyance systems, which does the
haulage length minimally affect, the capacity of
locomotive haulage, like in the case of all the other
forms of cyclic conveyance may be determined only
after considering the distance that the conveyed
material is to cover.

Bearing in mind the numerous types of locomotives
and wagons with different adhesion weight and
capacity it is necessary to coordinate these elements.
Numerous authors, researchers and designers deal
with this problem. In conditions of Yugoslav mining
this issue is particularly important considering the
large variety of wagons and locomotives. This comes
as a consequence of various factors and illustrates the
development course of individual mines.

In order to define the parameters of locomotive
haulage systems for a start it is necessary to determine
the most rational types of wagons and their capacities
as function of locomotive adhesion weight. In this
way in the second stage it is possible to determine the
most rational arrangements of wagons in the train.

The researches carried out in the Department of Mine
Haulage and hoisting at the Faculty of Mining and
Geology in Belgrade were based on the following
initial assumptions:

- it is rational to use electric locomotives (contact
and battery-type) with adhesion weight ranging
from 50 to 150 kN,

- standard wagon capacities are analyzed
(according to Yugoslav standards), ranging from
0,9 to 5,0 m’.

V juhoslovanskych podzemnych uholnych baniach sa
pouZivanie kol'ajovej dopravy vyrazne zniZilo.
Vrudnych a nerudnych baniach lokomotivova
doprava stéle predstavuje 70% z hlavnych dopravnych
ciest.

Ulohou tohto ¢lanku je naznagit’ rieSenie problémov
lokomotivovej dopravy s ciefom odstranit jej
nevyhody a nedostatky. Preto si uvddzané hlavné
sposoby , ale len velmi stru¢ne, ktorymi by sa mali
Gplne alebo Ciastoéne odstranit nedostatky a
nevyhody lokomotivovej dopravy. Po otvirke
niekol’kych novych uholnych loZisk sa predpoklada,
Ze pouzivanie lokomotivovej dopravy sa v
juhoslovanskom banictve zvysi.

2. Urcenie racionilneho usporiadania vlakovych
stiprav na dopravu uhlia

Kapacita lokomotivovej dopravy je udzko spojeni
s dopravnou dizkou. Na rozdiel od kontinudlnych
dopravnych systémov, u ktorych dizka dopravy ma
minimdlny vplyv, kapacita lokomotivovej dopravy,
podobne ako v pripade vsetkych systémov cyklickej
dopravy moéze byt ur€end len  vzhladom
k vzdialenosti, ktord musi dopravovany material
prejst’.

Po zvaZeni, Ze existuje velky pocet typov lokomotiv a
vozikov s rozdielnou adhéznou hmotnostou a
kapacitou  je potrebné koordinovat tieto prvky.
Mnoho autorov, vyskumnikov a dizajnérov sa
zaoberalo tymto problémom. V  podmienkach
juhoslovanského banictva je tato zaleZitost ddleita
najmé z dévodu vel’kého poitu réznych typov vozikov
a lokomotiv. Této situdcia je ddsledkom pdsobenia
roznych Cinitefov a poukazuje na priebeh vyvoja
jednotlivych bani.

Za ucelom ur¢it' parametre lokomotivovej dopravy je
potrebné na zaliatku zistit najraciondlnejsie typy
vozikov a ich kapacitu ako funkciu adhéznej
hmotnosti lokomotivy. Tymto spdsobom je potom
mozné zistit' najracionalnejsie usporiadanie vozikov
vo vlaku.

Vyskumy vykonané Katedrou dopravy a zdvihacich
zariadeni na Fakulte banictva a geolégie v Belehrad
boli zalozené na nasledujucich vstupnych
predpokladoch:

- Je raciondlne pouzivat' elektrické lokomotivy
(trolejové a  akumuldtorové) s adhéznou
hmotnost'ou v rozsahu od 50 do 150 kN,

- Standardné objemy vozikov  si analyzované
(podl'a Juhoslovanskych noriem), v rozsahu od
0,9 do 5,0 m’,
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- for the determination of the overall mass of one
train the basic criteria are the adhesion tractive or
haulage force and the safe braking path,

- 4% is considered to be the average grade of the
rail in the direction of full wagons motion.

On the basis of these assumptions for conditions of
underground coal mines, it was possible to determine
the arrangements of the trains presented in Table 1.

- pre stanovenie celkovej hmotnosti jedného vlaku
st zdkladnymi kritériami adhézna tazna sila
alebo tazna sila na hdku a bezpetnd brzdna
dréha,

- 4%o st povazované za priemerny sklon kol'ajovej
trate v smere pohybu plnych vozikov.

Na zdklade tychto predpokladov pre podmienky
hlbinnych uhol'nych bani, bolo mozné stanovit
opatrenia pre lokomotivy uvedené v tabulke 1.

Table 1 Possible number of wagons for different locomotives
Tabulka 1 Mozny pocet vozikov pre rozne typy lokomotiv

Wagon Adhesion weight of locomotives (kN)

Capacities, m’ 50 60 70 80 90 100 110 120 130 140 150
0,9 34 40 47 53 60 68 74 81 88 94 101
1,1 28 33 38 44 49 55 61 66 72 77 83
13 23 28 32 37 42 47 52 56 61 65 70
1,5 20 24 28 32 36 41 45 48 53 57 61
2,0 15 18 21 24 27 31 34 37 40 42 46
3,0 10 12 14 16 18 20 22 24 26 28 30
4,0 8 9 11 12 14 1’5 16 18 19 21 22
5,0 6 7 8 9 11 12 13 14 15 17 18

A large number of wagons in the train will complicate
the maneuvering at final stations; it requires prolonged
shaft landings and extended loading stations and
bypasses. Correspondingly, the reliability of
conveyance is reduced considering the increased
probability of stoppages during haulage, higher
maintenance costs etc. On the other hand, the train
with a reduced number of large-capacity wagons
requires larger road cross-sections and if due to defect
one of the wagons is cut out at the loading point the
useful load will be considerably reduced etc.

Bearing in mind the previously stated issues one of the
criteria for the determination of a rational train
arrangement it has been adopted that the number of
wagons in the train should range from 15 to 25. The
other criterion for the determination of the most
rational wagon capacity is taken out of the condition,
which stipulates that the length of the train (without
the locomotive) should not exceed 80 m.

On the basis of these two criteria and by applying
adequate software it was possible to determine the
most rational wagon capacity for each locomotive
with specific adhesion weight and to establish the
number of wagons and the length of the train
(Table 2).

Velky pocet vozikov vo vlaku bude komplikovat
manévrovanie v  koncovych staniciach, bude
vyzadovat prediZené narazisko, vi¢3iu nasypnu
stanicu a vozikovy obeh. Zodpovedajico tomu ,
spolahlivost prepravy je znizend vzhladom k
zvySenej pravdepodobnosti preruSenia plynulosti
prepravy, vysoké naklady na udrzbu atd. Naproti
tomu, vlak so znizenym pocétom velko-kapacitnych
vozikov vyzaduje vd¢§ie prieéne prierezy dopravnych
ciest a ak sa pokazi jeden z vozikov v mieste
nakladania, vykonnost nakladania bude podstatne
niz8ia atd’.

V sivislosti s vysSie uvedenymi problémami, jednym
z kritérii pre stanovenie raciondlnej vlakovej stpravy
bolo urgenie poétu vozikov vo vlaku, ktorych pocet
rozsah by mal byt od 15 do 25. Druhym kritériom pre
urenie  najracionalnej$ej kapacity vozikov je
zohladnenie  podmienky, ktord 3pecifikuje dizku
vlaku (bez lokomotivy). Tato by nemala byt vicsia
ako 80 m.

Na zéklade tychto dvoch kritérii a pri adekvdtnom
programovom  vybaveni je mozné  zistit’
najraciondlnejsiu  kapacitu vozika pre kazdu
lokomotivu so $pecifickou adhéznou hmotnostou,
uréit poget vozikov a dizku vlaku (tabulka 2).
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Table 2 Rational train arrangements
Tabulka 2 Raciondlna vlakova suprava
Adhesion weight of
locomotives (kN) 50 60 70 80 90 100
Wagon Capacities, m’ 1,3 1,5 1,5 2,0 20 |20 3,0 3,0 3,0
Number of wagons 23 20 24 18 21 24 16 18 20
Length of the train, m 4 36 43 45 52 60 33 60 66
Useful load in a train (t) 30 30 36 36 42 48 48 54 60
Adhesion weight of
locomotives (kN) 110 120 130 140 150
Wagon Capacities, m’ 3,0 4,0 3,0 4,0 4,0 4,0 5,0 4,0 5,0
Number of wagons 22 16 24 18 19 21 17 22 18
Length of the train, m 73 57 80 64 67 74 63 78 67
Useful load in a train (t) 66 64 72 72 76 84 85 88 90
By developing the same research program it was also  Bol ~ vyvinuty podobny vyskumny  program,

possible to determine the average locomotive
capacities per each shift for different haulage lengths
(from 1 to 5 km), for different locomotive adhesion
weights (from 50 to 150 kN) and for different wagon
capacities (from 1,3 to 5,0 m’). At the same time the
calculations showed that the average time of
locomotive effective performance per shift is 4.5
hours, taking into account the pausing at loading,
discharge and bypass points.

Analyzing further the results obtained and bearing in
mind the circumstances in Yugoslavia, it is possible to
carry out additional rationalization. Namely, instead of
11 locomotives of adhesion weight ranging from 50 to
150 kN it is suggested to use S locomotives of the
following adhesion weights; 50, 70, 100, 120 and
150 kN.

It may be adopted that coal conveyance is carried out
by one-rail track, with one bypass in the middle of the
route and with two simultaneously operating
locomotives, for the annual mine output ranging from
100 thousand to a million tons of coal. On the basis of
this the application of locomotives and wagons may
be determined from the diagrams presented in Figures
1 and 2. Particular attention has been paid to the
analysis of contact (trolley) and especially to battery
locomotives. Haulage length ranges from 1 to 5 km,
the number of conveyance hours per year amounts to
3600 and the sufficient number of spare wagons and
locomotives are available.

Similar coordination of wagons and locomotives has
been carried out for haulage systems in mines of non-
ferrous metals and non-metallic minerals. For the
haulage systems that are not included in the previously
analyzed arrangements, separate software packages
have been developed, following similar principles, in
order to determine the most rational train arrangement
for each locomotive.

pomocou ktorého je mozné zistit priemernu
kapacitu lokomotivy pre rozne dizky dopravnej
trate od 1 do 5 km), pre rézne adhézne hmotnosti
lokomotiv od (50 do 150 kN) a pre rozdielny objem
vozikov od 1,3 do 5,0 m®. Sugasne vypo&ty ukézali
ze priemerny &as efektivneho vykonu lokomotivy
na zmenu je 4.5 hodiny, pri zohladneni prestivok
na miestach nakladania, vyprazdifiovania a
vozikového obehu.

Analyzovanim dal§ich ziskanych vysledkov — pri
zohladneni pomerov v Juhoslavii, je to mozné
vykonat d’al3iu racionaliziciu. Totiz namiesto 11
lokomotiv s adhéznou hmotnostou v rozsahu od
50 do 150 kN je mozné navrhnut pouzitie 5
lokomotiv s adhéznou hmotnost'ou 50, 70, 100, 120
a 150 kN.

To znamena, Ze doprava uhlia mdze byt
vykonavand pomocou jedno -kol'ajovej trate, s
jednym vozikovym obehom uprostred trate a s
dvoma stéasne pracujucimi lokomotivami, pre
roénu tazbu v rozsahu od 100 tisic do milién ton
uhlia. Na zéklade toho pouzitie lokomotiv a
vozikov modze byt urené z  diagramov
znazornenych na obrazkoch 1 a 2. Pozor na ur¢ité
rozdiely, ktoré platia pre analyzu trolejovych a
akumulatorovych lokomotiv. Dizka trate v rozsahu
do od 1 do 5 km, pocet hodin prepravy za rok je
3600 a vhodny pocet vozikov a lokomotiv je k
dispozicii.

Podobnd koordindcia vozikov a lokomotiv bola
urobena pre prepravu v baniach na tazbu rud a
nerdd. Pri analyze  prepravy neboli zahrnuté
predchddzajice zostavy ,ale bol vyvinuty zvlaStny
softvérovy balik, zohl'adiiujici podobné zasady, s
cielom uréit najcracionalnejsi vlak pre kazda
lokomotivu.
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Figure I Application of contact locomotives
Obrdazok 1 PouZitie trolejovych lokomotiv
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Figure 2 Application of battery locomotives
Obrdzok 2 Pouzitie akumuldtorovych lokomotiv

3. Determination of the number of trains and of
bunker capacity in locomotive haulage systems

The optimization of parameters characteristic for
locomotive haulage is also an interesting issue
pursued by numerous researchers. For this purpose
diverse methods have been bused, from techno-
sconomic, to multi-criteria methods along with the
zoplication of stochastic and other models. The
researches comprised, among others, the following
TWO Issues:

- to determine the optimal number of trains for a
determined output and

- to determine the optimal capacity of loading
bunkers. ‘
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3. Urcenie po€tu vlakov a kapacity zasobnika pre
lokomotivovii dopravu

Optimalizacia parametrov charakterizujicich
lokomotivovi dopravu je zaujimavym problémom pre
mnohych odbornikov. Pre tento ucel boli navrhnuté
rdzne metddy od technicko-ekonomickych, po mnoho-
kritérialne metddy spolu s pouzitim nahodnych a
inych modelov. Vyskumy zahriiovali, medzi inym,
nasledujice dva problémy:

- zistit optimélny pocet vlakov ako vystup a
- zistit optimalnu kapacitu zdsobnikov .
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Within the framework of the research program
Underground Haulage Systems in Deep Coal Mines,
after thorough analyses the researchers opted for the
methodology of V. A. Ponomarenko [4], which is
based on the optimization of the output capacity of
locomotive haulage. In this case the systems with
direct loading (continuous conveyor) were analyzed
along with the systems with loading from bunkers.

In case when the coal is directly loaded into the
wagons the change of the coal quantity in the unit of
time may be represented by Gaussian distribution,
which is defined by the mathematical expectation
(mean value) M, mean square deviation and frequency
distribution. If the useful load in a train is denoted
with Qy, which is the product of the number of wagons
n, and the useful load of one wagon Q and if the
operating costs for one train are denoted with Cy and
with C, the costs incurred due to loss of one ton of
coal caused by stoppages then the equation derived for
the determination of the optimal number of trains will
be as follows: (1)

aky, Q| o)
n, z

ey

where: k, — coefficient of the loading conveyor
machine- time,

@

ca-k
Qk—azﬂ(z_l),
o

n

y(n,)= 3)

a — the rate of coal inflow from the face.
In cases when the variation coefficient has low values,

o
namely when—= — 0, the optimal value of n, may
a

be determined using the following expression: (4)

Cg-az-k:,
C,-0;+C,-ak,

“)

Figure 3 shows how the number of trains varies
depending on the mass of useful load in one train and
of the rate of coal inflow from the face.

For locomotive haulage systems that foresee the
loading of wagons from the bunkers with the capacity
Vy, it is necessary to determine the function of
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Pocas ramcového vyskumného programu Podzemné
dopravné systémy v hlbokych uholnych baniach, po
dokladnych analyzach odbornici zvolili metodiku
V.A.Ponomarenka (4), ktora je zalozena na
optimalizécii vykonnosti lokomotivovej dopravy. V
tomto pripade  systémy s priamym nakladanim
(kontinudlna doprava) boli analyzované spolu s
nakladanim zo zdsobnikov.

V pripade, ked’ uhlie je bezprostredne nakladané do
vozikov mnoZstvo uhlia za jednotku €asu moze byt
reprezentované pri Gaussovom rozdeleni, ktoré je
definované matematickou pravdepodobnost'ou
(strednou hodnotou) M, strednou kvadratickou
odchylkou a rozlozenim pocetnosti. Ak uZito¢né
zatazenie vlaku je oznaené ako (@, ktoré je
vysledkom poctu vozikov n, a uZitonym zataZenim
jedného vozika Q a ak prevddzkové ndklady pre jeden
vlak st oznacené ako C; a ako C, st oznagené naklady
spdsobené  stratami na jednu tonu uhlia zapri¢inené
prestojmi, potom deferencidlna rovnica pre zistenie
optimalneho po¢tu vlakov bude mat’ takyto tvar (1):

a-k '
. +& .
n, £

e“)’("k)

(1

kde k;, — koeficient plnenia dopravného zariadenia za
¢as,

@3

ca-k
g‘#(z—l),

n

y(nk ) = 3)

a—rychlost toku uhlia z porubu.

V  pripadoch ked’ odchylka indexu méa spodné

n

hodnoty, totiz ked’

— 0, optimalna hodnota ny

mdze byt ur€end pouzitim nasledujiiceho vyrazu (4):

Cg-az-k,i
C,-0;+C, a-k,

n, =

“4)

Obrazok 3 ukazuje ako sa meni pocet vlakov v
zavislosti od uZito¢né zataZenie jedného vlaku a od
rychlosti toku uhlia z porubu.

Pre systémy lokomotivovej dopravy, kde sa
predpokladd plnenie vozikov zo zdsobnikov s
kapacitou V), je potrebné ur¢it’ funkciu prestojov pri
distribucii, pre dopravu. Pravdepodobnost’
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stoppage time distribution, for haulage-caused

stoppages. The probability denoting the lack of

working stoppages may be presented in the following
way:

zaznamendva straty v dosledku prevadzkovych
prestojov a mdZe byt prezentovand nasledujicim
spdsobom:

P(t,=0)=1-¢"", 5) P, =0)=1-g%, )

5
£ 4
2‘ ——a=180
'g 3 ——a=210
B =
g 2 a=240
£ ——a=270
> 1
Z e —

0 - . . ; . -

40 50 60 70 80 90 100 110
Mass of useful load, Qk (t)

Figure 3 Diagram showing how the number of trains depend on the load-bearing capacity of one train and on
the loading rate
Obradzok 3 Pocet vlakov v zdvislosti od nosnosti jedného vlaku a od rychlosti nakladania

The probability that the time of working stoppage due
to the bunker is smaller than a value x may be
expressed as follows:

P(t, <0)=1-e™" .g™* ©)

The optimal bunker capacity is obtained by defining
and by solving the function @(Vy). After introducing
the costs of performance and resources of the bunker
in the unit of time C, and by minimizing the function
C (V) it is possible to obtain the optimal bunker
capacity:

g oo G pGkded g
"k, -a-(z-D) G o Y,

n

@)

where Yy, represents the bulk density of the loose coal.
If the ratio_ Oa
k2-a’

m

_s (- then the optimal bunker

capacity may be approximately determined by the
following formula:

k - C,n
Vbopt == - 8 1]’1 2 5 —&
n, G, Yin

@®)

Figure 4 shows how the optimal bunker capacity
varies depending on the rate of coal inflow into the
bunker "a" and on the number of trains ny, which have
2 load bearing capacity of 60 tons of useful load.
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Pravdepodobnost’, Ze &as prevadzkovych prestojov
sposobeny zadsobnikom je mensi neZ hodnota x
mdZeme vyjadrit' nasledovne:

P(tzo < O) =1~ e""“’b) e R ©)

Optimélna kapacita zdsobnika je ziskand definovanim
a rieSenim funkcie (V,). Potom &o si uvedené
previdzkové nédklady a zdsoby v zdsobniku za
jednotku €asu Cj a pri minimalizovani funkcie C (V})
je mozné ziskat’ optimalnu kapacitu zasobnika:

¢ GRde g

n

vV = }
bopt km-a-(z—l) ('1',02 y"

n

Q)

kde vy, reprezentuje objemovu hmotnost volného
uhlia. '

2
n
2z 2
m.a

zasobnika moéZe byt priblizne wuréend podla
nasledujiceho vzorca:

Ak pomer — 0, potom optimélna kapacita

k""a-lncg e 0,
n, C; Y.

V., =

bopt

®)

Obrazok 4 znézoriiuje ako sa meni optimélna kapacita
zdsobnika v zavislosti od velkosti intenzity toku uhlia
smerom do zdsobnika "a" a od po¢tu vlakov ny, ktoré
majl nosnost’ 60 ton.
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Figure 4 Bunker capacity depending on coal inflow and the number of trains
Obrdzok 4 Kapacita zdsobnika v zdvislosti od intenzity toku uhlia a poctu viakov

In most cases when locomotive haulage systems are
used the installation of bunkers for coal loading into
wagons is technically and economically justified.
However, frequently the mining and geological
conditions impose certain limitations, reducing the
prospects of bunker installation near the face.
Therefore, direct loading of wagons is not rare. This
requires a larger number of wagons, which must be
placed at the loading point.

4. CONCLUSION

Increasingly difficult conditions of underground coal
mining require a rationalization and optimization of
all technological processes. In case of locomotive
haulage systems this requirement is even more
emphasized, particularly in the designing stage and for
the development of new or reconstruction of available
haulage systems.

There are numerous train arrangement variants, but
only a few are justifiable. This requires a precise
coordination of locomotives and wagons and the
rationalization of train arrangement. The basic criteria
that should be applied are tractive or haulage forces,
safe braking, train length and the number of wagons
imposing rational limitations. Apart form determining
the rational parameters for locomotive haulage it is
also very important to establish the optimal number of
trains for the given output along with a constant load
bearing capacity of the train. Moreover, for the
systems with bunkers it is necessary to make optimal
dimensioning of loading bunker placed at the
beginning of the haulage system.

Vo vicSine pripadov ked lokomotivové dopravné
systémy pouZivaji zasobniky na plnenie vozikov
uhlim si po technickej a ekonomickej stranke
vyrovnané. Ale, frekventovand tfazba a geologické
pomery spdsobuju urcité¢ obmedzenia, zniZujuce
moZnosti umiestnenia zasobnika blizko pri &elbe.
Preto, priame plnenie vozikov nie je zriedkavé. Toto si
vyzaduje viacsi podet vozikov, ktoré musia byt
umiestnené na plniacom mieste.

4. ZAVER

Stale tazSie podmienky v podzemnom uholnom
banictve vyzaduju racionaliziciu a optimalizaciu
vietkych technologickych procesov. V pripade
lokomotivovej dopravy tito poziadavka je dokonca
este viac zvyraznend, hlavne v etape projektovania a
pri vyvoji nového systému lokomotivovej dopravy
alebo pri jeho rekonstrukeii.

Existuje mnoho variantnych usporiadani vlakovej
supravy, avSak len par je opodstatnenych. Toto si
vyZaduje presnu koordinaciu lokomotiv a vozikov a
racionalizdciu ~ zoradenia  vlakov. Zikladnymi
kritériami, ktoré by mali byt pouzité su tazna sila
lokomotivy na héku a na obvode kolesa, bezpedna
brzdna dréha, dizka vlaku a pocet vozikov, ktoré
stanovia raciondlne obmedzenia. Zvla3t spdsob

uréujuci raciondlne parametre pre lokomotivovu
dopravu je tiez velmi vyznamny, pretoze stanovuje
optimalny pocet vlakov pre dant kapacitu sucasne s
konstantnou nosnost'ou vlaku. Navyse, pre systémy so
zasobnikmi je potrebné optimalne nadimenzovat
zaciatku

plnenie  zasobnika umiestneného na

dopravného systému.

UGLJA, RGF Beograd, 1992
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