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Introduction

The main target of Lithuania as of the other developing countries is the
rapid growth of national economy and increase in competitive ability. Imple-
menting this target in the national economy development policy, the greatest
growth of economy in the nearest future is sought by distribution of public
investments. One of the most important priorities of those investments is the
transport improvement. In terms of development of the single market in Eu-
rope, the economic relations between member-states have intensified, number
of states has increased, territory has extended, specialization of labour has
grown up, and trade barriers have lessened. All these factors have promoted a
rapid growth of flows of all kinds of transport. Continually increasing share of
such growth falls on railway transport, since modern economy requires extreme
flexibility and interactivity. Therefore, the role of railway transport will not
decline in future not withstanding new communication technologies and tradi-
tionally formed flows of water and land transport. Fluent and efficient transport
is not only a kind of service that creates the large added value, but also an es-
sential assumption for successful development of other economic branches and
assurance of the high life quality of population. Railway transport is one of
essential factors determining efficiency of operations of the national transport
system and being of the vital importance for economic and social development
of the country. It should be noted that in Lithuania more than 45 per cent of
freight traffic fall on the railway transport.

This thesis presents investigation of one of the most effective ways of fuel
saving by the railway track rolling stock — implementation of optimal times of
movement at railway lines for suburban, passenger and freight trains and ra-
tional modes of truck control for rolling stock in main routes of Lithuanian
railways.

Topicality of the problem

Globalization of the world economy, continual growth of economy in all
Lithuanian sectors, and development of new economical regions increase vol-
umes of freight traffic and the role of the transport, especially the railway
transport, which is the most important in bulk freight traffic.

In the Guidelines for the Economic and Social Development of Lithuania
for 2005-2011 and for the Period until 2015, it is emphasised that the increas-
ing of the carrying capacity and throughput capacity of railways should be re-
garded as a main direction in the development of the national railway transport.
Therefore, increase in the weight and length of freight trains is an important
and effective direction of the technical transport policy.



A growth in the carrying capacity of railways can be achieved by organis-
ing regular traffic of long trains. When such trains move by track longitudinal
profile grades, longitudinal dynamic forces may reach dangerous values. The
inadequate stiffness of the rail vehicle bogie suspension and gauge drives or
unstable moving traffic of the rolling stock can cause a traffic accident. There-
fore, the movement control mode for the long train should be chosen taking
into account the dynamic load of the rolling stock at each specific track section.

The task of saving of energy resources has been established alongside
with the increase in carrying capacity and throughput capacity of railways. For
railway traction and operational needs alone, AB “Lietuvos gelezinkeliai”
(State Company “Lithuanian Railways”) consume more than 72 MWh of elec-
tric power and more than 60 thousand tons of diesel fuel.

The thesis involves the performance of theoretical and experimental re-
search of the mode of movement control of long trains seeking to minimize the
time of movement at railway lines and traction fuel consumption. When con-
sidering these two criteria, the increase in longitudinal dynamic forces due to
increase in weight of the train, as well as increased number of wagons and au-
tomatic clutches were taken into account.

The task that was established has been resolved through mathematical simu-
lation and optimisation methods. The task solution involved the use of R. Bell-
man discrete dynamic programming method with regard to the corresponding
changes included in the specifics of the task under consideration. The research
performed has proposed a methodology for the optimisation of the times of
movement at railway lines in the traffic schedule. This methodology evaluates the
traction fuel consumption minimum criteria, taking into account the dynamic
train load. An algorithm, which allows obtaining the optimal distribution of the
times of movement at railway lines in a more effective manner, has been pro-
posed for the optimisation of times of movement at railway lines of suburban
diesel multi-units in accordance with the energy traction consumption criteria.

Research object
The train movement control and traffic scheduling.

Aim and tasks of the thesis

To perform the theoretical and experimental research of the rational modes
of movement control of passenger, freight and suburban trains seeking to mini-
mize the time of movement and traction fuel consumption, taking into account
restrictions of longitudinal dynamic forces. Tasks of the thesis are as follows:

1. Analysis of methods for optimization of models of the rolling stock
traction calculation and rational modes of the train movement control.



2. Development of an algorithm for selection of the long train control
method using the principle of R. Bellman.

3. Development of software for calculations of the train traction to deter-
mine the minimum movement time and minimal fuel consumption, using C++
software package.

Definition and realization of the task for optimization of times of movement
of suburban diesel multi-units at railway lines and fuel consumption optimization.

Comparison of the results of theoretical train traction and experimental
movements of the rolling stock.

Methodology of research

Analysis of the literature and empirical research on the rolling stock traction
performed by other scientists was applied for investigation of the scientific prob-
lem and setting of the research structure. The method of mathematical simulation
was used for solution of formulated tasks and optimization of the certain techno-
logical parameters was performed. Service testing of the rolling stock was per-
formed with measurements of times for movement at railway lines and fuel con-
sumption by diesel-electric trains. During experimental movements the wagon-
laboratory equipped with tensometric equipment sensors in the selected positions
of the train. The results of the theoretical research were compared with the results
of experimental movement, and adequacy thereof was determined.

Scientific novelty

The task of optimization was defined and solved allowing determining pa-
rameters of the rational train control mode using the dynamic programming
method. In order to obtain mentioned parameters, two train mathematic models
were used: a flexible inextensible thread and a system of masses which were
connected by non-linear deformable elements.

Software was developed which implemented the methodology for the se-
lection of the optimal train movement control mode with regard to changes in
the train longitudinal dynamic forces. An algorithm was proposed for calcula-
tion of the train movement control modes applicable to work up the traffic
schedules for long freight trains and suburban diesel multi-units. Using the
dynamic programming method, the train movement control was optimized in
accordance with the traction fuel consumption minimum criteria.

Practical value

The developed methodology for the selection of the long train movement
control mode with regard to the longitudinal dynamic forces allows establishing
the optimal traffic times at railway lines. The use of the optimal control modes



ensures the saving of fuel for traction by up to 5-8 % depending on the track
profile. In the case of suburban traffic, the recording of the times of traffic al-
lows saving up to 4 % of diesel fuel for traction. Developed software imple-
ments the methodology for the selection of the optimal train movement control
mode with regard to the train longitudinal dynamic load.

Statements presented to defence

1. Development of methodology and algorithm for optimization of times
of movement at railway lines for freight, passenger and suburban diesel multi-
units that allows to assess the fuel consumption minimum criteria. These meth-
odology and algorithm are used to work out the train traffic schedules.

2. Development of software for calculation of the optimal times of movement
at railway lines and train movement control modes for freight, passenger trains and
suburban diesel multi-units according to the fuel consumption minimum criteria.

3. Application of methodology proposed by the author allows to decrease
by 1.5-2 times the train longitudinal dynamic forces and approx. 5-8 % — fuel
consumption for movement of trains at railway lines with steep gradient inclines.

The practical approval of obtained results

The main results of the research have been used for decrease in times of
movement at railway lines of AB “Lietuvos geleZinkeliai” trains and optimisa-
tion of the long train control mode at those railway lines at the main transport
corridors IXB (Kena—Vilnius—Kaisiadorys—Radviliskis—Siauliai-Klaipéda) and
IXD (KaiSiadorys—Kybartai) of AB “Lietuvos geleZinkeliai” (State Company
“Lithuanian Railways”).

Thesis structure

The thesis contains introduction, six chapters, conclusions, reference list,
and list of the author publications. The scope of the thesis is 88 pages, 36 fig-
ures, 13 tables, and 1 annex. Reference list includes 103 bibliographic sources.

1. Evolution of studies on locomotive rational control and efficient
scheduling

First chapter includes analysis of works under investigation created by the
world and Lithuanian scientists, where parameters of movement and control of
long trains are analyzed, and tasks of stimulation of the train movement and
working out the traffic schedules are investigated. Famous the modern mathe-
matical tools, methods of dynamic programming and problems of selection of
the train optional control are widely investigated by famous Russian and
Ukrainian scientists.



The traction calculation models currently used do not take into account the
longitudinal dynamic forces of coupling devices. Such a model could be ap-
plied when the longitudinal forces are not high. Longitudinal dynamic forces of
long (heavy) trains, in particular, which have achieved the critical values, are
dangerous for wagons during the transitional mode of the train traffic. With the
train length and weight growing, longitudinal forces increase and can reach
dangerous values (in respect of vehicle stability and stable running on the
gauge), which causes the necessity of their evaluation in tasks for the selection
of long train control. Therefore, the task of development of such a model for
the calculation (summarised traction calculation) of traction, which would al-
low considering from equivalent aspects the issues of fuel and energy consump-
tion for train movement, longitudinal dynamics, and vehicle stability on the
gauge, is an issue of immediate importance.

Having investigated the current situation, the target and tasks of research
were defined and methodology of research was selected.

2. Mathematical model of train longitudinal dynamics
Second chapter presents the mathematical model of the train longitudinal
dynamics.

The train movement is described by means of a system of differential
equations:
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The main initial conditions:

x(0) = x,, v(0) = v, T(0) =T



where v; — the speed of the j-th carriage; S; S;,; — forces in its couplings; g; =
x;j_1 —x; — the absolute deformation of the j-th connection; g; — speed of this
deformation; m; — the weight of the j-th carriage; n — the number of carriages; x; —
the absolute displacement of the centre of masses of the j-th carriage; F; — the
sum of the projections of external forces impacting the trajectory tangent; v —
the speed of the centre of masses of the train; x — the absolute displacement of
the centre of masses of the train; P, Q — the weight of the locomotive and wag-
ons; F,, — locomotive traction force; W = W (v, u(x))+ Wy(v)+ W, (x)+ W, (x) —
natural resistance of the train to slid movement; By, — the braking force impact-
ing the train (electrical braking and air braking); Ky — the total pressing effort
of the brake-blocks of the train; 7 — the temperature of overheating of traction
engines; T,, — the thermal characteristics of the electrical engine; Irgy — traction
engine flow (TEV); U, — the voltage of electrically driven rolling stock at the
pantograph U, = U.(x); u(x) — control (controller position number).

Model (1) describes the train movement as non-linear deformable ele-
ments, which takes into account spaces in clutches, running of a system of con-
nected discrete masses. Model (2) describes the train running as that with the
length L,, flexible inextensible thread.

Therefore, each condition of a train during its movement will be matched
by the point illustrating it in the phase space (x, v, T, U, {S}), where {S} is
derived as follows: {S }(t)zmaxS j(t) and determined from the solution of the

P

system of equations (1).
The area of permissible phase trajectories is determined by the following
limitations:

X, Sxng ;
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where x,, x, — the coordinates of the initial and final points of the track; Tpesmis —
maximum permissible overheating temperature of the electric engine; v"(x) —
maximum permissible train speed; (S7(v)), (S™™(v)) — maximum permissi-
ble clenching and stretch forces of the coupling devices.

That is related to the control vector u(x) = {uy, u», ..., u,}, therefore, in
accordance with the technical operation rules, all its possible values are subject
to limitations, which may be indicated as follows:
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where I7xy — maximum permissible engine current; g, — carriage axle load; vy, —
wheel and rail coupling factor; Ky — wheelset brake-block pressing effort; @, —
brake-block and wheel friction factor.

The train optimal control law u(x) should comply with the isoperimetric
limitation (the train control laws can be compared only when the train traffic
time is the same).

X,

t(w)=| L (6)

v(x,u) B

where 7, — traffic time at the railway line corresponding to the control u(x); #; —
the prescribed traffic time at the section between stops of the train.

We will assume the functional, which illustrates the train traction fuel
consumption at the section between stops of the train as the evaluation criterion
for the control law u(x).

W) @

where G(v, u) — fuel consumption during a time unit; n,(v, u) — locomotive
efficiency factor.

Therefore, the task for the selection of the rational mode of long train
movement control can be formulated as follows: to find such a control law
u(x) €{U}, so that the solution of the system of equations (1-2) correspond-
ing to it would belong to the area G, the limitation (6) would be fulfilled, the
optimality criterion (7) would have the minimum value, and the initial and
final points of the trajectory would belong to certain sets Q, and €, where Q, —
is the set of initial values (xo, vo, To, {So}); € — the set of final values (x,, v,,
T,, {S.)).
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3. Train traffic control optimization

Third chapter is dedicated to the selection of the optimisation method and
creation of the algorithm of the set task, which is based on the method of func-
tional equations of R. Bellman.

The appropriateness of the application of the dynamic programming method
for the solution of the task is demonstrated. A comparison of various train models
(material point, flexible inextensible thread with variable linear mass, and system
of masses) under the established control law has been provided.

It has been established that when selecting the long train movement con-
trol mode is selected, the biggest inaccuracy occurs with the material point train
model (the biggest deviation in terms of speed reaches 3—4 km/h, and the dif-
ference from the track profile is up to 15-20 %). The maximum difference in
terms of speed as a model of flexible inextensible thread with variable linear
mass and a system of masses amounts to not more than 0.3-0.6 km/h in the air
braking mode and not more than 0.1-0.3 km/h in other modes.

In order to resolve the set task, the hybrid mathematical model of a train
was created (flexible inextensible thread + system of masses), which allows
considerably reducing the task resolution time.

The tasks considered from the dynamic programming positions (1-7) can
be assigned to multidimensional control processes. However, because of the
specifics of traction calculation tasks, this task can be assigned to monodimen-
sional control processes when considering the reconciliation of positions within
each mode.

The Bellman functional equations of this task appear as follows:

hi (Vi (“))zueAU I, (V07 Vi)§
fZ(Vi(u))zng(Nz(vj’ Vi)+ fl("j ))
) =min(ar o, £, )

I (Vi (u))zmin(AIN (Vj’ Vi)+ Ira ("j ))

uelU

®)

The algorithm calculation scheme is based on the method of functional
equations with regard to included changes, which correspond to the specifics of
the task under consideration. These changes allow avoiding “irresolvable” situ-
ations by selecting the control mode, simplifying the control adjustment algo-
rithm in accordance with longitudinal forces.
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The results of the solution of optimisation tasks for real track sections and
their further check during trial running demonstrated that there is a possibility
to reduce the level of longitudinal dynamic forces by 1.5-2 times and to save
5-8 % of fuel for traction.

4. Long train control rational mode selection program

Forth chapter presents a description of the programme for the selection of op-
timal control modes for long trains. Description is divided into structural schemes
with explanations of purpose of functions and components of those schemes pro-
vided alongside. Seeking to simplify understanding of the programme operation for
users, description of programme functions and functional components is presented
“from the general to the specific”, i.e. transferring from description of the pro-
gramme general structure to the separate functional components of the programme.

The track longitudinal profile of all traffic sections used for traffic of pas-
senger and freight trains. User may not change data in the information base of
the programme.

Information base of the train traffic sections includes data as follows:

1. Track longitudinal profile of all traffic sections used for traffic of pas-
senger and freight trains (user may not change information);

2. Track layout of all traffic sections used for traffic of passenger and
freight trains (user may not change information);

3. Arrangement of separate centres on all traffic sections used for traffic of
trains (user may not change information);

4. Determination of the speed of traffic of passenger and freight trains on
all traffic sections at railway lines and separate points (user may review and
amend information);

5. Limitations for the speed of traffic of passenger and freight trains on all
traffic sections at railway lines and separate points (user may review and amend
information);

6. Points for check of efficiency of the train brakes in the course of traffic
with indication of coordinates, initial and final speed values as well as length of
braking (user may review and amend information).

A user is enabled to manage the database in full. In this base data on the
certain number of trains is accumulated and stored. Later information on trains
presented in the database is used for calculation of the train control modes and
times of movement thereof at railway lines on all current train traffic sections.
Train database includes 2 parts: freight trains and passenger trains.

Another important part of the programme presents a module for calcula-
tion of the control modes for freight and passenger trains and times of move-

13



ment thereof at railway sections on specific sections. The aim of calculation is
to determine the train specific control modes on the specific sections according
to the specific train traffic schedule seeking to minimize the fuel consumption.
In this case the following limitations are applied:

1. Speed of the train may not exceed permissible limits on the entire run-
ning section;

2. Train should be driven not extending parameters of the locomotive trac-
tion and train braking;

3. Temperature of the generator and traction engines may not exceed per-
missible limits;

4. All requirements to efficiency of the train brakes checked during the
running, should be executed in full;

5. Discrepancy of times of the train running at railway lines calculated on
the specific running section from the one preliminary set up in the traffic
schedules may not exceed permissible errors;

6. Train control may not cause dangerous longitudinal dynamic forces of
the train stretch and compression.

Based on the results of calculations, two train documents shall be issued.
The first document presents modes of the specific train for traffic on the specif-
ic section under the specific traffic schedule. The second document is the jour-
nal of the specific train on times of its movement at railway lines on the specif-
ic traffic section taking into account the whole time of the train movement from
the departure station to the arrival station. The second calculation result form is
useful for analysis of potential of saving of extra fuel used for the train traction.
Saving is possible by redistribution of times of train movement at railway sta-
tions on the specific section. In this case, the schedule should only include indi-
cation of times of departure and arrival for those stations where train stops are
planned under the schedule. In the course of calculations the most optimal (in
terms of fuel saving) times of the train movement at railway lines taking into
account the whole time of the train route.

5. Optimization of commuter diesel multiple units running
station-to-station duration

Fifth part is dedicated to the optimisation of times of movement at railway
lines for suburban diesel multi-units. The prescribed time of movement at the
section can be broken down by times of movement at railway lines in different
options. There appears the task to establish such distribution of times of move-
ment at railway lines, under which fuel consumption for traction are minimal:

14
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where t, — prescribed section movement time; #; — movement time at the i-th
railway line; N — the number of railway line; G«(#;) — dependence of traffic
movement fuel consumption on the movement time at the i-th railway line.

Under such assumptions, the following optimal trajectory equation in the
differential form has been obtained for this task:

const, if #; efield limit Q;

dt;
i _ 7 (¢ —g* . 11
d Sl li) et eine 0 (b
=t ]+ g\
with the limiting condition
i(e;)=1, (12)

Q — the area where a solution is being sought. When resolving the equa-
tions (11)—(12), it became possible to obtain the optimal trajectory condition of
the task (9)-(10). The trajectories of the concave efficiency functions and of
those efficiency functions which have bending points.

Since it is not always possible to resolve the equation (11) analytically, we
proceed to the final, differential form with the use of a certain differential
scheme:

v(t, 1!, A)
v(t, t, A)+ U(t;‘, A

t(r+A)= )-A+H (13)

where H — the constant, which is determined from (12).

The essence of the proposed method is that we obtain a solution by the
method of functional equations, but when creating Bellman function with the
use of equation (13), we improve the search method which is included in the
method of functional equation, i.e. actually, we extract a secondary Q' area
from Q area and look for a solution in the secondary area in accordance with
the method of functional equations.
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The thesis provides a comparison of the gross method, dynamic pro-
gramming method, and proposed method by the number of the checked points.
The proposed algorithm is illustrated by the task of the distribution of move-
ment times of the diesel multi-unit A—B section railway line in accordance with
the traction fuel consumption minimum criterion (A = 0.25 min., N =29). The
solution of the task proposes a diesel multi-unit traffic schedule for the railway
lines, which is more efficient (in terms of fuel consumption) by 4 % compared
to the existing actual schedule.

Software drawn up in the algorithm language C++ Builder for Windows
XP/2000/Vista/7 environment and an instruction for the preparation of initial
information are provided.

6. Long train performance tests

Sixth part is dedicated to description of service testing at the transport
main corridors of the Lithuanian Railways and comparison of results of theoret-
ical and experimental research. The objective of the real running of the rolling
stock is to study longitudinal dynamic forces in long trains when running on
long-distance sections with complicated track profile. The running of the lead
locomotive and auxiliary locomotive was controlled in accordance with the
calculated mode cards obtained in accordance with the developed methodology
for the calculation of summarised traction.

The experimental research allowed performing the final adjustment of the
calculated mode cards and providing recommendations on rational and safe
methods of control of locomotive traction and brake devices. The impact of
incompatible actions of the engine drivers of the lead locomotive and auxiliary
locomotive on the level of longitudinal dynamic forces in various train running
modes was studied in real conditions.

The analysis of change in the control modes demonstrates that failure to
observe by engine drivers the recommendations on rational and safe methods of
control of locomotive traction and brake devices could have an impact on the
occurrence of significant longitudinal forces and even the traffic accidents.

Mode cards for the control of long train movement at the transport main
corridors of the Lithuanian Railways have been provided. The trial running of
the rolling stock confirmed decrease in the longitudinal dynamic forces by 1.5—
2 times and reduction of fuel consumption by up to 5-8 %.

General conclusions

1. The methodology for optimization of times of train movement at rail-
way lines and algorithm for selection of the long train control method, taking
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into account the minimum criteria of fuel consumption have been developed.
These methodology and algorithm are recommended for application in working
out traffic schedules.

2. The method of dynamic programming in the discrete form serves as the
basis for the algorithm of calculation of the train control modes.

3. The hybrid mathematical model for the long train movement control —
flexible inextensible thread as the system of discrete masses, which are con-
nected by non-linear deformable elements, including spaces in clutches) has
been developed. Such model allows increasing the speed of the task solution by
times.

4. Trial operational movements confirmed the correctness of the theoreti-
cal assumption and methodology for the selection of long train movement con-
trol modes which allows, if applied, to decrease the longitudinal dynamic forces
by 1.5-2 times and to save 5-8 % of fuel for traction when long freight trains
run at the track profile with the steeps slopes (grades).

5. Software for optimization of times of movement at railway lines for
diesel multi-units according to the fuel consumption minimum criteria has been
developed.

6. The modes of control of movement long trains with the double header
diesel-electric locomotives at the main Lithuanian railway corridors IXB
(Kena—Vilnius—Kai$iadorys—Radviliskis—Siauliai-Klaipéda) and IXD (Kai-
Siadorys—Kybartai) have been tested and corrected in the course of trial
movements.

7. The programme for selection of optimal control modes and simulation
of the train traffic at the selected Lithuanian railway lines has been developed.

8. The annual economic benefit of AB “Lietuvos geleZinkeliai” due to ad-
aptation of traffic schedules to optional times of movement at railway lines and
implementation of corresponding modes of the long freight train movement
would make up approx. 2.0 million Lithuanian Litas.
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LOKOMOTYVU EFEKTYVAUS NAUDOJIMO TYRIMAS
VERTINANT VEZIMU APIMCIU DINAMIKA

GeleZinkeliy transportas yra vienas i§ esminiy veiksniy, nulemianciy Salies
transporto sistemos veiklos efektyvumg bei turin€iy gyvybing reikSme Salies
ekonomikos ir socialinei raidai. PaZymétina, kad miisy Salyje geleZinkeliais
vezama daugiau kaip 45 procentai visy kroviniy.
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Siame darbe i$nagrinétas vienas i§ veiksmingiausiy geleZinkelio traukos
riedmeny degaly ekonomijos biidy — priemiestiniy, keleiviniy ir prekiniy trau-
kiniy optimaliy vaZiavimo tarpsto€iais trukmiy ir riedmeny racionaliy traukos
valdymo reZimy, pagrindiniuose Lietuvos geleZinkeliy marSrutuose, diegimas.

Mokslo problemos aktualumas

Salies gelezinkeliy pajégumo padidinimas gali biiti pasiektas suorganiza-
vus reguliary ilgyjy traukiniy eisma. VaZiuojant tokiems traukiniams kelio isil-
ginio profilio nuolydziais, sastato iSilginés dinaminés jégos gali pasiekti pavo-
jingas reikSmes. D¢l vaziuokliy bei pakaby nepakankamo stiprumo arba dél
nestabilaus riedmeny vaziavimo bégiais gali kilti eismo jvykis. Taigi, ilgojo
traukinio valdymo reZima biitina parinkti pagal riedmeny dinamines apkrovas
vaziuojant kiekvienu konkreciu kelio ruozu.

Kartu su gelezinkeliy pajégumo ir pralaidumo didinimu aktualus ir energe-
tiniy resursy taupymas eksploatuojant riedmenis. AB ,,Lietuvos geleZinkeliai‘
vien tik traukiniy traukai ir eksploatacinéms reikméms per metus sunaudoja
daugiau kaip 72 MWh elektros energijos ir daugiau kaip 60 tiikstanciy tony
dyzelino.

Darbe atlikti teoriniai ir eksperimentiniai ilgyjy traukiniy valdymo reZimy
tyrimai, siekiant minimizuoti traukiniy vaZiavimo tarpstoc€iais trukme ir degaly
traukai sanaudas. Jvertinant Siuos du kriterijus, buvo atsizvelgiama ] iSilginiy
dinaminiy jégy padidéjima dél iSaugusios traukinio masés ir didesnio vagony
bei automatiniy sankaby skaiciaus.

Atliktuose tyrimuose pasiiillyta vaZiavimo tarpstociais trukmés optimiza-
vimo, sudarant traukiniy eismo grafikus, metodika. Si metodika vertina degaly
traukai sgnaudy minimumo Kkriterijy, atsizZvelgiant i dinaming traukinio apkro-
va. Priemiestiniy dyzeliniy traukiniy tarpsto¢iy vaZiavimo trukmeés optimizavi-
mui pagal degaly traukos sanaudy kriterijy pasitlytas algoritmas, kuris leidZia
optimalia paskirstyti dyzeliniy traukiniy vaZiavimo tarpstociais trukme.

Moksliniy tyrimy objektas
Traukiniy vaziavimo valdymas ir eismo grafiky sudarymas.

Darbo tikslas

Atlikti teorinius ir eksperimentinius keleiviniy, prekiniy bei priemiestiniy
traukiniy valdymo racionaliy reZimy tyrimus, siekiant minimizuoti vaziavimo
trukme bei degaly sanaudas traukai jvertinant sastato iSilginiy dinaminiy jégy
apribojimus.
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Darbo uZdaviniai

1. Riedmeny traukos skaiiavimo modeliy bei traukiniy racionalaus val-
dymo rezimy optimizavimo metody analizé.

2. Ilgojo traukinio valdymo reZimy parinkimo algoritmo sudarymas, nau-
dojant R. Bellmano principa.

3. Traukinio traukos skai¢iavimy, nustatant minimalig vaZiavimo trukme
bei minimaly degaly sunaudojimg, programos sudarymas naudojant C++ pro-
graminj paketa.

4. Priemiestiniy dyzeliniy traukiniy vaZiavimo tarpstoCiais trukmés bei
degaly sagnaudy optimizavimo uzdavinio sudarymas ir realizavimas.

5. Traukinio traukos teoriniy ir riedmeny eksperimentiniy vaZiavimy re-
zultaty palyginimas.

Tyrimo metodika

Literattiros bei kity mokslininky atlikty empiriniy riedmeny traukos tyrimy
analizé buvo taikyta mokslinei problemai iStirti ir tyrimy struktiirai nustatyti.
Suformuluoty uZdaviniy sprendimui panaudotas matematinis modeliavimas ir
atliktas tam tikry technologiniy parametry optimizavimas. Atlikti riedmeny
eksploataciniai bandymai, matuojant vaZiavimo tarpsto€iais trukmes ir Silum-
veziy degaly sanaudas. Eksperimentiniy vaziavimy metu buvo naudojamas
vagonas laboratorija su tenzometrinés aparatiiros jutikliais pasirinktuose trauki-
nio taSkuose. Teoriniy tyrimy rezultatai palyginti su traukiniy eksploataciniy
bandymuy rezultatais ir nustatytas jy adekvatumas.

Mokslinis naujumas

Suformuluotas ir iS§sprestas optimizavimo uZdavinys traukinio racionalaus
valdymo parametrams nustatyti panaudojant dinaminio programavimo metoda.
Minétiems parametrams gauti panaudoti du traukinio matematiniai modeliai:
lankstusis neiSsitempiantis siiilas ir diskretiniy masiy sistema sujungta netiesi-
niais deformuojamaisiais elementais.

Nustatytas traukiniy valdymo rezZimy skaiCiavimo algoritmas, taikytinas
ilgyjy prekiniy traukiniy ir priemiestiniy dyzeliniy traukiniy eismo grafikams
sudaryti. Nustatyta priemiestiniy traukiniy optimali vaZiavimo tarpstocCiais
trukmeé.

Darbo rezultaty praktiné reik§mé

Sudaryta ilgyjy traukiniy valdymo rezimy parinkimo, atsizvelgiant j iSilgines
dinamines jégas, metodika , pagal kurig galima nustatyti eismo grafiko vaziavimo
tarpstociais racionalias trukmes. Racionaliy valdymo reZimy naudojimas uZtikri-
na degaly traukai ekonomijg iki 5-8 %, priklausomai nuo kelio profilio ir vagony
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skaiCiaus. Sudaryta kompiuteriné programa, realizuojanti traukinio racionalaus
valdymo reZimo parinkima pagal sastato iSilging, kintancig kiekvienoje autosan-
kaboje, dinaming apkrova bei jvertinanti konkrety kelio profilj. Visi programos
moduliai paraSyti C++ programavimo kalba, taitkomyjy programy C++ Builder
XE? plétojimo aplinkoje. Programos pagrindg sudaro jos duomeny bazé bei trau-
kiniy valdymo rezimy ir jy vaZiavimo tarpstociais atskiruose traukiniy judéjimo
ruozuose skai¢iavimo modulis. Programos duomeny baze¢ sudaro 3 dalys: trauki-
niy judéjimo ruozy duomeny bazé; traukiniy duomeny bazés ir traukiniy eismo
tvarkara$¢iy duomeny bazeés.

Taikant §ig metodika 1,5-2 kartus sumazintos sastato iSilginés dinaminés jé-
gos, o degaly sanaudos — apie 5-8 %, traukiniams vaziuojant kelio ruozais su
staCiais nuolydziais.

Ginamieji teiginiai

1. Sudaryta prekiniy, keleiviniy bei priemiestiniy dyzeliniy traukiniy va-
Ziavimo tarpstociais laiko optimizacijos metodika ir algoritmas, jvertinantis
degaly sgnaudy minimumo kriterijy. Si metodika ir algoritmas naudojami suda-
rant traukiniy eismo grafika.

2. Sukurta prekiniy, keleiviniy bei priemiestiniy dyzeliniy traukiniy va-
Ziavimo tarpstoc€iais racionaliy trukmiy ir traukinio valdymo reZimy skaiciavi-
mo pagal degaly sgnaudy minimumo Kkriterijy programa.

3. Taikant autoriaus siilomg metodikg 1,5-2 kartus sumazintos sgstato i$-
ilginés dinaminés jégos, o degaly sgnaudos — apie 5-8 %, traukiniams vaZziuo-
jant kelio ruoZais su staciais nuolydZiais.

Gauty rezultaty aprobavimas

Pagrindiniai tyrimy rezultatai panaudoti AB ,,Lietuvos geleZinkeliai trau-
kiniy vaZiavimo tarpstocCiais trukmés maZinimui ir $iy tarpstociy ilgyjy trauki-
niy valdymo pagrindiniuose transporto koridoriuose — IXB (Kena—Vilnius—
Kaiiadorys—Radviliskis—Siauliai-Klaipéda) ir IXD (Kaiiadorys—Kybartai) —
traukiniy valdymo reZimams optimizuoti.

Disertacijos struktiira

Disertacijg sudaro jvadas, Sesi skyriai, iSvados, literatliros sgrasas ir auto-
riaus publikacijy sarasas. Darbo apimtis 88 puslapiai, 36 paveikslai, 13 lenteliy
ir 1 priedas. Literatiiros sarase yra pateiktas 103 literatiiros Saltinis.

Pirmame skyriuje iSanalizuoti pasaulio ir Lietuvos mokslininky tiriamieji
darbai, analizuojantys ilgyjy traukiniy vaZiavimo bei valdymo parametrus, nag-
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ringjantys traukiniy vaziavimo modeliavimo ir eismo grafiky sudarymo uzdavi-
nius.

Antrame skyriuje pateiktas traukinio iSilginés dinamikos matematinis mo-
delis.

Treciasis skyrius skirtas uZdavinio algoritmo suformavimui, kuris remiasi
R. Bellmano funkciniy lygéiy metodu.

Parodytas dinaminio programavimo metodo taikymo tikslingumas uzdavi-
nio sprendimui. Pateiktas jvairiy traukinio modeliy (materialusis taskas, lanks-
tus neiSsitempiantis sifilas, masiy sistema) palyginimas, esant nustatytajam
valdymo désniui.

Ketvirtame skyriuje apraSoma sukurtos programos struktiira, jos funkciniai
moduliai ir jy atliekamos funkcijos.

Penktas skyrius skirtas priemiestiniy dyzeliniy traukiniy tarpstociy vaZzia-
vimo trukméms optimizuoti.

Pateikta programa, surayta algoritmine kalba C++ Builder, Windows
XP/2000/Vista/7 aplinkai. Pateiktas pradinés informacijos paruoSimo aprasas.

Sestas skyrius skirtas ilgyjy traukiniy eksploataciniams bandymams pa-
grindiniais Lietuvos geleZinkeliy koridoriais apra§ymui ir teoriniy bei eksperi-
mentiniy rezultaty palyginimui

Riedmeny bandomieji vaZiavimai patvirtino iSilginiy dinaminiy jégy su-
mazinima (1,5-2) kartus ir degaly sagnaudy sumazéjima iki 5-8 %.

Bendrosios iSvados

AB ,Lietuvos geleZinkeliai“ viena i§ svarbiausiy sanaudy daliy yra degaly
sanaudos. Kasmet, priklausomai nuo perveZimy apim¢iy, sunaudojama nuo 45
000 t iki 60 000 t degaly. Traukos riemeny eksploatavimo metu degaly sgnau-
dos sudaro apie 80% tiesioginiy sanaudy. Taigi degaly taupymas viena i§ svar-
biausiy uZduoc€iy bendrovéje siekiant islikti konkurencingiems bei patraukliems
klienty atzvilgiu. Sis darbas tai dar vienas Zingsnis maZesniy degaly sanaudy
link naudojant dinaminio programavimo ir matematinio modeliavimo metodus.

1. Sukurta traukiniy vaZiavimo tarpsto€iais trukmiy optimizavimo meto-

dika ir traukiniy valdymo rezimy nustatymo algoritmas, jvertinantis
minimalias degaly sanaudas. Si metodika ir algoritmas rekomenduo-
jami naudoti sudarant traukiniy eismo grafikus. Sudarytas miSrus ilgo-
jo traukinio valdymo matematinis modelis — lankstusis neiSsitempian-
tis sitlas, kaip diskre¢iyjy masiy sistema, sudaryta i§ netiesiniy de-
formuojamyjy elementy su tarpais sujungimuose. Toks modelis leidZia
padidinti uZdavinio sprendimo sparta. Panaudojant Belmano metoda
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buvo iSsprestas optimizavimo uzdavinys, kuriame nustatyti optimaldis
traukiniy valdymo reZimai.

2. Panaudojant Belmano metoda buvo iSsprestas priemestiniy traukiniy
vaziavimo tarpsto€iais optimizavimo uZdavinys, kuriame nustatytos
optimalios vaZiavimo tarpstociais trukmeés bei minimizuotos degaly
sgnaudos.

3. Sukurta traukiniy valdymo reZimy, pasirinktais tarpstociais, programa.
Pasinaudojant programa galima nustayti racionalius valdymo reZimus
bet kokiame ruoZze, jvairaus tipo ir svorio riedmenims.

4. Vadovaujantis racionaliais valdymo reZimais atlikti bandomieji eksp-
loataciniai vaZiavimai patvirtino teoriniy prielaidy ir ilgyjy traukiniy
racionaliy valdymo reZimy pasirinkimo metodikos validumg. Rezulta-
te (1,5-2) kartus sumazintas sastato iSilginiy dinaminiy jégy dydis ir
sutaupyta iki (5-8) % degaly sanaudy.

5. Priemestiniy traukiniy vaZiavimo tarpsto€iais racionaliy trukmiy pri-
taikymo eismo grafikuose ir ilgyjy prekiniy traukiniy valdymo reZimy
jdiegimo LG metinis ekonominis efektas sudaryty apie 2,0 mln. Lt.
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