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Dynamic Optimization of Railcar Traffic
Volumes at Railway Nodes

Aleksandr Rakhmangulov, Aleksander Sladkowski, Nikita Osintsev,
Pavel Mishkurov and Dmitri Muravev

Abstract A major direction in the development of modern world transport systems
involves the concentration of freight and traffic flows within international transport
corridors and transport nodes in terminals and hubs. The changing role of rail
transport is taking place under these conditions. Increased structural complexity and
irregularities in cargo and railcar traffic volumes have been observed, despite the
higher levels of transport equipment and technology standardization, the increased
container transport volumes and consequent reduction in the cost of intermodal
operations, and the interaction between different modes in transport nodes. This is
largely due to the increasing need for cargo owners to lower logistics and ware-
house costs, which is achieved by reducing the size of freight shipments and
ensuring their uniform delivery. Moreover, privatization of the railway industry in
certain countries and the sale of rolling stock to operating companies have made the
coordinated management of rail fleets more difficult. The demand for improved
efficiency of railcar traffic volume management in the case of complex structures is
especially relevant for large railway nodes, particularly the transport systems of
industrial enterprises. Here, the application of traditional approaches to the man-
agement of transportation processes involving individual elements of traffic flow
(trains, railcars, locomotives) and transport infrastructure (railway stations, loading
areas, rail hauls) leads to additional transport costs as a result of the increased length
of time that railcars are located at the railway node. The aim of this study, therefore,

A. Rakhmangulov (&) � N. Osintsev � P. Mishkurov � D. Muravev
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
e-mail: prtrans@gmail.com

N. Osintsev
e-mail: nikita.osintsev@gmail.com

P. Mishkurov
e-mail: mishkuroff@mail.ru

D. Muravev
e-mail: mura4747@gmail.com

A. Sladkowski
Silesian University of Technology, Katowice, Poland
e-mail: aleksander.sladkowski@polsl.pl

© Springer International Publishing AG 2017
A. Sladkowski (ed.), Rail Transport—Systems Approach, Studies in Systems,
Decision and Control 87, DOI 10.1007/978-3-319-51502-1_10

405


	Clipboard01
	435887_1_En_Book_Editor
	Preface
	Contents
	Means of Transport and Maintenance
	1 Effects of Braking Characteristics on the Longitudinal Dynamics of Short Passenger Trains
	Abstract
	1 Introduction
	2 Particularities of UIC Brake System
	3 Train Model
	3.1 Mechanical Model of the Train
	3.2 Braking Forces
	3.3 Resistance Forces
	3.4 Pneumatic Aspects

	4 Preliminary Study and Qualitative Argumentation
	5 Case Study
	5.1 Main Assumptions and Data of Longitudinal Dynamics Simulations
	5.2 Results and Comments

	6 Conclusions
	References

	2 The Behavior of the Traction Power Supply System of AC 25 kV 50 Hz During Operation
	Abstract
	1 Introduction
	2 Configuration of the Traction Power Supply System
	3 Mathematical Model of Traction Power Supply System
	3.1 Model of Contractor Feeding Line of 110€kV
	3.2 Model of Traction Substation
	3.3 Model of Catenary
	3.4 Model of Electric Locomotive

	4 Analysis of Transient Effects
	4.1 Short-Circuit at Traction Substation
	4.2 Short-Circuit at the End of Catenary
	4.3 Short-Circuit at the End of Catenary as One Section
	4.4 Short-Circuit at the End of the Catenary as Two Symmetrical Sections
	4.5 Short-Circuit at the End of Catenary as Two Non-symmetrical Sections
	4.6 Short-Circuit at the End of the Catenary as Sections of a Railway Station
	4.7 Findings of Transient Effects During Short-Circuits

	5 Analysis of Transient Effects During Recuperation
	5.1 Simulations of Transient Effects During Recuperation
	5.2 Findings for Transient Effects During Recuperation

	6 Analysis of Voltage and Current at Contact Line at Track Closure
	6.1 Isolated Contact Line
	6.2 Contact Line One-Sidedly Connected to the Rail
	6.3 Contact Line Two-Sidedly Connected with Rail
	6.4 Findings for Contact Line Power Closure

	7 Conclusion
	Acknowledgements
	References

	3 Systems Approach to the Analysis of Electromechanical Processes in the Asynchronous Traction Drive of an Electric Locomotive
	Abstract
	1 Introduction
	2 Problem Formulation
	3 The Mathematical Model of an Electric Locomotive with Asynchronous Traction Drive
	3.1 The Mathematical Model Structure
	3.2 The Modeling of the Asynchronous Traction Motor
	3.3 The Modeling of the Processes in an Energy Conversion System
	3.4 The Control System
	3.5 The Modeling of the Mechanical Part

	4 Simulation Results
	4.1 Locomotive’s Start and Acceleration
	4.2 Movement in Traction Mode with Constant Speed on a Straight Railway Section
	4.3 Movement in Traction Mode with Constant Speed on a Curved Railway Section
	4.4 The Wheel-Slide Protection System with Individual Regulation of Traction Forces
	4.5 The Control of the Voltage Inverter in High-Speed Mode
	4.6 Analysis of Impact of the Vehicle on the Railway Track, Dynamics and Stability

	5 Comparison of Computer Simulation Results and Tests on the Line Results of Electric Locomotive EP20. Comparison of Dynamic Parameters of Electric Locomotives EP10 and EP20
	5.1 Comparison of Computer Simulation Results and Tests on the Line Results of Electric Locomotive EP20
	5.2 Assessment of the Locomotive Underframe Design Effectiveness
	5.3 The Wheel Set Motion Stability Test at High Speeds

	6 Conclusions
	References

	4 The Aspects of Modernization of Diesel-Electric Locomotives and Platform for Transportation of Railway Switches in Lithuanian Railways
	Abstract
	1 Introduction
	2 Aspects of Shunting Locomotive Modernization
	2.1 Automatic Control System (ACS) of a Diesel-Electric Locomotive Traction Generator
	2.1.1 DC/DC Locomotive Traction Generator’s ACS with a Specially Designed Excitation Generator
	2.1.2 DC/DC Locomotive Traction Generator’s ACS with Magnetic Amplifier

	2.2 Alternating Current Traction Generator Excitation System
	2.3 ACS of Shunting Locomotive TEM TMH Traction Generator
	2.3.1 ACS of Shunting Locomotive TEM TMH Electric Drive with a Compound Excitation Generator
	2.3.2 Shunting Locomotive TEM TMH Electric Drive with a Static Converter

	2.4 Diagnostics of Shunting Locomotive TEM TMH Parameters
	2.5 Electrodynamic Braking System of Shunting Locomotive TEM TMH
	2.6 Auxiliary Equipment Power Supply System of Shunting Locomotive TEM TMH
	2.7 Description of the AC Diesel-Electric Locomotive TEM LTH
	2.7.1 Technical Characteristics of TEM LTH Shunting Locomotive
	2.7.2 Automatic Control and Diagnostic System of the TEM LTH Locomotive


	3 Modernization Aspects of Locomotive TEP-70
	3.1 Assessment of Traction and Train Resistance Forces in Modernization of TEP-70
	3.2 Assessment of Adhesion Weight in Modernization of TEP-70
	3.3 Assessment of Influence of Load Changes in Modernization of TEP-70
	3.4 Assessment of Influence of Adhesion Factor Changes in Modernization of TEP-70
	3.5 Assessment of the Forces Acting on Bogie Components in Modernization of TEP-70
	3.6 Assessment of the Influence of Traction Motor Layout on Loads of TEP-70
	3.7 Weighing Tests of Modernized Locomotive TEP-70M
	3.8 Main and Control Equipment of the Modernized Locomotive TEP-70
	3.9 Electric Drive of the Modernized Locomotive TEP-70
	3.10 Electrodynamic Braking System of the Modernized Locomotive TEP-70
	3.11 The Diagnostics of Electrodynamic Braking of Modernized Diesel-Electric Locomotive TEP-70
	3.12 Passenger Car Heating System of Modernized Locomotive TEP-70

	4 New Transportation Technology of Railway Switches and Their Components in JSC Lietuvos Geležinkeliai
	4.1 Design Aspects of Platform for Transportation of Railway Switches and Their Components
	4.2 Evaluation of Axial Loads of MPP-61 Platform with Three-Component Tilt Cargo Lifting Equipment Without Cargo
	4.3 Evaluation of Driving Conditions of Platform MPP-61 with Three-Component Tilt Cargo Lifting Equipment in a Track Curve
	4.4 Evaluation of Influence of Outside Rail Elevation in a Track Curve on the Railway Switch Transportation Platform
	4.5 Evaluation of Influence of Running Speed of Platform MPP-61 with Three-Component Tilt Cargo Lifting Equipment
	4.6 Theoretical Braking Distance Calculations for Platform MPP-61 with Three-Component Tilt Cargo Lifting Equipment
	4.7 Dynamic Testing of a Loaded Platform MPP-61 with Three-Component Tilt Cargo Lifting Equipment
	4.8 Main Parameters of Platform MPP-61 with Three-Component Tilt Cargo Lifting Equipment
	4.9 Functional Performance Testing of Platform MPP-61 with Three-Component Tilt Cargo Lifting Equipment

	5 Other UAB Vilnius Locomotive Repair Depot Activities
	6 Conclusions
	References

	5 Systems Approach to the Organization of Locomotive Maintenance on Ukraine Railways
	Abstract
	1 Introduction
	2 The Concept of a Virtual Control System of Tractive Rolling Stock Maintenance
	3 A Model of the Virtual Locomotive Maintenance Control System According to a Minimum Cost Criterion
	4 Organizational and Technical Assessments of Locomotive Repair Plants
	5 Conclusions
	References

	Infrastructure and Management in Rail Transport
	6 Systematic and Customer Driven Approach to Cost-Efficiently Improving Interlocking and Signaling in Train Transport
	Abstract
	1 Introduction
	1.1 Requirements of Infrastructure Changes
	1.2 Demands—Customers’ Needs

	2 General Process for Designing a Service
	2.1 Reference Model
	2.2 Curating Service Engineering
	2.3 Service Engineering
	2.4 Service Implementation

	3 Principles in Interlocking and Signaling
	3.1 The “Fail-Safe” Principle
	3.2 The “Redundancy” Principle
	3.3 The “Speed Control” Principle
	3.4 The “Signaling” Principle
	3.5 The “Blocks” Principle
	3.6 The “Movement Authority” Principle
	3.7 The “Resilience” Principle
	3.8 The “Real Time Acquisition of Data” Principle
	3.9 The “ Interlocking Systems” Principle

	4 External Factors
	4.1 Cultural Diversity
	4.2 Tendering Policies

	5 Competence Management
	5.1 Role of Educational Institutions and Universities
	5.2 Educating Current Staff

	6 Conclusion
	References

	7 Train Protection Systems in Different Railway Gauges
	Abstract
	1 Introduction
	2 Global Navigation Systems
	3 GSM-R Radio Communication System
	4 British Rail Traffic Control System
	5 The 1520-mm Rail Gauge Traffic Control System
	6 High-Speed Train Braking Control
	7 Axle Counting System
	8 The€European Train Control System
	9 Automatic Train Protection System
	10 Ten Baltic State Rail Traffic Control Aspects
	10.1 Rail Traffic Control System Analysis
	10.2 Automatic Locomotive Signalization (ALSN)
	10.3 Automatization Systems of Locomotive Control
	10.4 New JSC Lietuvos Geležinkeliai Traffic Control System Opportunities

	11 Conclusions
	References

	8 Modeling of Traffic Smoothness for Railway Track Closures in the Rail Network
	Abstract
	1 Introduction
	2 The Issues of Planning and Coordination of Railway Track Closures
	2.1 Repairs of Railway Track Sections and Repair Cycles
	2.2 Railway Capacity and Optimal Intensity
	2.3 An Example of the Optimal Intensity Estimation
	2.4 Assessment of Capacity Loss
	2.5 Evaluation of Railway Network Capacity Reserve

	3 Problems of Coordinating Track Closures in the Railway Network
	3.1 Closure of a Pair of Railway Sections
	3.2 Example of Coordination of a Pair of Railway Sections
	3.3 Closures in the Railway Network
	3.4 The Formulation of the Closure Coordination Problem

	4 Example of Track Closure Coordination on the Railway Network
	4.1 The Input Data
	4.2 Loss Analysis
	4.3 Indicator of Coordination
	4.4 The Optimal Distribution
	4.5 Restrictions on the Works Order
	4.6 Alternate Routes

	5 Conclusions
	References

	9 Assessment of Polish Railway Infrastructure and the Use of Artificial Intelligence Methods for Prediction of Its Further Development
	Abstract
	1 Introduction
	2 Prospective Plans for the Railway Transport in Poland
	2.1 Polish Plans Related to the Development of Rail Transport
	2.2 European Plans Related to the Development of Railway Transport in Poland
	2.2.1 ISPA Funds
	2.2.2 TEN-T Fund
	2.2.3 Cohesion Fund
	2.2.4 European Regional Development Fund
	2.2.5 Railway Fund
	2.2.6 Infrastructure and Environment Operational Programme
	2.2.7 Regional Operational Programme

	2.3 The Current State of Modernization of Railways in Poland
	2.3.1 Investments from National Funds
	2.3.2 CEF Investments
	2.3.3 The Remaining Pool of CEF
	2.3.4 Funds from OPI&E


	3 Applied Methods of Forecasting
	3.1 Holt-Winters Double Exponential Smoothing
	3.1.1 Artificial Immune System

	3.2 Forecasting Using Bayesian Networks
	3.2.1 The Structure of a Bayesian Network
	3.2.2 Construction of a Bayesian Network
	3.2.3 Inference in Bayesian Networks
	3.2.4 Application of Bayesian Networks for Forecasting
	3.2.5 The Choice of the Number of Random Variables States


	4 Forecasts of Rail Transport in Poland
	4.1 Operated Railway Lines’ Length
	4.2 Standard Gauge Rolling Stock Number
	4.3 Transportation of Cargo in Tons
	4.4 Transportation of Cargo in Ton-Kilometers
	4.5 Rail Transportation According to Types of Consignment
	4.6 Rail Transportation of Containers
	4.6.1 A Summary of the Calculations


	5 Conclusion
	References

	10 Dynamic Optimization of Railcar Traffic Volumes at Railway Nodes
	Abstract
	1 Main Conditions and Tendencies of Rail Transport Functioning
	2 A Review of Research on System Approaches for the Organization and Management of RTV
	3 The Impact Study of RTV Irregularity on the Functioning of Railway Nodes
	4 Systematization of RTV Parameters and Indicators
	5 The Method of Dynamic Optimization of RTV Based on Base Periods of Variable Duration
	6 A Combined Simulation Model of Railway Node Functioning
	7 The Method for Integrating the Model for Dynamic Optimization of RTV Parameters in an Intelligent Transport System of a Railway Node
	8 Conclusion
	References





