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Calculation of power supply for electric railway distribution system

Milivoj Mandić, Zvonimir Popović and Ivo Uglešić, Dr.

(
Abstract. In paper are described three algorithms used in traction calculation (simulator of train movement, forming of electric power network and power flow calculation). These algorithms are implemented in the method for simulation of electric railway system, so it is possible to create simulation for various types of locomotives, which are present in Croatian Railways, and for various conditions on railway track sections. Algorithms are developed in C++ program environment. Graphical descriptions of results are shown in the end.
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1. Introduction

Electric calculation for electric traction system 25 kV, 50 Hz is relatively complicated due to configuration of the system itself. Calculation is made of following three parts: simulator of train movement, forming of electrical power network and power flow calculation.

This paper presents certain methods for algorithm improvement for each part of the calculation, so that these three algorithms can be joined into one main algorithm, which was also the main goal of this paper. The emphasis was on connecting first two algorithms written in FORTRAN with the third algorithm. This article is divided into four chapters which describe certain algorithms used in electric traction calculation. Each chapter contains calculation flow diagrams and graphic results. In the end, a scheme and description of combined unique algorithm is shown.

2. Algorithm for simulator of train movement
In simulation of train movement, locations of trains, as well as theirs mechanical and electrical traction power are calculated first. After that, it is possible to determine electric conditions in contact network, such as voltage drops, currents and substations load.

In order to calculate the traction vehicle power, resistive movement on certain section of the railway track must be first calculated and known. Following input data are necessary for this calculation: railway track profile parameters, planned velocity for each railway track section and train and locomotive characteristics. 
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Algorithm is made for nominal characteristics of type 1141, 1142, 1161 electric locomotives and type 6111 electromotive train. Special concern was given to the modeling speed-traction effort curve (tractive effort dependence on a tractive vehicle velocity), braking effort dependence on a tractive vehicle velocity, and power factor dependence on a tractive vehicle velocity. Input file example for this algorithm is shown on Fig. 1.
If train velocity and its position are know in certain time t, it is possible to calculate adhesive force, resistive efforts and locomotive traction effort. After that, traction movement, which depend of train driving regime, can be calculated. Mechanical power is then calculated from traction effort and train velocity, as well as real and reactive electric power for time t. Acceleration and increment of velocity and length are calculated afterwards. Once train velocity and position in time t+Δt is known, it is possible to determine new effort and power values required for train movement. Procedure is repeated for next time interval – calculation step until it reaches the end of whole distance.  Flow diagram for train movement simulator is depicted on Fig. 2.
When the simulator program is started, the window shown in Fig. 3. will pop-up. It contains three frameworks: input data, basic data and calculation data.
In Input data window an input file is opened (Fig. 1.). After the input file is opened, train code and time interval in which the train is moving is displayed in the window, as well as start distance and total track length. At the falling menu Traction vehicle label in Basic data window, train type can be chosen. Number of traction vehicles is written in Number of traction vehicles field (for example, 1 or 2), while mass of whole train in tons is written in Train mass field. Whole train mass is the mass of traction vehicles and tracted vehicles.
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 Fig. 2.  Train movement simulator flow diagram
[image: image2.jpg]el Train movement simulator

Input data - Basicdata Caloulation data
Input ie: D Traction vehicle labek Velosity at start [km/h]:
6111 B [
Train code: Traction vehicle mass [t Velocity at end [km/hL:
o
Time from-to [hh:mm - hh:mmk: Number of waction vehicles: Calculation step [s}
1| (2 B
Distance from substation: Train mass [t]: Power return in KM
| Oves ®@No
Total track lenght [m}: Train type:
—_— EEEeTe——

Fast passenger train

Add to database

[~ &=

TN
» o3
m 2
L T

.

§= H
o g
. os
. o0





Fig. 3.  Train movement simulator window
Velocities at start and end are written in Calculation data window. If no data is written in that fields, program assumes start and end speed to be 0 km/h. Calculation time step in seconds is written in Calculation step field, and if nothing is written program works with 1 second value. Power return in KM is at the bottom, and by checking it we determine whether power return in contact network is foreseen or not. Initial state is No.

By clicking the Calculate button a calcualation is made with chosen data. If the calculation data is satisfactory we can add calculation results into a database by clicking Add to database button, and simulation for other trains can then be made.
Train movement simulation results are shown in Fig. 4., and these are also the input data for the next algorithm.
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 Algorithm for electric network forming
In order to calculate conditions in every electrical network, source, load and configuration parameters must be known, as well as other significant factors that affect precision of calculation results. Calculation of electrified railway network system is specific because power supply scheme generally changes in every moment (certain trains enter and leave the area that is power fed, and some trains stop and, in that way, disappear as a load).
It is obvious that algorithm for electrical network forming must have input data of all trains which are travelling on the railway track in time interval for which the calculation is made for. Furthermore, substation data and certain substation feeding area must also be available.

With all required data available, it is possible to form an electrical network model and then calculate electric conditions by knowing electrical constants of contact network lines. All inputs and results are stored in program database.  To check the train time-table, Check train time-table must be chosen. When the window opens, by selecting hours, minutes and seconds and left-clicking on button Show it is possible to get list of all trains which are travelling at the chosen time (Fig. 5.)
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Network configuration is started by clicking on Network configuration menu and selecting radial or parallel operation. Network is configured in Network configuration window (Fig. 6.), in Network card by following: first, substation or track on which we want to add a new track is selected on the left side, and lenght of track is written. For example, if we want to create a branching at track 2, we must click on the same track and write track lenght. By clicking button Add track the track is added to the desirable place.
The explanation of how to form an electric network follows.

First, all trains that traffic in specific time t must be found. Distance from substation, active and reactive power from contact network in specific time and track data for each train trafficing at that time is read. In order to ensure the correct functioning of the search system, time step for electric network forming must be 2, 4, 6, 8, 10, 12... seconds. If certain train in that time does not traffic, therefore it has not yes started or has already stoped, it will not influence the electric network forming. Also, a check to see if certain train is still on track feed by specific substation. 
After the mentioned procedure is made for all trains by time-table, all trains in specific moment on tracks are found. Each train is one node of the electric network in the specific moment. Substation is also a node of electric network, but as a power source node, while trains represent the load node. These nodes are then sorted by the track and distance from referent point criterion. Electric network is now formed and subprograms for electric calculation can be executed.

4. Algorithm for load flow calculation

After modeling network elements in electrified railway network, power flows in the network can be solved, and voltages in all nodes should be determined. Calculation is based on the node method that is described with the following equation: 
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where [I], [V] and [Y] represent injected current vector at each node, voltage vector and admittance matrix, respectively.
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For solving the equation system (1) a Gauss elimination method is used, also known as FORWARD – BACKWARD method, for which has been proved that the needed number of iterations and convergence speed are satisfactory.
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Fig. 7 shows simplified part of the contact network at which three trains are fed from one substation. 
Calculation results are also shown. Train loads are modelled with constant power calculated on basis of their velocity and current position according to train schedule data. 

In order to determine currents distribution through rails and groundings it is necessary to do power flow calculation in which contact network is modelled with line impedance matrix.
Using voltage drop calculation it is possible to determine voltages on connections (pantographs) of all trains which are feed from some substation in specific moment. After calcutating voltages, we can calulate currents in contact lines, power flows in contact network and determine eventual constraints. Therefore, this voltage drop calculation fully satisfies criterion for contact network planning.
Contact network is made of nodes, branches and elements connected to nodes. Nodes are the points where system elements are connected to contact network. Certain nodes are fixed (for example: point of substation connection) and some vary (for example: momentary train positions). For this nodes not only spatial coordiantes vary, but they can completely disappear (train stopping at a station) and after some time it appears again (train starting from a substation). Network branches connect certain nodes. Their length and number vary during calculation due to variable character of some contact network nodes.
5. Unique algorithm

Three algorithms above are combined into one unique algorithm which flow diagram is shown in Fig. 8.
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Once the time interval and calculation step are determined, we can start the calculation by clicking the button Calculate...(Fig. 9).
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Calculation results (branch currents flow and branch voltages for each step of calculatin) will be written into a text file, and then graphically shown. 
Electric traction vehicles represent load, so electric circumstances in contact network depend on their power and position. Substation load, feeder currents and voltage drops in contact network are used for calculation.
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Electric traction calculation in AC system 1x25kV can result with following:

· maximal momentary and 15-minute substation power

· currents in all outgoing sustation lines

· power factors

· voltages in all nodes of track

· contact network line heating

Graphical representation of certain results made by electric traction calculation for substation normal operation is shown on following figures.
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6. Conclusion

This paper shows improved algorithms implementation for electrified railway system 25 kV, 50 Hz calculation with emphasis on combining these algorithms into one unique. Moreover, algorithm for electric network forming is also improved in order to calculate conditions in case of railway track branching, which is very common. 

All three algorithms are developed in C++ program environment and combined into one algorithm, so it is possible to create simulation for various types of locomotives and railway track profiles. Certain calculation results are shown in the end.
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Fig. 1.  Input file example for simulator of train movement
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 Fig. 8.  Unique flow diagram for calculation of power supply electric railway system











Fig. 8.  Supply substation power factor
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Fig. 11.  Apparent power demanded from the supply  substation
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Fig. 4.  Train movement simulation results
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Fig. 6.  Network configuration – track adding


























Fig. 4.  Train movement simulation results
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Fig. 5.  Schedule of trains























Fig. 4.  Train movement simulation results
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Fig. 9.  Calculation dialog
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Fig. 12.  Mean 15 min. apparent power demanded from the supply substation
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Fig. 10.  Voltage in the end of the supply branch
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  Fig. 13.  Supply substation power factor
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Fig. 7.  Line load scheme for voltage drop calculation for line loaded at several points
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