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railway power supply networks depend on the running trains and 
the power supply system characteristics.

� The voltage situation as well as the network structure influence the 
electrical load flows (� current levels and directi ons).

� There are energy consumers with time- and location-dependent 
power demands (� picking up and recovering energy).

� Thus the power supply system influences the energy consumption.

Simulation of these dynamic processes enables:

� Energy consumption analysis and prognosis
� Design and rating verification of the electrical installations
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The network voltage situation affects the electrical load flows and 
may have retroaction to the propulsion characteristics of the trains:

Special Requirements

� currents and power losses increase with decreasing voltage, 

� under low voltage conditions current or power limi tations of the train 
propulsion control are activated � � impact on driving dynamics,

� the network voltage influences the braking energy recovering 
decisively (energy absorption capability).
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Energy consumption simulation for electrical railway systems 
requires detailed information concerning 

Initial Situation

� each train�s driving state and its required traction power, 

� the train�s positions within the network,

� the layout and the capability of the power supply system.

All these information are needed exactly at the same time.

In the past a number of compromises were made

� either concerning the complexity of the railway operation simulation,

� or regarding the modelling depth of the propulsion technology and the 
electrical network.
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Modelling levels available for propulsion simulation

a) constant efficiency factors for propulsion equipment

b) driving state related efficiency factors

c) load depending efficiency factors of components

d) detailed engine models of components

+ auxiliary power and eddy current break

+ additionally: limiting values of propulsion control 
(e.g. voltage related current limitation)
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Wirkungsgradverläufe ICE 3 für maximale Zugkraft
Herstellerangabe für Betrieb bei 15 kV 16,7 Hz
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Fahrschaubild und Leistungsverlauf ICE1
Betriebsfahrt Hannover - Göttingen, Meßwerte am füh renden Triebkopf, 

Simulation IFB: Standardparameter und Wirkungsgradmodell ICE1/2
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Requirements to the electrical network model

- Simulation of all common AC- and DC-railway power supply systems

- Representation of the entire electrical network structure

- Unrestricted choice of conductor configuration along the line

- Precise consideration of electromagnetic coupling effects of 
overhead line conductors for a.c.-systems

- Change of switching status within the power supply network

- Retroaction to the railway operation simulation (OpenTrack)

- Iterative communication with the propulsion simulation (ATM)

- Configurable data output

- Interfaces for post-processing



� Simulation of Railway Power Supply COMPRAIL 2008

Power Supply Network Structure (DC 0.6 � 3.0 kV)
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Power Grid Connection
1 AC 110 kV 16,7 Hz

Power Supply Network Structure (1 AC 15 kV 16,7 Hz)
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Power Supply Network Structure (2 AC 25 kV ~ 50 / 60 Hz)
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Modelling of the Railway Power Supply System

- Electrical network structure (feeding sections, feeding points, 
switching status) in congruence to the track topology

- Electrical characteristics of the feeding power grid

- Electrical characteristics of the substations

- Electrical characteristics of the conductors (cables, Catenary wires, 
tracks, rails)

- Electrical characteristics rail-to-earth

- Modelling of additional power consumers (e.g. point heatings) 

- Loading capacity (conductors, converters, transformers)

- Protection settings
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Substation / AT Structure (2 AC 25 kV ~ 50/60 Hz)
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Trackside Arrangement of Conductors

Source: DB KoRiL 997
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Sequence of Slices
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Mathematical Network Model
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Electrical network calculation using 
the advanced method of nodes

nodes

node voltages inductive voltages currents

Voltage drops caused by 
self- and mutual induction



� Simulation of Railway Power Supply COMPRAIL 2008

Verification of the simulation



� Simulation of Railway Power Supply COMPRAIL 2008

Verification of the simulation

� Punctual theoretical evaluation



� Simulation of Railway Power Supply COMPRAIL 2008

Verification of the simulation

� Punctual theoretical evaluation

- current sum cero for network slices



� Simulation of Railway Power Supply COMPRAIL 2008

Verification of the simulation

� Punctual theoretical evaluation

- current sum cero for network slices

- energy picking up and recovering



� Simulation of Railway Power Supply COMPRAIL 2008

Verification of the simulation

� Punctual theoretical evaluation

- current sum cero for network slices

- energy picking up and recovering

- correspondence of voltage minimum and maximum / jumps
with the network structure during constant load test



� Simulation of Railway Power Supply COMPRAIL 2008

Verification of the simulation

� Punctual theoretical evaluation

- current sum cero for network slices

- energy picking up and recovering

- correspondence of voltage minimum and maximum / jumps
with the network structure during constant load test

� Comparison of measurement data with the simulation results for 
predefined load cases 



� Simulation of Railway Power Supply COMPRAIL 2008

Verification of the simulation

� Punctual theoretical evaluation

- current sum cero for network slices

- energy picking up and recovering

- correspondence of voltage minimum and maximum / jumps
with the network structure during constant load test

� Comparison of measurement data with the simulation results for 
predefined load cases 

- driving dynamics of the trains



� Simulation of Railway Power Supply COMPRAIL 2008

Verification of the simulation

� Punctual theoretical evaluation

- current sum cero for network slices

- energy picking up and recovering

- correspondence of voltage minimum and maximum / jumps
with the network structure during constant load test

� Comparison of measurement data with the simulation results for 
predefined load cases 

- driving dynamics of the trains

- current-, voltage- and power characteristics
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High Speed Railway 
350 km/h                      

966 km Double Track                
2AC 25 kV 50 Hz


