£5penPowerNet

The Power Supply and Engine Simulation Program
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S AR

Consulting Tasks for Electrification

LA R G RS T PG RS W TAR K R EZH 2

The assessment of the electrical aspects of the electrification system is a
main part of consulting work.
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SR EHAESS

Consulting Tasks for Electrification

HL AL BT RS DA T A R

The electrical dimensioning has influence on:
o PREAMLHLA ST (AR F BT AR T FELRT 58 HEL O

Railway power supply structure (distribution of substations and feeding sections)
o FURSERY U TR ER A B S5

Choosing of conductor types and rating of components
.

Energy consumption

o BEMLZRAT, RSl )

Earthing conditions including touch voltage problem
o VLR LML

Electro magnetic compatibility along the line
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SRS A

%

Consulting Tasks for Electrification

KA S EEL RS

Answers by

Electrical Network Simulation

with

£3penPowerNet
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@i%“%ﬁijﬂ Railway Operation Simulation
OPENSTRACK

MHEMHEI “Co-Simulation”
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RAES KX 43 Separation of Simulation Tasks

BRE%iEE Railway Operation

« Zg#%Line routing and alignment
« BLIEAN & Track layout

« {55 £4iSignalling system

o Y| ZEH 5 Train data

o I Z|Z&K Timetable

o ER4{Connecting conditions
25 Operating rules

OPENESTRACK

wHEF
Plug-in

fifif 58efELoad Flow and Energy

o Y| ZE 725 45 Train propulsion data

o Hi =% Power grid parameter

« 77 A & Substations arrangement
o JFIARASSwitch states

o A H ZiFeeder lines and cables
Pefil Y & % Catenary system

PiHh &2 4iEarthing system

@pen PowerNet
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BB Simulation Results

- FIZEBATE. TREMEIRKRE Train running diagrams, travel and circulation times
- B ZEAL B LR Train power and current curves

- I ZEZ B 5 HE Train pantograph voltage
- BB A AL A B4R Power and current characteristics of the electrical components

- BEfii 2R B8 R 4% Overhead line voltage characteristics

- SRS Short-circuit current level

- B B R VPG BB Bl BB A7 Rail-to-earth potentials for touch voltage evaluation

- B R G L BoCurrent distribution in the catenary system

- TiH WS 2R BB RiE 3 Expected electro-magnetic field exposition along the line

- FIZE AR B B i BB I AT REEPower and energy consumption on train and feeder section level

| P 7 4

- SILD>

Institut fiir Bahntechnik GmbH



Mnnn NAwvrrAarNl A+
Train Speed and Power Characteristics

Measurement and Simulation Results
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Power Supply Network Structure (2 AC 25 kV ~ 50/ 60 Hz)
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B ZEREH Single Train Simulation

Train Current | = f(s)
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B ZEREH Single Train Simulation

Pantograph Voltage U = f(s)
non-stop, CRH3
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HEPER,: BN Simulation Results: OCS
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B R: TSS Simulation Results: TSS
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TSS 45 K22 1% TSS Transformer Power
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Apparent Power [MVA]

penPowerNet

TSS B EARTIE TSS Transformer Power
Average Substation Power (1h)
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RMS Current [A]

1800

1600~

1400~

1200

1000

800

600 —

400

200

penPowerNet

MRER LY Feeder Cable Currents

OCS and Feeder Cable RMS Current (1h)

B up
o down

.

max

max max max
0
0
‘ 800
. |
5

14 1

650 = ‘
3

10 1 12 1

I
LI
L

16 1

Il ‘I

18 19 20
Py

- SILD>

Institut fiir Bahntechnik GmbH



penPowerNet

Bl RMSELYR (8) OCS RMS Current (8)

RMS-Current [A]

Contact Wire, Load and Current-carrying Capacity, B
Section 1532-1600 near TSS_
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Current-carrying Capacity CuMg0.5, Wind Speed 2 m/s —— Current-carrying Capacity CuAg0.1, Wind Speed 2 m/s
Irms-OCSBB-02: -Up-CW-1575.31 (Contact Wire)
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ZHESEE (3) Pantograph Voltage (3)

Minimum Pantograph Voltage ~
Track Up, km 1265.75-1319.69
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Voltage [V]

penPowerNet

BT E, BT (3-#%]) Rail-to-Earth Voltage, Operation (3 — typical)
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B R B, 164tE Bt OCL Infeed Schema, Section 16
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5B (16 — $1&) Short Circuit (16 — typical)

Short Circuit Current
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TR B E, (16 — #A) Rail-to-Earth Voltage, Short Circuit (16 — typical)

Maximum Rail-Earth Potential, B short circuit
, Track Down, km 1961.2-2015.12
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IR B (16 — #&Y) Current Distribution (16 — typical)
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Height [m]

penPowerNet

FRERE3%50 Hz(16 — #.#)) Electromagnetic Fields 50 Hz (16 — typical)

Magnetic Field Intensity: '
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Electric Energy [MWh]

120,0

£3penPowerNet

BEVREVE#E Energy Consumption
TSS Energy Delivery (1 h)

EEnergy total
B Energy by TSS
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Substation No.
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At L W 2% BB B P45 4 25 (8) Network Energy Balance and Losses (8)

Energy Consumption And Losses Overview

Cha 1532-1600

Energy output to catenary at substation [KWh] 72300,187 Losses in contact wire [KWh] 525,588
Energy input from catenary at substation [kWh] 1154,082 Losses in messenger wire [kWh] 565,248
Total energy at substation [kWh] 71146,105 Losses in negative feeder [kWh] 481,426

Losses in return conductor [KWh] 138,879
Vehicles energy consumption [kWh] 78540,848 Losses in left rail [kWh] 13,174
Vehicles braking energy used for auxiliaries [kWh] 639,139 Losses in right rail [kWh] 13,196
Vehicles braking energy recovered by catenary [kWh] 9230,867 Losses in LEBC [kWh] 31,117
Total used vehicles braking energy [kWh] 9870,007 Total losses in conductors [kWh] 1768,629
Total vehicles energy [KWh] 69309,980 Losses in connectors [KWh] 1,495

Losses in autotransformers [kWh] 21,896
Total energy consumption [kWh] 81016,112 Total losses in catenary system [kWh] 1792,020
Energy consumption from national power grid [KWh] 71233,480

[Losses in feeders [kWh] 44,072|
|Average efficiency of traction power supply 97,6%|

[Losses in traction transformers [kWh] 87,375|

Py
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PR FR#E Evaluation Criteria

- SEMEEEEASF (BAFER. P4 Connection conditions to the power grid (power demand, unbalance)
- A% B B AR B B B € 4B Rational distribution of substations and feeding sections

- R ERSE (TSS, ATS, SP) Sufficient transformer rating (TSS, ATS, SP)

- B R RS (A& —M&ARE) Overhead line voltage level (fulfiiment of common standards)

- R BLAESKREERE (BREM) Sufficient choosing of wire and cable cross sections (current
load)

- fLH RGN P B L) 1 Influences of the power supply system on train driving dynamics
- (RIS, ) Short circuit conditions (current level, longitudinal distribution)

- BEfhE R (AEEBEREEEED Touch voltage level (during operation and short circuit)

- VAR BR LR B HBERESS (50 Hz ) Electromagnetic field level along the railway line (50 Hz)

- BERE R P (FIERABREBEE) Energy consumption and losses balance (train and feeder section level)
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4 1
Thank you!
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