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1 About ATPDesigner

The grid calculation program ATPDesigner is a graphical user interface for the calculation of
voltages, currents, powers and various mechanical parameters in power supply networks,
which uses the grid calculation program ATP (Alternative Transients Program, www.eeug.org).
The interface between ATPDesigner and ATP is established via text files. During the calculation,
ATPDesigner generates an output file (LATP file) that contains all the necessary data of the
power supply network and can be calculated by ATP. Thus, it is not necessary to deal with the
complex set of rules of the ATP grid calculation program. As a result, ATP delivers an .LST file
(load flow results) and a diagram file (.PL4 file).

ATP is a worldwide used software tool for the calculation of especially 3-phase, electrical power
supply networks. With the help of the ATPDesigner program as a graphical user interface, even
complex and large electrical power supply networks (power grids) can be set up and calcu-
lated in a simple way. Detailed knowledge of the ATP-specific regulations is not required.

ATPDesigner contains all important electrical power supply equipment, such as transformers or
lines, as templates. The physical properties of the equipment can be changed and thus
adapted to the respective operating conditions. Due to the simple selection of the desired
equipment and the simple connection options of the equipment to every other, even large
electrical power supply networks can be quickly created and calculated. With the help of
ATPDesigner, it is also possible to calculate network faults such as short circuits. The results, i.e.
voltages, currents and active and reactive power, are displayed for the individual resources in
tooltips or in the network graphic.

ATPDesigner can examine the power supply network with the ATP calculation kernel in ifs
steady-state as well as in its fransient behaviour. ATPDesigner is therefore particularly suitable
for the analysis and evaluation of short circuits in power supply networks, but also for load flow
calculation.

ATPDesigner contains allimportant equipment for electrical power supply, such as transformers
or lines, as templates. The physical propertfies of the equipment can be changed and thus
adapted to the respective operating conditions. Due to the simple selection of the desired
equipment and the simple connection options of the equipment to every other, even large
electrical power supply grids can be quickly created and calculated. With the help of
ATPDesigner, it is also possible to calculate network faults such as short circuits. The results, i.e.
voltages, currents and power, are displayed for the individual resources in toolfips or in the
network graphic.

1.1  Protection Relays in ATPDesigner

The grid calculation program ATPDesigner is especially suitable for the simulation of electricity
grids of all voltage levels and the grid protection technology and decentralised generation
systems used in them. The numerical models of protection functions implemented in
ATPDesigner are generic, i.e. manufacturer-independent models.

= Read more about Protection Relays in ATPDesigner
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1.2  First Start of ATPDesigner - The Main Window

The chapter explains the first step if the setup has been successfully executed. If ATPDesigner
starts automatically by the setup or by the user, the main window of ATPDesigner will be shown.

File Edit PowerNetwork ATP Test Network Design Protection Diagrams Tools View Window Help

BFHAEER[ DR BrERENP E e P EAMNER k(K[ K[ Ew QAT @MAR] | EEAI
BB LBHAIER- I omEs3irame X8 P 000)%%X| ] %l | B =
[z -1» % » B| H=2n ARG EEETA EAr

i P D
M8 8 &~ 40 4 16 45 [[None S - XA B L RE LB RE o ]»D.!.!«!.\Z!IE‘.\?.:’é‘\[“sl'*l‘ékﬂlz@@wuiE’“i‘

i[>> User Name [30062024] ~ | 7]> window for Protection Messages
>> Date of Licensing [10.02.2024]

>> No. of Line [unlimited]

>> No. of Busbar [unlimited]

>> No. of Probe [unlimited]

>> No. of 3-Phase Source [unlimited]

>> No. of 2-Winding Transformer [unlimited]
>> No. of Load Impedance [unlimited]

>> Add. Option VDE-AR-N 4110 [Disabled]

>> Add. Option Case Generator [Disabled]

>> Add. Option SQL Database [Enabled]

>> Add. Option HTTP Rest-API [Enabled]

>> Version [4.01.93]

>> Checking the license file: o.k.

EEELENRENEN

>> Temp Data Dir: o.k.

>> License File Dir: o.k.

>> Load Profiles Dir: o.k.

>> ATP System: o.k.

>> ATP Data: o.k.

>> Working Dir: o.k. o

Figure 1: Main Window of ATPDesigner

ATPDesigner displays the user specific license information, which shall be checked.

= User Name
If the username is a date e.g. 30062024 = ddmmyyyy, the license is time limited up fo
this date.

= Date of Licensing

The ATPDesigner license may have additional restrictions e.g. limitations acc. to the maximum
number of power network elements.

= Number of lines

=  Number of busbars

=  Number of probes (measuring devices and protection relays)

= Number of 3-phase sources (e.g. decenftralised generation systems)
= Number of 2-winding fransformers

=  Number of load impedances (e.g. consumer loads)

The next license information deals with calculation and modelling methods and algorithms and
other additional options.

License Option Description
VDE-AR-N 4110 Special features for decentralised generation systems acc. to German

standards
Case generator for the generation of fraining data for Al systems (arfifi-
cial intelligence)

Case Generator
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Using a SQL database to store results of the load flow calculation e.g. of
the case generator

http-interface to control the ATPDesigner internal webserver using a
Rest-API

SQL Database

HTTP Rest-API

= The license data should be checked to ensure that all data are correct.

In the next step, the directories should be checked. If a directory exists during startup, the result
o.k. will be shown.

Directories Description

Temporary directory of the windows operation system for saving tempo-
rary files and other data which can be deleted automatically

Directory of the license file ATPDesignerReg.lic

Temp Data Dir

If the setup has been successfully finalized, the license file has been au-
tomatically generated and stored in the folder c:\atpdesigner\exe. But
nevertheless, the license file can be stored everywhere, if the license file
directory has been set in the ATPDesigner settings dialog Program Set-
fings or in the configuration file ATPDesigner.ini.

[ATPDesigner - Design and Simulation of Power Networks]
VersionIniFile=Version INI File 4.2 - 02.08.2023
VersionATPDesigner=Version 4.01.95 - 23.03.2024
AtpDesignerFolder=C:\ATPDesigner\Exe
AtpDataFolder=C:\ATPDesigner\Data

CmEngineDl1Folder=C:\
AtpFolder=C:\ATPDesigner\AtpSystem
AtpLoadProfilesFolder=C:\ATPDESIGNER\EXE\LoadProfiles
AtpLicenseFileFolder=C:\ATPDESIGNER\EXE\
AtpTempFolder=C:\Users\MICHAE~1\AppData\Local\Temp\
AtpBrowserFolder=C:\ATPDesigner\Data
AtpExeFilename=TPGIGI64.EXE
GraphicViewerFilename=C:\ATPDesigner\AtpSystem\PLOTXY.EXE
TxtEditorFilename=NOTEPAD.EXE
TxtEditorFolder=C:\WINDOWS

License File Dir

If ATPDesigner is NOT running, the license directory can be changed by
hand. ATPDesigner reads the configuration file during startup and writes
the configuration file during shutdown.

If an error is detected during licensing, a text file name error.txt is written

fo the directory c:\atpdesigner\exe.

Directory containing text files with load profiles to simulate a time de-
Load Profiles Dir = pendent behaviour of consumer loads and decentralised generation
systems
Directory of the ATP (Alternative Transients Program, www.eeug.org) ex-

ATP System
ecutable software
ATP Data Directory with sample files for the first steps with ATPDesigner
Default working directory of ATPDesigner
Working Dir The user can use any directory structure and locations to read and write

the files used by ATPDesigner

= The directories should be checked to ensure that all directories are available.
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1.3 The Program Settings Dialog

The settings dialog Program Settings can be opened without displaying a power grid in the
ATPDesigner view. The tab Program Settings of the settings dialog only contains settings, which
are relevant for ATPDesigner itself and independent of the power grids shown in the view.

=  Main Menu: Tools
= Menu ltem: Program Settings

Program Settings X

Program Settings |Webserver|

Default |
INI-File I\/ersion INI File 4.6 - 25.08.2025 Help |
ATP Exec File ITPGIGIEA-.EKE |_|
[~ Automatic conversion to COMTRADE [~ Checking for ATPDesigner updates
TT Font
[+ Loading last NET -file during startup [v Tabbed MDI enabled 4|
[ User specific encryption of NET - files enabled TT BkColor |
Text Editor |CAWINDOWS\NOTEPAD EXE |- Toolbar Font |
Diagram Viewer |C\ATPDesigner\AtpSystem|PLOTXY EXE -] Tree Cirl. Font |
No.| Setting | Value | Temp Path |
1 ATP Data CA\ATPDesigner\Data
2 ATP System CA\ATPDesignernAtpSystem
3 CM Engine ()
4 Working Dir CA\ATPDesigner\Exe
5 Windows Dir CAWINDOWS
6 Load Profiles Dir CHATPDESIGNER\EXE\LoadProfiles
7 License File Dir CAATPDESIGNER\EXE)
8 Temp Data Dir Ci\Users\micha\AppData\Local\Temp\,
9 Manual CAATPDesigner\Doc\EinfuehrungATFDesigner_Band_123.pdf

—General Settings

Menu Style : IXP Luna Meny Style LI Undo Steps = I 5
Task Priority:  [High ~|  Help: |PDF -
—UserPIN

[ [~ UserPIN visible I 5 min

Ok I Cancel | Apply Help

Figure 2: Settings Dialog Program Settings

Closing ATPDesigner the settings of the settings dialog Program Settings will be stored partly in
a .INI-file called ATPDesigner.ini stored in the Project Directory and partly in the Windows regis-

try.

Loading Last .NET-file The filename of ‘fhe .NET-file which are visible in the ’ropmos’r‘view
R : will be automatically opened and displayed, when ATPDesigner
during startup . .
will be started again.

If enabled tab’s will be used to organize the different power grids
in the views.
The font of the tooltips can be set, which are used to display results
of the load flow calculation.

Tabbed MDI enabled

TT Font
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TT BkColor

Toolbar Font

Temp Path

Text Editor

Diagram Viewer

ATP Exec. File

User specific encryption

of .NET - files enabled

Tree Ctrl Font

The background color of the tooltips can be set, which are used
to display results of the load flow calculation.

The font of the toolbar elements as part of the main frame can be
selected.

The path of user specific Windows temporary directory can be
loaded and displayed in line 8 Temp Data Dir of the spread sheet.

ATPDesigner uses the Windows temporary directory to save only
temporary used files during the calculation processes. Only tem-
porary used files will not be stored in the Project Directory.

The user can set a standard text editor which will be used to open
text files. The text editor notepad++ (www.notepad-plus-plus.org)
is recommended.

The user can set a external diagram viewer.

The filename of the ATP executable file e.g. fpgigié4.exe will be
displayed and can be modified by hand, if the user takes this con-
figuration itself. If the automatic configuration will be used, this line
is disabled and empty.

ATPDesigner uses a Blowfish based algorithm to encrypt the .NET-
files containing the power grid data, which is stored in the Project
Directory. If required, the user can use a user specific password.

PLEASE CAUTION USING A USER SPECIFIC PASSWORD !

If a user specific password will be used to encrypt the .NET-files,
there is no possibility to decrypt such .NET-files if the user forgot his
own encryption password. Caused by security reasons it is NOT
possible to decrypt a user specific encrypted .NET-file by a back-
door. There is no backdoor available in ATPDesigner.

The user can choose a font for the Project Information tree con-
frols on the left side of the ATPDesigner main view.

In addition, settings are available in the spread sheet. These seftings can be changed by a Left
Mouse Button Double Click on the cell of the column value.

No. Setting Description

1 ATP Data

2 | ATP System

3 CM Engine

4  Working Dir

5  Windows Dir

6 | Load Profiles Dir

7  License File Dir
Version 1.6

Default directory (c:\ATPDesigner\Data) where ATPDesigner
reads and saves .NET-files containing the power grid data.
Directory where the ATP executable file (e.g. tpgigié4.exe) is
stored. If automatic configuration is selected, the Windows tfem-
porary directory will be used. If the user takes his own configura-
tion the directory must be setf, where the ATP executable file has
been stored by the user.

Directory where the CM Engine driver must be stored

The CM Engine driver will be used to use Omicron test systems e.g.
CMC 356.

Directory where the executable program ATPDesigner.exe and
ATPDesigner_DE.exe with all DLL are stored.

Directory of the Windows operating system

Directory where the .CSV-files containing the load profiles accord-
ing VDEW [8] and BDEW [10] as well as the user specific load pro-
files are stored

Directory where the license file ATPDesignerlic.ini is stored

During startup ATPDesigner reads first the .INI-file ATPDesigner.ini.
After that ATPDesigner reads the license file ATPDesignerlLic.ini us-
ing the directory License File Dir.
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The Windows temporary directory can easily be determined by a

8  Temp Data Dir Left Mouse Button Click on the button Temp Path.

2 System Information and Data of ATPDesigner
2.1 Default Directory created by the Setup Software

The setup software creates as default the directories and the directory structure shown below
if ATPDesigner has been installed successfully.

Directo Description

..\atpdesigner Root directory
Directory containing the executable files of the English and
German version of ATPDesigner, configuration file
ATPDesigner.ini, license file ATPDesignerlLic.ini and required
DLL's

=  ATPDesigner in German: ATPDesigner_DE.exe
= ATPDesignerin English: ATPDesigner.exe

DLL's
..\atpdesigner\ exe »  libcrypto-1_1-xé4.dll
»  libcrypto-3-xé4.dll
= libssl-1_1-x64.dll
»  libssl-3-xé4.dll
= msvcrl20.dll
*  mysqglcppconn-2-vs14.dll

If the test equipment of Omicron e.g. CMC356 will be used,
an additional file must be stored in the directory.
= CMEngAL.tlb

..\atpdesigner\ Fuse Directory containing the tripping characteristic files of fuses
Directory containing the load profile files e.g. the 15min
based time depended characteristic of consumer loads or
photovoltaic power systems

LoadProfile_ALO_S.csv
LoadProfile_ALO_U.csv
LoadProfile_ ALO_W.csv
LoadProfile_AL1_S.csv
LoadProfile_AL1_U.csv
LoadProfile_ALT_W.csv
LoadProfile_EMO_S.csv
LoadProfile_EMO_U.csv
LoadProfile_EMO_W.csv
LoadProfile_EM1_S.csv
LoadProfile_EM1_U.csv
LoadProfile_EM1_W.csv
LoadProfile_EM2_S.csv
LoadProfile_EM2_U.csv
LoadProfile_EM2_W.csv
LoadProfile_GO0_S.csv
LoadProfile_G0O_U.csv
LoadProfile_GO_W.csv
LoadProfile_G1_S.csv
LoadProfile_G1_U.csv
LoadProfile_G1_W.csv
LoadProfile_G2_S.csv
LoadProfile_G2_U.csv
LoadProfile_G2_W.csv

..\atpdesigner\ LoadProfiles
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LoadProfile_G3_S.csv

LoadProfile_G3_U.csv

LoadProfile_G3_W.csv

LoadProfile_G4_S.csv

LoadProfile_G4_U.csv

LoadProfile_G4_W.csv

LoadProfile_G5_S.csv

LoadProfile_G5_U.csv

LoadProfile_G5_W.csv

LoadProfile_Gé_S.csv

LoadProfile_Gé_U.csv

LoadProfile_Gé_W.csv

LoadProfile_HO_S.csv

LoadProfile_HO_U.csv

LoadProfile_HO_W.csv

LoadProfile_LO_S.csv

LoadProfile_LO_U.csv

LoadProfile_LO_W.csv

LoadProfile_L1_S.csv

LoadProfile_L1_U.csv

LoadProfile_L1_W.csv

LoadProfile_L2_S.csv

LoadProfile_L2_U.csv

LoadProfile_L2_W.csv

LoadProfile_PV_S.CSV

LoadProfile_PV_U.CSV

LoadProfile_PV_W.CSV

Directory containing documents e.g. the manual in Ger-
man language, an older help file written in English etc.
Directory containing the executable files of the ATP (Alter-
native Transients Program) and the startup file of the ATP
The directory contains the default structure of the Project
Directory used by ATPDesigner

The name “project” of the directory can be used user spe-

..\atpdesigner\Doc

..\atpdesigner\ AtpSystem

o TR BRI e (X cific. The names of the sub directories are used by
ATPDesigner depending of the calculation methods imple-
mented in ATPDesigner and cannot be changed.
Directory containing the power supply network example
(.BNET-files) and examples for reports
Examples of Reports
= 20220606195005309_Netz02_20kVUMZstat_PROT.xml
= 20220606195005452_Netz02_20kVUMZstat_LF.xml
= 20230430213546722_Netz18_20kVNetzNetzschutzTem-
plateV4_LF.xml

= 20240210084202402_Netz11_SimBench3_400V_laend-
lich_LF.XML

= 20240210084632074_Netz11_SimBench3_400V_laend-
lich_LF.XML

..\atpdesigner\Data = 20240210084909587_Netz11_SimBench3_400V_laend-

lich_LF.XML

Examples of Power supply networks
Netz01_20kVMitWindpark.bnet
Netz02_20kVUMZstat.bnet
Netz03_20kVUMZdyn.bnet
Netz04_20kVUMZdynMitDEA.bnet
Netz05_20kVMitEMobil.bnet
Netz06_20kVFlexAnalyse.bnet
Netz07_20kVMessungUdiffdyn.bnet
Netz08_20kVTrafoDiffSchutzPDIFF.bnet
Netz09_SimBench1_400V_laendlich.bnet
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Netz10_SimBench2_400V_laendlich.bnet
Netz11_SimBench3_400V_laendlich.bnet
Netz12_SimBench4_400V_halbstaedtisch.bnet
Netz13_SimBench5_400V_halbstaedtisch.bnet
Netz14_400VMitPVAnlage.bnet
Netz15_Netz20kVErdschlussdyn.bnet
Netz16_110kVNetzMitNetzschutzUndDEA.bnet
Netz17_20kVNetzDistanzschutzUndHHSicherungen.bnet
=  Netz18_20kVNetzNetzschutzTemplateV4.bnet

»  Netz19_20kVLtgTrafoDiffSchutzPDIFF.bnet

22  ATPDesigner in German and English

Two executable files ATPDesigner.exe and ATPDesigner_DE.exe are available in the directory
\atpdesigner\exe.

= ATPDesignerin German: ATPDesigner_DE.exe
= ATPDesignerin English: ATPDesigner.exe
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3 Open a Power Network File - the .BNET-File of ATPDesigner

ATPDesigner stores all data and further information in one file, so called .BNET-file. The data in
the .BNET file are encrypted. Older software versions only use .NET files with unencrypted data.
The current software version of ATPDesigner can read and save .NET files and .BNET files. It is
recommended to use only encrypted .BNET-files.

= Itis possible to use user-specific encryption keys. It should be noted that there is no
backdoor for decryption if the user-specific key is lost.

If license data and directories have been successfully checked, the following information will
be displayed after loading a power network .BNET-file.

@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C\ATPDesigner40191R1x64\Data\Netz11_SimBench3_400V_laendlich.bnet | — o X

& File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help - & x
2EHBR R DeeRh . (BRERS P EMEcHEE P RMES L (K kEBreaarkmaw 1o @ Qe

D onRE-/ w5 = X T— EDE B PEE

D x> @ W20y ERG OO0 &k > 4 % X f=| Pk [Nar

&4 Netz11_SimBench3_400V_laen A
» Configuration

~

» AT Settings
» Protection
» Load Flow
> Al-System

B Network Infeed

<
~0o0|30 0 ol |\ |+0 90 in| 10

<

v

<

3 Network [ Protection @ 4] » | B [R] ENCR CAATPDesigner40191R 1x64\Data\Netz11_SimBench3_400V_laendlich.bnet |
TSN HEN HN None STl - ] 4 2 3 BMgl o g2za - FlEE [ =)
“[>> License File Dir: o.k. ~ | *[> Window for Protection Messages

>> Load Profiles Dir: o.k.
>> ATP System: o.k.

>> ATP Data: o.k. > Window for Protection Messages
>> Working Dir: o.k.

> Checking Not Connected Nodes for all Network Elements ..

>> @ Not Connected Nodes found
>> Checking Not Connected Nodes finalized

> Window for Protection Messages

> Checking internal load impedances ..
>> Line: checking internal load impedance
>> 2-Winding Transformer: checking internal load impedance

> Web Server - Disabled

> FileWatcher - Disabled

> Language: englisch

Figure 3: License Data and Directories in the Messages Window

The following steps explain how to open a power network .BNET-file.

=  Open the main menu File

= Clickon the menu item Open .. or Ctrl + O or open a .BNET-file with Drag&Drop from the
file explorer

= Checkif: 0 not connected nodes found.

= Checkif:internal load impedance of line and 2-winding transformer are o.k.
= Check if: the web server is disabled.

= Checkif: the file watcher is disabled.

= Check if: the language is English.

Now ATPDesigner is ready to be used for power network design and simulation.
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4 ATPDesigner Program Settings Dialog Program Settings

Global settings, which are defined independent of power network related settings can be
managed in the settings dialog Program Settings.

= Main menu Tools
= Menu item Program Settings

@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR CA\ATPDesignery01_30_MobiGrid\2024_01_19_Referenzh

@File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help
2w EHBEELD

Configuration of Amplifiers »

|0 &SR/ |33 = (@ Program Settings |
=2 b &l 3 I B b sE 42 BE Customize Toolbars » qm
|# User PIN
= [E1 2024_01_17_Simbench_LV_rural1_FlexEinsatz REFERENZ ~ ~ —
: Screen Snipping

~ P Configuration
b ATP Settings Webserver 4
- ¥ Protection

Program Settings *

Program Settings | Webserver

INI-File Mersion INI File 4.6 - 25.08.2025 Help
ATP Exec File TPGIGIE4.EXE
[ Automatic conversion to COMTRADE [ Checking for ATPDesigner updates
TT Font
[+ Loading last NET -file during startup [+ Tabbed MDI enabled Q
[ User specific encryption of NET - files enabled TT BkColor
Text Editor |C:\WINDOWS\NOTEPAD.EKE | Toolbar Font
Diagram Viewer |C:‘;ATPDesignermtpSystem\PLOTKY.EXE | Tree Cirl Font |
— ]
No. Setting Value Temp Path
1 ATP Data CAMATPDesignenData
2 ATP System CAATPDesignenAtpSystem
3 CM Engine CH
4 Waorking Dir C:\ATPDesigner\Exe
5 Windows Dir CAWINDOWS
6 Load Profiles Dir CAATPDESIGNER\EXE\LoadProfiles
7 License File Dir CAATPDESIGNER\EXE)
8 Temp Data Dir Ci\Users\micha\AppData\Local\Temp)
9 Manual CAATPDesigner\Doc\EinfuehrungATPDesigner_Band_123.pdf

General Settings

Menu Style : |KP Luna Meny Style ﬂ Undo Steps = 5
Task Priority:  |High ~|  Help: |POF
User PIMN
e [ UserPIN visible 5 min
Ok ‘ Cancel ‘ Help

Figure 4: Settings Dialog Program Settings
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The most important setting is the name of the temporary data directory Temp Data Dir. If this
path is not existing power network calculations e.g. load flow calculations are not possible.
With a left mouse button click on the button Temp Path the temporary data directory of the
windows operation system can be updated easily.

= Open the settings dialog Program Settings

= Check if all directories are o.k.

= Update the directory of the temporary data directory of the windows operation system
if necessary.

5 Start a Load Flow Calculation with ATPDesigner

A network calculation program is generally understood to be a software that enables the cal-
culation of electrical quantities such as voltages, currents and active and reactive power in
electrical power networks of all voltage levels and any topologies. The basis of the network
calculation are numerical models that are derived from the physical properties of the equip-
ment used in electricity networks, e.g. tfransformers or lines. For the calculation of dynamic net-
work processes, models based on generally linear differential equations of higher order are
used, which are numerically solved by infegration methods. The results are fime dependent
curves of the physical quantities such as v(t).

If the aspect of network dynamics is dispensed with, it is sufficient to use a load flow calculation
or extended load flow calculation with short-circuits. Starting from a physically steady-state
network condition (i.e. all dynamic network processes have completely decayed), voltages,
currents, etc. can be calculated at any network nodes against reference potential (usually
earth) or between any two network nodes as complex pointers with the help of e.g. node po-
tential analysis. The complex phasors indicate either the magnitude (e.g. in V or A) and the
absolute phase angle in degrees or real and imaginary parts in the sense of a complex phasor.
One prerequisite for a load flow calculation is a constant power network frequency, which
does not necessarily have to be the nominal frequency.

@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C:\ATPDesigner40191R1x64\Data\Netz11_SimBench3_400V_laendlich.bnet ] — a X
&) File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help -8 ox
PEEHBRIEGR DB R e RSP (TME2EE P EMER R #Heaak haw 1 o0 W G 4 Load Flow
| (O SmERE~/ mE |3 k= x = [ T -5 ==
7 x> HE B=2r y@AG OON % # % % |k [Nar
&8 Netz11_SimBench3_400V_laen ~ 20K, 250MVA ~E
» Configuration =2
» ATP Settings =
» Protection =
» Load Flow =
> Al-System =
B Network Infeed 2
v
ot > Windlin Trancinemar
< v|=
< > =
3 Network | B) Protection | @ 4 [ v | | [R] ENCR CAATPDesigner40191R1x64\DatalNetz1 1 SimBench3_400V_laendich.bret | =

TEECHEN BN None v|T - ] 1 2 3 Bl o #22zial - FlEE =B

[3Ph 13] VAG= 97.839%; VBG= 97.639%; VCG= 97.039%
944%;

~

>

. SGen 14 PROT> SGen 4 [3Ph 4] Vpp [p.u.] GEN=0 [V>=8(000), V<=0(908)] TRIP=0: V<=8p.u., TV>=104
PROT> SGen 5 [3Ph 5] Vpp [p.u.] GEN-0 [V>-0(000), V<=0(900)] TRIP=0: V<=@p.u., TV>-10d
PROT> SGen 6 [3Ph 6] Vpp [p.u.] GEN=@ [V>=0(000), V<=0(800)] TRIP=0: V<=@p.u., TV>=104

: SGen 16

PROT> SGen 7 [3Ph 7] Vpp [p.u.] GEN=0 [V>=0(000), V<=0(900)] TRIP=0: V<=@p.u., TV>=10(

244%; VCG= 96.244%
>> [3Ph 17] VAB= 97.689%; VBC= 97.689%; VCA= 97.689% : SGenl7
>> [3Ph 17] VAG= 97.689%; VBG= 97.689%; VCG= 97.689% PROT> SGen 9 [3Ph 9] Vpp [p.u.] GEN-@ [V>=0(0@0), V<=0(000)] TRIP=0: V<=@p.u., TV>-104

PROT> SGen 8 [3Ph 8] Vpp [p.u.] GEN=0 [V>-0(000), V<=0(900)] TRIP=0: V<=0p.u., TV>=10(

. . PROT> SGen 10 [3Ph 16] Vpp [p.u.] GEN=0 [V>=0(000), V<=0(000)] TRIP=0: V<=0p.u., TV>=
Current Monitoring: Probe

>> Probes with internal Switch enabled are not available. PROT> SGen 11 [3Ph 11] Vpp [p.u.] GEN=0 [V>=0(00@), V<=0(000)] TRIP=0: V<=8p.u., TV>=

5 5 e PROT> SGen 12 [3Ph 12] Vpp [p.u.] GEN=0 [V>=0(00@), V<=0(000)] TRIP=0: V<=0p.u., TV>=:
> Phase Current Monitoring: Switch
>> Switches are not available. PROT> SGen 13 [3Ph 13] Vpp [p.u.] GEN=8 [V>=0(000), V<=0(000)] TRIP=0: V<=0p.u., TV>=

- . c s PROT> SGen 14 [3Ph 14] Vpp [p.u.] GEN=0 [V>=0(000), V<=0(000)] TRIP=0: V<=0p.u., TV>=
> Monitoring P(Q) Characteristic: 3-Phase Source

>> All P(Q)—characteristics disabled PROT> SGen 15 [3Ph 15] Vpp [p.u.] GEN=@ [V>=0(000), V<=0(000)] TRIP=0: V<=@p.u., TV>=:
PROT> SGen 16 [3Ph 16] Vpp [p.u.] GEN=0 [V>=0(000), V<=0(000)] TRIP=0: V<=0p.u., TV>=
EMAIL> E-Mail Notification Grid State Monitoring PROT> SGen17 [3Ph 17] Vpp [p.u.] GEN=0 [V>=0(@00), V<=0(080)] TRIP=6: V<=6p.u., TV>=14

X X A PROT> Overall Minimum TRIP T:---

LF> Processing Time of the Load Flow Calculation = 2750ms

< >
< >

LF=o0.k. $=0.210%/0.565% P=0.000% |#=0.107°/0.133° $=0.057% N=3

Figure 5: Load flow calculation - Displaying results in the Messages Windows
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The figure above shows how ATPDesigner displays results of the Load Flow Calculation in mes-
sages windows: one messages window for general messages and results of the load flow cal-
culation, a second messages window only to display the results of the Protection Relays. The
Load Flow Calculation can be started with or without a short-circuit and/or protection relays as
explained below.

= Main menu ATP

=  Menu item Short-Circuit Results or Ctrl + E or using the toolbar button Fin the toolbar.

TE’E‘%‘*"% X | b ||Name v”lpmaxlAl% v”

= Caused by the history of ATPDesigner the menu item is not called Load Flow Calculation
but Short-Circuit Results

@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C:\ATPDesigner40191R1x64\Data\Netz11_SimBench3_400V_laendlich.bnet ] — a X
@ File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help .5 x
PsEBER e R o BRE R PR cCEE PN RKER LG T Breaeakmaw 10 @EL QB Load Flow |

LRI e R A = R k- L R - YL k] T— EOE Tl e & &=

[z x> OO B%E2r § @A Q [ R # B X Ba | B [Name <liomax|a % -1

& E Netz11_SimBench3_400V_laen A
» Configuration

» AT Settings

» Protection

» Load Flow

> Al-System

B Network Infeed

< 2-Winding Transformer
- Probe

 Line

8 Load Impedance

= Busbar

%+ Renewable Power Infeed
% 3-Phase Source

B Switch

@ TACS

© Generator

1® 1-Phase Source
9 RLC-Impedance
Text Frame

= Circuit-Breaker
= Connection

2% Multi-Circuit Line

& Cable - - -
+ Grounding System I
< > s aduan A

@ Electrical Machine v

<
i Network [B) Protection| @ « [ | ) [R] ENCR C\ATPDesigner40191R1x64\Data\Netz11_SimBench3_400V_laendlich.bnet |
Ba === v[n &0 &0 5 [None Al - X E B B AE o 22l FlEEHEEE LN A4 RSl B

Pl PrOT> SGen 14 [3Ph 141 Vpp [p.u.] GEN=0 [V>=0(008), V<=0(008)] TRIP=0: V<=0p.u., TV>=

> Monitoring P(Q) Characteristic: 3-Phase Source
>> All P(Q)-characteristics disabled

PROT>
EMAIL> E-Mail Notification Grid State Monitoring

Overall Minimum TRIP T:---

[

LF> Processing Time of the Load Flow Calculation = 2020ms o
< >

[ [LF=o.k. [$=0.210%/0.565% P=0.000% [¢=0.107°/0.133° 5=0.057% [N=3 Y

Figure é: Load Flow Calculation (Short-Circuit Results) — Displayed in Power Network Graphic

As shown in then figure above, the main important results of the Load Flow Calculation (Short-
Circuit Results) will also be displayed in the power network graphic.

Toolbar Description

- Start the Load Flow Calculation (Short-Circuit Results)

= |f enabled, ATPDesigner uses an iteration algorithm as part of the load flow
calculation to iterate the internal impedance Z=R+jX acc. the seftings of the
active and reactive power of consumer loads (network element Load Imped-
ance)

» |f disabled, the internal impedance Z=R+jX will be set to the initial values and

B will not be iterated by the load flow calculation algorithm

Fehler! Es ist nicht moglich, durch die Bearbeitung von Feldfunktionen Objekte
zu erstellen.

= This option should be disabled if a short-circuit will be used during the load flow
calculation.
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= |f enabled, ATPDesigner uses an iteration algorithm as part of the load flow
calculation to iterate the internal model of the network element 3-Phase
Source based on a current source, in order to achieve the setting values such

i as active power and reactive power.

= This option must be enabled if a short-circuit is to be used in the load flow cal-

culation.
@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C\ATPDesigner\01_30_MobiGrid\2024_01_19_ReferenzNetz_SimBench\2024_01_17_Simbench_LV_rural1] = a X
@File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help - & x
eHBREEeR DR @B RPEF TP ElMEcEE P FHER Gl s Beaaar maw 7| 0 W @ < Load Flow
hiidle] SEE~-/ e [3E = X o= BOHE = & &
BEeiZr yERG OEm e R B X e | Bk |[Name |[1pmax|a % Sl X v E

-6 2024_01_17_Simbench_LV_rural1_F ~
» Configuration

» ATP Settings
- ¥ Protection

» Load Flow

> Al-System

B Network Infeed

< 2-Winding Transformer
- Probe

I Line

8 Load Impedance
 Busbar

% Renewable Power Infeed

@ 5] [ 2 4 | 8 | A0 40 -0 |e0 <0 |70 o0) 0 |+0| o0 10| 1D

" 99.7;99.7,99.7
% 3-Phase Source
2 switch 11.UOkW;C§Okvar
@ TACS
© Generator 3
1-Phase Source 230.2;119. 29
4 RLC-Impedance 99.7:99.7:99.7 | 997,99.7; B
Text Frame R o} ’ o —
= Circuit-Breaker 2.00kW;0.00kvar P3 P5 P4
T Connection
S Multi-Circuit Line =
&8 Cable . ‘2
< i - N 90.7,00.7,683.7 (.=
< > E
"5 Network M £ [R] ENCR C:\ATPDesigner\01_30_MobiGrid\2024_01_19_ReferenzNetz_SimBench\2024_01_17_Simbench_LV_rurall_FlexEinsatz REFERENZ.bnet ‘ =)
TS m A None B 1 2 3 B o |& 4 = =8 e H
~ ~

> Phase Current Monitoring: Switch
»>> Switches are not available.

PROT> PV6@ [3Ph 6] Vpp [p.u.] GEN=0 [V>=0(008),

> Monitoring P(Q) Characteristic: 3-Phase Source
5> A1l P(Q)-characteristics disabled

PROT> PV8@ [3Ph 8] Vpp [p.u.] GEN-0 [V>=0(000),

PROT> PV5@ [3Ph 5] Vpp [p.u.] GEN=6 [V>=0(000),

PROT> PV7@ [3Ph 7] Vpp [p.u.] GEN=0 [V>=0(008),

V<=0(000)] TRIP=0: V<=8p.u.,
V<=0(000)] TRIP=0: V<=0p.u.,
V<=0(000)] TRIP=0: V<=Op.u.,

V<=0(000)] TRIP=0: V<=0p.u.,

EMATL> E-Mail Notification Grid State Monitoring

PROT> Overall Minimum TRIP T:---
LF> Processing Time of the Load Flow Calculation = 1065ms

< > < >

LF=0.k. 5=0.018%/0.051% P=0.000% |#=0.009°/0.012° 5=0.004% N=3

Figure 7: Load Flow Calculation (Short-Circuit Results) — Results in the Power Network

The results of the load flow calculation can be copied out of the Messages Window.

= Leff mouse button click on the messages window.
= Cftrl + A to mark all lines in messages window.
= Citrl + C fo copy all marked lines into the clipboard.

> Checking the Grid State (green, amber, red) ...

>> Grid State: Grid Health fN (Line) = 100.0%

>> Grid State: Grid Health N (Busbar) = 100.0%

>> Grid State: Grid Health fN = 100.0%

>> Grid State: Green

> Voltage Monitoring: Busbar

>> [Bb 1] VAB= 99.895%; VBC= 99.895%; VCA= 99.895% : -1-

>> [Bb 1] VAG= 99.895%; VBG= 99.895%; VCG= 99.895% : -1-

>> [Bb 1] Vpg,Vpp min= 99.895%; Vpg,Vpp max= 99.895%

>> [Bb 3] VAB= 99.662%; VBC= 99.662%; VCA= 99.662% : -3-

>> [Bb 3] VAG= 99.662%; VBG= 99.662%; VCG= 99.662% : -3-

>> [Bb 3] Vpg,Vpp min= 99.662%; Vpg,Vpp max= 99.662%

>> [Bb 4] VAB= 99.883%; VBC= 99.883%; VCA= 99.883% : -4-

>> [Bb 4] VAG= 99.883%; VBG= 99.883%; VCG= 99.883% : -4-

>> [Bb 4] Vpg,Vpp min= 99.883%; Vpg,Vpp max= 99.883%

>> [Bb 5] VAB= 99.740%; VBC= 99.740%; VCA= 99.740% : -5-

>> [Bb 5] VAG= 99.740%; VBG= 99.740%; VCG= 99.740% : -5-

>> [Bb 5] Vpg,Vpp min= 99.740%; Vpg,Vpp max= 99.740%
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POWER

=

>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>

[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb

2]
2]
2]
6]
6]
6]
7]
7]
7]
8]
8]
8]
10]
10]
10]
11]
11]
11]
12]
12]
12]

VAB=
VAG=
Vpg,
VAB=
VAG=
Vpg,
VAB= 99.
VAG= 99.
Vpg,Vpp
VAB= 99.
VAG= 99.

Vpg,Vpp

99.
99.

Vpp
99.
99.

Vpp

VAB= 99.
VAG= 99.

Vpg,Vpp

VAB= 99.
VAG= 99.

Vpg,Vpp

VAB=100.
VAG=100.

Vpg,Vpp

668%; VBC= 99.
668%; VBG= 99.
min= 99.668%;
614%; VBC= 99.
614%; VBG= 99.
min= 99.614%;
654%; VBC= 99.
654%; VBG= 99.
min= 99.654%;
962%; VBC= 99.
962%; VBG= 99.
min= 99.962%;

min= 99.603%;

min= 99.552%;

min=100.056%;

603%; VBC= 99.
603%; VBG= 99.

552%; VBC= 99.
552%; VBG= 99.

056%; VBC=100.
056%; VBG=100.

668%; VCA= 99.668% :
668%; VCG= 99.668% :
Vpg,Vpp max= 99.668%
614%; VCA= 99.614% :
614%; VCG= 99.614% :
Vpg,Vpp max= 99.614%
654%; VCA= 99.654% :
654%; VCG= 99.654% :
Vpg,Vpp max= 99.654%
962%; VCA= 99.962% :
962%; VCG= 99.962% :
Vpg,Vpp max= 99.962%
603%; VCA= 99.603% :
603%; VCG= 99.603% :
Vpg,Vpp max= 99.603%
552%; VCA= 99.552% :
552%; VCG= 99.552% :
Vpg,Vpp max= 99.552%
056%; VCA=100.056% :
056%; VCG=100.056% :
Vpg,Vpp max=100.056%

>>
>>
>>

[Bb
[Bb
[Bb

9] VAB= 99.487%; VBC= 99.487%; VCA= 99.487% :
9] VAG= 99.487%; VBG= 99.487%; VCG= 99.487% :
9] Vpg,Vpp min= 99.487%; Vpg,Vpp max= 99.487%

-2-
-2-

-6-
-6-

-7-
-7-

-8-
-8-

-10-
-10-

-11-
-11-

-12-
-12-

-9-
-9-

>>
>>
>>
>>
>>
>>
>>
>>
>>

[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb
[Bb

13]
13]
13]
14]
14]
14]
15]
15]
15]

VAB= 99.
VAG= 99.

Vpg,Vpp

VAB= 99.
VAG= 99.

Vpg,Vpp

VAB= 99.
VAG= 99.

Vpg,Vpp

min= 99.656%;

min= 99.489%;

min= 99.999%;

656%; VBC= 99.
656%; VBG= 99.

489%; VBC= 99.
489%; VBG= 99.

999%; VBC= 99.
999%; VBG= 99.

-13-
-13-

656%; VCA= 99.656% :
656%; VCG= 99.656% :
Vpg,Vpp max= 99.656%
489%; VCA= 99.489% :
489%; VCG= 99.489% :
Vpg,Vpp max= 99.489%
999%; VCA= 99.999% :
999%; VCG= 99.999% :
Vpg,Vpp max= 99.999%

-14-
-14-

-15-
-15-

> Voltage Monitoring: 3-Phase

Source

VCA=
VCG=
VCA=
VCG=
VCA=
VCG=
VCA=
VCG=
VCA=
VCG=
VCA=
VCG=
VCA=

99.668% :
99.668%
99.662% :
99.662%
99.883% :
99.883%
99.740% :
99.740%
99.614% :
99.614%
100.056% :
100.056%
99.656% :
VCG= 99.656%
VCA= 99.489% :
VCG= 99.489%

>> [3Ph 3] VAB= 99.668%; VBC=
>> [3Ph 3] VAG= 99.668%; VBG=
>> [3Ph 4] VAB= 99.662%; VBC=
>> [3Ph 4] VAG= 99.662%; VBG=
>> [3Ph 1] VAB= 99.883%; VBC=
>> [3Ph 1] VAG= 99.883%; VBG=
>> [3Ph 2] VAB= 99.740%; VBC=
>> [3Ph 2] VAG= 99.740%; VBG=
>> [3Ph 5] VAB= 99.614%; VBC= 99.614%;
>> [3Ph 5] VAG= 99.614%; VBG= 99.614%;
>> [3Ph 6] VAB=100.056%; VBC=100.056%;
>> [3Ph 6] VAG=100.056%; VBG=100.056%;
>> [3Ph 7] VAB= 99.656%; VBC= 99.656%;
>> [3Ph 7] VAG= 99.656%; VBG= 99.656%;
>> [3Ph 8] VAB= 99.489%; VBC= 99.489%;
>> [3Ph 8] VAG= 99.489%; VBG= 99.489%;

99.668%;
99.668%;
99.662%;
99.662%;
99.883%;
99.883%;
99.740%;
99.740%;

> Phase Current Monitoring: Probe

>> Probes with internal Switch enabled are not availa
> Phase Current Monitoring: Switch

>> Switches are not available.

> Monitoring P(Q) Characteristic: 3-Phase Source
>> All P(Q)-characteristics disabled

EMAIL> E-Mail Notification Grid State Monitoring
LF> Processing Time of the Load Flow Calculation

91

PV30

PV4o

PV10

PV20

PV50

PV60

PV70

PV80e

ble.

9ms

The example below shows how to use a 1-phase-to-ground fault at a line and the presentation
of the results of the load flow calculation in the power network graphic.

N

m
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3 ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C\ATPDesigner\01_20_MobiGrid\2024 01_19_ReferenzNetz SimBench\2024 01_17_Simbench_LV._rural1] = u} X

@File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help - & x

PFEHRBER[DDBRL EREH RE P EMEcEE P FRER L H (| (R Eveaar maw 7|0 @ I Be Load Flow
il D mERY i &8 = % = HOE % =
BxRaryB@RQ ooo [l R 4 X e B | [Name < lipmax|a % Ml x> HE

&£ 2024_01_17_Simbench_LV_rural1_F A
» Configuration

> ATP Settings

» Protection

» Load Flow

> Al-System

H Network Infeed

<@ 2-Winding Transformer
-~ Probe

I Line

4 Load Impedance

F Busbar

% Renewable Power Infeed

3-Phase Source
2 Switch

o TACS

© Generator
1-Phase Source

0.4;100.9;127.5
9.69kW;O§0kvar

B [ (= 3« | 8 A0 40 ~0|o0| <0 |*0 o0 0|40 ¢m |30 10

172.8,115.%
0.4;100.9;4 P29
<l a

%
P3

6 RLC-Impedance
Text Frame

= Circuit-Breaker
I Connection

& Multi-Circuit Line
& Cable

0.4;100.9;127.5
1.80kW;-0.00kvar

P5

IM

0.4;100.9,327.5

< >

{3 [R] ENCR C:\ATPDesigner\01_30_MobiGrid\2024_01_19_ ReferenzNetz_SimBench\2024_01_17_Simbench_LV_rural1_FlexEinsatz REFERENZ bnet
B[ o PR ==

AG <[ so |x| 4 2 ;

>> Switches are not available. ~

v

< >

"3 Network EEXID

HRE | I I

o
o RO |5 |28

%22 &

PROT> PV5@ [3Ph 5] Vpp [p.u.] GEN=0 [V>=0(0@8), V<=0(000)] TRIP=0:

> Monitoring P(Q) Characteristic: 3-Phase Source
>> All P(Q)-characteristics disabled

PROT> PV6@ [3Ph 6] Vpp [p.u.] GEN=0 [V>=0(008), V<=0(000)] TRIP=0:

> Short-Circuit Tk(AG 50.0%)=12.403kA; Te=28.6°; Sc/max/min=Sc

PROT> PV7@ [3Ph 7] Vpp [p.u.] GEN=B [V>=0(000), V<=0(008)] TRIP=0:

PROT> PV8 [3Ph 8] Vpp [p.u.] GEN=0 [V>=0(000),

V<-0(000)] TRIP=0:

EMAIL> E-Mail Notification Grid State Monitoring
PROT> Overall Minimum TRIP T:---
LF> Processing Time of the Load Flow Calculation = 771ms

< > < >

LF=0.k. ®=0.627°/0.730° $=0.061%

Figure 8: Load Flow Calculation with Short-Circuit — Results displayed in the Power Network

6 Reports of the Load Flow Calculation

ATPDesigner also writes reports for every load flow calculation stored in the Project Directory
where the .BNET-file is also stored. The file format of the reports is the Office Open XML format
(ECMA-376 Office Open XML File Formats, ISO/IEC 29500 Information technology — Office Open
XML formats).

The file name format (LF = load flow calculation):
= 20240324105406244_2024_01_17_Simbench_LV_rurall_FlexEinsatz REFERENZ_LF.xml

The following figures illustrate examples from the Load Flow Calculation Report, which can be
opened using standard word processing software.
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2 Institute for Electrical Power Systems, htw saar 2 Institute for Electrical Power Systems, htw saar
[Load Flow ¢
iers and i
24.03.2024, 10:54:05.335
= igner\01_30_MobiGrid\2024_01_19_§ -_SimBench\2024_01_17_Simbench_LV_rural1_FlexEins VAG, VBG, VCG ‘Amount of the phase-to-ground voltages in V and %Vn/V3
atz REFERENZ bnet v, [5%]
ATPDesigner Version 4.01.95 - 23.03.2024 VAB, VBC, VCA Amount of the phase-to-phase voltages in V and %Vn
Version NET File 6.3 - 22.01.2021 v, [5]
Vmin, Vmax | Ameunt of the minimum and maximum phase-to-ground and phase-to-phase voltage VABCin V
[V]. [%] and %vnom
POWER Vb, VpE "Amount of the phase to-phase voltages VAB, VBC, VCA In V and %vn
ENGS V1, s8] Amount of the phase-to-ground voltages VAG, VBG, VCG in V and %Vn/v3
s 12,18, IC Amount of the phase currents in Aand %in
[A], I%]
V1,v2, V0 ‘Amount of the positive-, negative- and zero-sequence voltage in V and %Vn/V3
[V], [%]
1112,10 Ameount of the positive, negative- and zero-sequence current in A and %in
[AL. [5%]
tpmax [A], [%] Amount of the maximum phase current IABC in A und %in
Maximum Load ‘Amount of the maximum phase current IABC in %in
%]
s [VA] Amount of the apparent power in VA
P [W] ‘Amount of the active power in W
Q[var] Amount of the reactive power in var
CosPhi factor cos phi= P /5
Load %] Load of winding A and B in %in
SA, 5B, 5C [VA] Single-phase apparent power of phase A, B and C in VA
PA, PB, PC [W] Single-phase active power of phase A, Band Cin W_
A, OB, QC [var] Single-phase reactive power of phase A, B and Cin var
NA Need for Action
Tpman [%] Maximurm phase current IABC in %inom
N (3] Grid Health in %
m[p.u] Load Level acc. VDE 0276
LF State of Load Flow Calculation: o.k.=1, failed=0, stopped=2, invalid=—1
TRIP Grid Protection: TRIP-Command - O=disabled, 1=enabled
GEN Grid Protection: General starting - 0=disabled, 1=enabled
(53 Grid Protection: Distance zone of the distance protection with TRIP
Rk Grid Protection: Resistance of the short-circult impedance of the positive sequence system
X1k ‘Grid Protection: Reactance of the short-circuit impedance of the positive sequence system
DST Daylight Saving Time: Summer = 5, Winter =W,
Seite 1 von 12 Seiten Seite 2 von 12 Seiten
Po
B
] Institute for Electrical Power Systems, htw saar
[Eo3] & 02 5956 EX 9956 50% - 110% 0 Green 3#h 1]PV10 Y] 3988 3988 5988 0%, Vemler17% Green
185 10] 10 0.4 53.60 9960 960 0% 1105 [ Green 3°h 2] P20 Y] 9974 9974 9974 VO V- les17% Graen
e 0z 555 5955 5555 0% - 110% [ Green 370 5] P50 0a 5561 5561 £ im0, Vomlerize Graen
[Eb 1212 04 100,08 100,08 100.06 0% - 110% o Green 37 &] PVE0 04 100,06 10005 100.08 <m0, Vmlee175 Graen
[B59] 5- 0z 5545 5.4 5949 50% - 110% 0 Green 3%h 7] PV70 02 9966 9966 5966 0%, Ve 1er 1T Graen
[y 0 X EX 9966 0% 110% a Green 3Ph & PvE0 ] 9949 9949 9943 WO V- 1ev17 Graen
[Bo 141 18 0.4 s5.48 9949 99.29 0% - 110% [ Green
[eb 15 15 200 10000 0000 100.00 0% - 110% [ Green
[Power Infeed: 3-Phase Source
51 7 ST . . 5 1 e Sl ] O] =
553 0z 9966 | 000 | 000 1567 15505 4651 | Green e 000000 S D oot =0
2 3Ph 4) Fug0 0.002000 0:002000 0.000000 1000
854 02 9988 | 000 | o000 11569 14916 3578 | Green TR 003000 002000 000000 Too
855 0a 9974 | 000 | o000 11566 15768 3137 | Green e 2] Va0 2002000 5002000 000000 000
507 0z 5557 | 000 | 000 1568 14339 1318 [ Green e Pved 002000 5002000 5000000 To00
56 0a 5551 | 000 | 000 11568 13593 552 Graen e el Ve 019000 015000 000000 00
86 7 02 9965 | 000 | 000 11567 15950 4633 | Green v o100 00000 000000 Tooo
858 [r3 995 | 000 | oo 1571 13105 2922 | Green S Ve S o13050 515000 350000 o5
8510 0 9960 | 000 | o000 11568 13258 571 Graen
80 11] 04 5555 | 000 | 000 11566 15138 3533 | Green
[B512) 0z 10006 | 000 | 000 11573 13123 2571 | Green
[B09] 5 04 9943 | 000 | o000 11567 13738 2268 | Green [Power Infeed: Load Impedance
(B0 13] 13- 0a 9966 | 000 | o000 11570 12628 342 Graen
80 14] 16 [ 5595 | 000 | 000 1567 540 2250 | Green Name s [Mva] P [mw] Q[mvar] Cosphi
g0 15] -15- 200 10000 | 000 | o000 5000 534 17065 | Green Load 1] EML 0.011001 0.011001 0.000000 1.000
Load 2] EMZ 0011002 0011002 0000000 1000
Losd 3] EM3 0011003 0011003 -0.000000 1.000
Classification of Busbar Voltages Load 4] EM4 0.011000 0013000 0.000000 1.000
Crases T og i 030 5] EMiS 0.0105%5 0.010355 0.000000 1000
Py a o o Lo3d 6] Wre 0011001 0010781 0002155 0380
T30% - 52%) o o o Load 7] WP7 0.011001 0.010751 0.002155 0,580
Toa% 54 o o o Loaa 8] WPE 0011001 0010781 0002159 0580
Toa% - s6%) o o o L03d 9] WPs 0011006 0010785 0002150 0,980
Joen - se%) o o o [Losd 11) we 11 0.011002 0010732 0.002155 0550
5% - 100%] " = 15 losd 12) WP 0011002 0010752 0002153 0580
100% - 1025 T T T [Loze 13 8513 0011006 0.011006 -0.000000 1.000
102% - 1095 o o o Loz 14] BS1¢ 0.011000 0011000 0.000000 1.000
103% - 105%) o o o
106% - 105%) o o o
108% - 110%) o o o [Power Infeed: 2 Winding Transformer ]
>110% ] o ]
[ Name I s [MVA] | P IMwW] Q[Mvar] CosPhi |
[voltage ing: 3-Phase Source
[Power Infeed: Line |
Name Vnom[kv] | VAB[%] | vBC[x] | vca[x] Vo> [%] State
37 3] PV30 04 99,67 9367 9967 VO Vom1er17% Green | —r— Sl @] AT ] ]
Sen 4] Fyan [ 5566 Ssce 5566 Ve Vom1er 7R Green
370 1] P10 04 5588 s5.58 5538 Green
37h 2] P20 04 5574 5.7 5574 Green
3on 5T Pvso o3 T T T Green Voltage Probe |
3Ph 6] PVGD 04 10006 10006 10006 VO Vomler 7% Green
370 7] P70 04 95,66 3.6 95,66 VesOmVomler 17h Green Name Vinom [v] A [%] vaC[x] vea ] State
37 5 FVE0 03 5545 55.45 5545 V0% Voo1er 17 Green Py 1) P1 200 59,5986 533586 935986 Green
Pri2] P2 02 99,895 9,895 9,895 Green
Prb 3] P3 02 99,6677 986677 996677 ==
[37h 3] PV30 04 5367 55567 5967 V0%, Vo= Les1T% Pro 4] P4 04 99.6677 56677 99,6677 Green
[ eeraimva ] 04 [ 9966 | 9966 | omes | Pri6] 6 ] 597355 557355 557355 Green
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Figure 9: Report of Load Flow Calculation (Office Open XML Format)
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7 ATPDesigner and Dark Mode

The power network graphic and the messages windows can be displayed in Dark Mode.

=  Main menu Power Network
= Menu item Network Configuration
= Tab Colors

Network Configuration

x

Short-Circuit ] Protection l Messages l Vnom Colors l V<> Colors l I> Colors l

PLoss Colors ] Security
Netwark ] Line

| Background Color |

Default

Monitoring | E-Mail. SMTP | DataBase |
] CMC Configuration ] ATP Control File Config Data

Colors

1-Phase Elements ‘

3-Phase Elements

Find Color ‘

CB: Open/Closed

BEE e ‘

Selected Color

Measuring Value Color ‘

Not Connected Color

Prot Logic: Invisible ‘

MNet Element: Invisible

Font and Color Sets
Dark Mode ﬂ

@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR G\ATPDesigner\01_30_MobiGrid\2024_01_19_ReferenzNetz_SimBench\2024_01_17_Simbench_LV_rural1]

& File Edit PowerNetwork ATP Test NetworkDesign Protection Diagrams Tools View Window Help
RPETFPEMEcEE P T RKRER

BFUBB SRR B D &
dlc ool e = x

OE@ ISR F H X R | Sh[Name

-~ Probe
] Line
0 Load Impedance

= Circuit-Breaker
I Connectior
& Multi-Circuit Line

<

3 Network | [P Protection |1 20 4 | M| | g () encR CAATPDesigner\01_30_MobiGrid\2024_01_15_ReferenzNetz_SimBench\2024_01 17_Simbench_LV_rural1_FlexEinsatz REFERENZ.bret |

Bl A Beaaar @aw 4| 00
O HE % |- ==
~[[lpmax|A|% Ml S X »HE

POWER
>ENGS

m

3 (] =3« | B | D £0 -0|od| <0 |0 0 0|+m om 0| 1D

& & 8 v | s s

AG “|Tv — | 1 2 3

> Phase Current Monitoring: Switch
>> Switches are not available.

> Monitoring P(Q) Characteristic: 3-Phase Source
>> ALl P(Q)-characteristics disabled

EMATL> E-Mail Notification Grid State Monitoring

LF> Processing Time of the Load Flow Calculation = 919ms

Figure 10: ATPDesigner Dark Mode Interface
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o 22 al-FlEE

LF=ok. 5=0.018%/0.051% P=0.000% |¢=0.009°/0.012° 5=0.004%
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PROT> Overall Minimum TRIP T:---

> Window for Protection Messages

PROT> PV6@ [3Ph 6] Vpp [p.u.] GEN=8 [V>=0(0@@), V<=0(000)] TRIP=0: V<=0p.u.,
PROT> PV7@ [3Ph 7] Vpp [p.u.] GEN=0 [V>=0(80@), V<=0(000)] TRIP=0: V<=8p.u.,

PROT> PV8@ [3Ph 8] Vpp [p.u.] GEN=8 [V>=0(008), V<=0(000)] TRIP=0: V<=8p.u.,

O | 3R |25
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8 ATPDesigner User Interface

The concept and the implementation of the user interface of ATPDesigner is driven by the rules
to design an intuitive user interface, which is designed for windows operating systems.

8.1 How to open a Settings Dialog

A settings dialog of a network element can be opened with a Left Mouse Button Double Click
on the shape? of the network element in the power network graphic.

8.2 Howto Insert a new Network Element in the Power Network by Drag&Drop

The easiest way to insert a new network element is Drag&Drop the network element from the
Network tab shown below.

MATPDesigner Design and Simulation of Power Networks
E File Edit Power Network ATP Test Network De5|gn Pr

BEEHBBE el NBE K

= Select a network element e.g. Load Impedance
with a Left Mouse Button Click on the name of
the network element, the name shall be high-

i ) DEE~ /I =EES lighted.

= B = B

=& Netz20kVMIitDEA_Applikation_Kap_30_1 e = Press the left mouse bottom and move the
v Configuration mouse cursor fo a position in the network

* ATP Settings
* Protection
¢ Load Flow
b Al-System = Release the left mouse button.
@ Network Infeed
<« 2-Winding Transformer
- Probe
- Line
¢ Load Impedance
# Busbar
% Renewable Power Infeed
% 3-Phase Source
-& Switch
@ TACS
@ Generator
© 1-Phase Source
-t RLC-Impedance
B Text Frame
= Circuit-Breaker
= Connection
= Multi-Circuit Line
- Cable
+ Grounding System
@ Electrical Machine
-€ Splitter
-4 Nonlinear Element Z(x)
= XFORMER Transformer
= Saturable Transformer
% BCTRAN Transformer
B8 Admittance Y()
~-IZ Multi Frequency Source
External .ATP-Files
Empirical Function
% Load Flow Node

graphic.

"z Network ‘@ Protecnon‘@ Zone Il Vnom C 4 ‘ 4

€61 Co2 Cb3 ™ ]‘[1 ]E ]|E ]

ol
Figure 11: Network Tab - Drag&Drop a Network Element into the Network Graphic
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8.3 How to Move a Network Element in the Power Network

It will be explained below, how to move a network element which is part of a power network.
The first step is always to select one or more network elements by Left Mouse Button Click(s) on
the shape of the network element.

8.3.1 Moving only one Network Element

1. Select the network element by a Left Mouse Button Click
The network element will be drawn in grey if selected.

2. Move the mouse cursor over the shape of the network element

3. Press the left mouse button, keep it pressed and move the network element to another
position

4. Release the left mouse button

8.3.2 Moving two or more Network Elements

Two or more network elements can be selected by several methods.

The first method is to select network elements by two or more Left Mouse Button Click on the
shape of the network elements. The selection can be removed by a Left Mouse Button Click on
the empty area of the network graphic.

The second method uses a “rubber band” frame to select two or more network elements.

1. Open a frame fo select network elements by pressing the left mouse button and keep the
left mouse button pressed

2. Move the mouse cursor and select all network elements of interest
If a network element has been fully enclosed by the frame, it will be drawn in grey.

3. Release the left mouse button

8.3.3 Moving the Power Grid

The whole power grid can be moved using the mouse.
1. Press the Shift key and hold it down

2. Click on the Left Mouse Button and hold it down, release the Shift key
The power grid will be bordered by a frame.

3. Move the frame of the power grid to another position using the mouse

4. Release the left mouse button

8.4 How to Rotate a Network Element

It will be explained below, how to rotate a network element which is part of a power network.
The first step is always to select but only one network elements by Left Mouse Button Click on
the shape of the network element. It isimportant fo know, that only one network element stand-
alone can be rotate.
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1. Select one network element by a Left Mouse Button Click on its shape
2. Disconnect the selected network element from all other network elements

3. Rotate the network element

a. Using the Right Mouse Button Menu: Rotate 180° & Rotate 90° Clockwise 5“, Ro-

tate 90° Invers a2

b. Using the toolbar e Xe AL LT X
c. Using the keys I (left) and r (right)
o Undo cuhz
Fixed Position

Deselect

¥ Frase All Frames

7 Delete
By Duplicate
Lock
T3 Move to Foreground Shift + F
4 Move to Background Shift + B

Ak Rotate 180°
2k Rotate 90° Clockwise

4% Rotate 90° Invers

Figure 12: Right Mouse Button Menu (partly) - Menu items to rotate a network element

The figure below shows the message box with the error message, if the network element to be
rotated always is connected to other network elements.

ATPDesigner - Design and Simulation of Power Networks X

I@/'I The network element can not be rotated,
because the network element is still connected
to one or more other network elements.
Please disconnect first the selected network element.

Figure 13: Error Message - Rotating Connected Network Elements
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9 Design of an Electrical Power Supply Network using ATPDesigner

In this chapter, it will be explained how to design a simple power supply network in ATPDesigner.
The power supply network shall consist of a 110kV-Network Infeed, a 110/20kV 2-Winding Trans-
former, some Probe to measure voltages, currents, active and reactive power or to simulate a
protection relay as well as a Load Impedance to simulate a consumer load and a 3-Phase
Source to simulate a decentralised generation system.

= ATPDesigner offers two ways to build a power supply network from an empty drawing

areaq, but itis recommended to build the power supply network by Drag&Drop the net-
work elements from the free structure of the Network tab of the Project Information.

9.1 Open a new Drawing Area for a Power Supply Network &l

The first step is to open a new empty drawing area before starting the design of the power
network, now also called power grid.

1. Start the network calculation program ATPDesigner.

2. Open a new empty drawing area with the menu item New in the main menu File or by a
Left Mouse Button Click on the toolbar button &l or with CTRL + N.

Network elements can now be added by Drag&Drop.

4 Load Impedance
7 Busbar
% Renewable Power Infeed
% 3-Phase Source
- Switch
@ TACS
© Generator

&J) ATPDesigner - Design and Simulation of Power Networks - [C\ATPDesigner\Data\Network_1.net ] = o X
& File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help e
EEEdBB SR DRBDH el R2E P DD EKRER Bl “Béeaaar bdaw 1] o0 @ &) @
fiadl'e] eyt R P mE e 3 H x T WO E = - ==
BEarg2gng EEE B[]k R o B X foa | BE | & [[name  [[lomax|a % BNEE [ x » A
-1 Network_1 ~ =
» Configuration =
» ATP Settings =
» Protection =]
» Load Flow =
b Al-System =
B Network Infeed =
< 2-Winding Transformer =
-+ Probe =
. =
I} Line =
=
=]
=
E
=
2

1& 1-Phase Source =

9 RLC-Impedance Ll

Text Frame L

= Circuit-Breaker

I Connection

3 Multi-Circuit Line v

[
4 Network [ B Protection | @ Zone @ vnom Gro 4 [ v | CAATPDesigner\Data\Nstwork_Lnet | =
el BV None ATl — Xl @ 3 A&l 0o 2zal -2 EE 2

*[>> wWorking Dir: o.k. ~ %[> Window for Protection Messages

> Window for Protection Messages

> Web Server - Disabled

> FileWatcher - Disabled

> Language: englisch

Figure 14: Open an empty drawing area to design a new power supply network
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9.2 Design a new Power Grid in an empty Drawing Area

After opening an empty drawing area, a new power network can be designed. New network
elements can now be added using the menu items in the Network Design main menu or the
toolbar buttons in the top foolbar or by Drag&Drop with the items of the tree structure of the
Network tab of the Project Information window.

9.2.1 Connecting a new Network Element to an existing Network Element

A new network element can be inserted from the tree structure in the Network tab of the Pro-
ject Information (chapter 8.2) window using Drag&Drop.

= It is recommended to start with the network element Network Infeed Network 1. The
nominal network frequency fn can be set in the settings dialog of Network Infeed Net-
work 1.

1. Insert a new network element by Drag&Drop.

2. Move the mouse cursor over a “free” not connected node of the new network element,
press the left mouse cursor and keep it pressed.

3. Move the mouse cursor over a “free” not connected node of another network element.
4. Release the left mouse button. The both nodes will be now automatically connected.
After inserting a new network element, the settings dialog of the new network element will not

be automatically opened, but can be opened manually using a Left Mouse Button Double
Click on the shape of the network element.
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10 Automatic Identification of the Nominal Voltage Viom

The network calculation program ATPDesigner offers the capability to automatically identify
the nominal voltage Vnom of the electrical power grids and assign it to the equipment. The
function Electrical Power Grid: Vi Level is demonstrated with the power grid shown in the figure
below as an example.

5MW SMW
\/ P7 YV pr8

Pl

L\ j j e
W NA2XS2Y 3x1x630 2km  ©  NA2XS2Y 3x1x500 2km  ©  NA2XS2Y 3x1x240 2km E - @

110kV | P10 P9
110/20kV
P a@ P | 1MW 2MW
YynO

I
|

D+ 1MW

A
RY

NA2XS2Y 2km ‘ NA2XS2Y 2km

P11

1MW

Figure 15: Automated identification of the nominal voltage of power grids

The function Electrical Power Grid: Vi Level is started as follows:

= Main menu: Test
=  Menu item: Electrical Power Grid: Vn Level

Alternatively, the Right Mouse Button Menu can be opened, and the function Electrical Power
Grid: Vn Level can be started with a Left Mouse Button Click.

= Open. Ctrl+0O

[ Open Diagram (PL4 - File) .. Ctrl+4

T2 Browse Ctrl+X
ATP related Settings L4

2% Network Configuration

j  Write ATP Control File and Start ATP Ctrl+R

=g Short-Circuit Results Ctrl+E

& Find Ctrl+F

(@ Library Ctrl+Alt+L
Grouping Network Elements »

|T Electrical Power Grid: Vn Level

2% Electrical Power Supply Area

. Display Node Names F3

# Set All Nodes (In)Visible

Enable Circuit-Breaker L4

Figure 16: Starting the function Electrical Power Grid: Vi Level to identify nominal voltages of the grid
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Some rules are important to know.

1. The algorithm to identify the nominal voltages always starts at every winding A, B or C of
every transformer in the power grid. Therefore, the algorithm cannot be executed in a
power grid without any transformer.

2. It will always be assumed that the Vn or Vhom settings of every fransformer are correct and
well defined.

3. The state opened or closed of switches, circuit-breaker, etc. will be ignored. The algorithm
always assumes, that switches, circuit-breaker, etc. are closed.

As shown in the example in the following figure, the algorithm starts the identification of the
nominal voltages from winding A of the fransformer 110kV/20kV [Tra 1] with Vh= 110kV. Only
two network elements are identified and assigned to the nominal voltage Va= 110kV: P1 [Prb 1]
and 110kV [Network 1]. The algorithm then continues at winding B of the fransformer with Vn =
20kV. This procedure will be repeated starting from the windings of every tfransformer until all
windings of the transformers in the power grid have been processed. The identified network
elements are displayed in the Message Window

In the first step the algorithm only identifies the nominal voltages but doesn’'t change the set-
tings of the network elements.

= P1[Prb 1] - Va=110kV
The Probe was assigned to the nominal voltage Vn = 110kV because the network ele-
ment was found starting from winding A of the transformer with nominal voltage Vi =
110kV. The setting value of the network element was not changed.

> Electrical Power Grid: Vnom Level Identification

>> 110/20kV [Tra 1] - Winding A: Vn=110kV
>>> P1 [Prb 1] - Vn=118kV
»>>>» 118kV [Network 1] - Vn=118kV

>>> P2 [Prb 2] - Vn=28kv

»»>> [Bb 1] - Vn=28kV

>>> P5 [Prb 5] - Vn=28kv

>>> [NA2XS2Y 3x1x30@ 20kv] 2km [Line 5] - Vn=20kv
>>> P6 [Prb 6] - Vn=20kV

»>>> SMW [3Ph 1] - Vn=2@kV

Figure 17: Search starting from the windings of the transformers

Before changing the setting values of the nominal voltages of the network elements, the user
will be asked to proceed or to cancel.

=  Ja=Yes, Nein = No

Electrical Power Grid: Transfer Vnom to settings *

'6 Starting the transfer of nominal voltages Vn to the settings of the
' network elements ?

Ja MNein

Figure 18: Question before changing the setting values
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After confirmation by the user, in the second step, the setting values of the nominal voltage
Vnom OF Vn of the network elements are changed.

= 110/20kV [Tra 1] - Winding A: Vn=110kV
The Vnom identification routine starts at winding A of the fransformer.

= P1[Prb 1] - 110kV — 110kV
The setting value for the nominal voltage has been set to Vn = 110kV for this network
element by the algorithm.

> Electrical Power Grid: Vnom Level Identification

>> 118/20kV [Tra 1] - Winding A: Vn=118kV
>>» P1 [Prb 1] - Vn=110kV
>>> 110kV [Network 1] - Vn=11@kV

>> 118/20kV [Tra 1] - Winding B: Vn=20kV

>»» P2 [Prb 2] - Vn=20kV

>>» [Bb 1] - Vn=20kV

>»>> P5 [Prb 5] - Vn=20kV

>>> [NA2XS2Y 3x1x300 20kv] 2km [Line 5] - Vn=20kV
>»» P6 [Prb 6] - Vn=20kV

>>> 5MW [3Ph 1] - Vn=20kV

>»> P3 [Prb 3] - Vn=20kV

>>> [NA2XS2Y 3x1x300 20kv] 2km [Line 4] - Vn=20kV
>»> [Bb 2] - Vn=20kV

>>> P4 [Prb 4] - Vn=20kV

>>> 5MW [Load 1] - Vn=20kV

>>> [NA2XS2Y 3x1x300 20kv] 2km [Line 6] - Vn=20kV
>»» P7 [Prb 7] - Vn=20kV

>>» 5MW [3Ph 2] - Vn=20kV

Figure 19: Message window - Identification of nominal voltages Vn

The figure below shows the power grid after the function has been successfully finalized. The
color of the equipment depends on the identified nominal voltages assigned to the equip-
ment. Additionally, the nominal voltages are displayed in the Va Level tab of the Project Infor-
mation tab, organized in a free structure and corresponding to the relevant equipment.

@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C\ATPDesignerV40197_22022025_R2x64\Data\Netz21_DEA_PQKennlinie_Untererregt_Parkregler.bnet ] - [m] X
& File Edit PowerNetwork ATP Test Network Design Protection Diagrams Tools View Window Help _ 5 x
2sEHBR ER(DeaD 2 MrE 2 PlEM e PP RMER L H K/ Beeaak mav 3 o BE%LGHe

RO L TR ER- /I =mMEREr o R =X 22 AA0[%%X] T BDE 00O = ==

[ x> A BEE2T B PIE R A B X Re B &% [Name ~[liomex|Al% ~[viivevesis -
v ATP Sett ~ =
ettings =
» Protection [=]
SMW sMW =
» Load Flow =
» Al-System =
0 110 kv =
= a
» Network 1 [110kV] 7 s 10MW E]
» Pro1[P1) ! ’ =
[0 20 kv < . . 4-o—{ WP
= fag/ TRDT S0 T ¢ NADGIY S0 2w ¢ RADGH Saaa w8 [=]
. =
> 3Ph1[10MW] 110kV P10 P9 =
b 3Ph 2 [SMW) 110/20kv =
» 3Ph3 [BMW] (ale) 2
» b1 N P2 mw mw =
» Line 4 [NA2XS2Y 2km] =
» Line 5 [NA2XS2Y 3x1x630 2km] i
¥ Line 6 [NAXS2Y 3414500 24 » . — po e W 2
b Line 7 [NA2XS2Y 3x1x240 2km] P3 ! P4
b Line 8 [NA2XS2Y 2km] o1t
» Load 2 2MW] 5
» Load 3 [IMW] =
» Prb 10 (P10] B
> Pro11(P11) MW =
Lt
b Prb2 [P2) v =
TR =]
B protection| ) Zene 1 vnom Groups |1 Ver | » B [R] ENCR C:\ATPDesigner\/40197_22022025_R2x64\Data\Netz21 DEA PQKennlinie_Untererregt_Parkregler.bnet | =
B === 0 5 & fasc ]l - IR nE B s wBRE o g2zalcflEEEEER LN AL E LSl B g
x « =
> Window for Protection Messages
> Electrical Power Grid: Transfer Vnom to settings
> Window for Protection Messages
>> 110/20kV [Tra 1] - 110kV
> Window for Protection Messages >»> P1 [Prb 1] - 116kV -> 116kV
>»> 110kV [Network 1] - 11ekV -> 110kv
>> 116/20kY [Tra 1] - 20kV
>>> P2 [Prb 2] - 20kV -> 28kv
>»> [Bb 1] - 20kV -> 20kV
>>> P5 [Prb 5] - 20kvV -> 2@kv
>>> NAZXS2Y 3x1x63@ 2km [Line 5] - 26kV -> 20kV v

\ | | 4
Figure 20: Coloring of voltage levels, output in the message window
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The color of the nominal voltages can be set in the settings dialog Levels Vn.

=  Main menu: Power Network
= Menu item: Network Configuration
= Tab: Vnom Colors

Network Configuration X

PLoss Colors l Security l Monitoring ] E-Mail, SMTP l Data Base l
Network ] Line ] CMC Configuration ] ATP Control File Config Data ] Colors ]
Short-Circuit ] Protection ] Messages Vnom Colors l V<> Colors ] I> Colors ]

MNo. | WVnom [kV] | Color Default |

1 00 D
2 380

3 20 N
4 110
5 65

6 33
7 a0

8 27
9 20 N
10 10 Il
1 6

12 1

13 0s N
14 0.69

15 06
16 04 N
17 o I
18 o 1IN
19 o 1N
20 o Il
21 o Il
22 o N

(o]
=

Cancel Help

Figure 21: Settings dialog Vnom Colors - drawing color for the nominal voltages Vnom
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11 Load Flow Calculation with Decentralised Generation Systems

Decentralised generation systems such as solar and wind power plants are using 1, 2 or 3 1-
phase grid converters or one 3-phase symmetrical grid converter. In ATPDesigner, decentral-
ised generation systems are simulated based on a model using 1, 2, or 3 current sources to feed
in active power P and/or reactive power Q. ATPDesigner uses the network element 3-Phase
Source to simulate decentralised generation systems in a power grid.

= The network element 3-Phase Source can be used as a 1-, 2- or 3-phase grid converter
or as a 3-phase symmeftrical grid converter.

The decentralised generation systems are typically set for normal grid operation by the active
power Pnom. The reactive power Q will be set e.g. by the displacement factor cos ¢ = const.
or a reactive power characteristic Q(P) or Q(V) according to the German standard VDE-AR-N
4110 [4] and VDE-AR-N 4120 [5].

= The network element 3-Phase Source is a PQ node from the point of view of the load
flow calculation. The electrical behaviour of the PQ-Node is mainly defined by feeding
in a constant active power and a constant reactive power.

= A PQnode can feed in or consume active power P and/or reactive power Q (4-quad-
rant operafion mode). The metering arrow system must be considered: Generator
counting arrow system or consumer counting arrow system.

= The network element 3-Phase Source uses the generator counting arrow system.

Generator Counting Arrow System Consumer Counter Arrow System
Power Grid § L=R+jX Power Grid § Mpgl L=R+jX
Q Q
[} | [} |
,7 Under-Excited > ,7  Over-Excited >
// \\ // \\
/ \ / \
c / \ / \ c
S \ ! \ S
w-— -—
§. I, Vog \I § § ! Vog \I g—
2 | Iy | E E Iy -
o \ ! P \ /I 0 P
O ! \ /0
\ / \ /
\ / \ /
\ // \ //
\\\ Over-Excited // \\\ Under-Excited //
n Rt - v n Rt - v

In order to use a clear nomenclature, the terms

Term Description

Under-Excited Consumption of reactive power Q
Over-Excited Feed in of reactive power Q

shall be used. These terms are independent of the metering arrow systems.

The following table contains network elements frequently used in ATPDesigner with the assign-
ment as to whether the currents and powers, displayed in the network graphic or the tooltips
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for these network elements are calculated in the generator counter arrow system or consumer
counter arrow system.

Generator Counting Arrow System Consumer Counter Arrow System
= 3-Phase Source * Load Impedance

= Renewable Power Infeed = Probe

= Network Infeed = Line

= Generator »= 2-Winding Transformer

= BCTRAN Transformer (2/3-Winding)

= In case of a 3-phase symmetrical power grid operation simulated by the network ele-
ment 3-Phase Source, the load flow calculation will be processed only in the positive-
segquence system using the positive-sequence voltage Vi and the positive-sequence
current |1.

= In case of a 1-, 2- or 3-phase possibly asymmetrical power grid operation simulated by
the network element 3-Phase Source, a load flow calculation is processed using the
phase-to-ground voltages Vasce and the corresponding phase currents lasc.

The network element 3-Phase Source also offers the option of simulating the behaviour in case
of a short-circuit (LVRT-operation, Low Voltage Ride Through) according to the German stand-
ards VDE-AR-N 4110 [4] or VDE-AR-N 4120 [5].

The load flow calculation will be executed iteratively as a multi-step calculation process, so
called iteration process. The iteration process will be terminated in case of convergence, if the
user defined accuracy has been achieved. If the maximum number of permissible iteration
steps has been reached without achieving the user defined accuracy, the load flow calculo-
tion will be aborted with divergence.

= If the load flow calculation is convergent, the calculation results will be displayed in the
network graphic and in tooltips of the network elements. In addition, a Report is gener-
ated in Office Open XML format [6]. The report will be automatically saved in the Project
Directory. The report can be read with a word processing programme such as Word.

ATP Related Settings X

ATP Data Load Adjusting }Load Flow | Phase Adjusting | VDE 0102 (IEC 60909)]

Load Adjusting: PQ and PV Nodes V>, V< - Monitoring (EN50160)
Max. Steps = | 20 V<= 920 %Vnom

Delay Time = 0 s V> = 110 %Vnom

Adjusting PQ Nodes (Load Impedance) Adjusting PV Nodes (Network Infeed)

Figure 1: Setting a delay time for computer systems with low performance

In computer systems with a lower performance, problems to access files stored in the tempo-
rary directory of the operating system can occur during the load flow calculation. The Delay
Time setfing value can be used o set a delay time between two calculation steps of the iter-
afion process.

The load flow calculation uses two independent algorithms to simulate the electrical behaviour
of PQ nodes e.g. of the network elements Load Impedance and 3-Phase Source. The two al-
gorithms can be enabled or disabled independent of each other.
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= Main menu ATP
. E Load Adjusting Enabled or Disabled
. Phase Adjusting Enabled or Disabled
The Load Adjusting and Phase Adjusting options can be enabled or disabled using two toolbar
buttons or in the ATP Data settings dialog, ATP Data tab.

=--& Netz20kVMitLastUndDEA_SQLDatenbank
-+ Configuration
--» ATP Settings
* Protection \
* Load Flow
» Al-System
=8 Network Infeed
e 2-Winding Transformer
= Probe
=-fLine
e 8 Load Impedance
=7 Busbar
--% Renewable Power Infeed
=-% 3-Phase Source
-2 Switch
@ TACS
Generator
-~ 1-Phase Source
-~ 8 RLC-Impedance
~-BText Frame
= Circuit-Breaker

= Connection

Figure 2: Open the ATP Settings (ATP Data) dialog by Left Mouse Button Double Click

The power grid shown in the figure below shows a simple, medium-voltage grid with a nominal
voltage Vnom = 20kV, which consists of two parallel Line NA2XS2Y 3x1x240mm?2. The power is
supplied from a 110kV Network Infeed via a 110/20kV 2-Winding Transformer with Sir = 31.5MVA.
The measurement of phase currents, phase-to-ground voltages, active and reactive power is
carried out using several network elements Probe Px.
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ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C:\ATPDesigner\00_23_23_SQLDataBase_LFBerechnungMitProfilen\Netz20kVMitLastUndDEA_SQLDatenba] - [m] X
File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help

ECEBE SR NBEEHL UPARS FEHEE2HE Er EMET L BK /A X B QRQAARN M » %7 oo [l % 27 0

L efimEg-/llasgESiver¥geannnnx — HEE% PES
BELr { BAIe MEE -E S H R £ % % s Do wb Name ~liomaxiae <] [72 ~%x > F

=& Netz20kVMitLastUndDEA_SQLDatenb: ~
» Configuration

» ATP Settings

* Protection

* Load Flow

* Al-System

8 Network Infeed 10MW
w2-Winding Transformer
= Probe

Hline

¢ Load Impedance

= Busbar

* Renewable Power Infeed
® 3-Phase Source

2 Switch Yyno
2TACS

© Generator

@ 1-Phase Source

# RLC-Impedance

Text Frame

= Circuit-Breaker

= Connection

# Multi-Circuit Line

& Cable

+ Grounding System

<@ Electrical Machine v

[NA2XS2Y 3x1x240 20kV] 2km

i 4

110kV

110/20kV

P 4

> Ho
B

Y

[NA2XS2Y 3x1x240 20kV] 2km

< >
*+ Network| Protection| @ zone [V ¢ | M| | & (] ENcR C:\ATPDesignen\00_23 23 sQLDataBase LFBerechnungMitProfilen\Netz20kVMitLastUndDEA_SQLDatenbank.bnet I

EMESS- kG HEL ke [T - X 2THE22PEIPBRE o, FLEZLEFEFEEERES X AN+ HAKEO

1[EMAIL> E-Mail Notification Grid State Monitoring ~ i

> || & M5MAT fm e S 1S 26" of 180 A D B 0 S0 70 400 {0 3 1T

LF> Processing Time of the Load Flow Calculation = 662ms > Window for Protection Messages

Figure 22: 20kV-Power Grid with Distributed Generation System

It will be recommended to check, that the Load Adjusting and Phase Adjusting options are
both enabled in the Load Flow Calculation group of the ATP Data tab. If enabled, the load flow
calculation for the network elements Load Impedance and 3-Phase Source will be considered.

= If the options Load Adjusting and Phase Adjusting are enabled, the network elements
Load Impedance and 3-Phase Source will be considered as PQ-Nodes.

=  Main menu Power Network
=  Menuitem ATP Data, Tab ATP Data

Setting Enabling Load Flow Calculation for ...

= lLoad Impedance

= Network Infeed

» 2- Winding Transformer (tap changer with voltage regula-
tion)

Phase Adjusting = 3-Phase Source

Load Adjusting
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ATP Related Settings X

ATP Data | Load Adjusting| Load Flow| Phase Adjusting| VDE 0102 (IEC 60909)|

Simulation Data Default
Time = 20 Cycles dt= 1 ms

Prefault = 2 Cycles Out= 10

Output Signals
[output List 2 ~| step= 1 ﬂ
-
Options
[v Check Network Topology [ Protection Relaying Results
[¥ Check .LST-File on Errors [ Automatic Calculation [~ ATP Load Flow

[¥ Check .LST-File on Warnings [ Invisible Nodes in Power Network

Load Flow Calculation

[¥ Load Adjusting (PQ, PV Nodes) [¢¥ Phase Adjusting 1-Step ﬂ

[Average ILF-Result - Setting - |
T . =1

Signal Analysis
[ X=Im[DFT(V, )] [ R=Re[DFT (V,)] -

| Positive & Negative Sequence System (12-System)

Ok Cancel Help

Figure 3: Enabling the Load Flow Calculation for Load Impedance and 3-Phase Source

Addifional settings must be considered in the seftings dialogs of the network elements e.g. the
network element Load Impedance.

= Network Element Load Impedance
The Adjusting Load Impedance option must be enabled.

(" RIXIC @ S/P/Q R= ‘ u Ohm . KW r Mw

S= 5000 KVA s= 100 % [ Load List Enabled
P= 5000 kwW Vn = 20 kV
Q= 0 kvar cos phi = | 1 |Under-Excited (Leading) ¥ |

|[¥v Adjusting Load Impedance -5.000MVA = -100.0%

Ok Cancel Help
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= Network Element 3-Phase Source
The Load Flow: Adjusting Phase option must be enabled.

Definition of 3-Phase Source '3Ph 1' X

General Technical Data |Cos Phi| Interface to ...| P (Q) | LVRT| VDE 0102 (IEC 60909)| Load Profile |

Default

Name : |10MW

Pnom = | 10000 kw |F’>0 ﬂ Tstart = -1 s
Freguency = 50 Hz Tstop = 1e+15 s

Help

Ena./Dis.

e

—_— [
Phase = 0 o Phase Shift = 120 ® @ =| X
cos @ nom = | 1 ‘Under-Excited (Leading) ﬂ NCP Location

3Ph. [-] v
Operation Mode |Pnom (Ip:3p) = v | [~ Add Contral Node

Op.Mode Ip
|Vpp p.u) ﬂ [¥ Load Flow: Adjusting Phase p=f(Vpp)

—Di justin
V<= ’T p.u. 9 P,S Meas.Loc.
3Ph. -
=S 100 ms Vn init = 20 kv
U2 Te+15 p.u. Inom 288675 A

A load flow calculation can be stopped with the ESC button. To do this, the ESC button may
need to be pressed for several seconds. In this case, the number of iteration steps N = 20 and
LF = failed are displayed in the status bar.

3PS Control

= Load flow calculation: Divergence, LF=failed

LF=failed $=100.000%/100.000% P=0 ¢=0.000°/0.000° $=0.000% N=20
Figure 4: Termination of the Load Flow Calculation LF=failed

= Load flow calculation: Convergence, LF=o.k.

LF=0.k. $=0.424%/0.424% P=0.0009 @=0.004°/0.004° 5=0.237% N=2
Figure 5: Finalized Load Flow Calculation

ATPDesigner iteratively recalculates the data of the internal models of the network elements
Load Impedance, Network Infeed, 3-Phase Source and the tap changers of the network ele-
ment 2-Winding Transformer. After every recalculation, a calculation of the steady-state grid
status is processed using the ATP (Alternative Transients Program) [7]. ATPDesigner uses user
specific accuracy settings to control the load flow calculation. In addition, a maximum number
of recalculation steps (iteration steps) will be monitored by the load flow calculation algorithm.

The maximum number of iteration steps (recalculation steps) can be set separately for the net-
work elements Load, Network Infeed and Transformer 2-Winding in the Load Adjusting and 3-
Phase Source in the Phase Adjusting fab.

=  Main menu Power Network
= Menuitem ATP Data, Tab Load Adjusting, Phase Adjusting
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ATP Related Settings X ATP Related Settings X

ATP Data) Load Acjusting|Losd Flow| Phiese Adjusting| VDE 0102 (EC 60908} ATP Data| Load Adjusting| Load Flow Phase Adjusting |VDE 0102 (IEC 60909)|

Load Adjusting: PQ and PV Nodes V>, V< - Monitoring (EN50160) (AT SFHEED SUREES
Pmax , Smax of 3-Phase Sources
Max. Steps = 20 V<= loo o Vnom Max. Steps 20
= b s= 100 %Pnom, %Snom
— Max. Phase = | T
Defay Time =] V> = 110 %Vnom
Max. S = 1 %
Adjusting PQ Nodes (Load Impedance) Adjusting PV Nodes (Network Infeed) PhHyst = 0.1 °
= 1
ds = 1 % dP= 1 % PQ Hyst %
s= 100 %Snom dv = 1 % N... Identifier | s [%Pn... ‘ Ena./... Name of the network ...
1 3Phi 100  Enab.. 10MW
a o ET

Sefting Description
Load Adjusting and Phase Adjusting: Maximum number of iteration steps
Max. Steps .
(recalculation steps)
ds Load Adjusting: Accuracy of the apparent power
Max. Phase Phase Adjusting: Accuracy of the phase angle
Max. S Phase Adjusting: Accuracy of the apparent power

The accuracies will be monitored for every network element separately. Only if the accuracy
will be achieved for all network elements, the load flow calculation will be finalised by conver-
gence.

11.1 Steps to Design a New Power grid

The steps described below may be carry out to design a new power grid in ATPDesigner.

1. Open a new empty drawing area
=  Main menu File, menu item New

= Left Mouse Button Click on the toolbar-button %
= CTRL+N

2. Insert new network elements using Drag&Drop into the drawing area

= Nefwork element Network Infeed

= Network element 2-Winding Transformer
= Network element Probe’

= Network element Busbar

= Network element Line

= Network element 3-Phase Source?

The following figure shows the electrical power grid.

1 Measuring device and protection relay
2 Distributed generation system
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MATPDeslgner Design and Simulation of Power Networks - [[R] ENCR C:\ATPDesigner\00_23_23_SQLDataBase_LFBerechnungMitProfilen\Netz20kVMitLastUndDEA_SQLDatenba] - [m] X

MFHE Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help - e
@BE%EQQQ“%QEQE?N‘?Ebﬁhﬂﬁﬁr%%@@‘i%f KINQ@@TMATQOI S dl-A=1 )
ML 2tmEEy /N =mEe o o & A RmuX v HNE% RE=

AT @A e DED «’Ell.lﬁéﬁ%ﬁxa%%ma\wame ~iomaxiain  ~[[e7 RIS 3 /»JZ

=& Netz20kVMitLastUndDEA_SQLDatenb: ~
» Configuration

» ATP Settings

* Protection

» Load Flow

* Al-System

8 Network Infeed 10MW
w=2-Winding Transformer
= Probe
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Figure 6: 20kV-Power Grid with Distributed Generation System

The topology of the 20kV power grid and the adjustment of the equipment e.g. the definition
of the seftings are explained step by step below.

= Only seftings needed to be changed based on the default settings are explained.
= The default setting can be loaded by a Left Mouse Button Click on the Default button

in the settings dialog. If there are several tabs in a settings dialog, the Default button of
the 1st tfab must always be used.
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11.2 Design of the Power Grid in the Drawing Area
Equipment can be added into the drawing area using Drag&Drop e.g. the network elements
Network Infeed and Probe’.

1. Move the mouse cursor over the name of the network element Network Infeed or Probe in
the Network tab of the Project Information

2. Move a network element into the drawing area with the left mouse button pressed down,
release the left mouse button

3. The red nodes indicate that these nodes are not connected and therefore can be con-
nected to nodes of another network element.

Network 1

—e

P1

C:\ATPDesigner\Data\Network_1.net J

In the next step, the two network elements can be connected.

4. Select the network element Probe P1 with a Left Mouse Button Click on its shape3 = Grey
Drawing Color

Network 1

—e

C\ATPDesigner\Data\Network_1.net I

5. Move the mouse cursor over the left red node of the Probe, press the left mouse button and
keep it pressed. A red target optic becomes visible when the mouse will be moved.
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Network 1

e

6. Move the mouse cursor while holding down the left mouse button until the red target optic
enlarges as shown in the following figure and is positioned over the not connected node
of the network element Network Infeed.

Network 1

+

P1

7. Release the left mouse button. ATPDesigner automatically "snaps” the two nodes and con-
nects the nodes of the network elements electrically.

Network 1

—es—Jp—
P1

The procedure described must be continued for all network elements and the power grid can
be designed up step by step. Please note the following hints.

= A node of a network element can only be connected once to another node of another
network element.

= |f anode of a network element needs to be connected to several other nodes, the network
element Busbar can be used as a 0Q - connector.

= The network element Busbar represents only one electrical node (0Q - connector). In the
network graphic, this one electrical node can be represented by up to 20 graphical nodes.
It is therefore possible to connect nodes from up to 20 different network elements using one
Busbar. Single and double Busbars with disconnectors in the feeder and between the bus-
bars can be used.

194

Network 1

—0—’—-
P1

= Selectthe network element Probe with a left mouse button click (Grey Drawing Color). Press
CITRL + C to copy the network element to the clipboard and press CTRL + P to insert a copy
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of the network element into the network graphic. The reference name of the new network
element (shown in the header of the setftings dialogue in '...") and the user-specific name
will be changed, all other setting values will be copied and therefore unchanged.

= The network element Line can be set with up to 3 additional nodes at both ends of the Line.
Together with the main node, these additional nodes represent an infernal busbar with up

fo 4 nodes.
=
Network 1 -
—a— —
P1
— -
P2 Line 4

= Network elements can be rotated by 90° to the right and left. To do this, the network ele-
ment must first be disconnected at all nodes.

o Disconnect the network element at all nodes from all other network elements = Net-
work element is fully not connected.

o Mark the network element with a left mouse button click (Grey Drawing Color)

Zh

o Keyror => rotate to the right

= rotate tot he left

42

o Keylor

11.3 Network Element Line - Shape locked or unlocked G , 4 , E
The shape of the network element Line can be locked or unlocked using the toolbar button

& . In addition, the shape type can be switched between a diagonal form or a z-form.

= The line must be marked first, before the shape can be locked or unlocked, or before
the shape type can be changed.

. ‘5 The shape can be locked or unlocked with a Left Mouse Button Click on the toolbar
button

. B The shape type can be switched between diagonal form or z-form.
It will be recommended to use lines in a power grid as explained below.

1. Enable the diagonal form of the network element Line with a Left Mouse Button Click on

the toolbar button ==/ before Drag&Drop a network element Line into the draw-
ing area
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2. Add a network element Line via Drag&Drop into the drawing area

3. Unlock the shape of the network element Line with a Left Mouse Button Click on the toolbar

putton B T3 @ <y " B |FTRA ¢

4. Move the cursor over the node of the line at the right, press the left mouse button and move
the mouse to another position = the shape of the line can be used as a “rubber band”

5. Release the left mouse button to setup the position of the node and to fix the new shape
of the line

10Mw

P < PLP
I IP/S [NA2XS2Y 3x1x240 20kV] 2km ~

110/20kV
ﬂ—»{l GO~
YynO

P3

110kV

Xlioy
020
)
2km

HO
P4 E

11.4 Opening the Settings dialog of a Network Element

The settings dialog can be opened by a Left Mouse Button Click on the shape (graphic symbol)
of the network element.

11.5 Network Infeed 110kV

The 110kV high-voltage network is modelled with the network element Network Infeed. The
network element can be set with Drag&Drop info the drawing area using the left mouse button.
The network element is labelled with the user-specific name Network 1 (reference name Net-
work 1) in the network graphic.

= |dentifier of the reference name: Network x, x = 1...999

= The identifier of a network element can be set user-specifically with the Name setting
value.

= The reference name of a network element cannot be changed by the user. The refer-
ence name will be shown in the header ‘..." of the settings dialog.

Definition of Network Infeed 'Network 1 X

General Technical Data ILoad Adjusting] \

Name - ‘110kV el

|

Figure 7: User-specific name and reference name of a network element
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Vnom Nominal voltage Vnom = 110kV

fn Nominal frequency fn = 50Hz

Ssc Short-circuit apparent power Ssc = 500MVA
S$sc min Minimum short-circuit Sscmin

Ssc max Maximum short-circuit Sscmax

10=211 Zero-sequence impedance Zo =2 -

Isc3 3-phase short-circuit current lsca = 2,62kA

ATPDesigner simulates the Network Infeed acc. the standard VDE 0102 (IEC 60909) with a 3-
phase symmetrical voltage source and a short-circuit impedance as inductively coupled RL
series impedances. If the Phi (Zk). option is disabled, the impedance angle phi (Zk) can be set
manually. Impedance angles about 60°...80° are common for 110kV high-voltage networks.

Definition of Network Infeed 'Network 1'

General Technical Data | Load Adjusting|

Default

Name - |110kV

fn= 50 Hz Vnom = 110 | kVrms
phi (v)=| 0.00000000 ° Ssc max = 1500 MVA
Ssc min = 1500 MVA

Copy

Ena./Dis.

L

[
(]
=

~Short-Circuit Impedance

(® Sscenabled (" Zsc enabled [V Phi (Zsc) acc. VDE 0102 (IEC 60909)

Ssc = 500 MVA phi(Zsc)= | 8428940686 °

R1 = 240790000  Ohm RO = |W Ohm
X1= 2407900000  Ohm X0 = |m Ohm
|Zi|= | 24.20000000  Ohm |z0|= | 4839819102 Ohm v 20=221
Ti= 31.83098862 ms cQ = |1—4’
Isc3 = IW KA [~ Harmonics

[~ Decoupled

Ok | Cancel | Apply Help

Figure 8: Setting dialog of the 110 kV high-voltage network infeed

11.6 2-Winding Transformer 110/20kV

The 110/20kV transformer is modelled by the Transformer 2-Winding network element. The net-
work element can be set using Drag&Drop into the drawing area.

Sr Rated apparent power S, = 31,5MVA

VrA, VIB Rated nominal voltage Via = 110 and Vs = 20kV
uk Short-circuit voltage ukx = 12%

Pk Short-circuit active power losses Px = 130kW
Vector Group Vector group YynO

Neutral Point Vector group solid grounded
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X01 Zero-sequence reactance / positive-sequence reactance Xo / X1= 5
IiL Excitation current IL = 9,09A

iL Excitation current iL = 1%

PL Excitation losses PL = 20kW

Definition of Transformer ‘Tra 1

General Technical Data }Voltage Regulator} Libraryl Load Impedance

Neutral Point Circuit-Breaker with Series Impedance

Ll

Nominal and Rated Voltages Default
via= [ 110 kv | 0 % - Reb = 0 Ohm Help
vie= [ 20 kv | 0 % Ena./Dis

Xcb = 0 Ohm T
vnA=| 110 kv E = [&]
vB=| 20 _ kv Ceb=] O Jjur

Excitation Data (Open-Circuit Data) Common Data

v
IL = 5.7735 A v Name: |110/20k\/
iL= ﬁ % Sr= 20 MVA (" kVA @ MVA
PL = 20 kW X0/X1 = ’f [ 2nd Neutral Point for YY-Trafo

‘Magn. Branch Winding B ﬂ [ Magnetisation Characteristic
ziA= | 3025000  xzB ‘
Neutral Point
IrA = 0.18182 x IrB IrA = 104.97278 A
Vector Group Yyn0 v
VrA = 5.50000 xVnB IB = 577.35027 A
solid grounded ﬂ

Short-Circuit Data Short-Circuit Impedance

Vn = 20000 kv

. s y ZrA= 48400000 Ohm
Id= 10 A k= | 8 %
1 6.050000 +j 48.020386
= 200 W
X = 11547 Ohm Pk
| T ZB= 1600000 Ohm
R= 1e+12 Ohm uR = 1.00000 %

0.200000 +j 1.587451

Ok ‘ Cancel Help ‘

Figure 9: Einspeisetransformator 110/20kV, S;= 31,5MVA, uk= 12%, Px = 130kW

The network element Transformer 2-Winding is labelled with the user-specific name Tra 1 (refer-
ence name Tra 1) in the network graphic.

= |dentifier of the reference name: Tra x, x = 1...9999

= A transformer type can be selected in the Library tab of the settings dialog.
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Definition of Transformer ‘Tra 1° X

General Technical Data}VoItage Regulator Library |Load Impedance

<> 31.5/0.63kV 500kVA 6.5% 48kW Dyn5 ~ Select
e~ 33/0.4kV

<> 33/0.4kV 1600kVA 6% 14kW Dyn5
=@ 33/0.4kV 2800kVA 6% 27kW Dyn5
<> 33/0.4kV 3500kVA 6% 33.5kW Dyn5
= 33/0.63kV
< 33/0.63kV 5000kVA 6% 48.2kW Dyn5
= 35/0.8kV
<> 35/0.8kV 2000kVA 6% 15kW Dyn5
@ 35/0.8kV 2500kVA 6% 18.5kW Dyn5
= 35/0.8kV 5700kVA 8% 49.1kW Dyn11
& 35/10kV
= 35/10kV 12.5MVA 6.84% 31.465kW Yyn0+D
110/10kV
2! 110/20kV
= 110/20kV 20MVA 8% 200kW Yyn0
IO 0k 51 5t 1% 13001 Yy
= 110/20kV 31.5MVA 11% 152kW Yyn0
- 110/20kV 31.5MVA 12.8% 140kW Yyn5
= 110/20kV 40MVA 12.2% 138.84kW Yyn0

(R )

&=

A transformer type can be selected with a Left Mouse Button Click in the tree structure.
The selection must be confirmed with a Left Mouse Button Click on the Select button.

The tap changer with voltage regulator can be enabled and set in the Voltage Regu-
lator tab.

An internal Load Impedance connected to the low-voltage winding (Winding B) of the
fransformer can be enabled and set in the Load tab. The network element Load Im-
pedance will be used as internal part of the transformer model.

11.7 Measuring Devices and Protection Relays

In the next step, the high-voltage and medium-voltage power grids are equipped with several
measuring devices or protection relays so called network element Probe. The network element
Probe can be set using Drag&Drop info the drawing area. It is also possible to copy a network
element with CTRL + C and paste it info the drawing area with CTRL + V.

The network element Probe is labelled with the identifier Px (reference name Prb x) in the net-
work graphic. The network element can be used to measure voltages, currents, active and
reactive power and more and display the values in a tooltip.

=

=

Identifier of the reference name: Prb x, x = 1...9999

The tooltip of a network element will only be displayed, if a convergent load flow cal-
culation has been processed.

The mouse cursor must be moved over the shape? of the network element to display
the tooltip.

The tooltip displays the measured values and some important seftings.

The tooltips can be enabled or disabled using the tooltip buttons of the toolbar shown
below.
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Tooltip Toolbar

H =R EEEEEEE
SEEICECEEL]

POWER
ENGS

PR Rt PEEBR =g % 2D P e MG

Button Description
= Display tooltip of the network element Line
= Display tooltip of the network element Busbar
=] Display tooltip of the network element Load Impedance
=/ Display tooltip of the network element Probe
=| Display tooltip of the network elements Switch and Circuit-Breaker (CB)
= | Display tooltip of the network element 3-Phase Source
£ Display tooltip of the network element Network Infeed
_ Display foolfip of the network element 2-Winding-Transformer und BCTRAN
=| Transformer
=l Display tooltip of the network element Generator
= | Display tooltip of the network element Short-Circuit
" Tooltip to display Short-circuit apparent power Ssc and Short-circuit current Ik
= Tooltip fo display Voltage Drop-Down of Busbars
=| Enable or disable all tooltips in one step

It is important to set the nominal voltage Vnom correctly, so that the percentage value of the
calculated voltages is displayed correctly in the tooltip. In addition, a nominal current lnom

should also be set.

Setting Description

Vnom
Inom

Nominal Voltage Vnaom = 20kV
Nominal Current Inom = 600A or In = 200A

Enable or disable the network element

Enable
culation

If disabled, the network element will not be considered for the load flow cal-

Definition of Probe ‘Prb 1*

Name

X

General Data |V<> & I>| Dist: VI-Det.| Dist: Adds| Dist: <| Differential| Fuse | Power CB|11 4| »

|P1

- | On/Off Default

Operating Mode Help [
|3-phase voltages Vpg, currents Ip,Ig ﬂ Ena./Dis
Node Names of Voltages and Currents [~ Single-Phase El — E
Vpg: APV 001 I~ Phase A M
essages
Ip: API 001 [~ Phase B
I~ Phase C
Voltage and Current Transformers, Protection
[~ Enable Tooltip of Short-Circuit Results
Protection |None -] Tpr= ‘ 0 ms
Equipment INone ﬂ Teb = ‘ 60 ms

Vnom = 110 Ll kv CBreaker |None v
Inom = 200 A [~ Add. Control Node CLOSED
[~ Invers Measuring Directior W | On/Off Settings Switch int
Measuring Point
Measuring Point ,—
Ok Cancel ‘ Apply | Help ‘

Definition of Probe 'Prb 2' X

General Data |V<> & I>| Dist: VI-Det. | Dist: Adds | Dist: Z<| Differential | Fuse | Power CB| 11 4 | »

Name
‘PZ = ‘ on/off Default
Operating Mode Help |
‘3-phase voltages Vpg, currents Ip,Ig LI Ena./Dis.
Node Names of Voltages and Currents [~ Single-Phase El —
Vpg: APV 002 Phase A
P9 [=l2ha [¥ Messages
Ip: API 002 I~ Phase B
I~ Phase C
Voltage and Current Transformers, Protection
|~ Enable Tooltip of Short-Circuit Results
Protection INOHE z‘ Tpr= 0 ms
Equipment I None -] Teb= 60 ms
Vnom = 20 . kv CBreaker |None v
Inom = 600 A [~ Add. Control Node CLOSED
I~ Invers Measuring Directior | | On/Off Settings Switch int
Measuring Point
Measuring Point
Ok Cancel | Apply Help |

Figure 10: Setting dialogs of the network element Probe
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11.8 Busbar connected to the 110/20kV-Transformer

In the next step, the network element Busbar will be connected to the network element Probe
P1. The network element Busbar can be set using Drag&Drop into the drawing area and will be
labelled with the identifier Bb 1 (reference name Bb 1) in the network graphic.

= |dentifier of the reference name: Bb x, x =1...9999

Setfting Description
Vnom Nominal Voltage Vnom = 20V
Name User-specific name of the busbar

Alternatively, other Busbar types can also be selected.
= To change the Busbar type, the busbar must first be disconnected from all other net-
work elements, i.e. no node of the busbar should be connected to a node of another
network element. If all nodes of the network element Busbar have been disconnected,
the sefting Busbar Shape will be enabled and can be changed.
=  Mark the network element by a Left Mouse Button Click on its shape.
= Move the mouse cursor over the shape of the busbar, press the left mouse button and

move the busbar to a new “free” position. The nodes will be automatically discon-
nected. Release the left mouse button.

= Open the settings dialog with a Left Mouse Button Double Click on the shape? of the
network element in the network graphic.

Definition of Busbar ‘Bb 1"

Busbar Shape 0

[11: 5 Pts. Single Busbar |

Number of Nodes = 2

General Settings

Vnom = 20 ' kV  Inom= le+12 kA

Name: | Del

Cancel

Help

Rl

]
i
1

[¥ Vnom Tooltip Enabled

Short-Circuit
[v PhaseA [ MNodeA [~ Enabled
[V Phase B [ NodeB [None ~]|

I¥ PhaseC [ MNodeC Td= 0.1 5

Rated Thermal Equivalent Short-Circuit Current thr

lthr = 25 kA Thr= 1 s lkmax= 25 kA

Figure 11: Settings dialog of the network element Busbar
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11.9 Decentralised Generation System used as PQ-Node

Solar power and wind power plants are modelled by a 3-phase symmetrical power source of
active power Prom = const. using the network element 3-Phase Source. The reactive power Q
can be defined with a constant displacement factor cos ¢ or a characteristic Q(P) or Q(V). The
network element can be set using Drag&Drop into the drawing area. The network element
3-Phase Source is labelled with the user specific name 3Ph 1 (reference name 3Ph 1) in the
network graphic.

= |dentifier of the reference name: 3Ph x, x = 1...9999
Pnom Nominal active power Pnom = 5SMW
cos@n Displacement factor cos ¢ = 0,98 under-excited (leading)
Operation Operation mode'Pnom (Ip:3p) = const. ' ‘ y
Mode 3-Phase symmefrical source of constant active power, feed in the positive-
sequence system
Vnom init Nominal voltage at the network connection point (NCP) Vnom = 20kV
Imax = 120% Limitation of the phase currents 120% Inom
Displacement = Operatfion Mode cos phi = const.
Factor The load flow calculation uses a constant displacement factor at the net-
Cos Phi - Mode work connection point (NCP).
Ip=f(Vpp)
o The load flow calculation uses the average value of the phase-to-phase
p. mode Ip

voltages measured at the network connection point (NCP) to calculate
the phase currents based on the apparent power S.

Load Flow: Ad- This option must be enabled to consider the network element in the load
justing Phase flow calculation.

The undervoltage and overvoltage protection V< and V> is set to £2%Vnom
(1.02p.u. and 0.98p.u.). The operating mode Vpp [p.u.] will be used to mon-
itor the phase-to-phase voltages at the network connection point (NCP).
The measuring location of voltages and currents used for the load flow cal-
NCP Location = culation is the network connection point (NCP) of the decentralized gen-
3Ph[...] eration system. Alternatively, a measuring location of any network element
Probe Prb x [Px] can also be used.

V<> - Protec-
tion

Below it will be explained how the network element 3-Phase Source will be processed in the
load flow calculation.

1. Starting from the initialisation value Vnom init atf the network connection point (NCP), the
amount of the phase currents |asc of every enabled current source will be calculated and
used for the calculation of the steady-state condition.

2. If the operating mode Pnom (Ip:3p) = const. has been selected, the load flow calculation
is processed in the positive-sequence system. Before every iteration step of the load flow
calculation, the amount of the phase currents |, will be calculated based on the active
power Pnom and the amount of the positive-sequence voltage Vi. The amount of the pos-
itive-sequence voltage is the result of the iteration step before the current one.

VigtaVy +Q2 Vo
Kl = 3

3. ATPDesigner conftrols the iteration process by monitoring the accuracy of the calculated
displacement factor cos ¢ and the calculated apparent power S of all decentralised gen-
eration systems with the enabled option Load Flow: Adjusting Phase. The accuracy can be
set in the ATP Data settings dialog, tab Phase Adjusting.
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=  Main menu Power Network
= Menuitem ATP Data, Tab Phase Adjusting

ATP Related Settings X

ATP Data| Load Adjusting| Load Flow Phase Adjusting |VDE 0102 (IEC 60909)|

~Adjusting 3-Phase Sources

Max. Steps 20
Max. Phase = 1 ° Sh 1o %Pnom, %Snom

Max. S = 1 %
PhHyst = | 0.1 o

PQ Hyst = 1 %

N\ Identifier | s [%Pn... \ Ena.l...| Name of the network ...
1 3Ph 1 100  Enab... 10MW

Pmax , Smax of 3-Phase Sources

Ok | Cancel ‘ Apply | Help ‘

Maximum number of iteration steps of the load flow calculation

If the maximum number of iteration steps has been reached, but the
accuracies Max. Phase and Max. S have not been achieved, the load
flow calculation will be stopped by divergence.

Maximum permissible angular deviation of the calculated phase shift
Max. Phase ¢ between the positive-sequence voltage Vi and the positive-se-
guence current |

Maximum permissible deviation of the amount of the calculated ap-
parent power S related to its setting value

Max. Steps

Max. S

4. The setting of the global partial load factor s in the group Pmax, Smax of 3-Phase Sources
is used for the calculation of the apparent power §S for all network elements 3-Phase Source
with enabled option Load Flow: Adjusting Phase used by the load flow calculation.

P=P s

nom

Filling colour and abbreviation of the shape of the 3-Phase Source can be set using the Oper-
ating Mode sefting value in the Load Profile tab of the setfting dialog.
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Definition of 3-Phase Source '3Ph 1' X

General Technical Data | Cos Phi| Interface to ...| P (Q) | LVRT| VDE 0102 (IEC 60909) Load Profile |

Default
[v Enable Energy Analysis Energy = | 300000 kWh Hel
elp
Operation Mode Photovoltaic Solar Power Plant SLP ﬂ

o= | =

Figure 12: Setting value of filling color and abbreviation of the shape

Definition of 3-Phase Source '3Ph 1' X

General Technical Data | Cos Phil Interface to ...| P (Q) | LVRT| VDE 0102 (IEC 60909)| Load Profile |

Default

Name : |10MW

Pnom = | 10000 kw |F’>0 v | Tstart= -1 s
Frequency = 50 Hz Tstop = 1e+15 s
Phase = 0 e Phase Shift = 120 ° @

Help

Ena./Dis.

nii

coS @ nom = | 1 - |Under-Excited (Leading) ]| NCP Location
3Ph. [—] -

Operation Mode IPnom (lp:3p) = const. LI [~ Add. Control Node
Op.Mode Ip

; - Adjust p=ivep) ]
IVpp pul LI [¥ Load Flow: Adjusting Phase p=f(Vpp)

|_ Load Flow: Disable S/P/Q Adjusting P.S Meas.Loc.
V<= 0.8 p.u. :

3Ph. hd
T<= 100 ms Vn init = 20 kv
3PS Control
V> = 1e+15 p.u. Inom 288675 A -
T>= 100 ms Imax = 120 %
 Phase Shift Unit P,S Power Unit Displacement Factor [¥ Phase A
® Degree [°] ® kW, kVA Cos Phi - Mode [ Phase B
" Second [s] © MW, MVA |cos phi = const. = [¥ Phase C

Ok | Cancel | Apply | Help |

Figure 13: Settings dialog of the network element 3-Phase Source

Displacement factor cos ¢ = [0...1]

In addition, Under-Excited od Over-Excited must be selected.

Phase shift calculated based on the displacement factor cos ¢, over-/un-

der-excited and the generation counter arrow system

Amount of the nominal active power

Pnom = P >0: active power will be feed in

= P <0: active power will be consumed

Operation " Pnom (Ip:3p) = cgnsi. . - .

Mode 3-phase symmetrical active power source, feed in into the positive-se-
guence system

Only used in Tstart, Tstop, Phase Shift, Phase Shift Unit

case of the

calculation of

transients

cos @ nom

Phase
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= The network element 3-Phase Source uses the generation counter arrow system.

In principle, a divergence of the load flow calculation must be considered. It is therefore always
necessary to check, whether the accuracies have been achieved by the load flow calculo-
tion.

LF=0.k. 5=0.008%/0.008% P=0.000% 9=0.014"/0.014" 5=0.096% N=
Figure 14: Accuracies of iteration with convergence

(48]

= The figure above shows the average/maximum accuracy $=0.008%/0.008% for the net-
work elements with enabled option Load Adjusting e.g. Load Impedance.

= The figure above also shows the average/maximum phase deviation ¢=0.014°/0.014°
and the maximum deviation of the feed-in apparent power $=0.096% for the network
elements with enabled option Phase Adjusting.

= |n addition, the number of iteration steps N=3 is also displayed.

11.9.1 Decentralised Generation Systems - Short-Circuit Mode (LVRT Operation)

According to the grid operator's requirements [4], decenftralised generation systems must feed
in reactive current for voltage stabilization during short-circuit operation of the grid. The network
element 3-Phase Source can be set for the calculation of steady-state states in such a way
that the requirements for LVRT (Low Voltage Ride Through) operation according to the German
standard VDE-AR-N 4110/4120 are always considered. In the default setting, LVRT operation is
disabled for the network element 3-Phase Source in this example.

Version 1.6 Page 51 von 173 Pages Prof. Dr.-Ing. Michael Igel, 15.10.2025



POWER
ENGS

ATPDesigner - Design and Simulation of Power Networks - Quick Start Guide

11.10 Load Impedance used as PQ-Node

The network element Load Impedance can be used as a PQ node in the load flow calculation.
The network element can be set using Drag&Drop into the drawing area. The network element
3-Phase Source is labelled with the user specific name Load 1 (reference name Load 1) in the
network graphic.

= |dentifier of the reference name: Load x, x = 1...9999
Setting Description
Vn Nominal voltage Vnom = 20kV
P Active power P = 5MW
cos phi Displacement factor cos ¢ = 0,95 Under-Excited
Adjusting Load Option Adjusting Load Impedance enabled, i.e., the network element is
Impedance used as a PQ node in the load flow calculation

solid grounded Neutral connection point is solidly grounded.
. Series Impedance (Y)
Operation Mode | 3-phase series impedance Z =R + jX

The settings shall be defined in the following order.

Nominal voltage Vinom

Displacement factor cos phi

Operation mode Under-Excited or Over-Excited
Active Power P

AN

ATPDesigner automatically calculates the amount of the apparent power S and the reactive
power Q as well as the load impedance Z = R + jX using the order explained above. If active
power P or displacement factor cos ¢ has been changed, the other setting values of the Load
Impedance are automatically recalculated.

The information to the right of the option Adjusting Load Impedance indicates the percentage
deviation of the calculated apparent power S in relation fo its setting value. A negative value
of -100% is displayed before the load flow calculation is started.

The shape? (graphical symbol) of the network elements Load Impedance can be switched

between the arrow symbol and the resistor symbol using the toolbar button = .

3 shape = graphical symbol
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Definition of Load Impedance 'Load 1'

General Technical Data | Load List| Load Profile| Z(t) - MODELS|

Operating Mode

- Impedance
Name R= 80 Ohm
|Ho X = 0 Ohm

1= 0 uF

Default
Help

Ena./Dis.

EE=

L

|Load Profile () ﬂ [¥ Solid Grounded
User Data
[~ Single-Phase [ Phase 4 [ Node A
Get Default
[ PhaseB [ NodeB
Set Default
[ Phasec [~ NodeC ﬁ
- Data Input Additional Resistance Pysical Unit
" RIX/IC (& S/PIQ R= 0 Ohm ® kw = MW
S= 5000 KVA s= 100 % [~ Load List Enabled
= 5000 kW Vn = 20 kv
Q= 0 kvar cos phi = | 1 |Under-Excited (Leading) Ll
[¥ Adjusting Load Impedance | -5.000MVA = -100.0%
Ok | Cancel Apply Help

Figure 15: Settings dialog of the network element Load Impedance
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11.11 Load Flow Calculation - Important Settings

The steady-state of an electrical power grid will be calculated using the calculation method
Load Flow Calculation. The following procedure is typically and recommended using
ATPDesigner.

Design of the power grid with all required equipment in the drawing area
Definition of the settings of all network elements (equipment) in the drawing area
Definition of the settings for the calculation method Load Flow Calculation

Start the calculation of steady-state of the electrical power grid

Open and analyse the load flow calculation report

oo -

The method Load Flow Calculation must be enabled in the setting dialogs ATP Data or Load
Flow Configuration for the network elements (equipment).

=  Main menu Power Network

o Menuitem ATP Data

o Seftings dialog ATP related Settings, fab ATP Data
=  Main menu ATP

o = Option Load Adjusting enabled

Ld

o b Option Phase Adjusting enabled

=  Main menu ATP

o Menuitem Load Flow Configuration, tab Load Flow Configuration
o Options Load Adjusting (PQ, PV Nodes) and Phase Adjusting both enabled

ATP Related Settings X Load Flow Configuration X
ATP Data | Load Adjusting| Load Flow| Phase Adjusting| VDE 0102 (IEC 60909)| JSON-Forecast | Grid Congestion Analysis | Newton-Raphson | Forecast with Flexibilities |
Load Flow Configuration | Load Adjusting | Phase Adjusting | | E-Mobiles |
Simulation Data Default
Display Bar Diagram for ...
Time = 20 Cycles dt= | 1 ms Default
[~ Line [~ 3-Phase Source [~ Busbar

Prefault = 2 Cycles  Out= 10

Automatic Load Flow Analysis by ...

Output Signals < None > | [V LF Analysis: Scale on Measurement Value:
Output List 2 v|  step= ‘ 1 :‘
X Accuracy = 1 % [v lteration: P Max. Factor = 1.8
Options Max. Steps = 10 [V lteration: Q Min. Factor = 04
[v' Check Network Topology [ Protection Relaying Results Load Flow Analysis
[¥ Check .LST-File on Errors [~ Automatic Calculation [~ ATP Load Flow [¥' Load Adjusting (PQ, PV Nodes) [V Phase Adjusting
[ Check .LST-File on Warnings [ Invisible Nodes in Power Network [~ LF: Writing .EMF-File with Network and Load Flow Calculation Results

[ LF: Writing .CSV-File with Network and Load Flow Calculation Results
Load Flow Calculation

[¥ Load Adjusting (PQ, PV Nodes) [v' Phase Adjusting 1-Step v

‘Average |LF-Result - Setting| ﬂ

[V’ LF: Writing .XML-File - Report of Load Flow Calculation Results

N-1 Network Stability Calculation

V1> = 0.8 p.u. [~ All Results

Load Profiles: Heat Pump

Signal Analysis

X=Im[DFT (V, R=Re[DFT (V, ]
r m [ V.01 r e[ V.01 r Tsummer = 18 2C) Ttransition = " °C
[~ Positive & Negative Sequence System (12-Syst e 3 c Sum(TMz)= [ 3000 K
Ok Cancel ‘ ‘ Fal ‘ Ok Cancel ‘ ‘ Help

Figure 16: Settings of the method Load Flow Calculation

In addition, the accuracies and the maximum number of iteration steps can be changed in
the tabs Load Adjusting and Phase Adjusting as shown above. It is possible to define a higher
accuracy, but nevertheless, by changing the accuracy settings, the divergence of the load
flow calculation (LF=failed) can be the result.
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Load Flow Configuration
Load Flow Configuration

Load Adjusting: PQ and PV Nodes

Max. Steps = 20
Delay Time = 0 s

V>, V< - Monitoring (EN50160)

V<= 920 %Vnom

V> = 110 %Vnom

Adjusting PQ Nodes (Load Impedance)

ds = 1 %

s= 100 %Snom

Adjusting PV Nodes (Network Infeed)
dP = 1 %
av= lf %

N... Identifier Phase A... \ Name of the network ... \

X

JSON-Forecast \ Grid Congestion Analysis | Newton-Raphson | Forecast with Flexibilities I
Load Adjusting [ Phase Adjusting | Messages \ E-Mobiles I

Load Flow Configuration X

JSON-Forecast ] Grid Congestion Analysis | Newton-Raphson | Forecast with Flexibilities \
Load Flow Configuration \ Load Adjusting

Adjusting 3-Phase Sources

Phase Adjusting | Messages | E-Mobiles |

Max. Steps

Max. S =
PhHyst =

PQ Hyst =

Max. Phase = ,f o s= ’T %Pnom, %Snom

Pmax , Smax of 3-Phase Sources

[ 2o

R
,T°
I

3Ph1

N... Identifier | s [%Pn...
1

Ena./...| Name of the network ...
100 Enab... 10MW

1 Networ... 0 110kV
Delete | Copy to ... ‘
Ok Cancel Apply Help Ok Cancel Apply Help
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11.12 Load Flow Calculation - Start
The load flow calculation can be started with a toolbar button, a menu item or a keyboard
shortcut.

= Main menu ATP, Menu item Short-Circuit Results

= Toolbar-Button F
= Keyboard shortcut CTRL + E

""EIEIE?E # 2 X fa| k| =k |Name v |[iLmax| A% v”
Figure 17: Load Flow -Toolbar : Toolbar to start the load flow calculation
Toolbar-Button Description
s Start the load flow calculation
Enable the load flow calculation for the network elements (equip-
ment)

= lLoad Impedance

= Network Infeed

= 2-Winding Transformer
The algorithm of the load flow calculation considers fap changer
and voltage regulator if enabled in the Voltage Regulator tab of
the settings dialog of the transformer.

Definition of Transformer Tra 1" X
=
General Technical Data Voltage Regulator | L\braryl Load Impedance
- On-Load-Tap Changer Help |
‘/ Tap Changer Position
[~ Voltage Regulator Enabled SetMid. Pos |
Operation Mode Vnom reg Nominal Voltage VnE ~ + i Fosim = &
Middle Position = 10
Vi = 20 .| kW= 1
e I J I = Min. Position = 1
Step-Switch dV = 1 gAY
i Reference Voltage Vref Tap Changer atWinding Aor B
| No. | Measuring Location ‘ Gain ‘ ’7  Winding A —‘
|1 Winding A 0 Gaink0= 1

Enable the load flow calculation for the network elements (equip-
IE ment)

= 3-Phase Source

Remove the results of the load flow calculation shown in the network

graphic

Open a dialog to show a phasor diagram of the results of the load flow

calculation for the network element Probe

The size of the diagram can be changed using the grip at the button-
. right corner in the dialog.

= Move the mouse cursor over the grip

= Press the left mouse button and keep it pressed

= Move the mouse

= Release the left mouse button
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[E] Phasor Diagram - Prb 1 [P1] = O X
T T T Cloge
VAG=63161.8V;-90.0° Im[p.u.] prb 1 [P1]
VBG=63161.8V;150.0° 1p.u.=63508.5V Help
LVCG=63161.8V;30.0° 1p.u.=200.0A- Copy
1A=14.3A;-177.2°
1B=14.3A;62.8° o
L1C=14.3A;-57.2°
| Refresh |
X.\VBG X VCG
™. e Viglp hd
\ /

v T

\\\ - FotE <]

\ 5"3/ Re[p.u] Fie [p.u/Div]
L { 0.2 z
H\xu: ) j
Im [pou /D]
0.z :‘
X= 653
Y= BES

VA

Settings of the network element Line displayed closed to the network
element in the network graphic
= This information will only be displayed, if the results of the load flow
calculation are not displayed.
= Name: User-specific name of the network element
= R1|Ohm: Resistance of the positive-sequence system
= X1|Ohm: Reactance of the positive-sequence system
= L|km: Length of the line
= Imin: Minimum permissible phase current
=  Imax: Maximum permissible phase current
Results of the load flow calculation of the network element Line dis-
played closed to the network element in the network graphic
= This information will only be displayed, if the results of the load flow
|ILmax|A|% - | calculation are displayed in the network graphic.
=  |pmax|A: Maximum amount of the phase currents |a, Is and Ic
= P|MW, P|kW: Active power
=  Q|Mvar, Q|kvar: Reactive power

Mame - |
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11.13 Searching a Network Elements in the Network Graphic

The toolbar shown below can be used to search for text elements and identifiers in the network
graphic in the settings of all network elements. Network elements that are found are highlighted
in red. The search text is analysed intelligently. For example, spaces and upper/lower case are
ignored.

1277 - X »H
Figure 18: Toolbar for searching a network element by analysing text elements and identifiers

Toolbar-Button Description

Enter Search Text

The search text will be saved in the drop-down list and can be

reused for the next search. Closing ATPDesigner, all search
Tra 1 - | texts saved in the drop-down list will be saved in the registry of

the operating system. During startup, ATPDesigner loads the

search texts out of the registry of the operating system and

store them in the drop-down list.

Start Searching a Network Element

?» If the network element has been found, it will be highlighted
with a red background.

* Remove the red background
Continuing Searching a Network Element

» The search will be continued using the same text element or
identfifier.
Delete the Content of the Drop-Down List

5 The selection list of search texts is deleted. The search texts in

the registry database of the operating system are therefore
also deleted closing ATPDesigner.

In the figure below, the 2-winding transformer has been searched using the text element
“Tra 1", found and was highlighted in red.

5MW

! {> NA2XS2Y 3x1x240 20kV] 5k B PV
l P3 [ e '5km PS5

\
®

N
110kV, 500MVA %

DS a b
[NA2XS2Y 3x1x240 20kV] 5km "% > SMW

Figure 19: Searching a 2-winding transformer
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11.14 Displaying the Results of the Load Flow Calculation

The most important results of a load flow calculation will be displayed directly in the network
graphic. Please note, that the results are only displayed, if the load flow calculation is conver-
gent.

= |If the load flow calculation is convergent, the LF=o.k. identfifier will be displayed in the
status bar.

LF=o0.k. 5=0.467%/0.467% P=0.000% |»=0.054°/0.054" $=0.665% N=2

The figure below shows the power grid with the results of the load flow calculation directly
shown in the network graphic.

3 ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR CAATPDesigner00_7_1_ATPDesManualNetze\_Netz20KVMitDEA_Applikation_Kap_30_1\Netz20KVMitDEA] =
&P File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help -8 x
BRI EGRIDDBEH2EREH 2P E(R 2L F T EHER B || “EBHreaaarkboavw s o @l [} @ Load Flow
il t) D5EH~/ ) i o Lt T mO 277 [ DX »H
% e R R & B X e B G [Name = [liomaxials OO0 B2y EBAGQ
= =
5~ B Netz20kVMtDEA_Applikation_Kap_30_1 A =
» Configuration 2
» ATP Settings =]
> Protection =
» Load Flow =
» Al-System =
B Network Infeed =
<@ 2-Winding Transformer =
- Probe =
=} Line 11363.8;-90.0° 2
98.4- 7
2 98498408 >« . @99‘1;99‘1;99‘1 =
usbar »- ~~— ' N
% Renewable Power Infeed 110kV, 500MVA ] P3 148.636A; 35.6% P5 5-00MW;-1.02Mvar 5
3-Phase Source 31,5MVA =
3 Switeh
£
B TACS &
Generator Yyn0 i
1® 1-Phase Source l 4
% RLC-Impedance » » 97.4,97.4;97.4 e
Text Frame P4 156.8104; 37.6% P [Eo-02MW;L65Mvar B
= Circuit-Breaker
I Connection
3% Multi-Circuit Line =
-5 Cable i
1 Grounding System L3
® Electrical Machine =
£ Splitter =
AF Nonlinear Element Z(x) b
<@ XFORMER Transformer
< Saturable Transformer -
#&J BCTRAN Transformer S
& Admittance V( v Fu
Id
ol L]
" Network | &) Protection| @ Zone| @ 4 [P | | & () ence cyATPDesignen\00_7_1_ATPDesManualNetze\_ Netz20kVMItDEA_Applikation_Kap_30_1\Netz20KVMitDEA_Applikation_Kap_30_Lbnet &
T=E= N EN ABC Srl - | 1 2 3 B o g2Ek|l=lEE ez
*[> Window for Protection Messages ~ | *[> Monitoring P(Q) Characteristic: 3-Phase Source ~
>» ALl P(Q)-characteristics disabled
PROT> 5MW _[3Ph 1] Vpp [p.u.] GEN=0 [V>-0(000), V<=0(000)] TRIP=0: V<=0.98p.u., TV>=160ms,
EMAIL> E-Mail Notification Grid State Monitoring
PROT> Overall Minimum TRIP T:---
LF> Processing Time of the Load Flow Calculation = 674ms
v v
< > < >

LF=0.k. 5=0.467%/0.467% P=0.000% |¢=0.054°/0.054° 5=0.665% N=2

Figure 20: Results of the Load Flow Calculation displayed in the network graphic

Network Element 3-Phase Source
=  Amount of the phase-to-ground voltages [%Vnom]
= Active power P and reactive power Q

Network Element Busbar

=  Amount of the positive-sequence voltage in V

= Absolute phase angle of the positive-sequence voltage [°]

= Amount of the phase-to-ground voltages Vas, Vsc and Ve [%Vnom/V3]

Network Element Line
= Maximum amount of the phase currents |a, Iz and Ic [A]
= Maximum amount of the phase currents |, Iz and Ic [%]

In order to calculate the maximum amount of the phase currents [%] , the both settings Imax
and Red. Will be used by ATPDesigner.
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I,..[%] = Imax - Red.

Definition of Single-Circuit Line 'Line 4'

General Technical Data ]Line Model | Mutti Line | V<>, Add. Line

Line Data
|[NA2>(S2Y 3x1x240 20kV] Skm A= 240 mm2  Ithr = 223434 A Help
R1= 0.129 Ohmjkm RE = 0.211667 Ohmj/km tan (a) PP = 0 Pl Calculator ‘
= 3 = 0593333 =
X1 011 Ohmfkm XE 0.059 Ohmfkm tan (a) PG | 0 Ena /D
Ci= 0.3 uFfkm CE= 03 uFfkm [+ Ohm/km.uFfkm El — E
L= | 5 |km ﬂ |Laying in Ground ﬂ
Copyto ..
Zero Sequence System Line Maodel Load Adjusting
kG| = 1.282 RO = 0.764 Ohm/km NAZXS2Y 3x1x240 20kV ﬂ [ Enabled
e(kG)= -25.558 X0 = 0.291 Ohmfkm Import: None
110kV
e (R1.X1)= 41.217 Rk = 80 % [ [ Lefi/Right S0MVA
50MW
T1= 27883 ms | Imax= 47 A Red. = 1 v
1
FaultLoc. = 0 % Vnom = 20 .. kV Par. = 1 [v Line RLC-PI 100%
Ok ‘ Cancel ‘ Help

In the case of cable types defined in accordance with the standard VDE 0276 [2], the set-
ting Imax corresponds to the rated current |- of the cable type specified in the standard,
depending on the type of installation, cross-section, etc.

The setting Red. must be calculated and set by the user.

=

It is recommended to determine the setting Red. for every line in accordance with the

standard VDE 0276 [2] and applicable standards before calculating the load flow and
to set it in the setting dialog of the network element Line.

Network Element Load Impedance
=  Amount of the phase-to-ground voltages [%Vnom]
= Active power P and reactive power Q

In addition, the results of the load flow calculation can be displayed in tooltips for network
elements. To do this, the mouse cursor must be moved over the network element. Results and
some important settings are displayed in a yellow-colored toolfip.
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@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C:\ATPDesigner\00_7_1_ATPDesManualNetze\ _Netz20kVMitDEA_Applikation_Kap_30_1\Netz20kVMitDEA]

&P File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help

= Network | [B] Protection | @ Zone 4 | »
B4 ==~ |1 0 51 5 |asc

> Window for Protection Messages

REEHBB SR DB @rEREFPElMEcE L P RUBER LG S EBraaar/Baw s o ML QB Load Flow
A [ZpASR-/lsmERGEyRrxassnsanx] T HEBEE|[w < [» x>
Y [ k2| B[l % & % X da| | 2k [Nome “liomaxials - OOM B2 ¢ @A G
- B Netz20kVMitDEA_Applikation Kap_30_1 ~ =
b Configuration 2
¥ ATP Settings =
» Protection El
» Load Flow =
» Al-system =
B Network Infeed =
<@ 2-Winding Transformer =
- Probe
[ Line 11363.8;-90.0° E
4 Load Impedance 98.4;98.4;98.4 £
¥ Busbar - (70 £l () =
% Renewable Power Infeed 110KV, S00MVA P3 Settings: Vn=20kV, In=600A, Imeas=Standard var =
el 31 5MVA VAG=11.364kV, -89.99°, 98.41%
% 3-Phase Source x VBG=11.364kV, 150.01°, 98.41% =
-~ Switch VCG=11.364kV, 30.01°, 98.41% -
@ TACS TA=147.636A, 99.96°, [189.95°], 24.61%, Iw=-145.414A, Ib=-25.519A %
© Generator Yyno 1B=147.636A, -20.04°, [-170.05°], 24.61%, Iw=-145.414A, Ib=-25.519A @
1© 1-Phase Source 1C-147.636A, -140.04°, [-170.05°], 24.61%, Iw=-145.414A, Ib=-25.519A
b RLC-Impedance P VAB=19.683kV, -50.99°, 08.41%
ext Frame p4  |VBC=19.683kV, -179.99°, 98.41% B
= Circuit-Breaker VCA=19.683kV, 60.01°, 98.;1% =
Vo=0.000v, -138.06°, .00
T Gt i, 150 i
- 5-5.033109MVA [
o Cable P=-4.957352Md, Q=0.869967Mvar, -0.985 w
+ Grounding System PA=-1.65245Mi, PB=-1.65245MW, PC=-1.65245MW =
“® Electrical Machine QA=289 .988kvar, QB=289.988kvar, QC=289.991kvar 2
~-rE Splitter V1-11.364KkV, 98.4%, -89.99°, T1-147.636A, 99.96°, [189.95°] bS]
4F Nonlinear Element Z(x) V2-0.083nV, 0.0%, -15.81°, 12-6.835mA, 72.67°, [87.88°] =
& XFORMER Transformer VO=0.264nV, ©.0%, -138.06°, 10-0.035mA, -48.86°, [90.00°] [b]
<@ Saturable Transformer Va=11.364kV, 98.4%, -89.99°, Ia=147.636A, 24.61°, 99.96° B
ST BCTRAN Transformer Vb=11.364KV, 98.4%, -179.99°, Ib=147.636A, 24.61°, 9.96° |z¢]
& Admittance Y0 v [Fo
M
5]

@ [R] ENCR C:\ATPDesigner\OO_7_1_ATPDesManualNetze\__Netz20kVMitDEA_Applikation_Kap_30_1\Netz20kVMitDEA_Applikation_Kap_30_1.bnet
22l mlrE i@ |ln N+ eDwlleH A

fl — Kl wmm chE o wwlAel

~

0

>

LF> Processing Time of the Load Flow Calculation = 674ms

PROT> 5MW [3Ph 1] Vpp [p.u.] GEN=8 [V>-0(800), V<-0(089)] TRIP-0: V<=8.98p.u.,

TV>=100ms, > Checking Not Connected Nodes for Network Element [Line 4] ..
>» @ Not Connected Nodes found

PROT> Overall Minimum TRIP T:--- >> Checking Not Connected Nodes finalized

N=2

[LF=ok. [

Figure 21: Results of the load flow calculation shown in a tooltip of the network element Probe

\m:0.054“/0.054“ 5=0.665%

The results of the load flow calculation are also displayed in the Messages Window. The follow-
ing figure shows an example. The message window can be enabled as explained below.

Main menu View
Menu item Messages Window, Set Window Visible

| #| Project Information Toolbar

Project Information
Status Bar

| Messages Window Set Window Visible |
00 7] Protection Messages ¥ F Set Window Font tz2 0kVMIitD
= Al System Messages »| = Set Background Color ﬂ EZ %
ATP Messages L

LF> Processing Time of the Load Flow

> Checking Mot Connected Nodes for N
>» @ Not Connected Nodes found
»>> Checking Mot Connected Modes fina

| LF=0.k. |
Figure 22: Enabling of the Messages Window for results of the load flow calculation
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> Checking the Grid State (green, amber, red)
»>» Grid State: Grid Health fN (Line) = 100.0%
»» Grid State: Grid Health fN (Busbar) = 100.0%
»>>» Grid State: Grid Health fN = 100.0%

> Voltage Monitoring: Busbar

>> [Bb 1] VAB= 98.413%; VBC= 98.413%; VCA= 98.413% : 20kV
»>»> [Bb 1] VAG= 98.413%; VBG= 98.413%; VCG= 98.413% : 20kV
»>> [Bb 1] Vpg,Vpp min= 98.413%; Vpg,Vpp max= 98.413%

> Voltage Monitoring: 3-Phase Source

>> [3Ph 1] VAB= 99.891%; VBC= 99.091%; VCA= 99.091% : S5MW
>» [3Ph 1] VAG= 99.091%; VBG= 99.091%; VCG= 99.091%

< >

Figure 23: Results of the load flow calculation (example)

The results of the load flow calculation displayed in the Messages Window are self-explanatory.
To find a network element in the network graphic that belongs to the results, the reference
name of the network element will be used by ATPDesigner. The reference name is part of every
line written in square brackets "[...]", e.g. [Bb 1].

To find the corresponding network element a context-sensitive menu can be opened using a
Right Mouse Button Click.

= Select aline with a Left Mouse Button Click on the line of the Messages Window
=  Open the context-sensitive menu with a Right Mouse Button Click
= Select the menu item Find with a Left Mouse Button Click on the menu item.

The network element will now be searched and if found, marked in red in the network
graphic.

> Checking the State (green, amber, red) ...
>> Grid State: Grid Health fN (Line) = 100.0%

>» Grid State: Grid Health fN (Busbar) = 100.0%
>> Grid State: Grid Health fN = 100.0%

> Voltage Monitoring: Busbar

>> [Bb 1] VAB= 98.413%; VBC= 98.413%; VCA= 98.413% : 20kV
>> [Bb 1] VAG= 98.41] Find 98.413% : 20kV
>> [Bb 1] Vpg,Vpp mir k= 98.413%

Clear

X Ow

> Voltage Monitoring

i

Open Settings Dialog

99.091% : S5MW

N Delete Messages

>> [3Ph 1] VAG= 99.0¢ = 99.091%

Copy
> Phase Current M Select Font I
>> Probes with interr Backkground Color not available.

> Phase Current Monif
>> Switches are not ¢

rEll > S

Open .ATP - File

Open .LST - File |

> Monitoring P(Q) Characteristic: 3-Phase Source
>» All P(Q)-characteristics disabled

< >
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The results of the load flow calculation of the network elements Probe can also be displayed
as a phasor diagram. The dialog can remain open parallel to the main window of ATPDesigner.

=  Main menu Diagrams
= Menu item Phasor Diagrams for Load Flow Results

= Button # in the Load Flow Toolbar
B || o8 8 B X || % [Name ~ ||ILmax|A] % -]

[E] Phasor Diagram - Prb 3 [P3] =

Close

VAG:11|363.8V;—|9[}.[}“ Im(p.u.] Prb 3 [P3]

VBG=11363.8V;150.0° 1p.u.=11547.0V Help
LVCG=11363.8V:30.0° 1p.u.=600.0A Copy

IA=147.6A;100.0°

1B=147.6A;-20.0° Fant

—1C=147.6A;-140.0°

| Fefresh
WVBG ’x VCG
\\ // Ypo.lp =

N | e g e

\ Ph3[F3] v
Re[p.u.] Re [p.u/Div]
= 0z ﬂ

. B Im [p.u./Div]
(o I 0z ﬂ

et

:

K= 663

¥ VAG

Figure 24: Results of the load flow calculation as a phasor diagram

Control Description
Pb1[P1] I Drop-down list to select one of the measuring devices Probe

Drop-down list of the operation mode of the diagram

= Vpg: Phase-to-ground voltages

Ip: Phase currents

P: Active Power

Q: Reactive Power

012: Voltages and currents of the 012-System, positive-sequence
system, negative-sequence system and zero-sequence system

= 0Oab: Voltages and currents of the Oap-System (Clarke)

= Ipg:Impedances of the phase-to-ground measuring loop

m ﬂ Select the line thickness of the diagram

I\a’pg,lp vI

Copy The diagram will be copied into the clipboard (.EMF-File)
Font Select a for the diagram

Refresh Redraw the content of the diagram

Close Closing the dialog
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11.15 Results of the Load Flow Calculation in a Report

ATPDesigner automatically writes the results of the load flow calculation in a Report (. XML-file)
that is stored in the Project Directory. The Project Directory is the directory, where the .NET-file
or .BNET-file (the file containing all data of the electrical power grid) has been saved. The name
of the Project Directory of a .NET-file can be found in the header of ATPDesigner:

= C:\ATPDesigner\00_7_1...

@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C\ATPDesigner\00_7_1_ATPDesManualNetze}_Netz20kVMitDEA_Applikation_Kap_30_1\Netz20kVMitDEA]
@ File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help

PEEB SR Db HrE2E S P CME2EE Pr B E L g (r Br QK B av s
LR E R s R P =L e Il B S VAL L T EO B [ S

The Messages tab can be used, to enable or disable writing results of the load flow calculation
info the Report (. XML-file).

Load Flow Configuration X

JSOM-Forecast | Grid Congestion Analysis | Mewton-Raphson Forecastwith Flexibilities
Load Flow Configuration | Load Adjusting | Phase Adjusting Messages | E-Mabiles

L = Ly -
LU T TUW T UTG T

[¥ LF:Voltage Monitoring [¥ LF: Current Monitoring
[¥ LF: PQ-Diagram

[~ LF: Load Adjusting File [~ LF:Phase Adjusting File
[~ LF: Writing Power Loss File

[~ LF: Writing XML/ CSV-File - Scheduling Data

[~ LF: Writing EMF-File - Results of Load Flow Calculation

I LF Writing CSV-File - Results of Load Flow Calculation

[¥ LF: Writing XML-File - Report of Load Flow Calculation Results

I — L ey
|::Ianc|arc| Ll I H—Wmimgr#ccaracy

— Protection

[v PROT: Results for All Protection Elements
v PROT: Results for Line
[~ PROT: Writing .CSV-Files for GridProtect

[~ PROT: Writing .XML-File - Reportfor all Protection Devices

Ok I Cancel | Apply | Help |

Figure 25: Enable writing the results of the load flow calculation in a Report

LF: Voltage Monitoring Er;?tble writing the results of the voltage monitoring into the re-

LF: Current Monitoring Enable writing the results of the current monitoring into the report

The user can enable or disable writing the report as shown in the figure above with the setting
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= LF: Writing .XML-File — Report of Load Flow Calculation Results.

This option must be enabled before the load flow calculation will be started. The report (. XML-
file) will be stored in the Project Directory.

File Naming Convention:
YYYYMMDDhhmmss_Filename_LF.xml
Storage Location:

Project Directory

Abbreviation Description

YYYY Year

MM Month
DD Day
hh Hour

mm Minute
ss Second

Filename Name of the .NET-file or the .BNET-file with file extension

_LF Identifier Load Flow of the content of the Report

The following screenshots show examples of parts of the report (. XML-file). The file name of the
report is defined as follows. The net file name is the file name of the associated .NET file.

Power PoweR
£nes £nics
nstitute for Eiectrical Power Systems, htw saar nstitute for Electrical Power Systams, htw saar
Load Flow Calculation.
identifiers and Descriptions
17.06.2024, 19:18:47.323
C\ATFDesigner\00_7_L_ATFDeshanuzlNetzeh_Netz20kVMItDEA_Applikation_Kap_30_1\Hetz20kVIIDEA_Applika VAG, VBG, VCG Amount of the phase-ta-ground voltages in V =nd Vn/v3
tion_Kap_30_1 bnet ), [3
ATPDesigner Version 4.01.85 - 07.06.2024 WAB, VBC, VCA Amount of the phase-to-phase voltages in V and %\Vn
Version NET File 6.3 - 22.01.2021 ), [%
Vmjg. YiRax, | Ameunt of the minimum end maximum phass-to-ground and phase-to-phase voltage VABC in ¥
[¥], %] 2nd %¥nom
POWER Ven. Vog ‘Amount of the phase-to-phase voltagas VAB, VAT, VCA in ¥ 2nd %vn
ENCS [v), [%] Amount of the phase-to-ground veltages VAG, VBG, VCG in V and %Vn/v3
= 14, 1B,1C Amount of the phase currants in A 2nd %in
[4], (%]
1, V2, V0 Amaunt of the positive-, negative. and zera-sequence voltage in ¥ and %Wn/v3
[V, [%]
11,12, 10 Amount of the pasitive., negative- and zarc-saquence current in A and 5In
[], %]
Inmax A, [5] Amount of the maximum phase in A und 5in
Mazimum Load Amount of the meximum phase current IABC in %I
3]
S [va] Amount of the spparent pawsr in VA
P (W] Amount of the active power in W
alvar] Amount of the raactivs powsr in vr
factor cos phi=F /§
Load [%] Load of winding A and B in 5in
55, 58,5¢ [VA] Singla phase apparent power of phase A, B and C in VA
PA, PB, PC [W] Single-phase active power of phase A, B and Cin W
Q4. 08, OF [yar] Single-phase reactive power of ghase A, B and Cin yar,
A Neea for Action
lpmaz[%] M in %pgm
2 [56] Grid Heslth in 3
m [ Load Level acc. VDE 0276
LF State of Load Flow Calculatian: o.k.=1, failed=0, stapped=2, invali=—1
TRIPF Grig Prafection: TRIP-Command - 0=disabled, 1=enabled
GEN Grid Protection: General starting - O=disabled, 1=znabled
DSz Grid Protection: Distance zone of the distance protection with TRIP
Rilk Grid Protection: Resistance of the short-circuit impedance of the positive sequence system
K1k Grid Protectian: Reactance of the short-circuit impedance of the positive sequence system
5T Daylight Saving Time: Summer = 5, Winter = W
Page10f8 Pages Page 2 of 8 Pages

Figure 26: Report of the results of a load flow calculation
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[Power Grid Topology
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[Power Infeed: 3-Phase Source

Name | s Tmval | P Ivw] | al |
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[Power Infeed: Load ]

Name I S[Mval T PIMW] I almag | i

I Tsad 5w Sz | sommes | ieier | sew
ing Transformer |
[ Hiame. I 5 [va] I B VW] aMar] Cosehi 1
[Power Infeed: Line |
| —TTr— ST ] e Err—
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Name rom U] VAR E] VBE ] VAR Stare

orbx] P 100 9 esa1 Ssase EX=n Green

orb 2] P2 200 sasin1 FE¥EEn EXTen Green

wib 315 200 saeint Ssais EXT Green

b apa 200 e Ssass Ssent Green

wibs] 75 200 30812 50912 Ssosiz Green

2GE 200 s7852 FE 75 Green

Tiame nom (7] VAG VB %] Ve el Sate

i 0 w0 ey s reen

i PR FEER Freny reen

i FTEn FrE) a1t reen

i st Azt anz reen

i w1z 0912 90812 reen

i EEET E EEET reen
[Accuracy of the Load Flow Calculation: 3-Phase Source |
| ] T T EHE ]
| Torh 1] s T o505 Sosiris 1
[Power Loss ]
[ o warsformers |
Ha. of Lines =]
o oF 2/5-AiABing TransTorroar (BETRAN o]
I Wame T Y (s W Y |

Figure 28: Report of the results of a load flow calculation
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The Report can be opened and read directly info a word processing software such as Word.
Below two tables are explained more in details.

\Grid State of Lines

Line: Validation acc. Valid Partly Valid Invalid
VDE 0276 2 --- 0
Green/Amber/Red acc. BDEW 2 0 0
EN 50160 2 --- 0

Figure 29: Results of the Steady-State Grid Analysis of the network elements Line

The German standards VDE 0276 [2], EN 50160 [1] and the German discussion paper BDEW
Traffic Light Concept are used to assess the grid condition of the lines.

=  Valid

The network element Line fulfil the criteria of the standards and recommendations.

= Parily Valid

The network element Line fulfil the criteria of the standards, but they are in the amber
phase according to the BDEW Smart Grid Traffic Light Concept [3].

= |nvalid

The network elements Line do not fulfil the criteria of the standards and recommendao-

tions.

\Load Flow Results: Line

Name IA [A]| IB [A] [IC [A]| Ipmax [A] | Ipmax [%] | 11 [A] [12 [A]|10 [A]|State
[Line 4] [NA2XS2Y 3x1x240 20kV] 5km |148.64|148.64|148.64 148.64 35.64 148.64| 0.00 | 0.00 |Green
[Line 5] [NA2XS2Y 3x1x240 20kV] 5km |156.81|156.81|156.81 156.81 37.60 156.81| 0.00 | 0.00 |Green
Name Vnom [kV] Vpgmin [%] Vpgmax [%] State
[Line 4] [NA2XS2Y 3x1x240 20kV] 5km 20.0 98.41 99.09 Green
[Line 5] [NA2XS2Y 3x1x240 20kV] 5km 20.0 97.35 98.41 Green

Figure 30: Table with results of the network steady-state conditions of the lines

The settings can be defined user-specific using the settings dialog shown below.

v

nom

lpu.=

=  Main menu Power Network

=  Menu item Network Configuration, tab Monitoring
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Network Configuration X

Short-Circuit ] Protection ] Messages ] Vnom Colors ] V<= Colors ] I= Colors ]
MNetwark ] Line ] CMC Configuration ] ATP Control File Config Data ] Colors ]
PLoss Colors ] Security Manitoring I E-Mail, SMTP ] Data Base ]

[+ Enable Grid State Analysis [¥ Enable Messages
Description Value
E Grid State: Green Phase -
Ip == Imin [p.u] 0.000000
VppVpg »= Vmin [p.u] 0.920000
VppVpg <= Vmax [p.u] 1.080000
S == Smin [p.u] 0.000000
B Grid State: Amber Phase
Ip = Imin [p.u.] 0.800000
S == Smin [p.u] 0.800000
B Gnd State: Red Phase
Ip = Imin [p.u] 1.000000
VppVpg < Vmin [p.u] 0.900000 —
VppVpg > Vmax [p.u] 1.100000
V2V [pul]> 0.030000
S >= Smin[p.u] 1.000000 |
Characteristic Amber Phase ‘ Default |

Ok Cancel ‘ ‘ Help ‘

Figure 23: Settings dialog to define user-specific settings for the BDEW Smart Grid Traffic Light Concept [3]
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12 Power Grid Utilization Analysis using Load Profiles

To perform a power grid utilization analysis (also known as power grid load analysis) over de-
fined fime periods, time series calculations (also called load flow calculations with load profiles)
are generally carried out.

= A time series calculation is generally a sequence of load flow calculations for a fixed
time period using equidistant time steps of 15-minutes (15-minute interval).

For a time series calculation, it is assumed that the power flow remains constant within every
15-minute interval of the time series and can only change at the beginning of the next 15-
minute interval. Consequently, a steady-state grid condition is assumed for every 15-minute
interval, where voltages, currents, and power flows can be determined using a load flow cal-
culation. The grid state within a 15-minute interval is considered symmetrical and fault-free,
thereby defining the normal operation of the power grid. In principle, time series calculations
can also be extended to consider also short-circuit conditions of the power grid.

The time labeling of the 15-minute intervals follows the definition of standard load profiles ac-
cording to VDEW [8]. The timestamp used always corresponds to the end of the 15-minute in-
terval. According to VDEW [8] or BDEW [10], for example, the last 15-minute interval of a day is
labeled with the fimestamp 00:00, while the first 15-minute interval of a day is labeled with the
timestamp 00:15.

Power grid utilization analysis using time series calculations can be performed with the network
calculation software ATPDesigner, for example, using the network calculation function Load
Flow Analysis: Load Profiles. Standard load profiles defined by VDEW [8] or BDEW [10] or other
load profiles defined according to VDEW [8] or BDEW [10] are generally used to define the
consumption or infeed power of equipment for every 15-minute interval in a time series. The
consumption and infeed equipment are assumed to be PQ nodes with a constant consump-
tion orinfeed power within every 15-minute interval, separately defined for active power P and
reactive power Q. The available load profiles are shown in the table below.

Load Profile General and User-Specific Load Profiles

HO Household customers acc. VDEW
HO dyn. Household customers (with dynamization) acc. VDEW
GO Shop in general acc. VDEW
Gl Business days of the week 8-18Uhr
G2 Businesses with heavy to predominant consumption in the evening hours acc.
VDEW
G3 Shop all days the week acc. VDEW
G4 Shop/hairdresser acc. VDEW
G5 Bakery with bakehouse acc. VDEW
Gé Weekend business acc. VDEW
LO Agricultural business acc. VDEW
L1 Farms with dairy farming or part-time animal husbandry acc. VDEW
L2 Farms without L1 acc. VDEW
EMO Electromobility home scenario
EM1 Electromobility home and work scenario
EM2 Electromobility scenario comprehensive
ALO User specific load profile
ALl User specific load profile
AlL2 User specific load profile
H25 Updated household profile (H25) acc. BDEW
G25 Updated trade profile (G25) acc. BDEW
L25 Updated agricultural profile (L25) acc. BDEW
P25 Updated combination profile PV (P25) acc. BDEW
$25 Updated combination profile PV and battery storage (S25) acc. BDEW
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12.1 Standard Load Profiles acc. VDEW [8]

The network calculation software ATPDesigner uses text files based on the .CSV-format accord-
ing to the German technical specification VDEW [8], which contain the active power P of the
standard load profiles, defined as a constant active power for every 15-minute interval. The
files of the load profile files are stored in the directory c:\ atpdesigner\ exe\LoadProfiles. The file
format will be explained below using comments written in red color, which are not part of the
file format.

(Kunde-)Name:;;
(Kanal-)Beschreibung:;;

(Kanal-)Ident3:;Ho; // name of the load profile
Summe (kWh):;1000; // reference value of the electrical energy per year
Sommerzeit; ki // time zone: summer; unit of values of active power

Werktag 00:15;0,08636; // business day; 15-min interval; active power P[kW]
Werktag 00:30;0,07696;
Werktag 00:45;0,06884;
Werktag 01:00;0,06244;
Werktag ©1:15;0,05804;
Werktag 01:30;0,05528;

Figure 24: Structure of a .CSV file for load profiles according to VDEW [8]

The absolute value of the active power P for the 15-minute interval can be calculated as shown
below.

}%SV[kPV]'Z;ﬁmr[kah]
1000kWh

P[kW]=

*  Evear: Sum of the electrical energy consumption of one year

= Pcsv : Active power Pcsv read out of the .CSV-files of the standard load profiles
Below the menu items, how to start the calculation method available in ATPDesigner.

=  Main Menu: Test
= Menu ltem: Load Flow Analysis and Flexibility, Load Flow Analysis: Load Profiles

Time Period Description

Sommer (summer) 15.05. - 14.09.
Ubergang (transition = spring and autumn)  21.03. - 14.05. and 15.09. - 31.10.
Winter (winter) 01.11. -20.03.

The structure of the file names of the .CSV files are explained below. The .CSV files are stored in
the directory c:\atpdesigner\ exe\LoadProfiles.

File name Description

x : Abbreviation for a standard load profile according to VDEW
[8] (see table below) or for a user-specific load profile:
= EMO..2 : load profiles for e-mobile
= ALO..2 : user specific load profile
LoadProfile_x_y.CSV » PV :load profile for photo voltaic power plant
* WP :load profile for Wind power plant

Time zones available acc. VDEW [8]:
y : S = summer, W = winter, U = transition (spring and autumn)
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12.2 Load Profiles acc. BDEW [10]

The network calculation software ATPDesigner also uses text files based on the .CSV-format
according to the German technical specification BDEW [10], which contain the active power
P of load profiles, defined as a constant active power for every 15-minute interval. The files of
the load profile files are stored in the directory c:\ atpdesigner\exe\LoadProfiles.

The absolute value of the active power P for the 15-min interval can be calculated as shown
below. Please note that the reference value has been changed.

PCSV [kW] ) EYear [kWh]

PkW |=
[ ] 1.000.000kWh

*  Evear: Sum of the electrical energy consumption of one year
= Pcsv : Active power Pcsv read out of the .CSV-files of the standard load profiles

Below the menu items, how to start the calculation method available in ATPDesigner.

=  Main Menu: Test
= Menu ltem: Load Flow Analysis and Flexibility, Load Flow Analysis: Load Profiles

In contrast to the standard load profiles acc. VDEW [8], the load profiles acc. BDEW [10] are
defined for every month separately. Therefore, time zones are not used. Every load profile is
stored in a .CSV-File.

File name Description

LoadProfile_x.CSV  x : Abbreviation for a standard load profile according to BDEW [10]

12.3 Load Flow Analysis using Load Profiles stored in a .CSV File

As explained above, load profiles acc. VDEW [8] or BDEW [10] use values of the active power
P for 15-minute intervals. It will be assumed that the active power P is constant for every 15mi-
nute-interval. The load profiles can be used to define the time dependent behaviour of the
active power P of the network elements Load Impedance and 3-Phase Source.

12.3.1 Using Load Profiles: Load Impedance

Before starting a power grid utilization analysis using load profiles, the network element Load
Impedance must be set as explained below.

= Tab General Technical Data

Setting Value

Operating Mode Load Profile (Y) or Load Profile (D)
= Tab Load Profiles

At least one load profile must be selected in the spread sheet. In addition, the sum of
the energy E [kWh/a] etc. must be set.
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Definition of Load Impedance ‘Load 1' X Definition of Load Impedance 'Load 1° X
General Technical Data | Load List| Load Profile| Z(t) - MODELS | General Technical Data | LoadList Load Profile | z() - MODELS |
Impedance Default Delete All Default
R= 242 Ohm
Name Hep | No- [T oz = Delete Line
‘Load 1 X= ‘ 0 ohm
Ena./Dis - -
G ‘ ) = No.| Load Profile | E[kWh/a] .P [kKW]| Unit | cosphi| OverfUnder-Excited ID Measuring Point
Operating Mode = u = = 1 HO 1e+08 kWhfz 1 Under-Excited (Leading)
‘Load Profile (Y) L] [v Solid Grounded
User Data
[~ single-Phase [~ [~ Node A |
= [ NodeB [
- I Node C ’7 Set Default
Data Input Additional Resistance Pysical Unit

C RIXIC @ SPIQ R= 0 Ohm W CoMw

s= 50000 KVA s= 100 % [ Load List Enabled

P= 50000 KW Vn = 110 . kv

Q= 0 Kkvar cosphi=| 1 [Under-Excited (Leading) v |

P- — kW P(GLZ) = — KW S= — KVA
[ Adjusting Load Impedance -50.000MVA = -100.0%
Q- — kvar  cosphi= — —
ok cancel | | wep | ok Cancel Help

Figure 25: Settings dialog of the network element Load Impedance

12.3.2 Using Load Profiles: 3-Phase Source

Before starting a power grid utilization analysis using load profiles, the network element 3-Phase
Source must be set as explained below.

= Tab General Technical Data

The Operation Mode Pnom(Ip:3p) = const. shall be preferred selected. It is also possible
the use Operation Mode Snom(Ip:3p) = const..

= Tab Load Profile

Only one load profile can be selected in Operation Mode. In addition, the setting En-
ergy must be set to the sum of the energy consumption of the year. The option Enable
Energy Analysis must be enabled.

Definition of 3-Phase Source '3Ph 1" X Definition of Load Impedance 'Load 1* S
General Technical Data | Load List Load Profile | z() - MODELS |
General Technical Data | Cos Phi Interface to . | P(Q) | LVRT | FRT | VDE 0102 (IEC 60309) | Load Profie |
— Delete Al Default
i Defaull
R P bt No- [ 7 alz- - Bl
Help
Pnom= 1000 W [Ps0 w| Tstar- A g No. | Load Profile | E [kWh/a].P [&W]|_Unit | cosphi| Over/UnderExcited |_ID Measuring Point
Ena./Dis 1 HO Te+08. KWhia 1 UnderExcited (Leading)
Frequency = 50 Hz Tstop= | 1e+15 s
Phase = 0 ° Phase Shift= 120 ° @ ﬁ @
cos @ nom = ‘ 1 - ‘UnderExmted (Leading) ﬂ NCP Location
3Ph[-] -
OperationMode  |Pnom (Ip-3p) = const ~| I~ Add Control Node
QOpMode Ip
[+ Load Flow: Adjusting Phase Ip= -
Vpp [p.u] - sing p-(Vep)
[ Load Flow: Disable $/P/Q Adjusting P.S Meas.Loc
Ve= 0 pu
3Ph. b
T<= 100 ms Vninit= 20 | KV
3PS Control
Va= Te+15 p.u Inom = 28.8675 A _
T>= 100 ms Imax= 120 % Inom
Phase Shift Unit P.S Power Unit Displacement Factor [+
@ Degree[] @& KW.KVA Cos Phi -Made &
 Second(s] MW MVA cos phi= const - = P= - KW P(GLZ)= - WS - KVA.
a- - kvar  cosphi= - -
& ‘ e | ‘ 22 | ok ‘ Cancel Help

Figure 26: Settings dialog of the network element 3-Phase Source, tab Load Profile
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12.3.3 Example: Load Flow Analysis: Load Profiles

The figure below shows a simple 20kV - power grid using a solar power plant PLP and a con-
sumer load. Both network elements Probe and 3-Phase Source are using load profiles to process
a power grid utilization analysis.

PV
8 g [NA2XS2Y 3x1x240 20KV] 3km <te—{ PLP
110kV, 500MVA S [ rs o
31,5MVA <
> NA2X52Y 3x1x240 20kV] 3K D—e—> HO
P3 [ X1x 1 3km pa

Figure 27: 20kV - Power Grid with Solar Power Plant PLP and Consumer Load both using Load Profiles

Definition of Probe 'Prb 4 X Load Flow Configuration X

General Data | v<> & 1> | Dist VI-Det | Dist Adds | Dist Z< | Differential | Fuse | PowercB | L4 * JSON-Forecast | Grid Congestion Analysis | Newton-Raphson | Forecastwith Flexibilites |
Load Flow Configuration I Load Adjusting 1 Phase Adjusting Messages I E-Mobiles I

Name
[P OnjOft Defaul Load Flow Calculation

Operating Mode Help ‘ [ LF:Valtage Monitoring [ LF: Current Monitoring
[Load Profile: V.LP.QS. ~] ,7Erla Dis [+ LF:PQ-Diagram
—Node Names s7ValEges and Cunrenis [ sngefhase | =| LS caibiitathalins B/ PP EmATEY R
= LR iting Pewer-LossFi

Vpg: APV 004 ! =

| . m - [+ Messages [v LF:Writing XML/ CSV-File - Scheduling Data

b 00

- [ Report Pt B Pt Frastits ot tomd-Flawr Cattulation

[ LF: Writing .CSV-File - Results of Load Flow Calculation

Valtage and Current Transformers. Protecti
oltage andiunent Tansiormers. Frolection ¥ LF:Wiiting XML-File - Report of Load Flow Calculation Resulis

[~ Enable Tooltip of Short-Circuit Results ‘Smndard j [~ LF:Writing Accuracy
Protection ‘None ﬂ Tpr= | 0 ms
Pratection
Equipment | None > Teb=| 60 ms
[v PROT: Results for All Protection Elements
Vnom = 20 | KV CBreaker |None = [v' PROT: Results for Line
Inom = 200 A [~ Add. Control Node [ PROT: Writing .CSV-Files for GridProtect

[ Invers Measuring Direction Qn/Off [~ PROT: Wiiting XML-File - Reportfor all Protection Devices

Measuring Point

Measuring Point 1D
Ok Cancel | ‘ Help ‘ Ok Cancel | ‘ Help |

Figure 28: Operating Mode Load Profile: V,I,P,Q,S, ... , Logging Load Flow Calculation every 15min-Intervall

The Operating Mode of both Probe P4 and Pé are configured as Load Profile: V,I,P,Q,S,... in the
tab General Data. Using this operation mode the results of the load flow calculation of every
15min-intervall will be logged and stored in a .CSV-file, if the option LF: Writing .XML/.CSV - File
Scheduling Data has been enabled.

=  Main Menu: ATP
= Menu ltem: Load Flow Configuration, fab Messages

i = 5 = e

=

The load flow calculation using load profiles can be started using the toolbar button or the

menu item below.

=  Main Menu: Test
= Menu ltem: Load Flow Analysis and Flexibility, Load Flow Analysis: Load Profiles

Version 1.6 Page 73 von 173 Pages Prof. Dr.-Ing. Michael Igel, 15.10.2025



POWER
ENGS

ATPDesigner - Design and Simulation of Power Networks - Quick Start Guide

First the dialog shown below will be displayed. The dialog shall be directly closed to check if all
required .CSV-files could be loaded successfully. This can be easily done in the Messages Win-
dow. If an error has been detected it will not be possible to start the load flow calculation using
load profiles.

Load Flow Analysis with Load Profiles X

04.05.2025 ~| Jooas ~| s Cancel |

—End Time

[04.05 2028 ~ Joos <] [s

IUserdefined LI

Figure 29: Load Flow Analysis using Load Profiles — Dialog to select the Time Period

Profile> Load Flow Analysis: Load Profiles started
Load Profile>> Number of Load Impedance = 1
Load Profile>> Mumber of 3-Phase Source = 1
Load Profile>> Mumber of Line with enabled internal Load Impedance = @
Load Profile»>> Number of 2-Winding Transformer with enabled internal Load Impedance = @
Load Profile>> Number of Load Profiles (ID) for 3-Phase Source = @
Load Profile>> Mumber of PVWGIS Load Profiles for 3-Phase Source = @
Load Profile»>> Number of Load Profiles (ID) for 2-Winding Transformer, Load Impedance, Line = @
Load Profile>> Mumber of Forecast Profiles (JSON with ID) fiir 3-Phase Source, 2-Winding Transformer, Load Tmr

Profile>> Loading Profile
Loading Profile
Loading Profile
Loading Profile
Loading Profile

Loading Profile
Loading Profile
Loading Profile
Loading Profile
Loading Profile
Loading Profile
Loading Profile
Loading Profile
Loading Profile
Loading Profile
Loading Profile
Profile>> Loading Profile

000000 O0OO0CO0O OO0
AR AR A AR AARAARARARASR

Figure 30: Messages Windows — Checking if.CSV-Files of Load Profiles could be loaded

The dialog must be now opened for the second fime. In the example below the operation
mode A defined day will be selected. ATPDesigner processes 96 times a load flow calculation.
For every of the 96 15-minute interval ATPDesigner uses the active power value read out of the
.CSV-files and calculates the individual active power acc. the specific energy consumption
defined by the user.

The results of the load flow calculation, which will be calculated at the network node of Probe
P4 and Pé will be logged in a .CSV-file, which will be stored in the subdirectory Results of the
Project Directory. The .CSV-file can be opened e.g. in ATPDesigner with Drag&Drop to create
a Diagram.
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Load Flow Analysis with Load Profiles x
— Starting Time
04.05 2025 ~| Joos  ~] [s — |
—End Time

[04.05 2028 ~| Joomo -] [s

| defined day |

Figure 31: Load Flow Analysis using Load Profiles — Dialog to select the Time Span of One Day

File Naming Convention:

= 20250504183155074_Netz26_20kVMIitPVAnlageUndLastptofilien_FPFORC.CSV
= 20250504183155074_Netz26_20kVMIitPVAnlageUndLastptofilien_FPFORC. XML

YYYYMMDDhhmmss_Filename_FPFORC.xml
Storage Location:

Project Directory \ Results

Abbreviation Description

YYYY Year
MM Month
DD Day
hh Hour
mm Minute
33 Second
Filename Name of the .NET-file or the .BNET-file with file extension
_FPFORC Identifier of the content of the Report

The .CSV-file can be opened in ATPDesigner using Drag&Drop. The dialog fo select the output
signals will be automatically opened. The .XML-file [6] can be opened in a spread sheet calcu-
lation software e.g. Excel.

=  Main Menu: File
=  Menu ltem: Open ...
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Reading CSV files: Selecting Signals

COoL1 [Prb 4] ~ coLz [P[Mw] P4] oK
COL3 [Q[Mvar] P4] COL27 [P[MW] P8]
COL4 [S[MVA] P4]

COLS [IL1[p.u.] P4]

[ Cancel
[
COLB [IL2[p.u.] P4]
[
[

Help

did

COL7 [IL3[p.u.] P4]
COLS8 [ULL.L12[p.u.] P4] Py Node Help
COLY [phi.L12[*] P4]
COL10 [ULL.L23[p.u.] P4] <<
COL11 [phi.L23["] P4]

COL12 [ULL.L31[p.u.] P4]

COL13 [phi.L31["] P4]

COL14 [PLI[MW] P4]

COL15 [PL2[MW] P4]

COL16 [PL3[MW] P4] Select Font
COL17 [QL1[Mvar] P4]
COL18 [aQL2[Mvar] P4]
COL19 [QL3[Mvar] P4]
COL20 [ULE.L1E[p.u.] P4]
COL21 [phi.L1E["] P4]
COL22 [ULE.L2E[p.u.] P4] ) )
COL23 [phi.L2E[] P4] Signal Name X-Axis
COL24 [ULE.L3E[p.u.] P4]
COL25 [phi.L3E["] P4]

N

I |
=
juj
sl

:

COL26 [Prb 6] t
CoL28 [Q[Mvar] P6] Del

COL29 [S[MVA] P&]

COL30 [IL1[p.u.] P6] M

Signal: | 97_22022025_R2x6ADatahPesultsy?202505041 835141 39_Netz26_20kyMitPAnlageUndLastat

Figure 32: Selecting Signals to create the Diagram

= The signals can easily be selected using a Left Mouse Button Double Click on the name
of the signal.

[E=] ATPDesigner - Design and Simulation of Power Networks - [CAATPDesignerV40197_22022025_R2x64\D. _Netz26 IndLastptofi] = m] X
[ File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help Lol
EEdRESR NRERh e RERS =P e L - ED RN ER LB K, S X[Eew R QN[ » T7|0/o /™ "= 7@ LoadFow
MLm=y /1= bk o W Bl X @ @ A AR x g S
(11 1E8 Bk H 2t VBRI e E R L T % b R Name ~ipmaxial% v |vilvveel% ~|
6 Netz26_20kVMitPVAnlageUnd ~ & [R] ENCR C:\ATPDesignerv40197_22022025_R2x64\Data\Netz26_20kVMitPVAnlageUndLastptofilen.bnet -
> Configuration x:t PIMW] P4 P[MW] P6 =
» ATP Settings 5.0000 -
» Protection
» Load Flow
> Al-System 4.3000
 Network Infeed ——
<= 2-Winding Transformer 4.0000 =
“-Probe -
Hiline 3 —
¢ Load Impedance = o
= Busbar 3
% Renewable Power Infeed 3.0000 o
% 3-Phase Source -
2 Switch £
BTACS 2.5000 B
© Generator P
© 1-Phase Source 2.0000 _'_,_:—‘_'h b
* RLC-Impedance r,_l_ﬂ -
B Text Frame _“'—H
= Circuit-Breaker L5000 _r'_'_‘_‘_ T
= Connection e
= Multi-Circuit Line 1.0000 .
& Cable =l L
+ Grounding System ,_,—'J
® Electrical Machine 05000 ]
= Splitter
#Nonlinear ElementZ6) . | || 0.0000 == =
< T o > 04.05.2500:15  04.05.2502:45 04.05.2505:15 04.05.2507:45 04.05.2510:15 04.05.2512:45 04.05.2515:15 04.05.2517:45 04.05.2520:15 04.05.2522:45 | .=
*:Network|a Protection|2 Zone « | » C:\ATPDesignerV40197_22022025_R2x64\Data\Results\20250504184958945_Netz26_20kVMitPVAnlageUndLastptofilen_FPFORC.csv -
TMe ekl kIsKoe ~5 X 152 Pn i BnKE o | AEmcpEEEElk " Eat B e RmoW i ER

~ |’[> Wwindow for Protection Messages ~

> Voltage Monitoring: Busbar
>> [Bb 1] VAB= 99.916%; VBC= 99.916%; VCA= 99.916% : 20kV
>> [Bb 1] VAG= 99.916%; VBG= 99.916%; VCG= 99.916% : 20kV
>> [Bb 1] Vpg,Vpp min= 99.916%; Vpg,Vpp max= 99.916% > Window for Protection Messages

> Window for Protection Messages

ing: 3-Phase Source v | |> window for Protection Messages v
< > < >

Figure 33: Diagram - Time dependent Results of the Load Flow Calculation using Load Profiles

If the operation mode A defined time has instead of the operation mode A defined day been
set only one 15-minute interval can be selected as the time span. But processing the operation
mode A defined time the results of the load flow calculation will be displayed directly in the
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power grid graphic as well-known from the load flow calculation using constant power settings.
The tooltips at the mouse cursor position can also be used to display additional information e.g.
measured at the Probe locations.
= If the power infeed of the solar power plant modelled by the 3-Phase Source is nearby
P ~ OW, ATPDesigner automatically disables the network element only for the specific
15min-intervall (drawing color magenta) to avoid mathematical problems of the load
flow calculation.
The results of the power grid utilization analysis will be written into a report [6], which will be
stored in the project directory. Please note: The project directory is the directory where the.NET-
file (or .BNET-file) is stored.
File Naming Convention:
20250504184959072_Netz26_20kVMitPVAnlageUndLastptofilen_LFPROF. XML
YYYYMMDDhhmmss_Filename_LFPROF.xm|

Storage Location:

Project Directory

Abbreviation Description

YYYY Year
MM Month
DD Day
hh Hour
mm Minute
ss Second
Filename Name of the .NET-file or the .BNET-file with file extension
_LFPROF |dentifier Load Flow using PROFiles of the content of the Report

In the figure below, the results of the load flow calculation will be directly shown in the power
network graphic using the operation mode A defined time.
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@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C:\ATPDesignerV40197_22022025_R2x64\Data\! _20kVMItPVA; JndL bnet ] - [m] X
& File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help x
PHHBREGR(DBh @kEREF EMEcHE P R MER LB R Ev@eaak a5 o @ELGNH e Load Flow

Ao LR oEEE-/ U cmES3HEracE-Ya 2 A ne)%%X| T— BEE %W 040520251200:5 | & =]
oom [+ x> B BEAT 8@ BR G FE] R & 8 X fal B ok Name < [[iomax|A[% “lvivvesis -
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E--[21 Netz26_20kVMitPVAnlageUndLas ~ —
» Configuration =]
> ATP Settings =]
» Protection =
» Load Flow =
> Al-System =
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@ 2-Winding Transformer =
-~ Probe ot
I Line a0.4° [=
s Losd Imped: 11491.1;-89.4° =
o0ad Impedance
99.5;99.5;99.5 00,8
= Busbar > < pLp )99:8:99.8:99.8 i
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3 Switch .
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L] Protect Z Fu
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[Klih&d % s:BRE o @

B === -1 £X £ 4|Nore T -

.CsV-file

PROT> Overall Minimum TRIP T:---

Load Profile> Schedule data written into the

Load Profile> Schedule data written into the .XML-file (Excel)

EMAIL> E-Mail Notification Grid State Monitoring

Load Profile>> Analysis done [2.018s = @min, 2.018s], Processing Time of the Load Flow Calculations [0.596s PROT> Overall Minimum TRIP T:---

< >

2Rl FEEEEs LN A+ E P dwicHE

PROT> PV [3Ph 1] Vpp [p.u.] GEN=0 [V>=0(600), V<=0(600)] TRIP=0:

[15/15 [LF=o.k. [5=0.804%/0.804% P=0.000% [2=0.022°/0.022° 5=0.515%

Figure 34: Load Flow Calculation using Load Profiles — Operation Mode A defined time with LF-Results

[N=2

The settings dialog Messages in the figure below shows settings which are important for the

generation of reports.
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Load Flow Configuration X

JSON-Forecast l Grid Congestion Analysis ] MNewton-Raphson ] Forecastwith Flexibilities l
Load Flow Configuration ] Load Adjusting ] Phase Adjusting Messages l E-Mobiles ]

Load Flow Calculation

[v LF:Voltage Monitoring [+ LF: Current Monitoring
[+ LF:PQ-Diagram

[ LF: Load Adjusting File | LF: Phase Adjusting File
[ LF: Writing Power Loss File

[v LF: Writing XML/.CSV-File - Scheduling Data

[ LF: Writing EMF-File - Resulis of Load Flow Calculation

[ F-Writing CSW-File - Results of | gad Flow Calculation

[v LF:Writing XML-File - Report of Load Flow Calculation Results
|Standard ﬂ [ LF:Writing Accuracy

Protection

[+ PROT: Results for All Protection Elements

[+ PROT: Results for Line

[ PROT: Writing .CSV-Files for GridProtect

[ PROT: Writing XML-File - Reportfor all Protection Devices

Ok | Cancel Help

Figure 35: Writing a Load Flow Calculation Report for every 15min-Intervall

= LF: Writing .XML/.CSV-File - Scheduling Data
If enabled, the results of the load flow calculation will be written info a .CSV-file and a
XML-file for every Probe, if the operation mode Load Profile: V,I,P,Q,S,... has been se-
lected. The .CSV-file can be directly opened e.g. using Drag&Drop in ATPDesigner to
create a Diagram. The .XLM-file can be opened in a standard spread sheet software

e.g. Excel.
D E F G H | J - K
## timestamp([s] Prb 4 P[IMW] P4 Q[Mvar] P4 S[MVA]P4 IL1[p.u.]P4 IL2[p.u.]P4 IL3[p.u.] P4 LL.L12[p.u.] Pphi.L12[°] P4 LL.L23[f
1746310500 4 0,930828 -4,76008E-07 0,930828 0,134582 0,134582 0,134582 0,9983 -60,3631 0,99

= LF: Writing .XML-File — Report of Load Flow Calculation Results
If enabled, a report [6] will be written for every 15-minute intervall and stored into the
project directory.
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12.4 Load Flow Analysis using Load Profiles stored in a JSON Forecast File

Alternatively load profiles can also be used by ATPDesigner if stored in text files using the JSON
format [9].

= This JSON file will now be called JSON forecast file.

The load profiles stored in the JSON forecast file (JSON array timeseries) are linked to the net-
work elements Load Impedance as consumer load or 3-Phase Source as e.g. a solar power
plant by a unique identifier ID (JSON object id). The JSON forecast file can be used for network
capacity analysis with time series calculations, for example, using the network calculation func-
tion Load Flow Analysis: Load Profiles.

=  Main Menu: Test
= Menu ltem: Load Flow Analysis and Flexibility, Load Flow Analysis: Load Profiles

Below the first lines of the JSON file are displayed. The first JSON object contains header infor-
mation. The load profiles are stored in the JSON-arrays timeseries.

[

"author": "Institut fuer elektrische Energiesysteme",

"date": "12.08.2023",

"time": "23:53:42",

"description”: "Export JSON-Prognosedatei”,

"filetype": "forecast”,

"fileversion": "1",

"fileformat": "1",

"simulationtime”: "16.10.2023 00:15 DST=1 - 16.10.2023 00:00 DST=1",
"operationmode”: "a defined day",

"program_version": "ATPDesigner Version Version 4.01.89 - 10.08.2023",
"datafile": "C:\\testfile.bnet"

"id": "Load 1;He",
"label": "Load 1;He",
"unit_1": "P[kW]",
"unit_2": "Q[kvar]",

"timeseries":
[
{
"timestamp_s": 1691792100,
"value_1": 89.840,
"value_2": 0.000
}s

Figure 36: JSON file for load profiles

= The number of load profiles (JSON-Array timeseries) are not limited.

= Only one JSON forecast file can be used for the .BNET-file (or .NET-file).

= The JSON forecast file must be stored in the directory Project Directory / Monitoring.
=  Only the most recent JSON forecast file will be used by ATPDesigner.

The export function Forecast (JSON) can be used to easily generate a template of the JSON
forecast file.

=  Main Menu: File
=  Menu ltem: Export, Forecast (JSON)
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= The export function provides a utility to generate a syntactically correct and contextu-
ally meaningful JSON forecast file as a template, which can then be manually adjusted
to specific requirements.

The export function generates a separate load profile (JSON-array timeseries) for every network
element 3-Phase Source (e.g. solar power plant) and Load Impedance (consumer load) in the
JSON forecast file. All load profiles will be written into the same JSON forecast file.

The time series is a sequence of 15-minute intervals, which contains
= atimestamp in seconds (JSON-object timestamp_s),
= qacftive andreactive power (JSON-object value_1, value_2 in combination with the units
unit_1 and unit_2) and
= aunigue identifier ID (JSON-object id).

The JSON forecast file can be used to link one of the time series (JSON-array timeseries) with
network elements Load Impedance or 3-Phase Source using the unique identifier ID (JSON el-
ement id) for data processing. In the context of a timeseries calculation (= load flow calcula-
tion using load profiles), ATPDesigner reads the values of the active power P and optionally the
reactive power Q from the linked time series (JSON-array timeseries) for every 15-minute inter-
val and uses the values for the linked Load Impedance or 3-Phase Source.

Using the example of the network element 3-Phase Source, the procedure is explained for how
a JSON forecast file with tfime series of 15-minute intervals (JSON-Array timeseries) can be cre-
ated using load profile files according to VDEW [8] or BDEW [10].

To generate a timeseries as a sequence of power values P and Q for 15-minute intervals, the
standard load profile for solar power plants, based on VDEW [8], is used as the data base for
the network element 3-Phase Source. The load profile consists of the three .CSV files
LoadProfile_PV_(S,U,W).CSV located in the subdirectory ...\Exe\LoadProfiles of the project di-
rectory.

In the first step, as shown in the following figure, the operation mode Photovoltaic Solar Power
Plant SLP of the 3-Phase Source according to the standard load profile (SLP) is set for the net-
work element 3-Phase Source. It is a must to enable the opfion Enable Energy Analysis.

= It must be ensured that the setting value ID, as shown below, does not have a value,
meaning the edit field is empty. If any value has been set, it will be used during the
export to be written in the JSON export file. In all other cases, a replacement value will
be automatically generated by ATPDesigner for the timeseries and written in the JSON
forecast file (JSON-Array timeseries).
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Definition of 3-Phase Source '3Ph 1 X

General Technical Data | Cos Phi | Interface to .| P (@) | LVRT | FRT | VDE 0102 (IEC 60909) Load Profile |

Default |
[v Enable Energy Analysis Energy = 1.18315e+07 kWh Help
Operation Mode Photovoltaic Solar Power Plant SLP ﬂ
D= | [

MNo. | On/Off| Time [h]| Time [min] | +/-| Reduction [%] | Charge [%] | Res.time [h] | Stop [h] Stop [min]

Figure 37: Settings Dialog of a generation plant (3-Phase Source)

By selecting the operating mode Photovoltaic Solar Power Plant SLP, the identifier PLP (Photo-
voltaic Load Profile) is displayed in the yellow-colored symbol of the network element 3-Phase
Source as shown below.

g8 [NA2XS2Y 3x1x300 20kV] 2km <te—{ PLP
110kV ] P5 P6
110/20kV
AmOOas
P1 P2
Yyn0 o+ HO
l N P4 B PV
h PV3 [NA2XS2Y 3x1x300 20kV] 2km
o—{ PLP

[NA2XS2Y 3x1x300 20kV] 2km

3N

Figure 38: 20kV-Reference Network for timeseries Calculations with Load Profiles

The goal is fo generate a load profile for one day, consisting of 26 15-minute intervals, which
feeds in a nominal active power Pn as the rated active power of the PV power plant. This nom-
inal active power Pn is not set directly as a parameter in the settings dialog of the 3-Phase
Source but is instead configured indirectly using the Energy sefting. The following steps must be
carried out:

1. Set the Date — Define the day for which the time series should be generated. In this
example, Sunday, May 06, 2025, is selected.

2. Identify the seasonal period (summer, winter or transition (in German: Uebergang)) ac-
cording to VDEW [8] —In this example, the transition period applies to the selected date.
The active power values psie, scaled to an annual energy consumption of 1000 kWh,
are contained in the .CSV file LoadProfile_PV_U.CSV.

3. Idenfify the 15-minute interval with rated active power psie in the .CSV File. The maxi-
mum active power value in kW for a Sunday is fed in during the 15-minute interval af
13:15. It should be noted that, specifically for the load profiles of a PV system, there is
no difference in the profiles for weekday, Saturday and Sunday (in German: Sonntag)
regarding the active power output.
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(Kunde-)Name:;
(Kanal-)Beschreibung: ;Mittelwert 2020,2021,2022

(Kanal-)Ident3:;PV // name of the load profile
Summe (kWh): ;1000 // reference value of the electrical energy per year
Uebergangszeit; kW // time zone: transition; unit of values of active power

Werktag 00:15;0

Werktag 00:30;0

Werktag 00:45;0

Werktag 01:00;0

Werktag 01:15;0

Werktag 01:30;0

Werktag 01:45;0

Werktag 02:00;0

Werktag 02:15;0

Werktag 02:30;0

Werktag 02:45;0

Werktag 03:00;0

Werktag 03:15;0

Werktag 03:30;0

Werktag 03:45;0

Werktag 04:00;0

Werktag 04:15;0

Werktag 04:30;0

Werktag 04:45;0

Werktag ©5:00;0

Werktag 05:15;0

Werktag 05:30;0

Werktag ©5:45;6,11E-07
Werktag 06:00;3,83E-05
Werktag 06:15;0,000280433
Werktag 06:30;0,001277649
Werktag 06:45;0,003589949
Werktag 07:00;0,007744479
Werktag 07:15;0,014142226
Werktag 07:30;0,023325778
Werktag 07:45;0,035562161
Werktag 08:00;0,05114363
Werktag 08:15;0,070100708
Werktag ©08:30;0,092405798

Figure 39: Structure of a .CSV file for load profiles according to VDEW [8]

The calculation of the setting Energy is performed based on the active power psie read out the
.CSV-file as shown below.

Energy|kWh
Pl -, [

» The value psie will be read out of the .CSV-file of the load profile af 13:15
with psie = 0,422604069kW

For a nominal active power Psps = SMW we have,

P,ps [kW]-1000kWh
pﬂp[qu

Energy [kWh] =

Energy[kWh)]= > OO%"Z;;;{OV(;"W}’ =11,831,519kWh
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By using the calculated Energy setting, the active power P fed into the grid for every 15-minute
interval during the timeseries calculation is determined according fo the following equation.

]_11,831,519kWh

P, o kW | = kW
3PS, hh:mm time [ ] pSLP,hh.mm time [ IOOOkWh
At01:15 pm (13:15), the maximum active power feed-in is as defined.

11,831,519kWh _
1000k Wh

SMW

P3PS,01:15nme [kW] =0,4226 [kW] )

Using the network calculation function Load Flow Analysis: Load Profiles, the sefting can be
validated. In the settings dialog shown below, the date and time are configured accordingly.
By selecting the operating mode A Defined Time, only one load flow calculation is performed
for the specified 15-minute interval. The results of the load flow calculation are displayed both
in the network diagram and in the tooltips of the network elements.

=  Main Menu: Test
= Menu ltem: Load Flow Analysis and Flexibility, Load Flow Analysis: Load Profiles

Load Flow Analysis with Load Profiles X
Starting Time
06.05.2025 > | |1318 > | s Cancel
End Time

|06.05.2025 ~| [1318 ~| |s

|4 defined time |

Figure 58: Configuration of the 15-Minute Interval with Rated Active Power Feed-In Pn

11552.9;-87.8°
100.1;100.1;100.1

1% 100.3;100.3;100.3
] 5 143.904A; 30.6%

5.00MW;0.00Mvar

< PLP
P6

110/20kV

11574.5,-87.7°
100.2;100.2,100.2 '100.2;100.2;100.2

l R pa  [F153MW;0.00Mvar

pP3 99.762A; 21.2%
100.5;100.5;100.5

5.00MW;0.00Mvar

PLP

I

143.638A; 30.5%

Figure 59: Active Power Feed-In at NCP (Network Connection Point): 5 MW at 01:15 pm

If the Probe P4 af the network connection point of the 3-Phase Source is used as a schedule
measurement device (indicated by the green arrow colour of the Probe), the power flow for
every 15-minute interval of the timeseries will be stored in a .CSV schedule file, can be opened
in ATPDesigner and displayed as a diagram, as shown below. To enable the output of the .CSV
schedule file, the option Output Schedule Data must be enabled in the seftings dialog Load
Flow Calculation Settings, tab Messages.

=  Main Menu: ATP
= Menu ltem: Load Flow Configuration, tab Messages
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Load Flow Configuration X

JSON-Forecast l Grid Congestion Analysis ] MNewton-Raphson ] Forecastwith Flexibilities l
Load Flow Configuration ] Load Adjusting ] Phase Adjusting Messages l E-Mobiles ]

Load Flow Calculation

[v LF:Voltage Monitoring [+ LF: Current Monitoring
[+ LF:PQ-Diagram

[ LF: Load Adjusting File | LF: Phase Adjusting File

r = 'I.M.Hing Donuocl o Eile

[v LF: Writing XML/.CSV-File - Scheduling Data

L LE- Writing EME-File - Besulis af | oad Flow Caldulation

[ LF: Writing .CSV-File - Results of Load Flow Calculation
[ LF: Writing XML-File - Report of Load Flow Calculation Results
|Standard ﬂ [ LF:Writing Accuracy

Protection

[+ PROT: Results for All Protection Elements

[+ PROT: Results for Line

[ PROT: Writing .CSV-Files for GridProtect

[ PROT: Writing XML-File - Reportfor all Protection Devices

Ok | Cancel Help ‘

Figure 60: Enabling the Output of the .CSV Schedule File

In the next step, the time period is selected for which load profiles will be generated as a
timeseries of 15-minute intervals with power values in the JSON forecast file (JSON-Array
timeseries). By clicking the Start button with the left mouse button, the load flow calculation
using load profiles Load Flow Analysis: Load Profiles is initiafed.

Load Flow Analysis with Load Profiles X
Starting Time
06.05.2025 ~| |ooas ~| |s Cancel
End Time

|06.05.2025 ~| |oooo ~| | s

|4 defined day |

Figure 61: Configuration of the desired Time Period using A defined day
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After successfully completing the fime series calculation Load Flow Analysis: Load Profiles, the
.CSV schedule file is saved in the subdirectory Results of the Project Directory and can be iden-
tified by the suffix _FPFORC. Additionally, itis stored as an . XML file in the Office Open XML format
[6], which can be opened with spreadsheet software such as Excel. The creation date and
time are prefixed to the flename of the .NET file as follows:

File Naming Convention:

YYYYMMDDhhmmss_NetFilename_FPFORC.CSV
YYYYMMDDhhmmss_NetFilename_FPFORC.XML

Storage Location:
Project Directory \ Results
The .CSV schedule file can be dragged and dropped info the drawing area of ATPDesigner or

opened via File > Open... fo be displayed as a diagram. The assignment of signals to a Probe
is based on the probe name, e.g., Pé.

Reading CSV files: Selecting Signals

COL1 [Prb 4] S COL2 [P[MW] P4] oK
COL3 [Q[Mvar] P4] COL27 [P[MW] PB]
COoL4 [S[MVA] P4]
COLS [IL1[p.u.] P4]
COL6 [IL2[p.u.] P4]
COL7 [IL3[p.u.] P4]
COLS [ULL.L12[p.u.] P4] > Node Help
COLS [phi.L12["] P4]
COL10 [ULL.L23[p.u.] P4] «
COL11 [phi.L23["] P4]

COL12 [ULL.L31[p.u.] P4]

COL13 [phi.L31["] P4]

COL14 [PLI[MW] P4]

COL15 [PL2[MW] P4]

COL16 [PL3[MW] P4] Select Font
COL17 [QL1[Mvar] P4]
COL18 [QL2[Mvar] P4]
COL1S [QL3[Mvar] P4]
COL20 [ULE.L1E[p.u.] P4]
COL21 [phi.L1E["] P4]
COL22 [ULE.L2E[p.u.] P4] ; ;
COL23 [phi.L2E[°] P4] Signal Name X-Axis
COL24 [ULE.L3E[p.u.] P4]
COL25 [phi.L3E["] P4]

Cancel

iid

Help

Haa

I |
=
o
ral

:

COL26 [Prb 6] 1

COL28 [Q[Mvar] P6] Del

COL29 [S[MVA] PB]

COL30 [IL1[p.u.] P] i

Signal: | <topy TPDesigner Kapitel 30_4 EnglischiFesults\20250506200343 387 _Network20ky_PYwithL

Figure 62: Selection of Signals for the Diagram

The diagram shows that the maximum power feed-in of the 3-Phase Source at Probe Pé
amounts to approximately 5 MW around midday. The network element Load Impedance shows
a constant active power P =5 MW at Probe P4. With this configuration, the next step is fo export
the JSON forecast file.
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&) ATPDesigner - Design and Simulation of Power Networks - [C:\Users\Michael Igel\Desktop\ATP Designer Kapitel 30_4 E: 0506200343387 1 = u}
&) File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help - & x
EN= Bl E R By e & 4]0 v} @
x T
- B=ar @ @AG [Name +[[ipmaxiA|% v [[viiv,:vegl% -
5 B Network20KV_PVwithLoadPre ~ [R] ENCR C:\Users\Michael Igel\Desktop\ATP Designer Kapitel 30_4 Englisch\Network20kV_PVwithLoadProfiles.bnet
> Configuration xit PI[MW] P4 P[MW] P6
» ATP Settings 6.0000
> Protection
» Load Flow L
> Al-System 5.4000
B Network Infeed T
@ 2-Winding Transformer 4.8000
-~ Probe
I Line 2000 A
4 Load Impedance r'
FF Busbar H Ll
% Renewable Power Infeed S:0000 r lT
3-Phase Source H
B Switch 3.
@ TACS
Generator 2.4000
1-Phase Source r
9 RLC-Impedance o
Text Frame L ’_,_u-"__“-\..,__
= Circuit-Breaker I i e - —-_‘-u_\_‘
T Connection 1.2000 = ] B .
2% Multi-Circuit Line ’_r‘ M|
& Cable 0.5000
£ Grounding System — '-“_L‘
Electrical Machine !
2 mten v 0.0000
< > 06.05.2500:15 06.05.2502:45 06.05.25 05:15 06.05.2507:45 06.05.25 10:15 06.05.2512:45 06.05.25 15:15 06.05.2517:45 06.05.25 20:15 06.05.25 22:45
"5 Network [_“L C:\Users\Michael Igel\Desktop\ATPDesigner Kapitel 30_4 Englisch\Results\20250506200343387_Network20kV_PVwithLoadProfiles_FPFORC.csv

None [ = | [ o] T EE4+PEPGwiie

b PrOT> PV [3Ph 1] Vpp [p.u.] GEN-0 [V>-0(000), V<-0(608)] TRIP=8: V<=@p.u., TV>=100ms, if

> Webserver - Disabled PROT> PV [3Ph 2] Vpp [p.u.] GEN=0 [V>=0(000), V<=0(@80)] TRIP=0: V<=0p.u., TV>=100ms, 1]

> FileWatcher - Disabled > Window for Protection Messages

> Language: englisch > Window for Protection Messages

+ +
Figure 40: .CSV Schedule File - Active Power Feed-In at Network Connection Point (NCP) Pé

In the next step, a JSON forecast file is exported using the configured settings of the 3-Phase
Source. To do this, the export function is accessed via:

=  Main Menu: File
=  Menu ltem: Export, Forecast (JSON)

The date and the time 00:15 are set as the start time, and the operating mode A Defined Day
is selected. By clicking the Start button with the left mouse button, the export of the JSON fore-
cast file is inifiated.

Forecast JSON Export X

06.05.2025 ~| Jons ~| s Cancel

End Time

|06.05.2025 ~| |oooo ~| s

|4 defined day |

If a JSON forecast file is stored in the Monitoring subdirectory of the Project Directory, the fol-
lowing error message will be displayed. The cause of the error is that currently, only load profile
files in the .CSV format according fo VDEW [8] can be used and evaluated as input files for
load profiles for the network elements. The JSON forecast file is identifiable by the suffix _PROG.

= Example Filename: 2025-5-6-0-15_Network20kV_PVwithLoadProfiles_PROG.JSON
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Below a part of the JSON forecast file has been shown, including the Header section and a 15-
minute timeseries (JSON-array timeseries).

{

"author": "Institut fuer elektrische Energiesysteme",

"date": "06.05.2025",

"time": "20:11:25",

"description": "Export JSON-Forecast File _PROG",

“filetype": "forecast",

"fileversion": "1",

"fileformat": "1",

"status": "Export of JSON-forecast file successfully finalized",

"process_id": "1",
"simulationtime": "06.05.2025 ©0:15 DST=1 - 06.05.2025 00:00 DST=1",
"operationmode"”: "A defined day",

"program_version": "ATPDesigner Version 4.02.03 - 06.05.2025",
"datafile": "C:\\Users\\ .. \\Network20kV_PVwithLoadProfiles.bnet"

"id": "3Ph 1;Photovoltaic Solar Power Plant SLP",
"label": "3Ph 1;Photovoltaic Solar Power Plant SLP",
"unit_1": "P[kW]",

"unit_2": "Q[kvar]",

"timeseries":
[
{
"timestamp_s": 1746483300,
"value_1": 0.000000,
"value_2": 0.000000
s
{
"timestamp_s": 1746484200,
"value_1": 0.000000,
"value_2": 0.000000
Ts

Figure 41: JSON Forecast File exported by the function Export (JSON)

m=mandator
o=optional

Abbreviation Description of the JSON-Objects

Unique identifier to link the load profile (JSON-object

id timeseries) fo a Load Impedance (consumer) or 3-Phase m
Source (producer)

label Description of the load profile o
Physical unit of value_1 of the load profile, shall be used for

unit_1 the active power P, must be used in combination with the m

JSON-object value_1

Physical unit of value_2 of the load profile, shall be used for
unit_2 the reactive power Q, must be used in combination with o
the JSON-object value_2
Load profile which consists of a series (array) of 15-minute

timeseries . . . . m
intervals of active power P and optional reactive power Q
timestamp_s Epoch Unix Timestamp of the 15-minute interval in seconds m
B =  05. May 2025, 12.00 a.m. (GMT+ 2) = 1746439200
valve_1 Value of the active power P using the unit_1 m
value_2 Value of the active power P using the unit_2 o

Version 1.6 Page 88 von 173 Pages Prof. Dr.-Ing. Michael Igel, 15.10.2025



ATPDesigner - Design and Simulation of Power Networks - Quick Start Guide

“What is the unix time stamp ?

The unix time stamp is a way to track time as a running total of seconds. This count starts at the
Unix Epoch on January 1st, 1970 at UTC. Therefore, the unix time stamp is merely the number of
seconds between a particular date and the Unix Epoch. It should also be pointed out (thanks
fo the comments from visitors to this site) that this point in time technically does not change no
martter where you are located on the globe. This is very useful to computer systems for fracking
and sorting dated information in dynamic and distributed applications both online and client
side." (www.unixtimestamp.com)

The exported JSON forecast file can be directly read and displayed as a diagram in
ATPDesigner. To do this, the .JSON-file can be either opened by Drag&Drop from the Windows
File Explorer info the drawing area or opened as a file using the main menu File, menu item
Open. After loading the file, the dialog shown below will open with the signals contained in the
JSON forecast file. The signal names are derived from the JSON-objects id and label of the
JSON-array timeseries.

Reading JSON files: Selecting Signals X

3Ph 1;Photovoltaic Solar Power Plant SLP:Q(k 3Ph 1;Photovoltaic Solar Power Plant SLP:P(k oK.

3Ph 2;Photovoltaic Solar Power Plant SLP:P(k
3Ph 2;Photovoltaic Solar Power Plant SLP:Q(k
Load 1;HO:P{kW) [Load 1;H0]

Load 1;HO:Q(kvar) [Load 1;H0]

Cancel

i

Help

> Mode Help

Hda

<<

I |
2
juj
sl

Select Font

Signal Name #-Axis

:

Del

Signal: | esktophATPDesigner Kapitel 30_4 Englischikonitoring2 025-5-6-0-15_MNetwork2 0k _FvwithLos

Figure 42: Dialog to select the Signals to be displayed in a Diagram

In the diagram shown below a load profile (JSON-array timeseries) is shown, which defines the
active power feed-in at the network connection point (NCP) of the 3-Phase Source in absolute
values of the active power P in MW.
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@ ATPDesigner - Design and Simulation of Power Networks - [C:\Users\Michael Igel\Desktop\ATPDesigner Kapitel 30_4 Er 2025-5-6-0-151

) File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help NEE

RPEHGR SR N daE 2P CelchHE bR MBER R ¥ [Evecaak@an 4o HE%GRe
o LERA|EE- U 5 EES BT ey LY = [T I 1EA |
EEE|| X »E|MEED B ER G P kR T X b b Bi[Name

+|[lpmax|A|% v [[vi1v.e:vog| % |
1 NetworkoOKY PVwithLoadpre A [R] ENCR C:\Users\Michael Ige\Desktop\ATPDesigner Kapitel 30_4 Englisch\Network20kV_PVwithLoadProfiles.bnet -
" -
> Configuration x:t 3Ph 1;Photovoltaic Solar Power Plant SLP:P(kW)[3Ph 1;Photovoltaic Solar Power Plant SLP] -
» ATP Settings 6000.0000 =
» Protection =
» Load Flow L]
> Al-System 5400.0000 -
B Network Infeed —— -
< 2-Winding Transformer 4800.0000 I -
-~ Probe i
I Line 2200, d =
4 Load Impedance r' -
FF Busbar |J Ll S
% Renewable Power Infeed 3600. r IT E
3-Phase Source H -
B Switch 3000. g
3 TACS
Generator 2400.0000 E
1-Phase Source r
Y RLC-Impedance |J
Text Frame LE00000C F’ ®
= Circuit-Breaker IJ =
= Connection 1200.0000 e
& Multi-Circuit Line F’ =
& Cable 600.0000 kst
£ Grounding System '-“_\_‘ e
Electrical Machine ] -
2 Cntiren 0.0000 =
< > 06.05.25 00:15 06.05.2502:45 06.05.25 05:15 06.05.2507:45 06.05.2510:15 06.05.25 12:45 06.05.25 15:15 06.05.2517:45 06.05.2520:15 06.05.25 22:45 N
"3 Network _[LIL C:\Users\Michael Ige\Desktop\ATPDesigner Kapitel 30_4 Englisch\Monitoring\2025-5-6-0-15_Network20kV_PVwithLoadProfiles_PROG.json b

Bl %5 & & ~ | 4k 1 % 16 46 [[None

>> Analyzing JSON-File Syntax: o.k.

Syl - Bl wRsweRs BB e 0

[ g mmEHIEE@s |k " EE+ 5P Dwl e B R

<~ |[=

PROT> PV [3Ph 2] Vpp [p.u.] GEN-0 [V>=0(800), V<=0(806)] TRIP=D: V<=Gp.u.,

TV>=100ms, L1Jy

- Disabled

> Webserver > Window for Protection Messages

> Window for Protection Messages
> FileWatcher - Disabled
> Window for Protection Messages
> Language: englisch

< > < >

[ [ [
Figure 43: Active Power Feed-In at the Network Connection Point NCP (JSON Forecast File)

Using the identification ID (JSON-object id), the timeseries (JSON-array timeseries) from the
JSON forecast file can now be associated with a 3-Phase Source used as solar power plant.

= In the settings dialog of the 3-Phase Source tab Load Profile, the setting ID = 1 has been
set. This value must also be used as the identification ID (JSON-Element id) in the JSON
forecast file to link the 3-Phase Source with the load profile stored in the JSON forecast

file (JSON-array timeseries).

Definition of 3-Phase Source "3Ph 1 X

General Technical Data | Cos Phi| Interface to . | P(Q) | LVRT | FRT | VDE 0102 (EC 60909) Load Profile |

Help

[v Enable Energy Analysis

[ 0 kwh
=l

Energy =

Operation Mode Solar Power Plant Forecast (ID)

Mo.| On/Off| Time [h]| Time [min]| +/-| Reduction[%]| Charge [%]| Restime[h]| Stop[h]| Stop[min] |

Figure 65: Using the Load Profile ID=1 stored in the exported JSON Forecast File
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The option Enable Energy Analysis must be enabled in the settings dialog. By selecting the
operating mode Solar Power Plant Forecast (ID), the identifier PVF (Photovoltaic Forecast) will
be used in the symbol of the network element 3-Phase Source, as shown below.

110kv

PV

;v

<l @
[NA2XS2Y 3x1x300 20kV] 2km <—&—| PVF

I

110/20kV
(L)
P1 P2
Yyn0 9> HO

1 Pa B PV
- [NA2XS2Y 3x1x300 20kV] 2km

3V

L[]

[NA2XS2Y 3x1x300 20kV] 2km PVF

I

Figure 44: 20kV-Network using JSON Forecast File

The following aspects must be considered using the operation mode Solar Power Plant Forecast
(ID). as well as for all other operating modes using the setting ID:

= The setting Energy is not used in operating modes with ID, as the values for active power
P and, if applicable, reactive power Q are stored as absolute values in kW and kvar in
the JSON forecast file as shown below.

"unit_1": "P[kW]",
"unit_2": "Q[kvar]",

= Aload profile of power values P, Q (JSON-array timeseries) stored in the JSON forecast
file can be linked to any number of network elements using the Identification ID (JSON-
object id).

The load profile (JSON-Array timeseries) stored in the JSON forecast file must now be setf to ID=1.
To do this, the identfifier 3Ph 1 from the JSON-object “id”: "3Ph 1;Photovoltaic Solar Power

Plant SLP"
shown below.

in the file is searched for. The value of the JSON-Element id is then modified as

Version 1.6

"author": "Institut fuer elektrische Energiesysteme",

"date": "06.05.2025",

"time": "20:11:25",

"description": "Export JSON-Forecast File _PROG",

"filetype": "forecast",

"fileversion": "1",

"fileformat": "1",

"status": "Export of JSON-forecast file successfully finalized",

"process_id": "1",
"simulationtime”: "06.05.2025 00:15 DST=1 - 06.05.2025 00:00 DST=1",
"operationmode": "A defined day",

"program_version": "ATPDesigner Version 4.02.03 - 06.05.2025",
"datafile": "C:\\Users\\ .. \\Network20kV_PVwithLoadProfiles.bnet"

"id": "1",
"label"”: "3Ph 1;Photovoltaic Solar Power Plant SLP",
"unit_1": "P[kW]",
"unit_2": "Q[kvar]",
"timeseries":
[
{
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"timestamp_s": 1746483300,
"value_1": 0.000000,
"value_2": 0.000000

s

{
"timestamp_s": 1746484200,
"value_1": 0.000000,
"value_2": 0.000000

s

Figure 45: JSON Forecast File - Modification of the setting ID

To process a load flow calculation using load profiles with the exported JSON forecast file, it
must be copied into the subdirectory Monitoring of the Project Directory. If the directory already
does not exist, the subdirectory Monitoring must be created manually.

= Itis crucial to ensure that the JSON forecast file to be used for the load flow calculation
using load profiles is the most recent JSON-file in the subdirectory Monitoring.
ATPDesigner always uses only the most recent JSON-file from the subdirectory Monitor-
ing for a load flow calculation using load profiles with a JSON forecast file.

The processing of the JSON forecast file for the load flow calculation using load profiles must
be enabled as follows:

=  Main Menu: ATP
= Menu ltem: Load Flow Configuration, tab JSON-Forecast
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Load Flow Configuration X

Load Flow Configuration l Load Adjusting l Phase Adjusting l Messages E-Mobiles l
JSON-Forecast l Grid Congestion Analysis ] Newton-Raphson ] Forecastwith Flexibilities ]

Automatic Load Flow Analysis by ...

|F0recast ﬂ Default

[v Processing JSON Time Delay = 100 ms

[ Processing Task List
[ Processing E-Mail List
[ Processing Metwork List

[v Processing Forecast List

Ok. Cancel Help

Figure 46: Enabling the JSON Forecast File Processing

The load flow calculation using load profiles processing the JSON forecast file can be started
as follows:

=  Main Menu: Test

= Menu ltem: Load Flow Analysis and Flexibility, Load Flow Analysis: Forecast

No settings dialog for defining the fime range will be opened, as ATPDesigner automatically
determines and uses the fime range from the first load profile (JSON-array timeseries) of the
JSON forecast file.

= ATPDesigner always uses the first load profile (the first JSSON-array timeseries) which is
stored in the JSON forecast file.

If no JSON forecaist file is found in the subdirectory Monitoring of the Project Directory, an error
message will be displayed.

»> Reading JSON-files: C:\Users\Michael Igel\Desktop\ATPDesigner Kapitel 30 4 Englisch\Monitoring ...
Load Profile>> Could not find FORECAST file (JSON)
Load Profile>> JSOM forcast file: Empty JSON-file detected.

Load Profile>> Termination ...
Load Profile>> Analysis done [8.226s = ®min, ©.226s], Processing Time of the Load Flow Calculations [0.000s = 8min, 0.00@s]

Figure 67: JSON Forecast File — Error Message : Not Found in the Subdirectory Monitoring
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Another possible cause of error is shown below. After reading the JSON forecast file,
ATPDesigner performs an integrity test on the file. As indicated by the error message, the iden-
tification feature ID (JSON-object id) ID=1 is being used for multiple load profiles (JSON-array
timeseries).

»>> Reading JSON-files: Processing integrity test of the JSON-files ...
Load Profile> Load Profiles with FCID: measuring location ID=1 [3Ph 1] multiple definitions - failed
Load Profile> Load Profiles with FCID: measuring location ID=1 [3Ph 2] multiple definitions - failed

Load Profile>> JSOM forcast file: Empty JSOM-file detected.
Load Profile>> Termination ...
Load Profile>> Analysis done [8.155s = @min, ©.155s], Processing Time of the Load Flow Calculations [0.000s = 8min, 9.000s]

Figure 47: JSON Forecast File - Error Message : Multiple Use of the same ID

If the load flow calculation using load profiles has been successfully finalized, the message
shown below will be displayed. It will also be indicated that the scheduled data are stored in
the .CSV-file and the .XML-file, which can be found in the subdirectory Results of the Project
Directory.

= Load Profile> Schedule data written into the .CSV-file
= Load Profile> Schedule data written into the .XML-file (Excel)

LF> Processing Time of the Load Flow Calculation = 355ms

Load Profile> Schedule data written into the .CSV-file

Load Profile> Schedule data written into the .XML-file (Excel)

EMAIL> E-Mail Notification Grid State Monitoring

Load Profile>> Analysis done [41.139s = @min, 41.139s], Processing Time of the Load Flow Calculations [40.574s = @min, 48.574s].

< >

Figure 48: JSON Forecast File - load flow calculation using load profiles successfully finalized

The result of the load flow calculation using load profiles with the JSON forecast file is saved as
areport in the file:

= 20240421165047719_Grid20_20kVwithJSONForecast_LFFORC. XML

The schedule files are stored in the subdirectory Results of the Project Directory. Below, the ac-
tive power feed-ins for the two network elements 3-Phase Source are displayed as a diagram.
Since both network elements are linked with the same identification ID (JSON-object id) ID=1,
the schedule curves of the active power P for Probe Pé and P7 are idenfical.

= 20250508153013863_Network20kV_PVwithLoadProfiles_JSON_FPFORC.CSV
= 20250508153013863_Network20kV_PVwithLoadProfiles_JSON_FPFORC.XML
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Figure 49: Load Flow Calculation using Load Profiles — Report with the Results

The .CSV-file stored in the subdirectory Results can be opened in ATPDesigner using Drag&Drop.
The dialog to select signals will be opened automatically. After selecting signals a diagram will

be drawn.
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Reading CSV files: Selecting Signals

coL42 [aLi[Mvar] P6]
COL43 [QL2[Mvar] P5]
COL44 [QL3[Mvar] PE]
COL45 [ULE.LIE[p.u.] P6]
COL46 [phi.L1E[*] P6]
COL47 [ULE.L2E[p.u.] P6]
COL48 [phi.L2E[*] P6]
COL49 [ULE.L3E[p.u.] P6]
COLS0 [phi.L3E[°] P6]
COL51 [Prb 7]

COL53 [Q[Mvar] P7]
COL54 [S[MVA] P7]
COLSS [IL1[p.u.] P7]
COLS56 [IL2[p.u.] P7]
COL57 [IL3[p.u.] P7]
COL58 [ULL.L12[p.u.] P7]
COL59 [phi.L12[F] P7]
COL60 [ULL.L23[p.u.] P7]
COL61 [phi.L23[°] P7]
COL62 [ULL.L31[p.u.] P7]
COL63 [phi.L31[*] P7]
COL64 [PL1[MW] P7]
COL6S5 [PL2[MW] P7]
COL66 [PL3[MW] P7]
COL67 [QL1[Mvar] P7]
COL6S [L2[Mvar] P7]
COL6Y [AL3[Mvar] P7]
COL70 [ULE.L1E[p.u.] P7]

>

<<

N

:

Del

coLz [P[Mw] P4]
COL27 [P[MW] P8]
COL52 [PIMW] P7]

OK

Cancel

did

Help

MNode Help

Select Font

I |
| =
juj
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— Signal Mame *-Axis

Signal: I

)'\ATPDesigner Kapitel 30_4 EnglischyResults\202505081530713863_MNetwork 20k _PyvwithLoad

Figure 50: Dialog to select the Signals to be displayed in a Diagram
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Figure 68: Schedule at Probe Pé, P4 and P7
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13 Web-based Load Flow Calculation with a Web Server based REST API

The integrated web server based REST API provides the capability to set up a web server for
load flow calculations. Using an HTTP-based REST API, data can be sent from a web client to
the ATPDesigner web server or retrieved from it.

= In this chapter, the web server based REST API integrated in ATPDesigner will only be
called web server or REST API.

The following HTTP commands are supported by the ATPDesigner web server based REST API:

= POST
With the HTTP request POST, data are sent from a web client to the web server. The type
of the HTTP request is specified by the content-type header.

= GET
With the HTTP request GET, a web client requests data from the web server. The type of
the HTTP request is specified by the content-type header.

The REST API uses the URL parameter ID1 in the HTTP commands to define the request (task).

= A URL parameter is a data pair (identifier-value) that is appended to a Uniform Resource
Locator (URL), such as the IP address. A question mark is used as the separator between
the IP address and the data pair.

Below an example of how the URL parameter ID1 is used in HTTP commands:

= GET 255.255.255.255/2ID1=1
= POST 255.255.255.255/21D1=4

The web server integrated in ATPDesigner uses the HTTP request to POST fransfer data always in
a JSON forecast file, which contains the task to be executed (JSON-Object task) and the asso-
ciated data.

The data tfransmitted from the web server to the web client after a HTTP request GET can use
various data formats:

= Reports e.g. containing the results of a load flow calculation processed by ATPDesigner
are transferred in the Office Open XML format [6].

= Data can be transferred using the JSON forecast file as a wrapper, for example, the
grid state red, amber or green as the result of the BDEW ftraffic light concept [3] in the
case of a convergent load flow calculation.

As a proprietary API platform and testing environment for the web server with REST API, the
software tool Postman4 is recommended. It allows software developers to design, create, test,
and further develop their APIs.

4 www.postman.com
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13.1 Enabling the Web Server and Web Server Settings

The following settings dialog shows the settings of the web server integrated in ATPDesigner
under the tab Webserver of the settings dialog Program Settings.

=  Main menu: Tools
=  Menuitem: Webserver, Webserver Settings
= Menu item: Program Settings, Tab Webserver

_R CAATPDesignerV40197_22022025_R2x64\Data\Netz21_DEA_PQKennlinie_Untererregt_Parkregler

on Diagrams Tools View Window Help

e N Configuration of Amplifiers » [N e g & S ®
= B Program Settings _ B OO0 %
Al & -E Customize Toolbars 4 :Name v|||pma>¢|,f.\|% -
— | |# UserPIN
Screen Snipping

s SMW
| Webserver Webserver ON/OFF

Converting Data 3 | Webserver Settings |
ép? éps

Figure 51: Web Server ON/OFF and settings dialog of the Web Server

The web server can be enabled or disabled using the menu option Webserver ON/OFF. Addi-
tionally, the web server can be toggled on and off using the toolbar button.

| 3 g i P e e i x| P

Setting Description
The data received from the web client and the data sent to the
Encrypted communica- web client are decrypted or encrypted using the Blowfish algo-
tion rithm.
= Encryption must be disabled if the http-based Rest APl is used.
Every time a valid http request (job) is received from the web cli-
ent, a timeout is restarted as a re-tfriggerable time stage. The web
Timeout server is automatically deactivated when the timeout expires. The
fimeout can be used as a further security level in addition to the
whitelist.
List of permitted IP4 addresses of the web client
The list of permitted IP4 addresses is used as a security mechanism
to prevent unauthorised access by a client to ATPDesigner as a
server.
= If ahtfprequestisreceived from a web client whose IP address
is not included in the list, the http request is not answered.
Default Load default settings
IP-Adresse The IPlif oddress‘of the web server's network adapteris determined
and displayed in the Message Window.

Whitelist
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Program Settings

Program Settings Webserver

Default

Receive Buffer
[ Erabled BufferSize global= | 5 MBytes Help

[~ Encrypted communication Timeout Select= I 1 s
[~ Timeout= I 5 min Buffer Size recv = I 100 kBytes

—IP-Address and Port of the Webserver

IP-Address: I o .0 .0 . 0 Port: I 0 IP-Address

it

L

IP-Adress Whitelist

No.| IP-Adr1| IP-Adr2| IP-Adr3| IP-Adr4 |

Add

Delete

Delete All

i

Ok I Cancel | Apply | Help |

Figure 52: Settings dialog of the Web Server

Setting Description

IP-Adresse IP4-Adresse of the web server

Port Port of the web server

Add Append a new input line to the table
Delete Delete selected row from the table
Delete All Delete all rows in the table

Files are usually fransferred from a client to a server in several parts (data packets) via IP-based
communication networks. The time span between the receipt of the individual data packets is
determined by the sending client and is not known to ATPDesigner as a server. The size of the
data packets can also vary greatly. In addition, there is a non-deterministic period of time be-
tween the receipt of the individual data packets by ATPDesigner. Once all data packets have
been successfully received, ATPDesigner generates the file from the individual data packets
and processes the received file.

In order to adapt ATPDesigner as a server to this fransmission behaviour, the following setting
values must be set appropriately for the specific project.
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Setting Description

Memory size of the receiving memory

The memory size defines how large a file can be to be received
by ATPDesigner as a server.

If the JSON or CSV file to be received is too large, an error mes-
sage is displayed in the Message Window. The receiving memory
must be adapted, especially if, for example, a .NET file is con-
tained in the JSON forecast file as a Baseé4-encoded character
string.

After receiving every individual data packet, ATPDesigner waits
the timeout to receive another data packet. The fimeout is re-
Timeout Select started after a data packet has been received. If no further data
packet is received before the timeout expires, ATPDesigner stops
receiving the file.

Memory size of the buffer

The data transfer from a client to ATPDesigner as a server usually
takes place in several data packets. The memory size defines the
maximum memory size for a single data packet.

Buffer Size global

Buffer Size recv

13.2 Webserver Configuration

The figure above shows the settings dialog of the web server. Below an example will be ex-
plained how to configure the web server.

= If all settings of the web server settings dialog are simultaneously disabled, the current
license for the ATPDesigner network calculation program does not include the web
server based REST API.

The licensing of the web server can be checked in the Message Window directly after starting
ATPDesigner. In the figure below, the option HTTP REST-API is enabled.

X_A
>> User Name [Michael Igel]

>> Date of Licensing [1@.12.2023]

>> No. of Line [unlimited]

>> No. of Busbar [unlimited]

>> No. of Probe [unlimited]

>> No. of 3-Phase Source [unlimited]

>> No. of 2-Winding Transformer [unlimited]

>> No. of Load Impedance [unlimited]

>> Add. Option VDE-AR-N 411@ [Disabled]
>> Add. Option Case Generator [Enabled]
>> Add. Option SQL Database [Enabled]

>> Add. Option HTTP REST-API [Enabled]

>> Add. Option Protection Relays [Disabled]
>> Version [Disabled]
>> Checking the license file: o.k.

Figure 53: Checking the licensing of the web server with REST API

The following procedure is recommended for configuring the web server:
1. Disable the option Encrypt communication option.

2. Disable the Timeout opfion.
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3. If necessary, adjust the Buffer Size global of the receive memory to match the maximum
data volume expected from the web client.

4. Configure the IP Address and Port of the web server.
The IP addresses and MAC addresses of the laptop/desktop can be displayed in the
Message Window with a Left Mouse Button Click on the button IP Address button.

Next, the IP addresses of authorized web clients must be added to the IP-Address Whitelist. To
do this, a new row in the table is opened for every authorized IP address by clicking the Append
button with a Left Mouse Button Click.

= If configuration settings in the tab Webserver have been changed, the web server must
be disabled and re-enabled to apply and use the updated settings.

13.3 Start of the Webserver with REST API

The web server can be started as explained below.

=  Main menu: Tools
=  Menuitem: Webserver, Webserver ON/OFF

Or using the toolbar button:

= x| BErE

If the web server was successfully started, the following messages will be displayed in the Mes-
sage Window. As can be seen, the web server was successfully configured, initialized and
started. The last line shows that the web server is waiting for an HTTP request from a web client.

=11
=L 1)

Hl > Webserver Startup ... 2

>> Webserver: IP-Address: 0.0.0.0

>> Webserver: Port: @

>> Webserver: Receive Buffer Size: 5000000 Bytes
>> Webserver: Buffer Size (recv): 100000 Bytes
>> Webserver: Timeout (select): 1 s, @ ps

>> Webserver: WSAStartup successfull

>> Webserver: Converting IP-Address successfull
>> Webserver: TCP server socket creation successfull
>> Webserver: Bind successfull

>> Webserver: Listen successfull

>> Webserver: Waiting for client to connect ...

Figure 54: Message Window - Successful startup, waiting for a request from a web client

If the web server could not be started, for example, because the IP address of the web server
is incorrectly set in the setftings dialog, the following messages will be displayed in the Message
Window.
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> Webserver Startup ...

>> Webserver: IP-Address: 10.100.1.3

>> Webserver: Port: 80

>> Webserver: Receive Buffer Size: 5000000 Bytes

>> Webserver: Buffer Size (recv): 100000 Bytes

>> Webserver: Timeout (select): 1 s, @ ps

>> Webserver: WSAStartup successfull

>> Webserver: Converting IP-Address successfull

>> Webserver: TCP server socket creation successfull

>> Webserver: Binding failed, error 10049

Figure 55: Message Window - The web server cannot be started

If the web server will be disabled, the following messages will be displayed in the Message
Window.

|>> Webserver: Port: 80

»> Webserver: Receive Buffer Size: 5000000 Bytes

»>> Webserver: Buffer Size (recv): 100000 Bytes

>> Webserver: Timeout (select): 1 s, @ ps

»>> Webserver: WSAStartup successfull

»> Webserver: Converting IP-Address successfull

>> Webserver: TCP server socket creation successfull
>> Webserver: Binding failed, error 10049

> Web Server stop ...
»>> Closing socket successfully
>> Webserver - Disabled

Figure 56: Message Window - Web server disabled
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13.4 Example: Load Flow Calculation to determine the Grid State

With the HTTP request POST, a web client can send a request to ATPDesigner to initiate a load
flow calculation. The HTTP request POST includes a JSON forecast file as its content to start the
load flow calculation. The results of the load flow calculation can be retrieved using the HTTP
request GET. To start a load flow calculation using an HTTP POST request of the REST API, the .NET
file of the power grid must first be loaded:

=  Main menu: File
=  Menuitem: Open... or Cirl + O

Before starting the web server, it must be checked whether a convergent load flow calculation
can be processed for the power grid. Therefore, aload flow calculation must be first processed
by hand. Now the web server can be enabled. To send the HTTP POST request to the web
server, a web client such as the Postman# API client is recommended to be used.

"Postman is an API platform for building and using APIs. Postman simplifies every step of the API
lifecycle and streamlines collaboration so you can create better APIs faster. "4

Using a web client, the HTTP request POST can be sent to the IP address of the web server
started in ATPDesigner. The HTTP request POST must include the following information:

» URL parameter: /?ID1=3

= Content-Type: application/json
= Content: JSON forecast file

To execute the HTTP request POST using the Postman4 API client, the following steps must be
followed the first launch of Postman API.

1. First the Content-Type application/json must be enabled in the tab Headers. To do this,
the term Content-Type must be entered in the Key field and selected from the
dropdown list. In the Value field, the desired content-type can then be selected in the
same manner.

2. Inthe tab Body, the value binary must be selected.

3. A JSON forecast file must be loaded and set in the tab Body.

The following figure provides an example of the Postman API client, where the JSON file is con-
figured as Content under the Body menu item.

10.10.180.171/?ID1=3

Params e Aut zatic Headers (9 Body e
Postman-Token & <calculated when request is sent>
Content-Type @ application/json
Content-Length @ <calculated when request is sent>
Host ® <calculated when request is sent>
User-Agent G PostmanRuntime/7.40.0
Accept @
Accept-Encoding @ gzip, deflate, br
Connection @ keep-alive

Figure 57: Configuration of the Web Client Postman API (Example)
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10.10.190.171/?2ID1=3

ns e Authorization Headers (9 Body e Pre-request Script Tests Settings

none form-data x-www-form-urlencoded raw B binary

ExportJSONForecast_Only_Task_loadflow.json
Figure 58: Configuration of the JSON forecast file in the tab Body
The figure below shows an example of a complete JSON forecast file to start a load flow cal-

culation using the web server based REST API. To initiate a load flow calculation, the value
loadflow must be assigned to the JSON-Object task.

"author"”: "Institut fuer elektrische Energiesysteme”,

"date": "23.11.2023",

"time": "12:24:48",

"description”: "Export JSON-Forecast File",

"filetype": "forecast",

"fileversion": "1",

"fileformat": "1",

"simulationtime™: "23.11.2023 ©0:15 DST=0 - 23.11.2023 ©0:30 DST=0",
"operationmode”: "User defined",

"program_version": "ATPDesigner Version 4.01.91 - 23.11.2023",
"datafile"”: "C:\\ATPDesigner\\@1_28 WebServer\\network_15.bnet"

1

"tasklist":

[
{

}

"task": "loadflow"

]

Figure 59: JSON forecarst file to start a load flow calculation

After a convergent load flow calculation has been processed, the results of the load flow cal-
culation can be retrieved using the HTTP request GET by the web client, e.g.:

= The grid state (red, green, or yellow) based on the BDEW ftraffic light concept [3].
= The load flow calculation report (Office Open XML [¢]).

The HTTP request GET to retfrieve the calculated grid state must include the following infor-
mation:

* URL parameter: /2ID1=4
= Content-Type: text/plain

To execute the HTTP request GET using the Postman API client, the following steps must be fol-
lowed after the first launch of the Postman API client:

1. First, the Content-Type text/plain must be enabled in the tab Headers.
2. Second, the type none must be selected in the tab Body.
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In the HTTP response, the web server will send back the following JSON forecast file as content
to the web client.

[
{
"author": "Institut fuer elektrische Energiesysteme”,
“"date": "22.12.2023",
"time": "12:10:35",
"description”: "Meldung an den Web Client",
"filetype": "Lastflussberechnung”,
"fileversion": "1",
"fileformat": "1",
"program_version": "ATPDesigner Version Version 4.01.91 - 22.12.2023",
"datafile": "C:_ATPDesigner_01_28 WebServer_WebServer_TestNetz.bnet"
Ts
{
"lfresults":
[
{
"gridstate": o
}
1
}
]

Figure 60: JSON forecast file to retrieve the grid state of the last load flow calculation

The grid state determined in the last load flow calculation is fransmitted as the value of the
JSON object gridstate, in accordance with the BDEW traffic light concepft [3].

0 No current grid state available
1 Grid state: Red

2 Grid state: Yellow

3 Grid state: Green

The HTTP request GET to retrieve the report of the last load flow calculation must include the
following information:

= URL parameter: /2ID1=1
= Content-Type: text/plain

In the HTTP response, the web server will send back the most recent report (i.e., the latest one)
as content to the web client, as shown in the figure below.
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GET ~  1010190171/2AD1=1
Paramse  Authorization  Headers (7)  Body  Pre-requestScript  Tests  Settings
Query Params
Key Value
D1
Body Cookies Headers Test Results lation complete  Time:
Pretty  Raw Visusize XML v S
e
<
4 xm
5 x
6 x
7 x
8 xm http://schemas.
9 http://schemas.
R

:val="htto://schemas.microsoft.com/office/word/2003 /wordnl /sp2"/>

"Calibxi"

tyle wival="Header"/>

Figure é1: Load flow calculation report as HTTP response in the Postman APl web client

Send v

Cookies

Bulk Edit

74ms Size:136M8  SaveResponse v

mQ

ENGS
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14 Protection Relays in ATPDesigner

The grid calculation program ATPDesigner is especially designed for the simulation of electrical
power grids of all voltage levels, the protection systems, protection relays and decenfralised
generation systems® used in them. The numerical models of protection functions implemented
in ATPDesigner are generic, i.e. manufacturer-independent models. ATPDesigner provides ge-
neric models for the protection functions and protection relays as well as many additional pro-
tection related functions.

Protection relays and protection schemes will be realized using one or more Probe. The network
element Probe can be used as measuring device and/or protection relay also for steady-state
calculations (load flow calculations) as well as for fransients calculations.

= Please note, that the behaviour of protection relays for transient calculations in ATPDesigner
will be realized using the MODELS script language of the ATP. The amount of protection
functions for fransients calculations is significant smaller compared to the amount of pro-
tection functions for steady-state calculations.

Definition of Probe 'Prb 1' >

General Data | V<> & I> | Dist VI-Det | Dist Adds | Dist Z< | Diflerential | Fuse | PowerCB|IC 4 ¥

Name
[P On/Off Defauft
Operating Mode Help

|3-phase voltages Vpg. currents Ip.lg ﬂ Ena,/Dis
Mode Names of Voltages and Currents | Single-Phase El — E
Vpg: APV 001 [
H [+ Messages
: 001 [
Ip: API [ Report
-

Voltage and Current Transformers, Protection

[ Enable Toaltip of Shori-Circuit Results

Protection |None ﬂ Tpr= ’f ms
Equipment | Mone ﬂ Tch= ’T ms
Vnom = ’W kv CBreaker |N0ne ﬂ
Inom = ’T A [ Add. Control Mode ‘

[ Invers Measuring Diraction OnfOff ‘

Measuring Point

Measuring Point ID |

Ok | Cancel Help

Figure 62: Settings Dialog of the Network Element Probe — Measuring Device and Protection Relay

In the figure below the abreviations of the tabs of the settings dialog are explained.
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Logical Node

acc. IEC61850

General Data  Settings which are relevant for all protection functions
Undirectional Overcurrent Protection 1> PTOC

Tab Protection

V< &[> Directional Overcurrer\’r Protection I> PDOC
Undervoltage Protection V<> PTUV
Overvoltage Protection V<> PTOV
Dist. VI-Det. Distance Protection: Starting System PDIS
Dist: Adds Distance Protection: Additional functions PDIS
Dist: Z< Distance Protection: Tripping characteristic PDIS
Differential Differential Protection PDIFF
Fuse Low-Voltage (NH) and High-Voltage (HH) Fuses PTOC
Power CB Undirectional Overcurrent Protection with Circuit-Breaker PTOC, XCBR
IDMT Dependent Time Overcurrent Protection PTOC
Signal Protective Signaling PTRC
ARC Automatic Reclosing RREC
1< Det. Distance Protection: Underimpedance Detection PDIS
GF Det. Ground Fault Detection PSDE
Qv Reactive Power — Undervoltage Detection
3PS Control Steady-State (Load Flow): Regulator for Decentralised
Generation Plant (DGP)° or Unconventional Power Plant
Transients: Steady-State: Regulator for Decentralised Gen-
RPI Control

eration Plant (DGP) or Unconventional Power Plant
Figure 63: Probe - Protection Functions in ATPDesigner

= Whatis IEC 61850 2
“IEC 61850 is an international standard that defines communication protocols to provide
communication between different equipment located in a substation, such as protection,
control, and measurement equipment, as well as (IEDs) intelligent electronic devices. From
its first version, this standard reached considerable success in substation communication
networks and systems management.” (www.sgrwin.com/basic-understanding-iec-61850)

Logical Node

acc. [EC61850 Description

PTOC Time over current protection
PDOC Directional overcurrent protection

PTUV Undervoltage protection

PTOV Overvoltage protection

PDIS Distance protection

PDIFF Differential protection

XCBR Circuit-breaker

RREC Automatic reclosing

PSDE Sensitive earthfault detection protection

Figure é4: Logical nodes according IEC61850

Below the settings of the settings dialog tab General Data are explained.

Sefting Description

Name User specific name of the protection relay

Vnom Primary nominal voltage of the voltage transformers

Inom Primary nominal current of the current tfransformers
Protection Protection function e.g. Distance Protection

Equipment Equipment fo be protected e.g. Line or Transformer 2-Winding

> DGP = Decenftralised Generation Plant e.g. solar power plant. Decentralised generation plant
are also called Unconventional Power Plant
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Invers Measur-
ing Direction

Tpr

Tcb

CBreaker

Settings Switch
int.

CLOSED

On/Off
Operating
Mode

Messages

Report

The standard measuring direction is defined according to the consumer
counting arrow system in the direction of the red arrow. If enabled the
measuring direction will be inverted.

Steady-State: The time which then virtual protection algorithm needs to an-
alyse the short-circuit and to decide if a tripping signal TRIP will be send to
the circuit breaker.

Time to open the circuit-breaker if a tripping signal TRIP will be received.
An external or internal circuit-breaker can be selected and linked to the
protection function.

= Swilntern: The internal circuit-breaker will be selected. The figure below
shows an example of two distance protection relays with internal cir-
cuit-breaker.

o

P1

P10

= Swt x: An external Switch can be selected and linked to the protection
function. The figure below shows an example of the distance protec-
tion relay P3 using an external Switch as circuit-breaker.

I
w ’E’H_*‘ 13: 7km
P3
.@*—@-P P24
- P23 . (s

If the intfernal switch has been selected as CBreaker, this button will be en-
abled. A settings dialog can be opened with a Left Mouse Button Click o
change the default settings of the Switch.

The internal switch CBreaker can be opened or closed. The internal switch
can also be opened and closed directly in the network graphic.

=  Move the mouse cursor “over” the shape of the Probe

= The switch can be opened or closed with a Right Mouse Button Click.
The protection function can be switched ON or OFF.

The operating mode will be only used for fransients calculations, not for
steady-state calculations.

Steady-State: The results of the protection analysis of the protection relay
will be written in the Protection Messages Window.

Steady-State: The results of the protection analysis of the protection relay
will be written in the Protection Report (XML-file [6]).

More explanations about the settings off the settings dialogs in the tabs will follow in the next

chapters.
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14.1

Reference Grid and Equipment Data

This document explains, how fto design a selective grid protection concept with distance pro-
tection and HV fuses using ATPDesigner in a medium-voltage grid, so called Reference Grid in
this document. It will also be explained, how to setup this concept using the models of protec-
tion relays and protection functions available in ATPDesigner and which software features of
ATPDesigner can be used to test the large and complex Selective Grid Protection Concepts.

= The reference grid is part of the ATPDesigner installation sefup. The power grid is stored in
the directory c:\atpdesigner\data using the flename Netz18_20kVMitDistanzschutz.BNET

The figure below shows the medium-voltage power grid, which is used as Reference Grid o
design a Selective Grid Protection Concept.

110kV

31,5MVA

1-7\'
T6: 0.5km |

P6

L3: 7km

| )]
f 15: akm
&>

P26

O~

| 2
L7: 3km

0o

P28

Figure 65: 20kV-Reference Grid with Distance Protection and HV-Fuses

The technical data of the equipment used in the reference grid are shown in the table below.
Additional settings for the protection relays are defined in later chapters.

Network Infeed

Vnom = 110 kV
Sse = 2000 MVA
Zo =21

2-Winding Transformer 31.5MVA
Transformer Library: 110/20kV,
31.5MVA, 12% 130kW, YynO
Via =121 kV

Vi =21.5kV

Excitation Data: disabled

2-Winding Transformer 1000kVA
From the Transformer Library
Vhom HV/Vnom Lv = 20/O4kV

Sr = 1000kV

Uk = 6%

Px = 7,6kW

Vector Group: Dyn5

Vnom = 20 kV
lthr = 25 KA
Tee=15s

Ik max = 25 kA

Version 1.6
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Protection Relay (Probe) P1...P4, P4, P10
Protection: Distance Protection
Vhom = 20 kV

[nom = 600 A

Switch: Swtintern

Protection Relay (Probe) P20
Protection: Distance Protection
Vhom =1 10 kV

lnom = 200 A

Switch: Swtlntern

Protection Relay (Probe) P30

Protection: Differential Protection
Vhom = 20 kV

[nom = 600 A

Switch: Swtlntern

Protection Relay (Probe) P22...P28
Protection: Fuse (HV)

Vhom = 20 kV

Inom = 600 A

Switch: Swilntern

Prof. Dr.-Ing. Michael Igel, 15.10.2025
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Line
e Line Library: N2XSY 3x1x300 20kV

e Length: see network graphic
Table 1: Technical Data of the Equipment

14.2 Protection Report _PROT

The results of the behaviour of the protection relays as well the results of the protection scheme
analysis will be directly shown in the network graphic view, but also written in a Protection Re-
port (XML-file [6]), which will be stored in the Project Directory.
File Naming Convention:
20250504184959072_ Netz18_20kVMitDistanzschutz _PROT.XML
YYYYMMDDhhmmss_Filename_PROT.xml|

Storage Location:

Project Directory
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14.3 Protection Messages Window of ATPDesigner

More detailed results of the protection scheme analysis will be written in the Protection Mes-
sages Window explained below. The protection functions will be indicated using different colors
for the shape of the network element Probe.

i

Distance Protection
@ Low-Voltage (NH) and High-Voltage (HH) Fuses
- Differential Protection

@ Undirectional Overcurrent Protection

The figure below shows a 20kV power grid (reference grid) in case of a 3-phase short-circuit
(3p) at Busbar 2. Distance protection, differential protection and HV fuses will be used to define
and realise a selective protection concept.

[E=] ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C: i ) 7.1 - (s X
[zl File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help
ECHBB SR NBeha HPARS>FIEEECHEEr EMRERFR LB K /A AEGARAQARE« 7o 1 %™ 07 @ Ladfw
Mo LlefmER-/ll=mEpivcEi-2feannnnx — NEEF? - x5 [
] EES @AY L BRNe OO B H e+ T % 6w B oh Name ~ipmaxial% =]
= @ Netz20kVHowToNetzschutz ~
» Configuration
* ATP Settings 0.0;-170.9"
» Protection 0.0;0.0;0.0
* Load Flow 0.0;-170.9"
» Al-System 0.0;0.04
@ ® Network Infeed
0.000A; 0.0%

& = 2-Winding Transformer P3 m 0.0,0.0,0.0

+ = Probe 0.00kW;-0.00kvar

+ Eline 2847.0;-111.4° 0.0;-170.8° ’E"‘@" g 3%%@;6294

# ¢ Load Impedance 24.7;24.7;24.7 0.0;0.0.00 P23 003 040,000 .
O L

o = Busbar

- Renewable Power Infeed 110kV 0.000A; 0.0% P25
*®3-Phase Source Yy 1
2 Switch & 0.0,0.0,0.0 P4 e
©TACS "~ 0.00kW;-0.00kvar
; 0.000A; 0.0%
© Generator 0.0-170.8° 0.0;0.0,0.0
© 1-Phase Source 0.0,0.0,0.0 26 0.00kW;-0.00kvar

¢ RLC-Impedance
@ Text Frame
= Circuit-Breaker

0.0;-170.8°

e e 0
0.00kw}-0.00kvar
# = Connection 4.456kA;4.456KA;4.456kA P27

= Multi-Circuit Line 0.000A; 0.0%

&Cable ’@"‘(DB 0.0,0.0,0.0
+ Grounding System 0.00kW;-0.00kvar

P28

 Electrical Machine

& Splitter

# Nonlinear Element Z(x)
© XFORMER Transformer
« Saturable Transformer

i Network & Protection| 2 Zone ¢ »| | & [R] ENCR C:\ATPDesigner\00_7_1_ATI \__Netz20kVHowToNetzschutz\Netz20kVHowT hutz.bn .\
BY &R&G- KK HIE Ko T - X100 I =AY o RELLERFEEEESE [ 1 B Al MO/t EERK

“[PROT> P20 [Prb 13] Distance Protection: Zikp AB=(12.2151 + j73.1641)0hm, BC=(12.215 + 373.1641)0hm ~ [>> [Prb 17] Iopen=16.00kA; IA=0.00A=0.00%; 1B=0.00A=0.00%; IC=0.00A=0.00%: P30
PROT> P20 [Prb 13] Distance Protection: Zlkp AB=74.17680hm,80.5217°, BC=74.17680hm,80.5217°, CA=74

i {0 =200 e e 3 6] 5267 o 8] AODEDED D00 40 A0 000D

PROT> P20 [Prb 13] Distance Protection: Zlks AG=(12.215 + 373.1639)Ohm, BG=(12.2153 + j73.1642)0hn
PROT> P20 [Prb 13] Distance Protection: Zlks AG=74.17660hm,80.5217°, BG=74.17690hm,80.5215°, CG=74
PROT> P20 [Prb 13] Distance Protection: Zlks AB=(12.2151 + j73.1641)0hm, BC=(12.215 + j73.1641)0hm.
PROT> P20 [Prb 13] Distance Protection: Zlks AB=74.17680hm,80.5217°, BC=74.17680hm,80.5217°, CA=74

> Phase Current Monitoring: Switch
>> Switches are not available.

> Short-Circuit Ik(ABC)=4.456kA;4.456kA;4.456kA; Te=20.0°; Sc/max/min=Sc

PROT> Protection Elements WITH TRIP COMMAND or PROTECTION LOGIC
EMAIL> E-Mail Notification Grid State Monitoring

PROT> Overall Minimum TRIP T:200ms

. " LF> Processing Time of the Load Flow Calculation = 1095ms
Protection Messaaes Window & €

< >

Enable interface to TACS LF=0.k.

Figure 66: 20kV - Network with Protection Relays: Distance and Differential Protection, Fuses

The results of the protection relays Prb x will be written into the Protection Messages Window as
shown in the example in the figure below.

PROT> P20 [Prb 13] Distance Protection GEN=1 [V>=0(000), V<=0(000)] TRIP=0: V<, V>
PROT> P20 [Prb 13] Distance Protection GEN=1 [ARC=0 Ext. ARC: k1*DZ1/TStart=0 DZ1:ki1=1]
PROT> P20 [Prb 13] Distance Protection V<>(1) GEN=1 [V>=0(@00) TRIP=0] [V<=08(000) TRIP=0]

It is possible to copy one or more lines of the messages window into the clipboard.
= Select one line of the messages window with a Left Mouse Button Click on the line

= Select two or more lines of the messages window with two or more Left Mouse Button
Click but press the CTRL key first and keep in pressed as long as lines shall be selected.

= Copy the selected lines into the clipboard using CTRL + C
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Text Element  Explanation
User specific name [Reference Name]
The reference name of the network element will be displayed in the head-
line of the setftings dialog, which can be opened with a Left Mouse Button
Double Click on the shape of the network element.

Definition of Probe 'Prb 1' X

Pxx [Pl’b YY] General Data| V<> & 1> Distwst Z<| Diﬁerential' Fuse | Power CB| n4|»

Distance Protection: VI Detection

I> = 12 Inom V<= -1 Vpg nom
> = 1000 Inom Vee = -1 vpgnom [~

GEN General Starting information of the protection relay
IRIP TRIP command of the protfection relay to open the circuit-breaker e.g. the
internal switch Swilntern
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15 Protection Relays based on the Network Element Probe

The network element Probe must be used to realize protection relays and protection functions
in ATPDesigner. Based on this network element, large and complex protection schemes can
be realized and tested. The network element can be inserted into the drawing area using
Drag&Drop.

=  Move the mouse cursor "over” the name of the network element in the talb Network
= Press the left mouse button and keep it pressed

= Move the mouse button to a position in the drawing area

= Release the left mouse button

&5 ATPDesigner - Design and Simulation of Power Networks - [[R] CAATPDesigner Data\Network_T.net ] - o x
& File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help -8 x
G EBB EGR|Deamo @B 2 Pl gL T *HES B[] #* EBo@aakr haw s o @ e} ©

il SERY /S m e e 5 k5 x (i DX »HE

1 £E= BEZ2r YERNG OOE PEf 4 8 X fa B b Neme  [[lpmax| A% -

- Network 1 ~

» Configuration
b ATP Settings

» Protection

b Load Flow

> Al-System

8 Network Infeed

- 2-Winding Transformer
-~ Probe

I Line

¢ Load Impedance

= Busbar

% Renewable Power Infeed
% 3-Phase Source

3 Switch

@ TACS

© Generator P1
1© 1-Phase Source

§ RLC-Impedance

Text Frame

= Circuit-Breaker

I Connection

2% Multi-Circuit Line

&6 Cable

+ Grounding System

-® Electrical Machine

~E Splitter

JF Nonlinear Element Z(x) v

s JNECROTE 2 Zone (> [R] C:ATPDesignen\Data\Network_Lnet

STl H0 KX None Bl 1 2 3 Al o 2zal-lflEE = B

i | 8 |F0 %0 ~0/0 |40 50 <0 «0|+0|e0 3010

P 5 =

It F || 21

T

~
> Window for Protection Messages > Checking Not Connected Nodes for Network Element [Prb 1] .
>> Network element [Prb 1]: Not connected node found; Node index: @; Node name phase ABC
> Window for Protection Messages >> Network element [Prb 1]: Not connected node found; Node index: 1; Node name phase ABC
>> 2 Not Connected Nodes found
>> Checking Not Connected Nodes finalized

< >

Figure 47: Insert a network element Probe in the drawing area using Drag&Drop

15.1 Open the Settings Dialog

The seftings dialog can be easily opened by a Left Mouse Button Double Click on the shape of
the network element.

= Select the network element using a Left Mouse Button Click on its shape = then drawn
in grey drawing colour

= Press the right mouse button down

=  Move the mouse button to the line Network Element Settings as shown in the figure
below

= Press the left mouse button to open the seftings dialog
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@ ATPDesigner - Design and Simulation of Power Networks - [C\ATPDesigner\Data\Network_1.net ]

@File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help
2eEHBR SR DeEam2drE R P ElMEcEE T FMB R L H()
Mo LS BRI o mER B TR R n B x|

T R BE2rdama OOO -EElE#%x
2[5 Network 1
¥ Configuration
b ATP Settings
- ¥ Protection .
--¥ Load Flow P Protection 3
-k Al-System Zone »
=B Network Infeed Area »
m--a> 2-Winding Transformer Version D
-~ Probe = =
- Line EE Detection of Isolated Grids
&4 Load Impedance I Electrical Power Grid: Vn Level
FF Busbar 24 Electrical Power Supply Area
% Renewable Power Infeed E5 Automatic Feeder Identification
#-%» 3-Phase Source IS Flexibility Test: Control Area
+3& Switch fsa E-Mobiles: Load Flow and Control Area
- T TACS -
& Generator | Network Element Settings
1 1-Phase Source Network Element Color »
- B RLC-lmpedance % Enable / Disable

Figure 48: Open the settings dialog using a Right Mouse Button Menu

Definition of Probe 'Prb 1' x

General Data | V<> & I> | Dist VI-Det | Dist Adds | Dist Z< | Diflerential | Fuse | PowerCB|IC 4 ¥

Name
[P1 ] IOnf’Off sEIL |

Operating Mode Help |
I}phase voltages Vpg. currents Ip.lg Ll I Ena,/Dis
Node Names of Voltages and Currents ———— [ Single-Phase Ell El El

Vpg: APV I 001 Fhase A
= r [¥ Messages
Ip: API | ool [~ PhaseB

[~ FhaseC

—Voltage and Current Transformers, Protection

[~ Enable Tooltip of Shor-Circuit Results

Protection INone LI Tpr= IT ms
Equipment INone LI Tech= IT ms
Vnom = IT_[ kv CBreaker INone LI
nom= [ Tes15 A [~ Add. Control Node | CLOSED

[ Invers Measuring Direction B | onjof Settings Switch int. |

—Measuring Point

Measuring Point ID I

Ok I Cancel Apply Help

Figure 69: Settings dialog of the network element Probe
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The settings of the network element Probe can be all used for the calculation of the steady-
state conditions of the grid with and without a short-circuit.

= The method to calculate the steady-state conditions of an electrical power network
without short-circuit will be normally called Load Flow Calculation.

= |n this document the calculation of the steady-state conditions of an electrical power
network with short-circuit will also be called Load Flow Calculation or Load Flow Calcu-
lation with Short-Circuit.

= ATPDesigner uses the name Short-Circuit Results for the method to calculate the steady-
state conditions of an electrical power network with or without short-circuit.

= The method Short-Circuit Results is identical to the method Load Flow Calculation with
and without Short-Circuit.

The most settings of the network element Probe will be used for Short-Circuit Results means Load
Flow Calculation with and without Short-Circuit.

= In this document, only steady-state conditions of an electrical power network with and
without short-circuits will be calculated.

= Therefore, only the setftings of the network element Probe for the calculation of steady-
state conditions will be explained and used to realize protection relays and protection
schemes.

=  Main menu ATP

~E

=  Menu item Short-Circuit Results or Ctrl + E or using the toolbar button in the toolbar.

“F et 4 K fa | I | [Neme ~ ||lomax| A% -

= Caused by the history of ATPDesigner the menu item is not called Load Flow Calculation
but Short-Circuit Results

Toolbar Description

= Start the Short-Circuit Results

= If enabled, ATPDesigner uses an iteration algorithm as part of the load flow
calculation to iterate the infernal impedance Z=R+jX acc. the settings of the
active and reactive power of consumer loads (e.g. network element Load Im-
pedance)
i » [If disabled, the internal impedance Z=R+jX will be set to the initial values and
will not be iterated by the load flow calculation algorithm

= This option should be disabled if a short-circuit will be used during the Load
Flow Calculation with Short-Circuit, means Short-Circuit Results.
» |f enabled, ATPDesigner uses an iteration algorithm as part of the load
flow calculation to iterate the internal model of the network element 3-
Phase Source based on a current source, in order to achieve the setting
ia values such as active power and reactive power but also for the LVRT-
operation mode (Low Voltage Ride Through) in case of a short-circuit.

= This opfion must be enabled for the load flow calculation with and without
short-circuit.
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15.2 Short-Circuit Results: Settings of the Network Element Probe

Settings of the network element Probe, which are important to realise protection func-
tions and protection schemes will be explained in the figure below.

Sefting Description
Protection Select the main protection function
Equipment Equipment to be protected

Vnom Primary nominal voltage
Inom Primary nominal current
Invers = |f enabled: consumer counting arrow system in direction of the red arrow

Measuring = |f disabled: consumer counfing arrow system in direction reverse to the
Direction direction of the red arrow
Internal operating time of the protection relay, what means the time to exe-

Tpr cute all internal algorithms, methods, etc. of the protection relay
Teb Open time of the circuit-breaker after the protection relay has generated a
trip command
= None: internal switch (circuit-breaker) is disabled
= Swilntern: enabled the internal switch (circuit-breaker)
= e{f-e
P1 P1
CBreaker Closed Open
The internal switch (circuit-breaker) can be opened and closed.
= Move the mouse cursor over the shape of the Probe
= Press the Right Mouse Button to open or close the internal switch Swtintern.
CLOSED Open or close the internal switch (circuit-breaker) Swtintern
] AU SUTILOTING
B 0 Enable or disable the functions of the protection relay
Enable or disable writing messages of the functions of the protection relay into
Messages

the Protection Messages Window

15.3 Protection On/Off

The button On/Off can be used to enable On or disable Off the protection functions of the
Probe. If the protection functions are disabled, a corresponding message is displayed in the
message window.

Text Element Description
The protection functions of the protection relay, which is identical to
the network element Probe are enabled and can be used based on
the user-specific setfings.

Vnom= I 20 | RV CBreaker ISw’Hntem -
. Inom = I 600 A [~ Add. Control Node I CLOSED

Protection Relay

On [~ Invers Measuring Direction ] I OnjOff Settings Switch int |

™~

—Measuring Point \\

Measuring Point ID

Ok | Cancel | Apply | Help | J

All protection functions of the protection relay, which is identical o the

Protection Relay network element Probe are disabled.

Off
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Vnom = I 20 | KV CBreaker ISwﬂntem hd l
Inom = I 600 A [~ Add. Control Node I CLOSED
[ Invers Measuring Direction [ ] On/Off | Settings Switch int.

A -

—Measuring Point
Measuring Point ID \

Ok Cancel | Apply Help )

15.4 Settings of the internal Switch (Circuit-Breaker) Swtintern

The sefting can be used to define a typical characteristic of a switch for normal operation and
short-circuit operation. The figure below shows the settings dialog.

Internal Switch of the Probe

oK

—Basic Settings

Cancel
Vn=| 20 3% Ir= 530 A YWriso = I 24 ki

Diefault

—Open/Close Settings Help

lopen = | 16 kA, Iclose = I 40 ks
Topen = I 75 ms Tclose = I G0 ms

diid

Figure 70: Settings of the internal Switch (Circuit-Breaker) Swtintern

Settings Explanation

Vn Nominal Voltage

Ir Rated Load Current

Vriso Maximum permissible insulation voltage

lopen Maximum permissible breaking current in case of a short-circuit
Topen Typical switch-off time (open time)

Iclose Maximum permissible current closing the switch

Tclose Typical switch-on time (close time)

The settings are used in the grid state analysis to monitor the grid state and are written in the
message window. The figure below shows typical results for a protection relay using an internal
switch.

Use Case Display Values

Normal Operation Mode Amount of phase currents in A and in %l
Short-Circuit Operation Mode Amount of conductor currents in A and in %lopen
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[l> Phase Current Monitoring: Probe A
>> [Prb 1] Iopen=16.00kA; IA=4455.81A=27.85%; IB=4455.81A=27.85%; I(C=4455.81A=27.85%: Pl

>> [Prb 2] Iopen=16.00kA; IA=0.00A=0.00%; IB=0.00A=0.00%; IC=0.00A=0.00%: P2

> [ 3] TIopen=16.08kA; IA=0.00A=0.00%; IB=0.00A=0.00%; IC=0.00A=0.00%: P3

>> [Prb 4] Iopen=16.00kA; IA=0.00A=0.00%; IB=0.00A=0.00%; IC=0.00A=0.00%: P4

>> [ 5] Iopen=16.00kA; IA=4455.81A=27.85%; IB=4455.81A=27.85%; IC=4455.81A=27.85%: P1@

>> [Prb 6] Iopen=16.00kA; IA=0.00A=0.00%; IB=0.00A=0.00%; IC=0.00A=0.00%: PG

>> [Prb 13] Iopen=16.00kA; IA=791.73A=4.95%; IB=791.73A=4.95%; IC=791.73A=4.95%: P20

>> [Prb 8] Iopen=16.00kA; IA=0.00A=0.00%; IB=0.00A=0.00%; IC=0.00A=0.00%: P24

>> [Prb 9] Iopen=16.008kA; IA=0.00A=0.00%; IB=0.00A=0.00%; IC=0.00A=0.00%: P26

>> [Prb 18] Iopen=16.00kA; IA=0.00A=0.00%; IB=0.00A=0.00%; IC=0.00A=0.00%: P28

>> [Prb 7] Iopen=16.00kA; IA=0.00A=0.00%; IB=0.00A=0.00%; IC=0.00A=0.00%: P27 i
< >

Figure 71: Short-Circuit Result - Results of the Grid State Analysis in the Messages Window

15.5 Protection Functions — Availability for Steady-State and for Transients

The following table shows which protection functions are available for the calculation of
steady-state grid state so called Short-Circuit Results and/or for the calculation of fransients.

Steady-State Calcula-

. . Tab of the Set- . Transients Cal-
Protection Function ings Dialog tions culations
Short-Circuit Results
Undirectional Overcurrent V<> & I> X X
Directional Overcurrent V<> & 1> X X
Dist: VI-Det.
Distance Protection Dist: Adds. X X
Dist: Z<

Fuse Fuse X X
Differential Protection Differential X X
Differential Protection (3W) Differential X -
IDMT IDMT X -
Protective Signaling Signal X -
lzjzdenmpedance Detecttion 1< Det. X i
Ground Fault Detection GF Det. X -

QU Qv X -
Control System for Decentral-

ised Generator Systems (3PS) 3PS Control X i
Contirol System for Decentral- RPI Control i X

ised Generator Systems (RPI)

15.6 Protective Functions: Colored Frame of the Network Element Probe On/Off

The protection function chosen for a network element Probe can be indicated using a colored
frame in the network graphic. If the colored shall be displayed the corresponding toolbar
switch must be enabled with a Left Mouse Button Click as shown in the figure below.

2lg v [plz|rl]e Mc|
Figure 72: Colored Frame for Protection Functions On/Off
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The following table shows the symbols for the network element Probe P1 used as profection
relay, if the internal switch has been enabled. The colored frame around the shape can be
used to identify the protection function.

Symbol Protection Function
oo Protection disabled or the colored frame of the protection function has only
P1 disabled

P Undirectional Overcurrent
P birectional Overcurrent
Z¢ Distance Protection
iFuse

I_d Differential Protection

o Differential Protection 3-Winding

The upper symbol shows the shape of the differential protection, if the colored
frame has been disabled.

E Ground Fault Detection
M Measuring Device with Monitoring System

Ce ‘ Power Circuit-Breaker (Low Voltage Protection)

o R
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16 Simulation of Transients in Electrical Power Grids

ATPDesigner also can simulate transients, e.g. the time dependent behaviour of voltages v(f)
and currents i(t), so called transients and simulation of transients and simulation in this docu-
ment. The figure below shows the reference grid used to explain how to use ATPDesigner to
simulate transients. A short-circuit (red flash) has been set to a node of the power grid.

rp.4 TNA2XS(F)2Y 3xIx150 20kV] 20km 20/0,4kV

(A8 s
P7
Dyn5

110kV-Netz

110/20kv [NA2XS(F)2Y 3x1x150 20kV] 20km

20/0,4kV
A &> 100kVA

h [NA2XS(F)2Y 3x1x150 20kV] 10km
| Dyn5
P3

20/0,4kV

.—0—”—0—.4—* 100kVA
[NA2XS(F)2Y 3x1x150 20kV] 20km Ps ae P6
Dyn5

Figure 73: 20-kV-Reference Grid to simulate Transients

e must be used to start the simulation of transients.

The most button
=  Main Menu: ATP
=  Menu ltem: Write ATP Control File and Start ATP
= Short-Cut: CTRL + R

= Toolbar Button: f

ATPDesigner writes the .ATP-File, which contains the commands and ATP based models of the
power grid, and starts the ATP in the background as a thread of the Windows operating system.
The results can be displayed as a Diagram in ATPDesigner processing the .PL4-File generated
and saved by the ATP itself. ATPDesigner can read and process the .PL4-File.

= Main Menu: Diagrams
= Menu ltem: Open Diagram (.PL4-File) ..

16.1 Simulation of Transients in Power Grids I

The simulation of tfransients can be also started only by a Left Mouse Button Click on the toolbar

button = or by using the short-cut CTRL + R. ATPDesigner writes the .ATP-File containing the
ATP based models of the network elements into the .ATP-File and starts ATP in a background
thread of the operating system. The ATP itself calculates voltages v(f) and currents i(t) and
saves these signals info two output files: the .LIS-File and the .PL4-File.

The .LIS-File contains a copy of all commands of the .ATP-File, additional comments and error
messages written during the runtime of ATP and as an option the results of the so called Steady
State Analysis of the electrical power grid. ATPDesigner analyses the .LIS-File to detect e.g.
warnings and errors of the ATP.

The .PL4-File contains time-dependent signals e.g. voltages v(t), currents i(t) and active power
P(t) as sampled values. ATPDesigner can create a Diagram processing the .PL4-File. The .PL4-
File also contains output signals of TACS and MODELS. ATPDesigner uses TACS and MODELS to
calculate e.g. the active power P and the reactive power Q during the simulation, using the
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Discrete Fourier Transformation (DFT). The DFT algorithm will be implemented in MODELS. The
MODELS code will be written into the .ATP-File by ATPDesigner if required. The figure below
shows the information which will be written into the Messages Window by ATPDesigner.

= Total number of warnings
= Total number of errors

= ATP CPUTime

= ATPDesigner CPU Time

If no error had been detected, a Diagram can be created.

Processing main file C:\Users\micha\AppData\Local\Temp\Netz2@kVErdschlussDyn.ATP

Processing .ATP-file by the ATP ...: [C:\Users\micha\AppData\Local\Temp\Netz2@kVErdschlussDyn.ATP]
Executing the ATP ...

Checking .LST-file ... [C:\Users\micha\AppData\Local\Temp\Netz2@kVErdschlussDyn.LIS]

> Error Statistic of the ATP .LST-File

>> Total number of warnings : @

>> Total number of errors : @

> ATP CPU Time ©.031s

> ATPDesigner CPU Time @.188s

--- Network calculation finalized: @ error(s), © warning(s) found. ---

>
>
>
>

TIME> Check Errors and Warning in .LST-File=24.ems

Figure 74: Simulation of Power Grids — Messages in the Messages Window

16.2 Basic Settings to simulate Transients

Before simulating transients, some settings must be set. The spread sheet and the figure below
show the seftings and the corresponding setftings dialog. The settings dialog ATP Related Set-
tings can be opened as follows.

=  Main Menu: Power Network
=  Menu ltem: ATP Data
=  Project Information: ATP Settings

The most important settings are part of the settings group Simulation Data.

Setting

Overall simulation time

Time Cycle = 1 with from : Nominal frequency of the power grid
dt Step-size of the sampled values used to create a Diagram
The setting will be only used if one of Line 1...3 are used in the power grid.
If a short-circuit of one of Line 1...3 has been enabled, the setting defines
the prefauli-time before the short-circuit occurs.
Prefault
= The setting can be ignored if the short-circuit (red flash) explained
later in this chapter will be used.
out The setting will be only used if a test system CMCxxx from Omicron such as
CMC356 will be used.
The setting defines the internal step-size dtintemal Used from the ATP for the
Step simualtion of fransients. It depends on the setting dt.
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POWER

dt
step

internal

Depending on power grid and its equipment it may be necessary fo use
a very small internal step-size dtintemal as used for the setp-size dt of the Di-

agram.

Example: It may be required to use internal step-size dfintemal = 0,01ms. For

the Diagram a step-size of dt = 0,1ms is sufficient.

dt 0,1ms
step = = =10
dtinternal 0’ O lmS
Output List Additional nodes can be added to the signal list
Default Load the default values of the seftings across all tabs
ATP Related Settings X

ATP Data | Load Adjusting | Load Flow| Phase Adjusting | VDE 0102 (IEC 60909) |

Simulation Data Default
Time = 10 Cycles dt= 0.1 ms

Prefault = 2 Cycles  OQut= 10

Output Signals
- 1 =
Output List 2 ﬂ Step = 1 =
Options
[v Check Network Topology [ Protection Relaying Results
[v Check LST-File on Errors [ Automatic Calculation [ ATP Load Flow

[v Check .LST-File on Warnings [ Invisible Nodes in Power Network

Load Flow Calculation

[ Load Adjusting (PQ, PV Nodes) | Phase Adjusting 1-Step ﬂ

|Average |LF-Result - Setting| ﬂ

Signal Analysis
[ X=Im[DFT(V,1)] [ R=Re[DFT(V, )] [

[ Positive & Negative Sequence System (12-System)

Ok | Cancel Help

Figure 75: Basic Settings to simulate Transients

- ENGS

The seftings in the settings dialog above are chosen to simulate ground faults in a Peterson-coil
grounded 20-kV-power grid. The internal step-size and the step-size df = 100us are both equal.

= The settings of the network element Short-Circuit (red flash) must be coordinated with

the simulation setftings, e.g. the Fault Time of the short-circuit.
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16.3 Network Toolbar

The toolbar Network Toolbar contains several toolbar buttons, which are not part of a menu.

= if a power grid will be displayed in the graphics view
T | EN FU AG v|Tl — | 1 2 3 Bigl o B22El-7lEB = B

= if a Diagram will be displayed in the graphics view

None [ -1 | o | E-ESE+5PEsdwlle
If the toolbar is not visible, it can be enabled using the menu item shown below.

=  Main Menu: View
=  Menu ltem: Network Toolbar

16.4 Diagram to display Voltages, Currents, etc.
If no error had been detected during the simulation of the power grid, a Diagram can be now
created.

=  Main Menu: Diagrams
= Menu ltem: Open Diagram (.PL4-File) ...
=  Short-Cut: CTRL + 4

=  Toolbar Button:

FEHRBE SR D@

Py i B | 2

The Diagram can be created by a Left Mouse Button Click on the toolbar button B Now
ATPDesigner opens the .PL4-File of the corresponding power grid simulation, reads the sampled
values and processes these data to a Diagram.

Thereafter ATPDesigner displays the dialog shown below. The dialog Reading .PL4-files: Select-
ing Signals displays the signals contained in the .PL4-File in the left list element. The signals can
easily be selected by a Left Mouse Button Double Click on the signal in the left list element. The
signal will be moved to the right list element. It is also possible to select signals by a Left Mouse

Button Click followed by a Left Mouse Button Click on the button 4 to move the selected
signals to the right list element.

= If a Diagram is always displayed the dialog Reading .PL4-files: Selecting Signals can be

tﬁ: .

opened using the toolbar button

eS8k P Dl =
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Reading .PL4 - files: Selecting Signals

X
TACS - APV0O1 [Prb 1] TACS - API0O1 [Prb 1] oK
TACS - BPVOOL [Prb 1] . TACS - BPIOO1 [Prb 1]
TACS - CPV0O1 [Prb 1] TACS - CPIOO1 [Prb 1] Cancel
TACS - GPVOO1 [Prb 1] .
TACS - GPIOO1 [Prb 1] 4 oy
TACS - APV002 [Prb 2] . T b
TACS - BPV0O2 [Prb 2]

TACS - CPV002 [Prb 2] ==
TACS - GPV002 [Prb 2]
TACS - API002 [Prb 2]

TACS - BPI1002 [Prb 2]

TACS - CP1002 [Prb 2]

TACS - GPI002 [Prb 2]

TACS - APV003 [Prb 3]
TACS - BPV0O03 [Prb 3]
TACS - CPV003 [Prb 3]
TACS - GPV0O3 [Prb 3]
TACS - API003 [Prb 3]

TACS - BPIOO3 [Prb 3] Signal Name x-Auis
TACS - CPI003 [Prb 3]
TACS - GPI003 [Prb 3]
TACS - APV004 [Prb 4] 1
TACS - BPV004 [Prb 4] Cel

TACS - CPV0O4 [Prb 4]

TACS - GPVO04 TPrb 41

I |
=
[}
el

Select Font

;

Signal: | A00_7_1_ATFDesManualNetzel_Kapitel 10 DynamischMNetzberechnungiNetz20kErds

Figure 76: Dialog Reading .PL4-files: Selecting Signals - Signals contained in the .PL4-File

-
@ ATPDesigner - Design and Simulation of Power Networks - [C:\ATPDesigner\00_7_1_ATPDesManualNetze\ _Kapitel 10 DynamischNetzberechnung\Netz20kVErdschlussDyn.pl]

O X
@ File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help - 8
B = Ban By ez & 4|0 [c] @ Transients
ket 1=
BEer ¢ BAGQ |72 v [Name ~liomaxialse  wlviivevesl% |
m & [R] ENCR C:\ATPDesigner\00_7_1_ATPDesManualNetze\ _Kapitel 10 DynamischNetzberechnung\Netz20kVErdschlussDyn.bnet
> Configuration x:t API001 BPI0OL CPIO01
» ATP Settings 900.0000
» Protection /\
b Load Flow 720.0000 A AN AN NN NN AN PN, W W N Y
b Al-System
NATATATATATRTATATATATATRYAVAVAVAVAYAVAVATATA
ISR AARARRARRARAARRARE!
=~ Probe
o line 360.0000
0 Load Impedance
# Bush 180.0000
% Renewa ble Power
3-Phase Source 0.0000
RATATRTRIRTRTRTATRIRTATATATRIAIATATRTATRIATA
@ TACS -180.0000
HARRIARERRRARERRAARARE
1-Phase Source -360.0000
LA A AR A AN AR AR AN
Text Frame -540.0000
S, WAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA!
= Connection -720.0000 U Yy VYTV VI VTV UV TV VYTV VWY VTV VT VY
2 Multi-Circuit Li \]
-8 Cable -900.0000
0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160 0.180 0.201
C:\ATPDesigner\00_7_1 ATPDesManualNetze\__Kapitel 10 DynamischNetzberechnung\Netz20kVErdschlussDyn.pl4

None [ — | [ o |l - EE+xPsdmlie
*[TIME> Check Errors and Warning in .LST-File=22.ems *[> window for Protection Messages

> Creating diagram PL4-File: C:\ATPDesigner\@@ 7 1 ATPDesManualNetze\_ Kapitel 1@ DynamischNet > Window for Protection Messages
>> Reading PL4-File: C:\ATPDesigner\@@_7_1_ATPDesManualNetze\__ Kapitel 1@ DynamischNetzberechn l
> Window for Protection Messages

Figure 77: ATPDesigner - Diagram to display signals e.g. phase currents ip(1)
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Caused by the ATP itself, the names of signals which can be used for a Diagram are limited up
to 6 characters. Therefore, ATPDesigner uses some rules to automatically generate signal
names. The prefix TACS or MODELS indicates that the signal has been calculated by TACS or
MODELS system of the ATP.

= TACS - APV0O1 [Prb 1]

The reference name of the network element, e.g. of the Probe Prb 1 will optionally be shown in
brackets.

Signal Name Explanation

Phase-current ia(f)
= A =phase identifier
APIOO1 = P = primary physical signal
= | =current
= 001 = Number of the Probe used as measuring location
Phase-current ig(t)
= B =phase identifier
BPIOO1 = P = primary physical signal
= | =current
= 001 = Number of the Probe used as measuring location
Phase-current ic(t)
= C =phase identfifier
CPI001 = P = primary physical signal
= | =current
001 = Number of the Probe used as measuring location

The signals to be displayed in a Diagram can be selected in several ways. Please note, that the
number of signals which can be selected and moved to the right list element is limited.

Button Explanation

First select one or more signals in the left list element, move it to the right list
element by one Left Mouse Button Click

First select one or more signal in the right list element, move it to the left list
element by one Left Mouse Button Click

All signals of the left list element will automatically be selected and moved to
the right list element by one Left Mouse Button Click

- | All signals of the right list element will automatically be selected and moved
oK |

I

to the left list element by one Left Mouse Button Click
The dialog will be closed and the diagram will be displayed.

Cancel The dialog will be closed and the diagram will be no displayed.

A dialog will be opened to select a font ussed the signal names in both list
m elements. The name and size of the font will stored in the .INI-File if
ATPDesigner will be closed.

It is also possible to select and move one signal to the other list element only by one Left Mouse
Button Double Click on the name of the signal displayed in the list element. The Diagram will
be created and displayed with a Left Mouse Button Click on the button OK.

Version 1.6 Page 126 von 173 Pages  Prof. Dr.-Ing. Michael Igel, 15.10.2025



POWER
ENGS

ATPDesigner - Design and Simulation of Power Networks - Quick Start Guide

16.5 Open a stand-alone .PL4-File to create a Diagram

A .PL4-File can be also opened stand-alone to create a Diagram.

=  Main Menu: File
=  Menu ltem: File Open ..
=  Short Cut: CTIRL+ O

= =

= Toolbar Button:
ATPDesigner starts the standard File Open dialog to read and process the .PL4-File.

16.6 Short-Circuit to simulate short-circuits in power grids Gl
Simulation of short-circuits in power grids can be easily done using the network element Short-
circuit (red flash). The short-circuit can be set at each node of a network element and at any
position along the network element Line excluding Line1..3.

m TNAZNS|F)2Y 3x1x150 20KV] 20km 20/0,4kV
(A e s
110kV-Netz P7
110/20kv H% TNAZRS[FIZY SxIx150 20kV] 20km Dyn5
(B}
Dyn5 JUH] 20/0,4kV
’_p.z TNAZXS(F)2Y 3x1x150 20kV] 10km ¥ A e = 100kVA
| Dyn5
20/0,4kV
l—l - A e = 100kVA
o3 TNAZXS(F)2Y 3x1x150 20KV] 20km bt bl
Dyn5

Figure 78: Set the Short-Circuit (Red Flash) at a node in the power grid

Toolbar Button Explanation
The type of the short-circuit can be selected. The fault type can be
changed, if a short-circuit is used in the network graphic.
Before a short-circuit can be set in the power grid, this button must be
enabled (ON) by a Left Mouse Button Click. The shape of the cursor will
T be now changed to the short-circuit symbol (red flash) as shown in the
figure above. If the fip of the short-circuit cursor identifies a node, the
shape will be changed as shown in the figure above.
= Remove the short-circuit (red flash) from the power grid.

ABC hd

If the short-circuit (red flash) has been set at a Line, the position along
the Line will shown in % of the line length. It is also possible to change the

| 46.726) position by changing the value of the setting. After the setting has been
changed the new position must be recalculated by a Left Mouse Button
Click on the network graphic.

The figure below shows the toolbar containing the toolbar buttons explained above.

SE= (U AN FN ABC v| T e—l 5

The figure below shows the settings dialog of the network element Short-Circuit (red flash).

=  Main Menu: Power Network
= Menu ltem: Network Configuration, tab Short-Circuit
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Network Configuration X
PlossColors | Secuity | Monitoring | E-Mai,SMTP | DataBase
Network | Line | CMCConfiguraton |  ATP Control File Config Data

Colors  Short-Circuit | Protection | Messages | Vnom Colors | V<> Colors | |> Colors

Fault Time = IT ms
Fault Loc. = I 0 o
FautExtincion= | 1e+15 ms
Fault Type: AG -
| extinction = [0 a

[ Fault Resistance R + j X Enabled

Fault Resistance R = I 5 Ohm
Fault Reactance X = I 0 Ohm
[ Restrikting Voltage = I le+12 KV

[ Display Voltage Drop

Ok | Cancel I Apply | Help |

Figure 79: Settings Dialog of the Short-Circuit (Red Flash)

Fault Time Start time of the short-circuit
Faul location, if the short-circuit has been set along a network element
Fault Loc. Line
Fault Extinction Extinction time of the short-circuit
Fault Type Fault type of the short-circuit

The extinction of the short-circuit occurs, if
» fhe Fault Extinction time has been elapsed and
| extinction * the sampling value of the phase currents are less lextenction.

The setting can be used to simulate the extinction of the short-circuit arc.

= Disabled: The fault resistance of the short-circuit is equal 0 Q.

*» Enabled: The fault resistance of the short-circuit can be user-defined.
A series impedance will be used as fault resistance model.

Fault Resistance
R +jX
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16.7 Graphic Cursor to analyse the Signals in a Diagram hid

ATPDesigner supports the analysis of signals by several methods and functions, which are based
on the Discrete Fourier Transformation (DFT). The figure below shows the phase-to-ground voli-
ages vasca(t), which are measured in the substation at the beginning of the faulty line. The
ground fault AG occurs at Fault Time = 40ms.

= The settings used for the frequency analysis using the Discrete Fourier Transformation
(DFT) can be defined in the settings dialog Diagram Settings.

@ ATPDesigner - Design and Simulation of Power Networks - [C:\ATPDesigner\00_7_1_ATPD 1l e\_Kapitel 10 Dy ischNetzb h \Netz20kVErdschlussDyn.pl] — (] X
@ File Edit Power Network ATP Test Network Design Protection Diagrams Tools View Window Help -
PEHGH R TRRho|akBE 2 5P| CulcHE ER XME R K|S M/ ¥ [EBveaaar@an 4]0 %% 0RO Transients |
FOLIBERAIEHY I =mEPHF T RS 205 48%%%] T— HEE % e
BEZr JEFG) HEME | I X »E| S W% %X ] EilName ~liomaxiaize  wlviivevozi%e ~|
=B Netz20kVErdschluss = [R] ENCR C:\ATPDesigner\00_7_1_ATPDesManualNetze\__Kapitel 10 DynamischNetzberechnung\Netz20kVErdschlussDyn.bnet
> Configuration x:t APV002 BPVOO2 CPV002
» ATP Settings 40000.0000
» Protection
* Load Flow 32000.0000
» Al-System M
B Network Infeed 24000.0000 i M m m M
=2 T T A
=~ Probe 16000.0000
s | \ LA A A
% Load Impedance 8000.0000
o AL AR | WIRIAL
(LAY WL

1l
\

|
\ |
\

oo esesadree ~8000.0000 VV “ ’ \
arics ~16000.0000 AA AA \ \” \
S W W

—
—

— ]
[
——

L —
—

\
|/

e

|7 < (W6 (3K 2K |15 16 |69 (5] 03 28 «b | O W <N - om o Ao s+ R {0 [N

-24000.0000
4 RLCAmpedance W W W W W W w w ww w w W W W
Bl Text Frame -32000.0000 y
= Circ
I Connec tion -40000.0000
0.000 0.020 0.040 0.060 0.020 0.100 0.120 0.140 0.160 0.180 0.200 0.220 0.240 0.260 0.280 0.300 0.320 0.340 0.360 0.380 0.40
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Figure 80: Phase-to-ground Fault AG: phase-to-ground voltages measured at the substation P2

Signal Name Explanation

Phase-to-ground voltage vac(t)
= A =phase identifier
APV002 = P = primary physical signal
= V=voltage
= 002 = Number of the Probe used as measuring location
Phase-to-ground voltage vsc(t)
= B =phase identifier
BPV002 = P = primary physical signal
= V=voltage
= 002 = Number of the Probe used as measuring location
Phase-to-ground voltage ves(t)
= C = phase identifier
= P = primary physical signal
= V =voltage
= 002 = Number of the Probe used as measuring location

CPV002

The toolbar buttons of the toolbar below are now important.

EE|E=

@l " EEAXL- S DwliE B
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Button Explanation
Open the dialog to select the signals for the Diagram
I =  Main Menu: Diagrams

= Menu ltem: Signal List
= Short Cut: Ctrl + Alt + S

e Enable the graphic cursor

Open a zoom frame
= Enable the zoom function with a Left Mouse Button Click and keep the
VN left mouse button pressed
=  Move the mouse cursor to open the zoom frame
= Release the left mouse cursor
Reload the .PL4-File and refresh the Diagram
8 bl = Main Menu: Diagrams
' =  Menu Iltem: Refresh Diagram
= Short Cut: Ctrl + Alt + R
~ lﬁ Open a dialog to calculate the frequency spectrum using the Discrete Fourier
Transformation (DFT)
= Open the dialog Signal Analysis Settings
Open a dialog Colors of Diagram Curves to select drawing colors for each
signall
=  Main Menu: Diagrams
= Menu ltem: Diagram Curve Colors
=  Short Cut: Ctrl + Alt + F

Load the default values of the drawing colours for each signal

Open a dialog to select scaling factors for each signal
=  Main Menu: Diagrams
= Menu Iltem: Diagram Scaling Factors
Open the dialog Diagram Setftings
& *  Main Menu: Diagrams
=  Menu ltem: Diagram Settings
The Automatic Scaling 10An of the Y-axis will be enabled or disabled with a

Left Mouse Button Click. A refresh # is required.

=

The next figure shows the Diagram, if the horizontal graphic cursor drawn in red and grey are

enabled by a Left Mouse Button Click on the toolbar button * . The position of the graphic
cursor can be moved if any other position in the Diagram will be selected with a Left Mouse
Button Click. The cursor position also can be moved using the cursor keys left and right of the
keyboard. It is important fo enable the cursor keys (setting the focus) with a Left Mouse Button
Click on the Diagram.
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Figure 81: Diagram with graphic cursor drawn in red and grey: phase-to-ground voltages vasce(t)
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Figure 82: Diagram with graphic cursor drawn in red and grey: phase currents iasce(t)

The time window of the graphic cursor drawn in red and grey is AT = 20ms because the default
setting of the fundamental frequency of the Discrete Fourier Transformation (DFT) is fprr = 50Hz,
the nominal frequency from of the power grid. The fundamental DFT frequency forr can be setin
the settings dialog Diagram Settings.

= The seftings dialog Diagram Settings can only be opened, if a Diagram will be displayed
tfopmost in of ATPDesigner.

The DFT algorithm calculates the frequency spectrum using the fundamental DFT frequency forr
and the sampled values of the signals within the time window of the graphic cursor. The number
of sampled values within the tfime window of the graphic cursor can be calculated.

N :£: 20ms 50
dt 1lms

with Step-size of the sampled values dt (seftings dialog ATP Related Seftings, Figure 75)
The settings dialog ATP Related Settings can be opened as follows.
=  Main Menu: Power Network
= Menu ltem: ATP Data

= Project Information: ATP Settings
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The resolution of the frequency spectrum can also be calculated.

1
AT  20ms

Af =50Hz

The number of frequencies is equal with the number of sampled values, which are contained
in the time window of the graphic cursor. The results of the frequency analysis can be displayed
in additional dialogs e.g. the dialog Signal Analysis, which will be explained later.

The sampled values of the signals will be automatically displayed in the status bar, if the graphic
cursor is enabled. It may be necessary to re-activate the data in the status bar by a Left Mouse
Button Click on the Diagram at any position in the Diagram. The figure below shows the status
bar for a Diagram

-'I'- 0.1216 [-360.913] -392.861 753.774 -'I'- 0.1016 [-360.916] -392.856 753.772 H 0.020C 4
At the left the time and the sampled values of the signals are displayed for the graphic cursor
drawn in red.

. +|+ 0.1216 [-360.913] -392.861 753.774

o Time stamp in seconds
o Value of the 1sf signal APV002
Indicated by the brackets the signal is selected for the horizontal Y-Cursor.
o Value of the 2nd signal BPV002
o efc.

In the cenfre the time and the sampled values of the signals are displayed for the graphic
cursor drawn in grey.

. +f 0.1016 [-360.916] -392.856 753.772
o Time stamp in seconds
o Value of the 1st signal APV002
Indicated by the brackets the signal is selected for the horizontal Y-Cursor.
o Value of the 2nd signal BPV002
o efc.

At the right the tfime window of the graphic cursor will be displayed.

. 4 0.0200 4
o Time window between both cursors in red and grey in seconds

The units of the signals will be not displayed in the stratus bar.

=i }ﬁ
16.8 Frequency Spectrum ,

If the graphic cursor is enabled by a Left Mouse Button Click on the toolbar button + . the
frequency spectrum of the signals can be calculated using the Discrete Fourier Transformation
(DFT) algorithm. The figure below shows the dialog Signal Analysis, which will be opened with

il
a Left Mouse Button Click on the toolbar button -~ . All signals displayed in the Diagram will be
analysed using the Discrete Fourier Transformation (DFT). The results will be presented in the
spread sheet of the dialog.

= The dialog Signal Analysis is a so called non-modal dialog. A non-modal dialog can
remain open alongside the main window of ATPDesigner. While the dialog is open,
ATPDesigner remains fully usable in parallel.

Version 1.6 Page 132 von 173 Pages  Prof. Dr.-Ing. Michael Igel, 15.10.2025



POWER
ENGS

ATPDesigner - Design and Simulation of Power Networks - Quick Start Guide

The figure below shows the results of the frequency analysis in the talb DFT (f). The phase currents
iasc(t) measured at the measuring location of Probe P2 were analysed. The DFT results of tab
DFT (f) are calculated for the fundamental DFT frequency forr.

= Theresults of the frequency analysis are always related to the position and time window
of the graphic cursor.

Name Explanation

No. Number of the line
Name of the signal

= (ABC)PI002 : phase current iasc(t) measured by Probe P2
The abbreviation TACS indicates, that this signal is an output signal of the ATP spe-
cific TACS module (Transient Analysis of Control Systems). The TACS module provides
ATPDesigner to calculate signals equal to an analogue computer. It is easy to add,
subtract, multiply, etc. signals based on their sampled values.

Amount Amount of the signal calculated for the fundamental DFT frequency forr
Absolute phase angle in degree calculated for the fundamental DFT fre-
quency forr

Real Real part of the phasor calculated for the fundamental DFT frequency forr
Imaginary part of the phasor calculated for the fundamental DFT fre-
quency forr

DFT (n) Number of sampled values within the time window of the graphic cursor

= enabled: dialog remains always on top

Node Name

Phase Angle [°]

Imag

OnTo . .
P = disabled: dialog can be moved on the background

RMS = enabled: r.m.s. value
» disabled: r.m.s. value multiplied by V2

- sqrt (3) » enabled: r.m.s. value multiplied by V3
= disabled: r.m.s. value
Copy the content of the spread sheet into the clipboard using the .CSV-
format
1,TACS - API002,4.844,-42.678,0.000,3.561,-3.283,20

Copy 2,TACS - BPI@@2,17.053,-93.634,-56.956,-1.081,-17.019,20
3,TACS - CPI@@2,14.166,-151.877,-109.199,-12.493,-6.677,20
4,TACS - APV@@2,40.696,-67.885,-25.208,15.320, -37.702,20
5,TACS - BPV@@2,20200.776,-174.023,-131.346, -20090.974, -2103.358,20
6,TACS - CPV@02,20177.325,125.884,168.562,-11826.946,16347.715,20

0.0Hz - Frequency of the first line of the spread sheet in the tab Harmonics

E000Hz - Frequency of the last line of the spread sheet in the tab Harmonics
Cell separator of the using the .CSV-format, if the content of the spread
sheet will be copied into the clipboard

Cell. Separ. P P

= Tab : using tabulator as cell separator
= Character : using the character defined in the edit field
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r a
4 Signal Analysis [CA\ATPDesigner\00_7_1_ATPDesManualNetze\_Kapitel 10 DynamischNet... X

DFT (f) | Harmonics | Spectrum I Fi.M.S.I

Nl MNode Name | Amount | Phase An... | Phase Dif... | Real | Ima Help |
1 TACS - API002 8133 -115.740 0.000 -3532 73
2  TACS-BPI0D2 17.108 140,548 256.288 -13.210 10. Copy |
3  TACS-CPIOD2 14.149 82432 198.172 1.863 14.0

[v OnTop

v RMS

[~ - Sart(3)

I'U'.D Hz v |
IZU’D.D Hz v |

Cell Separ.

i Tab
@ Character

L 4
Figure 83: Results of the Discrete Fourier Transformation (DFT) of all signals

If a single signal is selected by a Left Mouse Button Click of its name in the spread sheet in tab
DFT (f), the DFT based frequency spectrum can be calculated and presented in the tab Har-
monics in a spread sheet.

8 A
=4 Signal Analysis [C\ATPDesigner\00_7_1_ATPDesManualNetze\_ Kapitel 10 DynamischMet... X

DFT(§ Harmonics | Spectrum | RMS. |

Freg. [Hz] | Node Name |Amount | Phase An... | Phase Dif... | % Help |

0000000  TACS-APIDD2Z 44775 -0.000 -0.000 550.548

50000000 TACS-API00Z 8133 115740 0.000 100.000 Copy |
100000000 TACS-APID0Z 2679 92.737 23.004 32.942

150.000000 TACS-API00Z 0524 137170 21429 6444 [# OnTop
200000000 TACS-APIO0Z 2930 42215 73526 36.028 ~ RMS
250000000 TACS-APIO0Z 2274 73626 42114 27.963

300000000 TACS-API00Z  3.166 106719 9021 38.925 [~ - Sqrt(3)
350000000 TACS-API00Z 3315 76.274 192.014 40764

400000000 TACS-APIO0Z 2708 36.002 151.742 33.298

450000000 TACS-APIO0Z 6908 -11.863 103.877 84.940

500000000 TACS-API00Z 2768 0.000 115.740 34.037

L
Figure 84: Results of the Discrete Fourier Transformation (DFT) of the selected signal

Then DFT based results are always calculated for the frequency Freq. [Hz] presented in the first
column in each line of the spread sheet.

Name Explanation

Freq. [Hz] Frequency in Hz
Node Name Name of the signal
Amount Amount of the signal

Phase Angle [°] Absolute phase angle in degree

. Difference of the phase angle calculated for the specific frequency re-
Phase Differ-
ence [1] lated to the phase angle calculated for fundamental frequency forr
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Ap=(f)=o(fprr)

% Amount of the signal in % related to the nominal voltage Vaom or Viom / V3

Real Real part of the phasor

Imag Imaginary part of the phasor

DFT (n) Number of sampled values within the time window of the graphic cursor
Copy the content of the spread sheet info the clipboard using the .CSV-
format

No.,Node Name,Amount,Phase Angle [°],Phase Diff. [°],%,Real,Imag,DFT (n)
0.000000, TACS - APIOO2,33.566,-0.000,-0.000,3074.455,33.566,-0.000,20
COPY 50.000000, TACS - API002,1.092,-19.380,0.000,100.000,1.030,-0.362,20
100.000000, TACS - API002,2.407,-68.140,-48.759,220.499,0.896,-2.234,20
150.000000, TACS - API002,1.851,-65.825,-46.445,169.506,0.758,-1.688,20
200.000000, TACS - API002,0.631,-58.408,-39.028,57.788,0.331,-0.537,20
250.000000, TACS - API002,0.572,-13.108,6.272,52.387,0.557,-0.130,20

= enabled: dialog remains always on top

I e = disabled: dialog can be moved on the background
RMS =  enabled:r.m.s. value

= disabled: r.m.s. value multiplied by V2
. sqrt (3) = enabled: r.m.s. value multiplied by V3

= disabled: r.m.s. value

If always only one signalin the spread sheet in the tab DFT (f) has been selected, the DFT based
frequency spectrum can be calculated and presented in the tab Spectrum as a bar diagram.

<= Signal Analysis [C\ATPDesigner\00_7_1_ATPDesManualNetze\_ Kapitel 10 Dynami... X
DFT (f)| Harmonics  Spectrum |RM.S. |

TACS - API002 ; df=50.00Hz Help
20.34

Copy
Axis Font
Bar Font

Bar Color

i

3222 [» On Top
E E 3173 E
: : ; 0.0 Hz v
i : i 2500Hz +
1520
1091 12.08
" None (" %
(" Peak @ RMS

0.0Hz 50.0Hz 100.0Hz 150.0Hz 200.0Hz 250.0Hz

Figure 85: Results of the Discrete Fourier Transformation (DFT) of the selected signal

The settings of the dialog will be not stored into the .NET-File or the registry.

Name Explanation

Copy Copy the Diagram graphic into the clipboard (EMF-file format)
Axis Font Open the dialog to select the axis font

Bar Font Open the dialog to select the font of the bar diagram

Bar Color Open the dialog to select the drawing colour of the bar diagram
On Top = enabled: dialog remains always on top
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= disabled: dialog can be moved on the background
0.0Hz - | | Frequency of the first barin the bar diagram
5000Hz = | Frequency of the last bar in the bar diagram

None No units in the bar diagram

% Unit in percent related to the amount of the first bar of the bar diagram
Peak Peak value =r.m.s. value multiplied by V2

RMS R.M.S. value = peak value divided by V2

The next tab R.M.S. presents the results of the TRUE R.M.S. calculation of all signals shown in the
Diagram.

T
RM.S= %-!sz(t)-dt

= Signal Analysis [C\ATPDesigner\00_7_1_ATPDesManualNetze\_ Kapitel 10 Dynami... X

DFT (f) | Harmonics | Spectrum RMS. ]

N_|NodeName |RMS | Help

1 TACS-APIO0Z 126918
2 TACS-BPI002 18.198 [v OnTop
3

TACS - CPI002 15.359

Figure 86: Results of the R.M.S. calculation of all signals
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16.9 Vector Diagram D

The phasors (or vectors) shown in the tab DFT (f) can also be visualized in a vector diagram. To
do this, first set the graphic cursor and the dialog Signal Analysis must be opened as illustrated
in the figure below. Note that least one phasor must be presented in the spread sheet.

r Al
4 Signal Analysis [C\ATPDesigner\00_7_1_ATPDesManualNetze\_ Kapitel 10 DynamischNet... X
DFT (/) lHarmonics] Spectrum] R.M.S.]
N| Node Name | Amount | Phase An._. | Phase Dif.. | Real | Ima Help
1 TACS - APID02 3107334 -78.354 0.000 627.250 -30¢
2  TACS-BPIOD2 3075.802 158.253 236.607 -2856.898 113 Copy
3  TACS-CPIDD2 2931.836 40492 118.846 2229649 190
[+ OnTop
[+ RMS
[ =Sar(3)
0.0Hz -
500.0 Hz -
Cell Separ.
(" Tab
(@ Character
A

b
Figure 87: Results of the Discrete Fourier Transformation (DFT)

Now the dialog Vector Diagram can now only be accessed via the toolbar button SH . If the

toolbar is not visible, it can be enabled as described below. Now both dialogs will be open
simultaneously.

=  Main Menu: View
=  Menu ltem: Network Toolbar

r B
= Signal Analysis [CAATPDesigner\00_7_1_ATPDesManualMNetze\_ Kapitel 10 DynamischNet... X

DFT(f) lHarmonics] Spectrum] R.M.S.]

N... | Node Name | Amount | Phase An... | Phase Dif.. | Real | Ima Help
1 TACS-API002 3107334 -78.354 0.000 627.250 -30<
2 TACS-BPIOO2 3075802 158253 236.607 -2866.898 113 Copy
3 TACS-CPI002 2931836 40492 118.846 2229649 190

[+ OnTop

v RMS

[~ Sari(3)
0.0Hz -
500.0 Hz hd

Cell Separ.

(— Tab
(# Character

b d
Figure 88: Vector Diagram to visualize Phasors (Discrete Fourier Transformation (DFT))
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Name
Redraw

Explanation

Redraw the phasor diagram

The phasor diagram will be copied to the clipboard using the Windows Meta-
file format (.EMF).

The phasors will be internally copied and displayed as “frozen” phasors also
called reference phasors. The frozen phasors can then be used as reference
markers for comparison to other phasors. If the graphic cursor will be moved
to an other position, new phasors will be displayed in the phasor diagram. The
figure below shows an example.

Copy

et

f
2 vector Diagram

Help
TACS - APIOD2
TACS - BPIOD2
TACS - CPI002

Fiedraw
Freeze Copy
Freeze

Delete

Axis Font

Faont

Ref. Factor

|

Scal. Factor

%

4

Delete
Axis Font

The “frozen” reference phasors will be removed.

Open the font settings dialog to select the desired font for axis of the diagram.
Open the font setftings dialog to select the desired font for the signal names.
Please note, that the font colour will be applied automatically and matches
the drawing colour used in the Diagram.

Scaling Factor for the “frozen” reference phasors

Scaling factor for the phasors defined by the graphic cursor

Font

Ref. Factor
Scal. Factor

r
@ ATPDesigner - Design and Simulation of Power Networks - [C:\ATPDesigner\00_7_1_ATPD:x

\_Kapitel 10 D

dschlussDyn.pl]
@) File Edit Power Network ATP Test NetworkDesign Protection Diagrams Tools View Window Help
PSR SBORERH| kB 2P CwlcHE FBEME R k(B

o xEvecar@man 1o Mk B e

7 F - (= =
M B signal Analysis [C:\ATPDesignen\00_7_1_ATPDesManualNetze\_Kapitel 10 DynamischNet... X L u .‘.‘ Sl lie & ““ BE2ry A G‘
HEN [ . v [[ipmax] A% vlvijvevegles  ~
- | Harmnis | Spectum | AN | \_Kapitel 10 D echnung\Netz20kVErdschlussDyn.bnet -
» Configura | [ Node Name [Amount [ Phase An.. [ Phase Dif...| Real [ima Help -
, 1 TAGS-APID2 2930042 117586 0.000 135683 259 -
ATPSettil |5 7acs-BPID2 2930388 -2401 119987 2027815 122 Copy —
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Figure 89: Signal Analysis using ATPDesigner — Vector Diagram

Version 1.6 Page 138 von 173 Pages  Prof. Dr.-Ing. Michael Igel, 15.10.2025

ENGS



POWER
ENGS

ATPDesigner - Design and Simulation of Power Networks - Quick Start Guide

The figure above shows a Diagram presenting phase currents iasc(t) in case of a short-circuit in
the power grid.

= Both dialogs Signal Analysis and Vector Diagram are so called non-modal dialogs. A
non-modal dialog can remain open alongside the main window of ATPDesigner. While
the dialog is open, ATPDesigner remains fully usable in parallel. Therefore, both dialogs
can remain open. ATPDesigner automatically refresh the content of both dialogs if the
graphic cursor will be moved to a different position in the Diagram.

16.10 Signal Analysis — Export Frequency Spectrum to Multi Frequency Source

The frequency spectrum can be calculated using the dialog Signal Analysis and exported into
a .CSV-File. The Discrete Fourier Transformation (DFT) algorithm will be used to calculate a fre-
quency spectrum.

Open the dialog Signal Analysis
Move the mouse cursor over the spread sheet in the tab DFT (f)

Open the context sensitive menu by a Right Mouse Button Click
Export the frequency spectrum of the signals in separate .CSV-files by a Left Mouse But-
ton Click on the menu item

O =

24 Signal Analysis [C\ATPDesigner\00_7_1_ATPDesManualNetzel_ Kapitel 10 DynamischNet... X

DFT (f) l Harmonics l Spectrum] R.M.S. l

| N| Node Name | Amount | Phase An... | Phase Dif... | Real | Ima Help
YT T

2 TACS-BPIo| . Write DFT Data to File |0 720 -10.329 -19¢ Copy

3 TACS - CPIDDZ 20597F 5903 4040 1068 -20F

[v OnTop

[+ RMS

[ - Sqrt(3)
0.0Hz -
2500 Hz -

Cell Separ.

(" Tab
(@ Character

Figure 90: Export Frequency Spectrum to Multi Frequency Source

ATPDesigner generates a separate .CSV-File for each signal listed in the spread sheet in the tab
DFT (f). The format of the .CSV-File is shown below. The .CSV-Files will be stored in a directory,
which can be selected by the user.

##f[Hz];value r.m.s[V,A];phi[°]
0;78.4614;-0;
50;60.8971;-156.522;
100;73.9339;-160.718;
150;153.754;-175.41;
200;116.885;82.1489;
250;34.0383;72.2343;
300;7.24869;89.5666;
350;23.6941;112.357;
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400;15.4795;112.212;
450;13.7453;140.943;
500;6.48422;-180;

= One headerline
= One line for each frequency of the frequency spectrum

Examples for the filenames are shown below. The filename contains the name of the .BNET-file
and the signal name presented in the dialog Reading .PL4-files: Selecting Signails.

= Netz20kVErdschlussDyn_TACS - API002.CSV
= Netz20kVErdschlussDyn_TACS - BPI0O02.CSV
= Netz20kVErdschlussDyn_TACS - CPI002.CSV

The .CSV-File can directly read by the network element Multi Frequency Source.

16.11 Network Element Multi Frequency Source

The network element Multi Frequency Source is exclusively infended for transient simulations. It
cannoft be used in steady-state or frequency-domain analysis. The figure below shows the set-
tings dialog.

The user can define a frequency spectrum by applying current sources or voltage sources

across the range of frequencies in the spread sheet. It is not possible to mix current sources and
voltage sources for the same network element Multi Frequency Source.

Definition of Multi Frequency Source ‘Mfs 1'

X
Cancel
Default
Mo, | Freq.[..| Amplitude [A] | PhaseAngl..| Time ON ... | Time OF...
1 5D £0.8971 -166 522 -1 1e+15 Help
2 0 78.4614 -0 -1 1e+15
3 100 739339 -160.718 -1 1e+15 Clear
4 150 163.754 -175.41 -1 1e+15
5 200 116.885 B2.1489 -1 1e+15 Sont
£ 250 34.0383 72.2343 -1 1e+1§
7 300 7.24869 59.0666 -1 1e+15 Celete
8 350 23 6941 112 357 -1 1e+15
9 400 16.4795 112212 -1 1e+15 Add
10 450 137453 140943 -1 1e+15
1A 500 48422 -180 -1 1e+1§ Ena /Dis.
Phase Angle Offset = # . Qutput Source Type Resad DFT
Data
( “Yaoltage Source
[v Single-Fhase [+ Fhasze A [ Fhase B [ Phazse (& Current Source

Figure 91: Frequency spectrum realized by the Multi Frequency Source

The network element Multi Frequency Source can be used to model the behaviour of elec-
tfronic devices such as converters in decentralized power generation systems. The network el-
ement can be easily used in combination with the Signal Analysis available in ATPDesigner.
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Sefting Explanation
Confirm all changes made since opening the dialog and store the set-
OK - . A . .
tings internally without saving to disk
Cancel Discard all changes made since opening the dialog without saving
Default Load the default settings
Name User specific name
No. Number of lines in the spread sheet
Clear Delete all lines of the spread sheet
Sort Reorganize the frequency list in the spread sheet
Delete Delete the selected line and reorganize the spread sheet
Add Add a new line to the spread sheet
Enable or disable the network element
= Enable
The network element will be considered for the simulation of transi-
Ena./Dis. enfs.
= Disable
The network element will be not considered for the simulation of
fransients.

Read a .CSV-File to generate a frequency spectrum

##f[Hz];value r.m.s[V,A];phi[°]
0;78.4614;-0;
50;60.8971;-156.522;
100;73.9339;-160.718;
150;153.754;-175.41;
Read DFT Data 200;116.885;82.1489;
250;34.0383;72.2343;
300;7.24869;89.5666;
350;23.6941;112.357;
400;15.4795;112.212;
450;13.7453;140.943;
500;6.48422;-180;

The network element can be used either in single-phase or three-phase
mode. The phases can be enabled or disabled independently.
Voltage Source  The network element uses either current sources or voltage sources for
Current Source each frequency listed in the spreadsheet.

Phase angle off-
set

Name Explanation

Freq. [Hz] Frequency in Hz
Amplitude [A], [V] Amplitude of the current or voltage source

Single-Phase

Offset of a phase angle for all frequencies

Phase Angle [°] Absolute phase angle of the current or voltage source
Start time to be considered for the simulation of tfransients

Time ON The negative start time ensures that the current source or voltage
source is active from the beginning of the simulation.

Time OFF End time to be considered for the simulation of fransients

16.11.1 Example: Frequency Spectrum calculated by Signal Analysis

Frequency spectra of three phase currents were be calculated using the dialog Signal Analysis
as explained in chapter 16.10. The three .CSV-Files were stored on disk. The three frequency
spectra shall be now used to realize a three-phase current source to simulate the transient
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behaviour of an electronic device such as a power converter. To realize such a converter,
appropriate network elements must be configured and connected accordingly.

= One network element Splitter

= Three network elements Connection

= One network element Multi Frequency Source
= One network element Probe

The power grid will be extended as explained below.

= Insert three network elements Multi Frequency Source in the power grid, each for one of
the phases A, B and C
The settings dialog is shown above. Only Phase A of the Multi Frequency Source is enabled,
Phase B and Phase C must be disabled.

= Insert a network element Splitter in the power grid
The settings dialog is shown below. All three phases A, B and C of the Splitter must be ena-
bled.

Definition of Splitter 'Spl 1

Operating Mode
|3-Phase Splitting J Cancel

Default

Phase Selection

[~ Phase identifier 4B Cvisible Help

[v Fhase A [ Mode A Ena./Dis.
[v Phasze B [ Mode B
v Phase C [ ModeC

i

]
1]
B

Measuring Mode

|Nune ﬂ

ATF based Model

|Resi5tance ﬂ R= | 0.001 rmQhm

= Connect each single-phase output node of the Splitter with the node of one Multi Fre-
quency Source using a Connection. It is required to assign all network elements Connection
to Phase A. The Splitter must be explicitly assigned to Phase A, Phase B and Phase C must
be disabled to ensure correct single-phase behaviour. These both network elements Splitter
are now configured as single-phase network elements.

= ATPDesigner internally maps all single-phase network elements to Phase A, if a net-
work element is used as single-phase network element. Therefore, it is mandatory
to assign Phase A to all network elements in a single-phase network.

It is not absolutely necessary to use the single-phase network elements Connection to con-

nect the Splitter to the three network elements Multi Frequency Source. It is also possible to
directly connect the Splitter to the three network elements Multi Frequency Source.
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Measuring Mode

MNone LI

ATP based hModel

Cancel

Diefault

Help

Al

Fesistance LI R= I 0.001 mOhm Ena,/Dis.

||
1]
2

[v Single-Phase

[w Phase A [~ PhazeB [~ PhaseC

= Connect the network element Probe to the free-phase output node of the Splitter.

= Connect the network element Probe to another three-phase network element such as a
Busbar using a Connection.

Measuring Mode

MNone LI

ATP based hModel

Cancel

Diefault

i

Fesistance LI R= I 0.001 mOhm Ena,/Dis.

||
1]
2

[T Single-Phase

[T Phase A [ FPhaze B [ PhaseC

The extended power grid is shown in the figure below.
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'_5 [NA2XS(F)2Y 3x1x150 20kV] 20km 20/0,4kV
(AL B )—e-s 00w
110kV-Netz - P7 Do
110/20kV Ps TNA2XS(F)2Y 3xIx150 20KV] 20km yn
me—(AB)
Dyn5] 20/0,4kV
P2 [NA2XS(F)2Y 3xIx150 20kV] 10km A e > 100kVA
Dyn5
i 20/0,4kV
B> 100kVA
NA2XS(F)2Y 3x1x150 20kV] 20km ee
P3 INAZKS(F) ! P8 P6
Dyn5
Phase A
Phase C
Figure 92: Power Grid with Multi Phase Source to simulate a Converter
The figure below shows the result of the simulation of fransients.
@ ATPDesigner - Design and Simulation of Power Networks - [CA\ATPDesignen\00_7_1_ATPDe Kapitel 10 Dy I Dyn.pl] - (m] X
&5 File Edit PowerNetwork ATP Test Network Design Protection Diagrams Tools View Window Help _ 8 x
PEEHSEERIPERR ] ERE RS ST CHEcHE DR MEBER LG M 2B rHar 3 o HEKGH e Transients
FOLEREIERE- U0 o mE P aEe X8 2 A 00]%%X] T [T 1EA it & =]
EEZr e@me RN <[ X » H| F &k % 8 X fa |55 [[Namo ~[liomax| A% <Iviiveveels <
o & [T T [R] ENCR C\ATPDesigner\00_7_1_ATPDesManualNetze\_Kapitel 10 DynamischNetzberechnung\Netz20kVErdschlussDyn.bnet -
-
> Configuration x:t API009 BPIOOS CPI09 -
» ATP Settings 500.0000 -
» Protection =
» Load Flow 400.0000 =
» Al-System =
-
B Network Infeed 300.0000 | | [ { 5
<@ 2-Winding Transformer <>°
+ Probe 200.0000 HHH HHHTHH HHH HHHE HAH HHHTHH HHHH HHHHH HHHTHHHTHH =
I Line =
-
8 Load Impedance 100.0000 ﬁ
FF Busbar = |
% Renewable Power Infeed 0.0000 i i A 2 ol v v i |Lian | L - aa e | =
% 3-Phase Source -+
B Switch ~100.0000 174 ! ! I I I 1 1 ! I I I I 1 ! ! I I I i E3
@ TACS ]
Generator -200.0000 @
1@ 1-Phase Source B
§ RLC-Impedance -300.0000 =
Text Frame ' ' i
= Circuit-Breaker -400.0000 =
T Connection =
BE Multi-Circuit Line -500.0000 E
0.000 0.020 0.040 0.060 0.080 0.100 0120 0.140 0.160 0.180 0200 0.220 0240 0260 0280 0300 0.320 0.340 0.360 0380 0.40( =
= Network | 1 Protect B4 I L4 C:\ATPDesigner\OQ_7_1_ATPDesManualNetze\__Kapitel 10 DynamischNetzberechnung\Netz20kVErdschlussDyn.pl4 E
=
WM E 2SI HHIHNore 7|7 — KW MB LB LB A o FES=mEHEEEs|E " S84+2328wil e B &
M > Webserver - Disabled *|> window for Protection Messages
> Window for Protection Messages
> Filelatcher - Disabled
> Window for Protection Messages
> Language: englisch |
« »
T e Il )

'Figure 93: Phase currents measured by Probe P9
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16.12 Network Element Probe - Simulation of Transients

ATPDesigner uses the ATP specific TACS and MODELS to calculate several signals based on the
phase-to-ground voltages and phase currents as the result of the ATP calculation itself. The
calculations methods are part of the network element Probe and can be selected with the
setting Operating Mode shown in the figure below.

= The setting Operating Mode will also be used by the Load Flow Calculation.

r |
Definition of Probe 'Prb 1' X

General Data | v<> & 1> | Dist VI-Det | Dist Adds | Dist z< | Differential | Fuse | Powercs | 1L ¢/

Name

[Prb 1 W |onor Default |
Qperating Mode Help |

I}phase voltages Vpg, currents Ip.lg LI I Ena /Dis

Mode Names of Voltages and Currents [~ Single-Phase Ell El El
Vpg: APV I 0m Phase A
= r [v Messages

E om Fhase B
lp- APl | = I Report

[T PhaseC

—Woltage and Current Transformers, Protection

[~ Enable Tooltip of Short-Circuit Results

Protection INone LI Tpr=| 0 ms
Equipment INone LI Tech= I &0 ms

Vnom = 110 .| KV CBreaker ISlentern LI
Inom = I 200 A [~ Add. Control Nede I CLOSED
[~ Invers Measuring Direction B | Onjoff Settings Switch int. |

—Measuring Point

Measuring Point ID I

Ok I Cancel Apply Help

Figure 94:Network Element Probe used for the Simulation of Transients

The group Node Names of Voltages and Currents displays the ATP related signal names used
in the .ATP-File and therefore in the .PL4-File, which contains the calculated signals. In the
spread sheets below the network element Probe P2 (reference name Prb 2) will be used to
illustrate how these signal names are specified across various dialogs and within the Diagram.

= The network element Probe uses the consumer counter arrow system in the measuring
direction, i.e. in the direction of the red arrow.

Phase-to-ground voltage vac(t)
= A, B, C = phase identifier
= P = primary physical signal, $ = secondary physical signal
= V =voltage, | = current
= xxx = Number of the Probe Pxxx used as measuring location

APVxxx
APIxxx
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The spread sheet below displays the configured Operating Mode along with the results of the
simulation of transients. The figure below presents the dialog Selecting Signals, which lists the
signal names corresponding with the selected Operating Mode. These signals are generated
using the TACS (Transient Analysis of Control Systems) module within ATP.

Reading .PL4 - files: Selecting Signals

TACS - APV0O1 [Prb 1] o
TACS - BPVOO1 [Prb 1]
TACS - CPVOO1 [Prb 1]
TACS - GPVO0O1 [Prb 1]
TACS - API0O1 [Prb 1] >»
TACS - BPI001 [Prb 1]
TACS - CPI001 [Prb 1]
TACS - GPI001 [Prb 1] Step
TACS - APV002 [Prb 2]
TACS - BPVOO2 [Prb 2]
TACS - CPV002 [Prb 2] Select Font
TACS - GPV002 [Prb 2]
TACS - API002 [Prb 2]

TACS - BPI002 [Prb 2]

TACS - CPI002 [Prb 2]

TACS - GPI002 [Prb 2]
TACS - APV003 [Prb 3]
TACS - BPVOO3 [Prb 3] . \ t
TACS - CPVOO03 [Prb 3]

TACS - GPVO03 [Prb 31

Cancel

Help

g

Mode Help

<<

Hai

F

—Signal Name H-Axis

:

Signal: I netd0_7_1_ATFPDeshManualMetze__Kapitel 10 DynamischMNetzberechnungiMetz20kErdsch

Figure 95: Selecting Signals - Reading .PL4-File and select Signals to create a Diagram

The setting Operating Mode is applied individually fo each network element Probe Px. This al-
lows for precise control over the number of output signals included in the .PL4-File. ATPDesigner
uses the Discrete Fourier Transformation (DFT) algorithm to calculate the amount and phase
angle of time-dependent signal. The physical unit for each signal is specified in [...].

Sefting Explanation (applied to network element Probe P2)

Operating Mode
None No signals are stored in the .PL4-File. X -
= Phase-to-ground voltages vascs(t) [V] : (ABC)PV002
= Zero-sequence voltage [V] : GPV002
» Phase currents iasc(t) [A] : (ABC)PI002

Ground fault current ig(t) [A] : GPI002

3-phase voltages

Vpg, currents Ip, Ig v, (t) _ Va6 (Z) T Vi (t) T Ve (t) X -
3
i () =i (1)+i5 (1) +ic (1)
3-ph. voltages Vpg = Phase-to-ground voltages vascs(t) [V] : (ABC)PV002 X -

= Phase currents iasc(t) [A] : (ABC)PI002

=  Ground fault current ig(t) [A] : GP1002

= Phase-to-ground voltages vaecs(t) [V] : (ABC)PV002

= Phase-to-phase voltages vas(t), vac(t), vea(t) [V] :
ABV002, BCV002, CAV002

= Jero-sequence voltage [V] : GPV002

3-ph. currents Ip.Ig
3-phase voltages

Vpg, Vpp, currents
Ip, Ig
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» Phase currents iasc(t) [A] : (ABC)PI002

= Ground fault current ig(t) [A] : GP1002
Load Profile:
V,LP.Q,S,...
Al-System:
V,LP,Q,S,...

Not used for the simulation of transients

Not used for the simulation of fransients

ENGS

b

X

When calculating derived signals, such as the apparent power S, ATPDesigner utilizes the MOD-
ELS module within the ATP to implement the Discrete Fourier Transformation (DFT) algorithm. The

figure below shows the dialog Selecting Signals with MODELS based signals.

= The dialog presents first all TACS based signals, after that the MODELS based signals.

Reading .PL4 - files: Selecting Signals

TACS - API008 [P8]
TACS - BPI00S [P8]
TACS - CPI008 [P8]
TACS - GPI008 [P8]
MODELS - S_002 [MODELS - S_002] >
MODELS - P_002 [MODELS - P_002]
MODELS - Q_002 [MODELS - Q_002]
MODELS - CP002 [MODELS - CP002]
MODELS - VAG002 [MODELS - VAGOI
MODELS - VBG002 [MODELS - VBGO!I
MODELS - VCG002 [MODELS - VCGO!I

[

[

<<

MODELS - VAB002 [MODELS - VABOC
MODELS - VBC002 [MODELS - VBCOC(
MODELS - VCA002 [MODELS - VCAO(
MODELS - IA002 [MODELS - IA002]

OF.
Cancel

Help

il

Mode Help

Select Font

I |
| 2
juj
o

—Signal Name H-Axis
MODELS - IB002 [MODELS - 1B002]

MODELS - 1C002 [MODELS - 1C002]

MODELS - 1G002 [MODELS - 1G002] ‘ !
MODELS - PV1002 [MODELS - PV100

MODFIS - PI1002 IMODFIS - PI1007

HI

Signal: I

Figure 96: Selecting Signals - Reading .PL4-File and select Signals to create a Diagram

nen0l_7_1_ATPDesManualMNetze'_ Kapitel 10 DynamischMNetzberechnungiNetz20kVErdsch

The results of the Discrete Fourier Transformation (DFT) algorithm will be represented as a com-
plex phasor. The results of the Discrete Fourier Transformation (DFT) algorithm are also expressed
as primary physical signals within the 012-sequence system, representing the zero-, positive-,

and negative-sequence components of the original three-phase quantities.

= The per-unit (p.u.) value represents different physical quantities depending on the sig-

nal.

Setting

2 Operating Mode

Explanation

Time-dependent signals (TACS)

= Phase-to-ground voltages vaecs(t) [V] : (ABC)PV002

S,P,Q, cos @, = ero-sequence voltage [V] : GPV002
Vpg, Ip (3-ph.) = Phase currents iasc(t) [A] : (ABC)PI002
= Ground fault current ig(t) [A] : GP1002
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Results of Discrete Fourier Transformation (DFT) algorithm
as primary physical signals (MODELS) for the nominal fre-
quency from

Apparent power |S| [MVA] : $_002

Active power P [MW] : P_002

Reactive power Q [Mvar] : Q_002

Displacement factor cos ¢ : CP002

Phase-to-ground voltages | Veg| [P.U. = Viom/\3] :
V(ABC)G002

Phase-to-phase voltages | Vpp | [P.U. = Vnhom] : VAB002,
VBCO002, VCG002

Phase currents |lasc| [A] : I(ABC)002

Ground fault current [lc| [A] : 1G002

Results of Discrete Fourier Transformation (DFT) algorithm
as primary physical signals calculated within the 012-Sys-
tem (MODELS) for the nominal frequency from

Positive-Sequence System

Phase-to-phase voltage | Vipp | [V] : PV1002
Phase current | 1| [A] : PI1002

Phase current (active) Re(li) [A] : PIW002
Phase current (reactive) Im(li) [A] : PIRO02
Active power P1 [W] : PP1002

Reactive power Qi [var] : PQ1002
Displacement factor cos ¢1 : PC1002

Negative-Sequence System

Phase-to-phase voltage | Vapp | [V] : NV1002
Phase current [l2| [A] : NI1002

Phase current (active) Re(l2) [A] : NIW002
Phase current (reactive) Im(l2) [A] : NIRO02
Active power P2 [W] : NP1002

Reactive power Q2 [var] : NQ1002
Displacement factor cos @2 : NC1002

Zero-Sequence System

Phase-to-phase voltage | Vopp | [V] : ZV1002
Phase current |lo| [A] : Z11002

Phase current (active) Re(lo) [A] : ZIW002
Phase current (reactive) Im(lo) [A] : ZIR002
Active power Po [W] : ZP1002

Reactive power Qo [var] : ZQ1002
Displacement factor cos ¢o : ZC1002

-0.0800
-0.1600
-0.2400 \
-0.3200

-0.4000

0.3200

0.2400

0.1600

0.0800

0.0000

Xt S_002 P_002 Q_002

0.0000.0200.040 0.060 0.0800.1000.1200.140 0.1600.180 0.200 0.2200.240 0.260 0.2800.300 0.320 0.340 0.360 0.380 0.40
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S.P,Q, cos @,
2 | Vpg. Vpp. Ip (3-
ph.)

S.P, Q, cos @,

3  Vpg. Vpp. Ip (3-
ph.), hab

S,P,Q, cos @,

4 Vpg, Vpp, Ip (3-
ph.), 0dq

= Signals of No. 1

Time-dependent signals (TACS) X -
= Phase-to-phase voltages vas(t), vac(t), vea(t) [V] :

ABV002, BCV002, CAV002
= Signals of No. 1

Time-dependent signals (MODELS)

hap-System (Clarke Transformation)

Voltage of the h-System [V] : VTH002 X -
Voltage of the a-System [V] : VTA002

Voltage of the B-System [V] : VTB002

Current of the h-System [A] : ITHO02

Current of the a-System [A] : ITA002

Current of the B-System [A] : ITB002

= Signals of No. 1

Time-dependent signals (MODELS)
The signals of the 0dq-System are calculated in the time
domain using a phase-locked loop (PLL).

0dqg-System (Park Transformation)
Active power P [MW]: P_X002
Reactive power Q [Mvar] : Q_X002
Frequency f [Hz]: F_X002

Angular frequency o [Hz] : OMX002
Phase angle of the PLL [rad] : PLX002
Voltage vq(t) [V] : UDX002

Voltage vq(t) [V] : UQX002

Current iq(t) [A] : IDX002

Current ig(t) [A] : IQX002

16.12.1 TACS: Signal Names Probe

The signals are time-dependent primary signals.

Signal Explanation

Primary phase-to-ground voltages vac(t), vec(t) und ves(t)
= Phase A BorC
(ABC)PVxxx = P =primary
= V =Voltage
= xxx = Number of the network element Probe
Primary zero-sequence system voltage vo(t)
= G =Ground
GPVxxx = P =primary
= V=Voltage
=  xxx = Number of the network element Probe
Primary phase currents ia(t), is(t) und ic(t)
= Phase A,BorC
(ABC)PIxxx = P =primary
= | =current
= xxx = Number of the network element Probe
Primary ground fault current ig(t)
GPIxxx = G=CGround
= P =primary

Version 1.6
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= | =current

= xxx = Number of the network element Probe
Primary phase-to-phase voltage vag(t)

= Phase-to-phase AB

ABVxxx _
= V= Voltage
= xxx = Number of the network element Probe
Primary phase-to-phase voltage vec(t)
= Phase-to-phase BC

BCVxxx = V=Voltage
=  xxx = Number of the network element Probe
Primary phase-to-phase voltage vca(t)

CAVXXX = Phase-to-phase CA

= V=Voltage
= xxx = Number of the network element Probe

16.12.2 MODELS: Signal Names Probe

The values of the fime-dependant signals are calculated using the Discrete Fourier Transfor-
mation (DFT) clgorithm for the fundamental frequency. The network element Probe uses the
consumer counter arrow system in the measuring direction, i.e. in the direction of the red arrow.

= xxx = Number of the network element Probe

S_XXX Apparent power [MVA]

P_xxx Active power [MW]

Q_xxx Reactive power [Mvar]

CPxxx Displacement factor cos ¢

VAGXXX Amount of the phase-to-ground voltage Vac [p.U.]

VBGXxxx Amount of the phase-to-ground voltage Vs [p.U.]

VCGxxx Amount of the phase-to-ground voltage Vece [p.U.]

VABXxx Amount of the phase-to-phase voltage Vas [p.u.]

VBCxxx Amount of the phase-to-phase voltage Vac [p.u.]

VCAXxx Amount of the phase-to-phase voltage Vca [p.u.]

IAxxx Amount of the phase current |a [A]

IBxxx Amount of the phase current Is [A]

ICxxx Amount of the phase current Ic [A]

Signal Explanation

PV1xxx Positive-sequence system: Amount of the phase-to-phase voltage [V]

PITxxx Positive-sequence system: Amount of the phase current [A]
Positive-sequence system: Amount of the active current [A]

PIWxxx >0 : Active power flow in measurement direction

< 0: Active power flow in opposite to in measurement direction
Positive-sequence system: Amount of the reactive current [A]

PIRxxx >0 : Active power flow in measurement direction
<0 : Active power flow in opposite to in measurement direction
PP1xxx Positive-sequence system: Active power [W]
PQ1xxx Positive-sequence system: Reactive power [W] [var]
PC1xxx Positive-sequence system: Displacement factor cos or
Signal Explanation
NV 1xxx Negative-sequence system: Amount of the phase-to-phase voltage [V]
NITxxx Negative-sequence system: Amount of the phase current [A]
NIWxxx Negative-sequence system: Amount of the active current [A]

Version 1.6 Page 150 von 173 Pages  Prof. Dr.-Ing. Michael Igel, 15.10.2025

ENGS



POWER

ATPDesigner - Design and Simulation of Power Networks - Quick Start Guide

>0 : Active power flow in measurement direction
< 0 : Active power flow in opposite to in measurement direction
Negative-sequence system: Amount of the reactive current [A]

NIRxxx >0 : Active power flow in measurement direction
<0 : Active power flow in opposite to in measurement direction
NP 1xxx Negative-sequence system: Active power [W]
NQ1xxx Negative-sequence system: Reactive power [W] [var]
NC1xxx Negative-sequence system: Displacement factor cos ¢2
ZV1xxx Zero-sequence system: Amount of the phase-to-phase voltage [V]
ZITxxx Zero-sequence system: Amount of the phase current [A]
Zero-sequence system: Amount of the active current [A]
ZIWxxx >0 : Active power flow in measurement direction

< 0: Active power flow in opposite to in measurement direction
Lero-sequence system: Amount of the reactive current [A]

ZIRxxx >0 : Active power flow in measurement direction
<0 : Active power flow in opposite to in measurement direction
ZP1xxx Zero-sequence system: Active power [W]
ZQ1xxx Zero-sequence system: Reactive power [W] [var]
ZC1xxx Zero-sequence system: Displacement factor cos @2

16.12.3 MODELS: Signal Names Probe

The signals are time-dependant primary signals calculated using the MODELS module of the
ATP.

= xxx = Number of the network element Probe

VTHxxx Voltage vo(t) (0-System) [V]
VTAXXX Voltage vu(t) (a-System) [V]
VTBXxxx Voltage ug(t) (B-System) [V]
ITHxxx Current io(t) (0-System) [A]
ITAXXX Current ig(1) (a-System) [A]
ITBxxx Current ig(t) (B-System) [A]
Signal Explanation

P_Xxxx Active power P(t) [MW]
Q_Xxxx Reactive Power Q(t) [Mvar]
F_Xxxx Frequency [Hz]

OMXxxx Angular Frequency o [Hz]
UDXxxx Voltage vqd(t) of the d-System [V]
UQXxxx Voltage uq(t) in g-System in V
IDXxxx Current ig(t) in d-System [A]
IQXxxx Current ig(t) in g-System [A]
Absolute phase angle at the output of the PLL (Phase Locked Loop) for calcu-
PLXXxxX .
lating the dg components

16.12.4 MODELS: Signal Names Probe - Overcurrent Protection (PTOC)

The signals are binary messages from a protection function.

= xxx = Number of the network element Probe

Signal Explanation

IAOxxx General starting: O=inactive, 1=active
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IAOXxX = IATxxx OR IA2xxx OR IA3xxx
State of the circuit-breaker for interrupting the short-circuit current
ITPxxx 0= Switch closed
1= Switch open, short-circuit current interrupted
Starting signal V> protection
O=inactive, 1=active
Starting signal V< protection
O=inactive, 1=active

IVGxxx

IVKxxx
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16.13 Diagram Settings ﬁ

The figure below shows the dialog Diagram Settings.

=  Main Menu: Diagrams
=  Menu ltem: Diagram Settings

.

=  Toolbar Button: =

The settings dialog contains several seftings groups.

Sefting Explanation

Drawing Area Pen size, colors, efc. related to the drawing area

Sefttings for the signal analysis e.g. the frequency analysis using the Dis-
crete Fourier Transformation (DFT)

Scalig & Min/Max  Seftings related to the X/Y-diagram presenting the signals

Signal Analysis

Diagram Settings X

—Drawing Area aOK

Plot Bk. Color

Curve Pen |3 Pixel

Cancel

w
Axis Pen |1PI><8| ‘I Axis Color |!| Default
-

Cursor Pen |2 Pixel I Frame Color | | Help
Point Pen Io Piuel - I Font

Curve Color

—Signal Analysis

DFT WWindow |1 Cycle vl OFTf= I 50 Hz

DFT YWindowing IReC‘ranguIar Window Ll

> Signal No. |1 v|

[v" Enable Y-Diata Cursor

—Scaling & MinfMan

Smin = | 0.000000 e = | 0400000
in = | -600 000000 Yo = | 600000000
[v Automatic Y-Sealing 10°n [~ Mark Data Points

[ Fixed Settings

Figure 97: Dialog Diagram Settings

Setting Explanation

Curve Pen Pen size of the curves of the signals

Axis Pen Pen size of the axis of the signals

Cursor Pen Pen size of the graphic cursor

Point Pen Pen size of the points of load profile curves
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Plot Bk. Color
Axis Color
Frame Color

DFT Window
DFT f
DFT Windowing

Enable Y-Data
Cursor = Signal
No.

Xmin

Xmax

Ymin

Ymax
Automatic Y-
Scaling 10An
Mark Data
Points

Fixed Settings

Curve Color

Font

Version 1.6

Drawing color of the background

Drawing color of the axis

Drawing color of the frame

Measuring window used by the Discrete Fourier Transformation (DFT) al-
gorithm, between the graphic cursor drawn in red and grey
Frequency used by the Discrete Fourier Transformation (DFT)

Select the windowing function used by the Discrete Fourier Transfor-
mation (DFT)

An additionally horizontal Y-Cursor will be enabeld and used in the Dia-
gram. The Y-Cursor can be used to read the sampled value of a signal
at the Y-axis. This signal can be selected using the setting Signal No.,
which corresponds with the sequence of signal names in the top area of
the diagram.

Minimum value of the X-axis

Maximum value of the X-axis

Minimum value of the Y-axis

Maximum value of the Y-axis

Automatic scaling of the positive and negative maximum of the Y-axis

The sampled values will be marked by a cross.
The settings Xmin, Xmax, Ymin and Ymax definied in the setftings dialog

will be fixed and not automatically calculated by ATPDesigner.

Open the dialog Colors of Diagram Curves = to define the drawing
colors of the signals
Open a dialog fo select the font used by the Diagram
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17 Settings of a Power Grid Project

The settings and configuration of a power grid project can be exported as a Report in the
Office Open XML [4] file format, which can be opened and edited using word processing soft-
ware such as Microsoft Word. The figure below shows the dialog Find Network Element.

= Main menu Edit
=  Menu ltem Find
= STRG +F

_ ge |
_ ek |

4:-5 Find Network Element

=Bl Metz30_z20kvMetzMitLastprofilen bnet Close
&--[E Metwork Elements
#-[E Disabled Metwork Elements Help
------ Lines with Disconnected Modes
------ Busharwith Disconnected Nodes
#-E General Settings
#1-[E Grid State
#-[E 3Ph1[DEA]
&--[E Bh 1 [20kY]
B-[E Line 4 [NAZRS2Y 3x1x240 20kv] 2km]
m-[E Line 5 [NAZRS2Y 3x1x240 20kv] 2km]
&-[El Load 1 [Last]
B-[E Metwork 1[110kY]
=-E Prb1[P1]
m-El Pro2 [P2]
&-[El Prb 3[P3]
o8 PoaP
&-[E Prb & [PE]
m-[E Tra1 [20MvA]
&-[E User specific Description
------ [ E-Mail Configuration List
...... [# Zone
------ & e
------ Warsion
B TACS Signals ¥ OnTaop

Figure 98: Dialog Find to export Settings and Configuration of a Power Grid Project

The settings and configuration of a power grid project can be exported by a Left Mouse Button
Click on the button Report. Alternatively, the dialog Find can also be opened, and the Report
can also be exported via the menu options listed below.

= Main menu File
= Menu item Export, item Report: Settings

The dialog can remain open alongside the main window of ATPDesigner. ATPDesigner opens
the dialog File Save, allowing the user to select a directory and specify a filename. The Report
is saved using the file extension XML.

The file name format (DESC = settings and configuration of a power grid project):

=  YYYYMMDDhhmmss_NetFilename_DESC.XML

The following figures illustrate examples from the Report.
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Institute Power Systems, Institute

2l Power Systems,

[Power Grid: Equi c istics and Settings

12.10.2025, 10:34:00.313
C\Soft T

dentifiers and Descript

_7_ATPD: D » astprofilen bnet nom, Nominal value, € g nominal voltage ¥nom
ATPDesigner Version 4.02.07 - 11.10.2025

T Rated value, e £ rated current It
Version NET File 6.3 - 22.01.2021 VAG, VBG, VCG Amount of the phase-to-ground valtages in V and %Vn//3
V], [%]
A, VEC, VCA ‘Amount of the phase-to-phase voltages in V 2nd %vn
POWER v, 156
ENGS Vouin, ¥max, | Amount of the minimum and maximum phase-to-ground and phase-to-pnase voitage VABC in V
= v, 1%] and %Vnom
Voo, Vog, Amount of the phase-to-phase voltages VAB, VBC, VCA In ¥ and %vn
V], [%] Amount of the phase-to-ground voitages VAG, VBG, VCG in ¥ and %Vn/v3
18, 18, IC Amount of the phase currents in A and %in
(AL [%]
V1,v2,v0 AAMOUAT OF th POSITIVE-, NEEBTIVE- and 2870 32qUENCE VOITaEE In ¥ and %Vn/v3
v, %]
11,12,10 Amount of the positive-, negative- and ero-sequence current in A and %in
[A] [%]
Ipmex A, (6] Amount of the maximum phase current IABC in A und Sin=imax Red
Load [*lnom] Amount of the maximum phase current IABC in %in
Load Smas, “Amount of the maximum o minimum apparent power $ in %5
(1]
SIVAL Amount of the apparent power in VA
P (W] ‘Amount of the acive power in W
Qvar] Amount of the reactive power in var
i3
max maximum
min minimum.
Cosbhi factor cos phi=P /S
Losd [%] Load of winding A and 8 in %In
54, 58, 5C [VA] Single-phase apparent power of phase A, 8 and C inVA
P4, B, PC (W] Single-phase active power of phase A, B and Cin W
QA, 08, aC Ivarl Single-phase reactive power of phase A, B and C in var
Na Need for Action
Ipmax ] Maximum phase current IABC in %inom
o (%] Grig Health in %
mipul Load Level acc. VDE 0276
\F State of Load Flow Calculation: o k=1, failed=0, stopped=2, invalid=L
TRIP Grig Protection: TRIP-Command -0
GEN Gric Protection: General starting - 0=gisabled, 1=enabled
D5z Grid Protection: Distance zone of the distance protection with TRIP
RIK Grid Protection: Resistance of the short Circut impedance of the positive sequence system
X1k Grid Protection: Reactance of the short-circuit impedance of the pasitive sequence system
DsT Daylight Saving Time: Summer =S, Winter = W.
Sute Overall resuf for the quipment according to the BDEW traffic lignt model (green, yellow, red!
Enbled (Ena) Network element: enabled (Ens) or disabled (Dis)

Disabled (Dis)

Page 1gf14Pa

Page 2 g 14 Pay

POWER POWER
ENGS ENGS

Institute for £ Power Systems, ki AR Instituts

Power Systems,

[Power Grid Topology, MNumber of Network Elements

[Name of the network element
work lofeed

|Line

LA lLosd
l2-Winding Transformer
lprobe

1108V g I=

P DEA [s-Phase source

P @ ilation of Disabled Network Elements
[Name of the network element Ena /Dis.
bled Network Elements not detecied

2-Winding Transformer

[Mame of the network element | St [ \nomA, Vnom. [uk |
[Era.1 20MvA] [ 2omva | 110KV, 20 KV 8% |
Load
[Name of the network element [ woom [ P | a |
|od 1 [Lasy [ 200w | 2mw | 0.406117 Muar |
Characteristics of the Power Grid
[tine. | Value |
Dlumber | 2 ]
[ Voom, I Length I Bymber |
[ 20KV | 4km | 2 |
[ | Value |

umber I 1 |
[5um of Apparent Power s [ 20MvA ]
[Load impedance (Load impedance, 2 Winding Value
INUmber of Load Impedance - N1 = 1
[Number of Load Impedance of 2-Winding Lransformer N2 = )

SN1+N2 1

Jsum of Active Pawer P 2MW =2 MW <0 MW
lLoad Profile: Sum of Energy £ 1000 MWh = 1000 MWh + 0 MWh
lLoad Profile: Sum of Energy E of Heat Pumps (HP(ID]) 0 KWW = 0 KWh + 0 KWh
|Load Profile: Sum of Active Power P of E-Mobils (EMOB(ID]| 0 =0 KW + 0 kW
lLoad Profile: Number of Load Profiles with Forecast (ID) e.g. FC(ID 0-0+0

Phase Source Value
INumber P olar Power Plant 1/1
l¢ Sum of Active Power P 2 MW,
JF Sum of Enerey C 3 1000 MW

umber Electromobile o/1
lé Sum of Active Power P 0w
J# Sum of Energy C E 0 kWh

umber, Wind Power Plant 0/1

Page 3 gf 14 Pax

Page 49§14 P
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Sefting Explanation
Close Close the dialog

If a network element such as Bb 1 [20kV] has been selected by a Left
Find Mouse Button Click on its name, the graophic shape of the network ele-

ment will be marked by red frame.

Remove the red frame in the power grid that highlights a selected net-
work element.

The contents of the tree structure displayed in the dialog can be copied
to the clipboard. Please note that the export uses plain text format only.
The contents of the tree structure displayed in the dialog can be saved
in a text file. Please note that the text file uses plain text format only.
Write Settings will be executed and the text file will be opened in a text
editor.

» enabled: dialog remains always on fop

= disabled: dialog can be moved on the background

Clear
Copy
Write Settings
Open Settings

On Top

ENGS

@ ATPDesigner - Design and Simulation of Power Networks - [[R] ENCR C:\Software\ATPDesignerSetup\00_7_ATPDesignerDemoNetze\Netz30_20kVNetzMitLastprofilen.bnet | - o X
@ File Edit Power Network ATP Test MNetwork Design Protection Diagrams Tools View Window Help - 8 x
A HBE SR ORBHh BB RETF(|CluezeE Pr 2 MBER K B ok Brear @ane 1 o BELGH &
I
| merzenaE-/1 o mEB+|HraEleX 82008 nn x| = HO HE [# C»x » B DOE|
o (& B R ¥ & B X fal b G [Name < fiomax|Al% Ivivoveels <l BEE2r gEA G
& Netz30_20kVNetzMitLastprofilen =
» Configuration =
- =
» ATP Settings - ST ran =
- 2omus =
~» Protection NG ES
» Load Flow " Den ,%
=
B Network Infeed & Find Network Element - o X 7
=
r-a 2-Winding Transformer =
£-B] Net30_20KVNetzMiLastprafilen bnet Close =
-~ Probe -[E] Network Elements ,E
i Line Disabled Network Elements Help 2
| # Load Impedance Lines with Disconnected Nodes &
| b ] Busborwith Disconnected Nodes _F | =
-3+ Busbar General Settings =
% Renewable Power Infeed Grid State Clear =
¥ 3-Phase Source =
S h 3 \rite Setings ®
2 Swite 4[INAZXB2ZY 3x1x240 20KV] 2km] &
@ TACS Line 5 [[NAZXS2Y 3x1x240 20kv] 2km] Open Setings ]
© Generator Load 1 [Last]
1© 1-Ph Network 1 [110kv] Copy
1-Phase Source Fib 1 (P1] B
4§ RLC-Impedance B Pib2[P2] =y
Text Frame Prb 3[P3] :
i e == =
= Circuit-Breaker - Pib5[P5] —
= Connection Tra1[20MVA] Collapss E
- User specific Description E__ =
= Protect Z mRY . L=
4 Network | B Prorection| B zone | 0 V4 [ V| | g o) enicr casoftwarsATPDesignerSetup!00_7_ATPDesignerDemoNetzs 2 E ol Contegron st Expand =
= = Zone
B0 A0 =N $lone  #[F] — X s ® s B [BE] o | @ Area Collapse- | [P & 6w I
x x = - [¥] Version
. ] > Window for Protect @ TACS Signals [v OnTop
> FileWatcher - Disabled
> Window for Protect Y |
> Language: englisch |
< > < >
L INM=0 [ 4
o o . .
Figure 99: Find a network element in the Power Grid
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18 Settings Dialogs

18.1 The ATP Settings Dialog

The settings dialog ATP Settings contains setftings related to the calculation methods available
in ATPDesigner, for the simulation of fransients and also for the Load Flow Calculation.

=  Main menu Power Network
= Menuitem ATP Data
= Project Information, tab Network, item ATP Settings

@ ATPDesigner - Design and Simulation of Power Networks

@ File Edit PowerNetwork ATP Test MNetwork Des
3= By | B e :
| (3 e |3
) e s
&-[E Network_1

- ¥ Configuration

- ¥ ATP Settings

- ¥ Protection \

- Load Flow

-k Al-System

=B Network Infeed

B--a- 2-Winding Transformer

-+~ Probe

ATP Related Settings
ATP Data | Load Adjusting | Load Flow | Phase Adjusting | VDE 0102 (IEC 60909) |

Simulation Data

20 Cycles
Prefault= 2 Cycles

Output Signals
|Output List2

Default
1 ms

Out= 10

Time = dt=

=] sep=[ 1 j

Options

[¢ Check Network Topology

[w Check LST-File on Errors

[¢ Check LST-File on Wamings

Load Flow Calculation

[+ Load Adjusting (PQ., PV Nodes)

[ Protection Relaying Resulis
[ Automatic Calculation [ ATP Load Flow

[ Invisible Nodes in Power Metwork

|v Phase Adjusting 1-Step

|Average |LF-Result- Setting|

Signal Analysis
[ X=Im[DFT(V.l)]

[ R=Re[DFT(V.])]

=

-

[ Positive & Negative Sequence System (12-System)

o |

Cancel Help

Figure 100: Settings Dialog ATP Settings
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18.1.1 ATP Settings: Tab ATP Data

The settings dialog includes configuration options for ATP itself, parameters for simulating fran-
sients, and confrols for the Load Flow Calculation executed by ATPDesigner.

Simulation of Transients: Overall simulation time

: 1
Time Cycle =—— with faom : nominal frequency of the power grid

nom

Simulation of Transients: Step-size of the sampled values used to create
a Diagram

Simulation of Transients: The setting will be only used if one of Line 1...3
are used in the power grid. If a short-circuit of one of Line 1...3 has been
enabled, the setting defines the prefault-time before the short-circuit
ocCcurs.

Simulation of Transients: The sefting will be only used if a test system
CMCxxx from Omicron such as CMC356 will be used.

Simulation of Transients: The setting defines the internal step-size dtinternal
used from the ATP for the simulatfion of transients. It depends on the set-
fing dt.

dt
Prefault

Out

dt

step
Depending on power grid and its equipment it may be necessary to use
Step a very small internal step-size dfintemal as used for the setp-size dt of the
Diagram.

internal ~—

Example: It may be required to use internal step-size dtintemal = 0,01m:s.
For the Diagram a step-size of df = 0,1mis is sufficient.

dt  0,lms
0,01ms

Output List Simulation of Transients: Additional nodes can be added to the signal list
Default Load the default values of the settings across all talbs,

=10

step =
P=0

internal

The settings below are related to the Load Flow Calculation of ATPDesigner. The Load Flow
Calculation algorithm consists of two basic algorithms, which shall be configured separately.

»  Load Adjusting &=
m

=  Phase Adjusting

It is possible - and sometimes necessary - to enable or disable both basic algorithms independ-
ent from each other.

Setting

If enabled, the Phase Adjusting executes the Load Flow Calculation for
the specified network elements.

Load Adjusting

(PQ, PV-Nodes) The Load Adjusting algorithm conftrols the amount of the apparent

power S across all network elements Load Impedance as well as across
all internal Load Impedance of the network elements Line and Trans-
former 2-Winding. The algorithm aims to achieve an accuracy better
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Phase Adjusting

than the specified threshold dS. The algorithm also considers the dis-
placement factor cos ¢, which is specified individually for each net-
work element.

The Load Adjusting algorithm also conftrols the tap changer and voli-
age regulator of the network elements Transformer 2-Winding.

If enabled, the Load Adjusting executes the Load Flow Calculation for
the specified network elements.

The Phase Adjusting algorithm conftrols the amount of the apparent
power S and the phase angle between positive-sequence voltage Vi
and the positive sequence current |1 at the network connection point
(NCP) across all network elements 3-Phase Source.

The setftings below are related to the Load Flow of the ATP itself.

Setting Explanation

ATP Load Flow

If enabled, the Load Flow of the ATP itself can be used.

The settings below are related to the network configuration.

ATP Load Flow If enabled, the Load Flow of the ATP itself can be used.

Invisible Nodes in
Power Network

Version 1.6

» enabled: The nodes will be not drawn.
» disabled: The nodes will be drawn
The figure below illustrates an example without drawing the nodes.

-
[NA2XS(F)2Y 3x1x150 20kV] 20km 20/0,4kV

P4
coT"
P7
T —————SNR Dyns

= [NA2XS(F)2Y 3x1x150 20kV] 20km

110/20kV

20/0,4kV

P2 [NA2XS(F)2Y 3x1x150 20kV] 10km “4P 100kVA

pyns |

20/0,4kV

& 100kVA
. [NAZXS(F)2Y 3x1x150 20KV] 20km P.S °° P.s >

P3
. Dyn5
Uberlast Urnetz: Netz20kVErdschlussDyn.bnet
- 100%  Variante:
- 120 Datum: 12.10.2025
% Zuletzt bearbeitet: 12.10.2025

I 5%
- 50% Beschreibung:

:] 30% C:\ATPDesigner\Data\Network.net
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18.1.2 ATP Settings: Tab Load Adjusting

The settings dialog includes configuration options for the Load Flow Calculation executed by
ATPDesigner. The Load Adjusting setftings provide access to the load flow algorithm applied to
the network elements specified below.

Network Element PQ-Node PV-Node
Load Impedance X -—-
Transformer 2-Winding: Voltage regulator and tap changer —
Transformer 2-Winding: Internal Load Impedance X
Line: Infernal Load Impedance X
Network Infeed X
Generator X

=  Main menu ATP
= Menuitem Load Adjusting
=  Toolbar button i

To enable Load Adjusting, the option must be selected by a Left Mouse Button Click.

BeEHEBEE SR IeEap. HRE 2SR DM cEE P EME

ATP Related Settings X

ATP Data Load Adjusting | Load Flow | Phase Adjusting | VDE 0102 (IEC 60909) |

—Load Adjusting: PQ and PV Modes — W=, V< - Monitoring (EN50160)

Max. Steps = I 20 Ve = I 90 %Vnom
Delay Time = I 0 5 V= 110 %\Vnom

—Adjusting PQ Modes (Load Impedance)—  —Adjusting PV Nodes (Metwork Infeed)

No. | Identifier | Phase Angle [] | Name of the network element |
1 Network 1 1] T10kV-Netz

Ok | Cancel Apply Help

Figure 101: Settings Dialog ATP Settings, Tab Load Adjusting

The settings below are used to control the Load Adjusting part of the Load Flow Calculation.
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Explanation
Seftin
Load Adjusting: Maximum number of iteration steps
Max. Steps If the maximum number of iteration steps are exceeded, the Load Flow
) Calculation will be stopped and ATPDesigner writes LF=failed in the sta-
tus bar.
Delay Time Delay time between two iteration steps of the Load Flow Calculation

Load Adjusting: Maximum accuracy of the apparent power S across all
Load Impedance

ds The convergence criterion is used to monitor the relative deviation of
the apparent power. The algorithm evaluates the magnitude of the dif-
ference between the calculated and specified apparent power.
Partial load factor across all Load Impedance

s
SLoadFlow =S SSetting
Load Adjusting: Maximum accuracy of the active power P across alll
dP
Network Infeed and Generator
dv Load Adjusting: Maximum accuracy of the voltage of the positive-se-

quence system V1 across all Network Infeed and Generator
At the end of the Load Flow Calculation, ATPDesigner displays messages in the status bar.

Load Flow Calculation fails
| |LF=failed |5=33.333%/100.000% P=0.000%| [N=20 4

= LF=failed : Load Flow Calculation fails (Divergence)
= N=20: Number of iteration steps

Load Flow Calculation o.k.
| |LF=a.k. [s=0.012%/0.016% P=0.000% | N=2

RN

= LF=o.k.: Load Flow Calculation has succeeded (Konvergence)
= N=2:Number of iteration steps

The settings below allow monitoring the voltages at all nodes of the power grid.

' Sefting  Explanaton

V< Threshold of the overvoltage detfection
V> Threshold of the undervoltage detection
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18.1.3 ATP Settings: Tab Load Flow

The settings dialog includes configuration options for the Load Flow performed directly by ATP.
If this ATP-based load flow is to be used, it is sfrongly recommended to consult the official ATP
rule book to ensure correct application. Alternatively, it is advisable to use the Load Flow Cal-
culation provided by ATPDesigner, which includes the so-called Load Adjusting and Phase Ad-
justing methods. Explanations of the settings shown below are provided in the ATP Rule Book.

ATP Related Settings X

ATP Data l Load Adjusting Load Flow | Phase Adjusting | VDE 0102 {IEC 60909) ]

[v Additional interactive output during load flow iteration

[+ Tabular printout for nodes with power constraints

MNumber of iterations = ’W
Relative convergence tolerance = ’T %
NFLOUT= [ 20

CFITEV= [ 1

CFITEA= [ 1

VSCALE- [ 1

KTAPER= [ 2

Cancel Help

Figure 102: Settings Dialog ATP Settings, Tab Load Flow
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18.1.4 ATP Settings: Tab Phase Adjusting

The seftings dialog includes configuration options for the Load Flow Calculation executed by
ATPDesigner. The Phase Adjusting settings provide access to the load flow algorithm applied
to the network elements specified below.

Network Element PQ-Node PV-Node
3-Phase Source X -

=  Main menu ATP
= Menu item Phase Adjusting
=  Toolbar button b4

To enable Phase Adjusting, the option must be selected by a Left Mouse Button Click.

LU

FEEE @R/ ieamo kB 22> CMEcEdEr 2% B

ATP Related Settings X

ATP Data | Load Adjusting | Load Flow Phase Adjusting |VDE{}1{}2(IECG{]9{]9)|

—Adjusting 3-Phase Sources

Max. Steps = I 20

Max Phase = I 1 . 5= I 100 “%Pnom, %Snom
Max. S = I 1 %
PhHyst= I 01 ®
PQ Hyst= I 1 3z

No. Identifier | s[“qu’n.“f{:Sn]| Ena./Dis. |Nameofmeneb~orkelement
1 3Ph1 100 Enabled 3Ph1

Pmax , Smax of 3-Phase Sources

ST Cancel | Apply | Help |

Figure 103: Settings Dialog ATP Settings, Tab Phase Adjusting

Setting Explanation

Max. Steps  Phase Adjusting: Maximum number of iteration steps

Max. Phase Adjusting: Maximum accuracy of the phase angle ¢ across all 3-Phase
Phase Source

Max. S Phase Adjusting: Maximum accuracy of the apparent power S across all 3-

Phase Source
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The convergence criterion is used to monitor the relative deviation of the ap-

parent power. The algorithm evaluates the magnitude of the difference be-

tween the calculated and specified apparent power.

1. Mean value of the relative deviation across all 3-Phase Source

2. Maximum value of the relative deviation across all 3-Phase Source

Phase Adjusting: Hysteresis for the angular rotation of phasors

Due to the mathematical algorithms of the ATP, absolute phase angles may

be calculated outside the standard range: greater than 360° or less than 0°.

Since angles like 362° and 2° are electrically identical, the Phase Adjusting al-

gorithm normalizes phase angles to the interval [0°, 360°] to improve conver-

gence behaviour.

PQ Hyst Phase Adjusting: Hysteresis of the PQ characteristic across all 3-Phase Source
Partial load factor across all 3-Phase Source

PhHyst

$ S

LoadFlow

=s5-S

Setting

The spread sheet shows all network elements 3-Phase Source used in the power grid.

Reference name of the network element

The reference name uniquely identfifies the network element and will be
displayed in the headline of the settings dialog.

F hl
Definition of 3-Phase Source '3Ph 1' b4
Identifier General Technical Data | Cos Phi | Interface to .| P(Q) | LVRT | FRT | VDE 0102 (IEC 60909) | Load Profile |
Name:: |3Ph 1
Help
Pnom = [ 1000 kW [P0 v| Tstart= -1 5 ’7
Ena. [Dis.
Frequency = 50 Hz Tstop = Te+15 5
Phase = 0 : Phase Shift= 120 - @ =| [x
S [7Pn, %Sn]
= Enabled: The network element is enabled and will be considered in both
the Load Flow Calculation and the simulation of transients.
= Disabled: The network element is disabled and will be not considered
Ena./Dis. neither the Load Flow Calculation nor the simulation of transients.

The network element can also be enabled or disabled by a Left Mouse But-
ton Click on the corresponding cell. A context sensitive menu will appear.
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r
ATP Related Settings X

ATP Data | Load Adjusting | Load Flow Phase Adjusting | VDE 0102 (IEC 60909) |

— Adjusting 3-Phase Sources

Max. Steps = IT
Max. Phase = |1—
Max S = [ 17 =
PhHyst = [ -

PQ Hyst= [T =

No. | Identifier | s [%Pn. %Sn] | Ena./Dis. |Name ofthe network element

En:

Pmax . Smax of 3-Phase Sources

5= I 100 %Pnom, %Snom

.

+ Enable
¥ Disable

Name of the
network ele- | User specific name of the network element
ment
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18.1.5 ATP Settings: VDE 0102 (IEC 60909)

The settings dialog includes configuration options for the short-circuit calculation according to
the standard IEC 60909-0:2016 (VDE 0102:2016-12) Short-circuit currents in three-phase a.c.
systems - Part 0: Calculation of currents.

“IEC 60909-0:2016 is applicable to the calculation of short-circuit currents in low-voltage three-
phase AC systems, and in high-voltage three-phase AC systems, operating at a nominal fre-
quency of 50 Hz or 60 Hz. It establishes a general, practicable and concise procedure leading
fo results which are generally of acceptable accuracy and deals with the calculation of short-
circuit currents in the case of balanced or unbalanced short circuits. This second edition can-
cels andreplaces the first edition published in 2001. This edition constitutes a technical revision.”
(https://www.vde-verlag.de/iec-normen/222518/iec-60909-0-2016.htmil)

ATP Related Settings X

ATP Data | Load Adjusting | Load Flow | Phase Adjusting VDED102(IE060909)]

VDE 0102 Standard |Standard December 2016 ﬂ Default

[ Enable VDE 0102 Operation Mode iP-Calculation
c= L% |None ﬂ
Vnom = 10 L kV fc= 20 Hz

Temperature of the Line Resistance R Low-Woltage (100..1000V)

(@ +10% Tolerance

Te= 20 '€ a= 0.004 1/K

(" +6% Tolerance

Short-Circuit Current lkmin - lkmax Ssc, Sscmin, Sscmax
|Max. Initial Symmetrical Short-Circuit Current ﬂ |Ssc ﬂ
Thermal Equivalent Short-Circuit Current Ith Output
Tk= 01 s |Shon—Circui1 Location Qnly ﬂ
Additional Settings
[v Enable Automatic Vnom Detection [+ Disable Line Capacities (RLC-PI)

Figure 104: Settings Dialog ATP Settings, Tab VDE 0102 (IEC 60909)

Default Load the default settings of the tab
= enabled: Short-circuit calculation according to IEC 60909 (VDE 0102)
will be executed

Enable VDE 0102 disabled: Short-circuit calculation using steady-state analysis will be
executed.
= Standard December 2016
VDE 0102 Stand- Stqnda(d December 2016 (mod) . . o
ard This option may be used with caution, as it represents a modification

of the Standard December 2016.
= Standard July 2002
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c
Vnom

Operation Mode

iP-Calculation

fc
Te
a

Short-Circuit
Current Ikmin-
lkmax

Ssc, Sscmin,
Sscmax

Tk

Output

Enable Auto-

matic Vhom De-

tection

Disable Line Ca-
pacities (RLC-PI)

This option should no longer be used, as the corresponding standard
is no longer valid.
Voltage factor of the voltage source at the fault location
Nominal voltage of the voltage source at the fault location
Method to calculate the initial symmetrical short-circuit current ip
= None
» R/X-Rafio at SC Location
= Equivalent Frequency fc
Eqguivalent frequency to calculate the R/X-ratio
Temperature to calculate the resistance of the network element Line
Temperature coefficient to calculate the resistance of the network ele-
ment Line

= Max. Initial Symmetrical Short-Circuit Current
= Min. Initial Symmetrical Short-Circuit Current

Short-circuit apparent power of all network elements Network Infeed
used for the short-circuit calculation acc. IEC 60909 (VDE 0102)

=  Ssc
= Ssc min
= SsCc max

The durations of the short-current T« (time from the beginning up to the
extinction of the short-current) is used to calculate the thermal equiva-
lent short-circuit current lin.

Output of the short-circuit results at:

» Short-Circuit Location Only

= Al Nodes

The nominal voltage Vnom will be determined at the short-circuit loca-
fion. It will be recommended to validate the result fo ensure the correct
short-circuit calculation results.

The phase-to-phase and phase-to-ground capacitances of all network
elements Line will be disabled.

The results will also be displayed in the Messages Window.

Results of the Short-Circuit Calculation acc. [Calculation iP disabled]

> VDE 9102 (IEC 60909) Standard December 2016

> Calculation of Max. Initial Symmetrical Short-Circuit Current Ikmax
> Short-Circuit ABC; Te=28°%; Vnom=20kV; c=1.1; Ssc
»>> Ik"PF(3-Phase Source)=0A

»>> Tk"=2.032kA;2.032kA;2.032kA

»» Zk=6.2500hm;6.2500hm; 6. 2580hm

»» 46.9887°;46.9887°;46.9887°

>> Re(Zk)=4.2640hm;4 . 2640hm; 4 . 2640hm

>> Im(Zk)=4.5700hm;4.5700hm;4 . 5700hm

»>> R/X=0.93288;0.93288;0.93288

»>» X/R=1.07194;1.07194;1.07194

>> T=3.412ms;3.412ms;3.412ms

> Thermal Equivalent Short-Circuit Current

>> [Bb 1] Ithr=25.000kA; Tkr=1.000s; Tk=0.108s; Ithz=79.057kA :
>> [Bb 2] Ithr=25.000kA; Tkr=1.000s; Tk=0.10@s; Ithz=79.057kA :

> Results of the Short-Circuit Calculation acc. VDE 8182 (IEC6@989) : 3-Phase Source
>> 1 : [3Ph 1] 3Ph 1, Isc"maxPF=0A, Setting: Isc"=0A, ABC

LF> Processing Time of the Load Flow Calculation = 494ms

Figure 105: Messages Window - Results of the Short-Circuit Calculation acc. IEC 60909 (VDE 0102)
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B 20/0,4kV

: GG
110kV-Netz P7
110/20kv il byn5
GO
P1
oynS [] 20/0,4kV

il A

Dyn5

5.276kA;5.276kA;5.276kA 20/0,4kV

: (L) —~ms
P3 P8 P6
Dyn5

Figure 106: Short-Circuit Current displayed at the Short-Circuit Location
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18.2 The Network Configuration Dialog

The settings dialog Network Configuration contains several settings related to the configuration
of the power grid and the methods to analyse the power grid available in ATPDesigner.

= Main menu Power Network

= Menu item Network Configuration

= Project Information, tab Network, item Configuration

r

@ ATPDesigner - Design and Simulation of Power Network

& File  Edit

Power Metwork ATP  Test

1B E SR DBEKR
|13

naHE~ A
& =S = e

Network De
o~

o |3
“F =

E- 131 Netz20kVErdschlussDyn

...... » Configuration \

...... b ATP Settings
------ » Protection

------ » Load Flow

------ b Al-System

#-+~ Probe
i-F line

Network Configuration

E-B Network Infeed

B 2-Winding Transformer
E

E

Short-Circuit ] Protection ] Messages ] Vnom Colors

PLoss Colors l

Metwork l Line ]

Security

l Monitoring l
CMC Configuration l

E-Mail. SMTP |
ATP Control File Config Data |

V<> Colors ] I= Colors ]

Measuring Location

|None

Default

Measuring Scheme

|Distance Protection

Output Device

| TextFile

Arc Fault

Power Metwork Frequency fn =

[ Enable Substation CT and VT

Display Name of ...

|Static Arc Fault

50 Hz

[« All Metwork Elements [

[+ Line [+ Line Load

[+ 3-Phase Source [+ Load

[v Transformer [v Transform. Load
[ Circuit-Breaker [v BCTRAN

[v Metwork Infeed [ Switch

[+ Busbar [+ Probe

[+ TextFrame

=
=
=
=

Fonts

Equipment
Line
Probe
Load
Busbar
Transformer

[+ Visible

Meas. Values

Data Base
Colors

Description

I

|
l

o |

Cancel

Figure 107: Seftings Dialog Network Configuration
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18.2.1 Network Configuration: Tab Network

Setting

Default

Display Name of ..

Altern. Names

Fonts

Meas. Values

Description
Power Network
Frequency fn
Enable Substation
CTand VT

Measuring Loca-
tions

Measuring
Scheme

Output Device

Arc Fault

Version 1.6

Explanation

The default settings will be loaded across all tabs of the settings dialog

and all existing setftings will be overwritten.

The display of user-specific names in the power grid graphic can be
controlled through several available options.

Alias Names: Alternatfive names will automatically be generated and
displayed.

User-specific fonts can be chosen by several available options.

The font displaying measurement values such as results of the load
flow calculation can be chosen.

Visible enabled: measurement values are displayed
Visible disabled: measurement values are not displayed

A description can be added to the power grid project.

Nominal power network frequency used for the load flow calculation
and for the simulation of fransients.

Simulation of Transients: The model of the current-transformer and volt-
age-fransformer can be enabled.

Simulation of Transients: The measuring locations can be chosen if one
of the network elements Circuit-Breaker Cb1...5 will be used. The set-
ting Measuring Locations is important, if a protection device will be
tested using a Omicron CMC Test System.

Simulation of Transients: It can be chosen between the measuring
scheme Distance Protection and Diff. Protection.

Simulation of Transients: The output device can be chosen if protec-
fion device shall be tested using the simulation of fransients.

CMC Test System
COMTRADE File
Text File

Text File (Excel)
Load Flow (Prbx)
Protection (Prbx)

Simulation of Transients: The model to simulate arc faults can be cho-

sen

Static Arc Fault

The arc fault will be simulated using a polygonal characteristic.
Dynamic Arc Fault

The arc fault will be simulated using a differential equation 1st order
implemented in MODELS.
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18.2.2 Network Configuration: Tab Short-Circuit

The settings dialog includes configuration options for a short-circuit (commonly referred to as

the red flash due its graphical symbol in the network graphic).

Network Configuration X
PLoss Colors I Security | Monitoring | E-Mail, SMTP | Data Base
Network | Line I CMC Configuration I ATP Control File Config Data | Colors
Short-Circuit | Protection I Messages | Wnom Colors V<= Colors I I> Colors
Fault Time = I 100 ms
FaultLoc. = I =1l %
Fault Extinction = I Te+15 ms
Fault Type: INone hd |
| extinction = I 0 A
[~ FaultResistance R +j X Enabled
Fault Resistance R = I 5 Ohm
Fault Reactance X = I 0 Ohm
[~ Restrikting Voltage = I le+12 kW
[ Display Voltage Drop
Figure 108: Settings Dialog Network Configuration, Tab Short-Circuit
Setting Explanation

Fault Time Start time of the short-circuit

Fault Loc. .
Line

Faul location, if the short-circuit has been set along a network element

Fault Extinction Extinction time of the short-circuit
Fault Type Fault type of the short-circuit
The extinction of the short-circuit occurs, if
» fhe Fault Extinction time has been elapsed and
| extinction * the sampling value of the phase currents are less lextenction.

The setting can be used to simulate the extinction of the short-circuit arc.

Fault Resistance
R +jX

Version 1.6

= Disabled: The fault resistance of the short-circuit is equal 0 Q.
= Enabled: The fault resistance of the short-circuit can be user-defined.
A series impedance will be used as fault resistance model.
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[3]

[4]

[5]
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[8]

[9]
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Documents

EN 50160
Voltage characteristics of electricity supplied by public electricity networks
German Standard

VDE 0276-620
Power Cables; German Standard

Smart Grid Traffic Light Concept
Discussion paper; BDEW, German Association of Energy and Water Industries; Berlin, 10
March 2015

VDE-AR-N 4110
Technical Connection Rules for Medium-Voltage (TCR Medium Voltage)

VDE-AR-N 4120
Technical Connection Rules for High-Voltage (TCR High Voltage)

Office Open XML
ECMA-376 Office Open XML File Formats, ISO/IEC 29500)

ATP
Alternative Transients Program, www.eeug.org

Anwendung der Reprdsentativen VDEW-Lastprofile
VDEW Materialien, VDEW-Frankfurt 2000

JSON (JavaScript Object Notation)
ECMA-404 The JSON Data Interchange Standard (www.json.org)

Hinweise zu den aktualisierten Standardlastprofilen Strom

Aktualisierte Lastprofile H25 (Haushalt), G25 (Gewerbe), L25 (Landwirtschaft), P25 (Kom-
binationsprofil PV), $25 (Kombinationsprofil PV-Speicher)

BDEW, Berlin, 17. M&rz 2025

I[EC 61850
Communication networks and systems for power utility automation
www.webstore.iec.ch/en/publication/6028
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