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With this Elaplan-Modul you are able to calculate electrical power networks according DIN VDE 0102 and report
them graphically. After doing the corresponding short-circuit calculation the recorded Network Graphic allows you to
show the results of any symmetrical and unsymmetrical fault as well as data of the containing elements. In order to
review the security in operation of the network you can check the selectivity and calculate the load flow.

Introduction

Login

After installation of the software you get entry to the Elaplan user platform with the user-ID as follows:

Name: SYSTEM

Password: PASS

Please note, that there is a difference in use of capitals and small letters at the input.

After selection of the user name you have to change into the input area ‘Password‘ by pressing TAB or by using the
mouse. You log on by pressing OK or Enter. The window ‘Module Selection‘ will be shown.
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Add a Project

You are in the Module Selection of Elaplan. Please click onto the Module ‚Elaplan-B: Usesr, Projects‘ and then onto
the icon ‚Project Administration‘. With the input area ‚Add project‘ you can create the new project. By pressing OK
the project will be saved to your hard disk.

The sub-directory in \\Elaplan\pro\ has the name of the field ‚Project:‘.

Subsequently you can leave the module ‘Elaplan-B‘, open the desired module, e.g. ‚Elaplan-4: Power Networks‘ and
select the added project.

In the ‚Project Administration‘ you can also copy and delete projects, change their description etc.

There is the possibility to protect a project from unauthorised access and the definition of co-owners of the project, too.
Besides common data of a project can be put in.

Do you wish to make changes of the user name described before (user-ID), you have to do this in the program ‚User
Administration‘. Here you can add and change users with the corresponding access rights.

Names and access rights of standard users are defined as follows:

�
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Name Password Access right

Elaplan PASS user
Daten PASS basic data administrator + user
System PASS basic data administrator + user + user administrator

You can change the password of a user, too.

With this software several sample-projects of the module are delivered. You can copy them, use them as an example
for your first steps with the program module Elaplan-4: Power Networks and create some listings, typical for output.

�����������������������������	

In the Module Selection (shown above) double click on the Elaplan-4 icon. You open the Elaplan-4 Program
Selection, where you can choose the desired program by double click. Now the project you have create in the module
’Users, projects’ will be shown for selection.

Program Selection Elaplan-4

The following chapters will describe the working with each of the tasks.

������	��������
With the program ‘Network Graphic’ all elements of the network will be recorded. The chosen arrangement of the
elements and their connections will be provided for the output on screen, printer or plotter. By means of the available
element symbols this method makes the design of the network graphic simple and easy to survey. Simultaneously the
single elements will be connected with the nodes and the busbars of the network.

Graphic recording will be controlled with the menu bar. Additionally the function of the menus ´Edit´, ´Element´and ´´
can be selected by means of symbol bars.

In the status bar of ´Network Graphic´ you can see the current position of the mouse in the graphic window. You can
change the defaults for position indication in ´Extras/Options´ at the register ´General Options´.

�������
In the menu item ‘Element’ all types of elements are shown, which can be used in the network graphic.

Follwing types of elements are available: Net feeder, synchronous generator, asynchronouos generator, two winding
transformer, three winding transformer, synchronous motor, asynchronous motor, directcurrent drive, cables/wires,
cables/wires with load, load, capacity battery, RLC-element, impedance coil, shunt impedance, earth busbar and
busbar/node. For protective devices you can choose between HV/LV-fuse, line protection switch, circuit breaker, fuse
switch-disconnector and D/D0-fuse. For connecting the single element you can use ´Connecting´ or ´Multiple
Connecting´.

With these elements you can design and output your network graphic.
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Elements

The chosen type of element can be selected by clicking the icon in the symbol bar or with help of the menu.

With the mouse you can move the element at any position and confirm the position with the left mouse button.

The shown type of element nearby the mouse position indicator is a little help for the positioning of the element. After
a click on the left mouse button the element will be inserted at that position it currently is - next to that grid unit which
is the nearest by.

If you want to connect transformers to earth busbars the earth busbars must be positioned in
the network graphic, but they don´t need any connection to the network. Connection to the
transformers will be made at the input of the network data. This method avoids confusing
connection lines in the network graphic, if a lot of transformers will be connected to an earth
busbar.
In the network graphic a switch kann be set in order to switch on or off parts of network or
parts of a project.
Protective devices, switches and busbars will be positioned in the network graphic just like
other elements. But their both connecting points must not end at impedanceless connections.
With the menu item ´Multiple Connecting´ you have a tool to connect various elements to a
common busbar quick and easy. After activating of the symbol you click the common busbar
at first. Subsequently you click the connecting points of the single elements one after another.
This function ends with a double click at the last connecting point.
Die connection lines from the busbar to the connecting points of the chosen elements will be
drawn from the program.
With the menu item ´Connecting´ you have the possibility to connect or to lengthen the
connection of elements at busbars.

By clicking the right mouse button the object will be rotated. Every mouse click rotates the object on 90°. This allows
you an individual design of the network graphic.

A superposition of two elements will be avoided of the program and is signalled by an acoustic signal.

If you change from one symbol to another without making an endpoint at a connetion from a
busbar to an element the current connection will be interrupted.

Every connection point of an element (except switches and protective devices) must end at a
busbar.
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In the menu item ‘Edit’ you can copy, move, delete, mark/switch und rotate the elements contained in the network
graphics.
Besides you can show the element data and input the designation of the elements.

Edit

The function ´Copy´ ist available for elements with one connecting point only (net feeder,
synchronous generator, asynchronouos generator, synchronous motor, asynchronous motor,
directcurrent drive, load, capacity battery, shunt impedance and earth busbar). With copying
the elements the relevant element data will copied also. But the element data will be shown
not before they were exported to the input of the network. The copied element needs a new
designation; therefore a new input window opens automatically, which asks for the new
designation. You must input a designation, which is not yet used.
Otherwise the program interrupts the copy procedure without inserting the new object.

With the function ´Move´ in the network graphic single elements with their connections and
busbars including their connected elements can be arranged in a new way. After moving the
connection lines must be drawn in a new way also, if necessary.

With the function ´Busbar stretching´ you can change the length of a busbar. Please note,
that only the second point (end point) of a busbar can be stretched or reduced. This symbol
corresponds with the menu item 'Busbar stretching'.

With ‘Delete’ you can delete elements in the network graphic. Double clicking the symbol
removes the element from the network graphic.

With the menu item ‘Delete All’ you have the possibility to replace the content of the network graphic with a new
empty graphic window. For security you will be asked once more whether you are sure to delete all. Now you can
design a new network graphic.

After selecting the menu item ‘Delete All’ and confirming the security check your network
graphic cannot be restored.
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With the menu item ‘Move All …’ the whole network graphic can be moved on the
worksheet.

Move All

The input of the moving vector has to be in grid values, only integer values are allowed. In order to move the network
graphic to the top and/or to the left the desired value must be negative.
After confirming with the ´OK´-button the network graphic will be moved according the input values (in grid units).
With the menu item ‘Move All …’ not only the elements of a network graphic will be moved, but the free drawing
objects as well as the textes (all based on the entered grid values), too.

The function ‘Rotate’ turns single-pole elements on 90°. The direction is according the arrow
in the symbol.

With the menu item ‘Mark/Switch’ and a double click on the switch symbol in your network
graphic the switch will be operated (on/off). With this function you can mark single elements
or busbars also.
The menu item ‘Remove Marking’ deactivates all elements and busbars marked in the
network graphic.

With the function ‘Show connections’ you can get an overview in larger networks, which
connections and elements belong to a busbar.
They will be marked red in the network graphic.

With the function ´Partnet switching´ you can switch protective devices, which are placed in
the network graphic. Besides you can use this function to operate switches for the selection of
part networks. This symbol corresponds with the menu item 'Partnet switching'.
After inserting new elements in the network graphics you must designate them. Therefore you
have to select the menu item ´Designate Elements´. Click on the relevant element and input
the element designation. Maximum length of the element designation is 8 digits.

Element Designation

If more elements must be designated it can be done from the program also. Use the menu item
‘AutoText...’. Please find more information to this item later in this chapter.



�������������

With the menu item ´Element Data´ the related technical data of the elements can be shown
on the screen and recorded. Please find more information in the chapter ´Aquisition of
Technical Data´.

You get a message when you click on an element, which has no technical data related. If you save the network graphic,
now the technical data for the new added element will be shown also. For example:

Technical Data: Load

With the function ‘Basic drawing label’ you can input data for modification remarks and name as well as date,
company and the drawing number. When printing the network graphic these data will be shown in the drawing label.

The menu item ‘AutoText’ offeres you the possibility to designate your elements supported by Elaplan.
As default values Elaplan uses the standard values for the elements defined in ‘/Options’. Elaplan assigns the
designations to the single elements in the modes ‘Total automatically’ or ‘Half automatically’ according to users
intention.
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Autotext

If you choose ‘Total automatically’ all elements which actually have no designation get denominated with standard
values defined in ‘Extras/Options’ without any further request.

In the mode ‘Half automatically’ all elements which actually have no designation are shown in the dialog mask
‘Automatic Text’ one after another. At ‘Designation/Element designation’ you can input your favourite denomination
for the element.

The next element will be shown after clicking the button ‘Start’. If all elements have their designation, the button
‘Start’ gets deactivated and you can leave the dialog mask with the button ‘Cancel’ only.

����
Under the menu item ‘Draw’ you are able to position free drawing objects in your network graphic. They are not in
relation to the elements and can be put at the worksheet in order to denominate e.g. orientation points (buildings,
streets etc.). Elaplan always fits them in the network drawing gridded according the so-called units. It is not possible to
show these grid lines.
Therefore ‘Text’, ‘Line’, ‘Bend’, ‘Circle’, ‘Ellipse’ and ‘Rectangle’ are available. After positioning these free drawing
objects in the network graphic they cannot be moved on the worksheet.

Menu item ‘Draw’

With the menu item ‘Text’ a free text can be placed in the network graphic. Now move the
mouse indicator to that place where the free text should be inserted. After click with the left
mouse button the free text will be inserted.

The menu item ‘Line’ inserts a straight line in your network graphic. Click with the left mouse
button to that point where the line should start. Now move the mouse to that point where the
line should end and click the left mouse button once more. you´ve got a straight line in the
network graphic.
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With the menu item ‘Bend’ a bent line can be placed in your network graphic. Select the
position where the bend should be inserted.
With the first mouse click the position, where the bend should be placed, will be set. Now you
can choose the size of the bend. The circle shown on the screen is a little help for the size of
the bend. The second click with the left mouse button will confirm the size of the bend.
Subsequently you can determine the start point of the bend by moving the mouse. After the
third click with the left mouse button you can determine the end point of the bend by moving
the mouse. By clicking the left mouse button the bend will be inserted in the network graphics.

The menu item ‘Circle’ inserts a circle in your network graphic. The circle is defined by input
of the centre and the radius.
Choose the position where the circle should be set. The first click with the left mouse button
sets the centre. Now you can determine the radius by moving the mouse. The second click
with the left mouse button inserts the circle into the network graphic.

With the menu item ‘Ellipse’ you can place an ellipse into your network graphic. The ellipse
shown on the screen is a little help for the size of the ellipse.
Select the start point where you want to place the ellipse by means of the left mouse button.
Now you can determine the size of the ellipsed by moving the mouse. The second click with
the left mouse button will insert the ellipse into your network graphic.

With the menu item ‘Rectangle’ there´s the possibility to insert a rectangle into your network
graphic. Two opposite points define the size.
Choose a point in the network graphic where the start point for the rectangle should be set by
means of a click with the left mouse button. Now the size of the rectangle can be determined
by setting the opposite point. Therefore you move the mouse to that point where the opposite
point should be placed. The second click with the left mouse button inserts the rectangle into
your network graphic.

The menu item ‘Mark’ activates single free drawing objects. The right mouse button shows
the pop up menu for the selected object.

In order to change colors, size of text or line width of a free drawing object subsequently select the menu item ‘Select’
and click with the left mouse button on that object which attributes you want to change. If it is now marked as active
click with the right mouse button on the selected object and choose the desired command from the opened pop up
menu.

All changes made with the pop up menu will be saved as default settings by the program and
given to new drawing objects when inserting them.

With the command ‘Color’ you can change the default color for the active object. With this command the selected
drawing object will be drawn once again in this color and the seleceted color gets the default color. All new inserted
free drawing objects will be shown with the color select at last.

With the command ‘Line’ you can change the line width of drawing objects (circle, ellipse, bend, line and rectangle).
This item has no effect on ‘Text’. With this command the seleceted drawing object will be drawn once again with this
line width and the seleceted line width gets the default line width for the drawing objects.

With the command ‘Text’ you can change height and width of the text as well as the text itself. This item has no effect
on other free drawing objects. With this command the selected text object will be drawn once again with this changes.
All changes that were done will get the new standard settings.

With the command ‘Delete’ the active ‘drawing object’ will be removed from the network graphic.

With the menu item ‘Normal’ you have the possibilty to reset a view of the network graphic changed by Zoom into
the default view. The default view depends on the system settings of your PC. Elaplan tries to show elements on the
screen as much as possible according to the defined minimum size of the element symbols.
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View

With the submenu item ‘Redraw’ you can build up your network graphic once more because sometimes parts of
elements remain on the screen after deleting. The background with the new Windows default color will be built up at
first. Then the grid points will be drawn if the function ‘Extras/Raster’ is active. Subsequently all active elements of
the network graphic will be redrawn. This function actualizes the content of the active window only.
This function is valid for the display on the screen only. Afterwards you can keep on working with your network
graphic as usual.

You always should use the menu item ‘Redraw’ when you have inserted several elements into
your network graphic or you deleted some.

    
With the menu items ‘Zoom In’ or ‘Zoom out’ the section of the network graphic on the
screen can be enlarged or reduced.

With the menu item ‘Zoom’ you can zoom a window in order to display a detail of the network graphic enlarged.

If you gave the elements their technical data previously or you did short-circuit or load flow calculations before you
are able to report the network graphic with the acquisition or result data at the elements and busbars.

The menu item ‘Grid’ shows the grid dots on the screen where the elements are aligned. If you want to switch on the
display of the grid for an existing project, you have to actualise the display of the graphic by pressing the function key
‘F5’.

With the menu item 'Result-/Acquisition Data …' of ‘View’ you can select what kind of data should be shown.

Selection of report modus
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You can select of following data: acquisition data, results of short-circuit calculation at all nodes (according
Takahashi) or at a fixed node (according Gauß) or results of load flow calculation. Selection is only possible for
items data were calculated for.

A further selection of individual types of short-circuits is possible. Only already calculated types of short-circuits can
be seleceted.

After finishing your selection data are viewed in the network graphic and can be printed or plotted.

For a better reading of data you can reduce the section on the screen by means of the function ‘Zoom In’ in order to
enlarge the elements in the section on the screen.

In the menu item ‘View’ you can activate or deactivate the symbol bars also. The arrangement of the symbol bar can
be set by the user individually. It will be saved when you exit the program.

Standard Tool Bar:

Action Bar:

Element Bar:

Draw Bar:

In the same way the ‘Status Bar’ (with display of the mouse position) can be activated or deactivated.

�����

In the menu item ‘Extras’ all settings can be done necessary for displaying and printing the network graphics.
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Extras

The sub item ‘Convert …’ you only should use if you want to open a network graphic, made with a former version
than 3.1x, with the actual Elaplan version the first time.

In this case a dialog window appears on the screen with the message that you want to open a network graphic made in
a former Elaplan version and you have to convert it into the actual version at first. This message must be confirmed.

Old version of network graphic

This command you should only use, if you have opened a network graphic made in a former
Elaplan version and the program references you to select the item ‘Extras/Convert …’ at the
start.

With the sub item ‘Export’ you are able to export your network graphic to another graphic software, which can read a
Windows-Meta-File. WMF-export is optimized for the software AutoCAD 14, AutoCAD LT 97 and CorelDRAW 7.
This option uses the default settings in the item ‘Extras/Options’ register card ‘WMF-Output’ for generating the
Windows-Meta-File. The Windows dialog ‘Save As’ opens now.
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Save as

After selecting the path and touching the button ‘Save As’ the WMF-file will be written with the name you have
chosen. WMF-file of the network graphic will be performed without drawing label, legend and frame.

With the menu item ‘Network-Conditions …’ you can change the periphere conditions for the short-circuit
calculation. So you can intervene in the program and influence the result. The calculation method for the short-circuit
peak current i_p is selected by means of the corresponding buttons.

Network conditions

The input areas are previously occupied with the standard values according VDE. On the right side of the input area
the standard values are shown fixed once again. Meaning and effect of the single area will be described below.

The frequency of the network is used for the calculation of the impedance of the elements.

For calculation of the breaking current Ia the minimum switching time lag is essential. This is the minimum period
from start of the short-circuit until the first separation of a pole of the circuit breaker.

For calculation of the short-circuit peak current in intermeshed networks the factor Kappa is needed. For determination
of factor Kappa VDE gives different types of calculation. Default is type C; input a 0 in the area 'I_p calculation type'
you will use calculation type B according VDE 0102.

Type B: ratio R/X at the short-circuit location factor Kappa = Kappa B ∗ saftey margin (value for FACT)

Kappa B = value from the diagram acc. VDE 0102 for the ratio R/X.

The value for the saftey margin depends on the voltage level and must be recorded in the area ‘value for FACT’.

For the product FACT * Kappa B in the input area ‘max. value for FACT * KAPPA’ the upper level acc. VDE will be
determined.

Input of 1 in the area 'I_p calculation type' the program selects calculation type C acc. VDE 0102 (default).

Type C: Equivalent frequency calculation type factor Kappa = Kappa C
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Kappa C = value from the diagram acc. VDE 0102 for the ratio R/X
         R/X = (Rc / Xc)* (fc / f)
This calculation type C is permitted for calculation of a short-circuit in intermeshed networks.

Calculation Type B is used for calculation of a short-circuit in radial networks.

The factor c for voltage (factor c) determines the ratio of the voltage of the equivalent voltage source (equivalent
generator) to the rated voltage divided by √3 (U_n / √3). VDE 0102 states different factors for different voltage levels.
For every voltage level an input area is available.

In order to get the most critical results for the maximum and minimum subtransient short-circuit currents I"kmax and
I"kmin they are calculated at different temperatures of the conductor. I"kmax occurs at the minimum resistance of the
conductor. The minimum subtransient short-circuit current I"kmin happens when in the moment of the short-circuit the
conductor has already reached its maximum admissible temperature.

With the menu item ‘Load Flow-Conditions …’ the parameters for a load flow calculation can be set, described as
follows:

The network, a load flow calculation should be done for, must be recorded graphically at first. Via network graphic the
element designations as well as the input and output nodes are determined.
Then the technical data of the network elements must be recorded by means of the menu item 'Edit' / 'Element Data'.
Please note, that during first input the data for short-circuit calculation must be recorded also.
Before starting the calculation program you can set up the parameters for the computation by means of the program
'Input of Load Flow Requirements'.
With the area ’Limit of accuracy’ and ’Limit of iteration’ you can set the break-off criteria for the load flow
calculation.

Load flow-conditions

With every step of iteration the load flow calculation program checks the computed deviations of power in accordance
to the calculation step before at all nodes. If the deviation of power at every node is less than the required accuracy, the
computation will be stopped. Otherwise the program continues computation until the maximum number of steps (limit
of iteration) is reached. In this case the load flow calculation programs lists an error protocol. The required limit of
accuracy is not yet reached. For further information please refer to Section 'Report Load Flow Calculation' / Load
Flow Statistic.

The standard values are deduced from the experience, when the load flow calculation of a medium-voltage network,
which elements are recorded correctly, converges. For pure low-voltage networks the limit of accuracy must be
selected smaller; an approximate value is 10 % of the sum of all consumers (loads) in the network.

The menu item ‘Advise’ turns on or off the display of a window, which warns you from the superposition of several
elements. If this advise-function is turned off you will get an acoustic signal indeed but there is no advice for
superpositioning elements by means of a dialog window.

The menu item ‘Options…’ opens a dialog window with 5 register cards: ’Views’, ‘Print’, ‘WMF-Output’, ‘Autotext’
and ‘General Options’.
Panels with grey background color are display panels with default values of the program and cannot be edited.

The register cards ‘Views’, ‘Print’ and ‘WMF-Output’ modify the various kinds of output.
‘Views’ controls the display on the screen, ‘Print’ controls the print output including print preview, ‘WMF-Output’
controls the generation of WMF-files.

Identical inputs on different register cards have the same reactions but have no effect at other outputs e.g. line width on
‘Views’ / ‘Print’ / ‘WMF-Output’.
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Register card ‘Views’

In the register card ‘Views’ the area ‘General’ / ‘Text size of’ shows you the text size of element designations and
result data. The values cannot be changed. The relation between heights to width you can change has an effect on the
display of designation of elements and result data.
Elaplan will subdivide the grid distance in further equidistant sections. The number of units per grid distance, here 32,
defines the length of a section. The elements can be positioned on these grid points only. Free drawing objects can be
positioned between these raster points also. The number of units per grid distance cannot be changed. The distance of
grid points can be changed in the menu ‘Project/Worksheet Setup …’ in the panel ‘Millimeter per grid’.

In the area ‘busbar’ the horizontal distance of the designation to the busbar can be changed.
You can determine the lengthening of the ends of a busbar (input in units). Only positive numbers are allowed. With
this function you can change the image of the busbar on the screen. A lengthening of the ends of a busbar of 8 units
means a lengthening of ¼ grid distance.
In addition the number of busbars / nodes you can place into the network graphic is displayed. This is a default value
from the program and cannot be changed.

If you are interested in the number of nodes you have placed in your network graphic open the
menu ‘Project/Project…’; here you can see the number of nodes and elements in the network
graphic.

In the area ‘Linewidth’ you can set the line width of different elements in the network graphic.

On the register card ‘Print’ you have the possibilty to influence the image of the output on a printer or plotter and the
print preview also.
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Print

Besides the line width of different elements you can set the language for the output of the network graphic on a
printer or plotter also. The selection of the language has influence to the terms in legend and basic drawing label
used by Elaplan.
In addition you can set the scaling factor for the legend. The font for the output of the network graphic, drawing
label und legend is set at ‘Arial’ by the program. It cannot be changed

On the register card ‘WMF’ settings will be done for the output in a WMF-file. You can set the line width of different
elements and the color for the display of elements and busbars. The default font for the generation of a WMF-file is
‘Arial’ set by the program and cannot be changed.

WMF

In the area ‘Linewidth’ the input of positive numbers between 1 and 100 is allowed only. Clicking on one of the color
symbols opens the dialog window ‘Color’. You can select the color and confirm with the button ‘OK’. Subsequently
the element symbol will be displayed in the chosen color.
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By means of the register card ‘Autotext’ you can determine your favourite designation for single elements the
program will use if the menu item ‘Edit/AutoText…’ is set.

Autotex

The setting consists of two parts:

The first part, the so-called prefix, is a body text with a maximum length of 4 symbols. You can use less than 4
symbols also.

The second part is a numeric array with a maximum length of 4 digits. All numbers the program generates have a fixed
length of 4 digits; the program fills up with leading zeros automatically. Only positive numbers are allowed.

With these settings the program generates the complete designation of new elements inserted in the network graphic if
the menu item ‘Edit/AutoText…’ is active, e.g. ‘NT0001’ for the first net feeder.

In the register card ‘General Options’ you can set the type of view of the mouse position in the ‘Status bar’: Select
between millimeters, grid and units.

General Options
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In addition you have the possibility to view the mouseclick area; this is the area the element can be activated with the
mouse. Every element is surrounded with a blue quadrangle symbolizing the mouseclick area.
In the area ‘Zoom’ the maximum number of zoom steps is viewed for both directions (‘Zoom In’ and ‘Zoom Out’).
They are set by the program and are not subject to change.
In the area ‘Support - output’ there are options for the kind of support by phone. They are not subject to change.
In the area ‘Dialog language’ you can select the language of the user surface. At the moment you can choose between
German and English; French and Spanish is available at a later time. For activation the adjusted language you have to
restart the program.
In the area ‘Toolbar-size’ the size of the toolbars is displayed in a dimmed mode only, because it cannot be changed.
In the area ‘Support - output’ you can select to create the file 'Net.TRC'. It can help the support in any case of program
errors.

������
In the sub menu item ‘New Window’ you can open your network graphic as a copy in a further window. You can
insert new elements in all windows.

Window

The use of more windows is usefull when results of load flow calculation, short-circuit
calculation and/or acquisition data should be shown on the screen simultaneously. You can set
the selection what kind of report should be shown with the menu item ‘View / Result-
/Acquisition Data …’ for each active window.

Additionally you can arrange your windows in the manner ‘Cascade’, ‘Tile Horizontally’ or ‘Tile Vertically’. With the
command ‘Arrange Icons’ you can rearrange the minimized windows on the screen.

�������
In the sub menu item ‘Project…’ you can see the path where your project is saved. Besides the number of elements
and nodes used in your network graphic is viewed.
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Menu item ‘Project’

With the sub menu item ‘Save…’ the network graphic can be saved and exported for further working with the element
data without leaving the module ‘Network Graphic’. After saving you can continue working in your network graphic
as usual.

With the sub menu item ‘Print Preview …’ you have the possibilty of a preview of the printed output on the screen.

In the sub menu item ‘Page setup …‘ you can prepare the image of your network graphic for printing basically.

Page Setup

The size of the paper to print is optionally. It will be divided in four areas (network graphic, frame, legend and drawing
label), which have different information. These areas you can switch on or off for the print individually.

The extension of the frame is defined by the margins. The printing area for the drawing label is spread from the lower
right corner of the margin (point ‘X’ in the graphic) to the left and to the top. You have the possibility to display the
size of the drawing label as ‘normal’ (according DIN 6771) or ‘small’ (i.e. the drawing label is smaller by the factor
�2).
At the lower left corner of the frame (point ‘Y’ in the graphic) the area starts which is available for the print of the
legend. It will be drawn centered with respect to the available space. The legend is scaleable in the menu item
‘Extras/Options…’, register card ‘Print’.

The area of the network graphic can overlap with the area for the drawing label and the legend as shown in the
example.
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Graphic

Legend Label

Z

Y
    X

Work Sheet

Here all objects (elements and free drawing objects) are shown recorded within the graphic area. If it is not possible to
display all recorded elements in the printing area, you are able to scale the content of the network graphic area. The
part of the network graphic to print will always be built up from the upper left corner (point ‘Z’ in the graphic).
Simultaneously the X- and the Y-axis of the network graphic will be scaled also in order to avoid distortion.

The sub menu item ‘Worksheet Setup …’ opens a dialog with the possibility to set size and orientation of the
worksheet as well as the grid size.

Worksheet Setup

The worksheet size is selectable from the defined DIN-sizes or free of choice. You can scroll within the defined
worksheet size only. The elements will be arranged on grid points always. The distance of grid points is definable in
the area ‘Gridsize’ by the user (in millimeters). Since elements will be saved because of the grid points the display and
print of elements can be changed afterwards by variation of the grid size. Depending on the chosen grid size it is
possible that elements will be positioned one upon the other (very low grid size) or outside of the worksheet. The
change of the grid size has influence on the print output and the print preview of the network graphic; it has no effect
for the display on the screen.

With the sub menu item ‘Print …’ you can output the network graphic to a plotter or printer. The print dialog opens.
After pressing the button ‘OK’ your network graphic is given out to the selected plotter or printer. Default is the
standard printer of the system settings.

With the sub menu item‘Printer Setup …’ the standard Windows dialog opens for the setup of the printer. Here you
can select and setup another printer.

With the sub menu item ‘Exit’ you leave the module ‘Network Graphic’. You will be asked whether the network
graphic should be saved, data of the network graphic should be exported or the topology should be checked. These
items can be selected by a click onto the relevant control element.
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Save, Export data and Check topology

Now the program closes your network graphic automatically and finishes the module ‘Network Graphic’

�����
�����������������������
Display and input of technical element data as well as of protective devices occurs in the program module ‘Network
Graphic’ by means of the icon in the symbol bar or  the menu item ‘Edit / Element Data’. The dialog windows will be
described afterwards.

Acquisition and view of Element Data.

With the menu item 'Extras' you can select whether the acquisition of data for short-circuit and load flow should
happen combined or separated.

Following dialog windows and descriptions refer to the acquisition of data in the mode ‘short-circuit and load flow’.

The functions for the single elements will be described very detailed in the following chapters.

If you have finished the definition of the elements please close the acquisition mode. At the end of the data acquisition
Elaplan checks that in the acquired data for short-circuit both element and node voltage correspond and the relation of
the earth busbars is correct. At the acquisition of load flow data Elaplan checks that real power and reactive power per
node is 100 %.

If there is any error a protocol will be given out on the screen. This makes possible a systematic debugging when
coming back to the data acquisition.

Example for an error protocol:
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All elements recorded in the network graphic must have technical data assigned. Otherwise no
calculation can be done.
The protective devices recorded in the network graphic get assigned their technical data by
means of the item ‘Input Selectivity’.

����������
Select the menu item 'Element Data' or the corresponding icon and click to the net feeder placed and designated in
your network graphic before.
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Net feeder for short-circuit and load flow calculation

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. Context
help with connections to the online-help is not yet available.

The element designation is given from the system. With the selection area ’Consideration’ you can choose for which
kind of calculations the element should be considered. Following selections are possible:

• not considered

• general considered

• considered only for I"kmin

• considered only for I"kmax.

The rated voltage on the output of the node (U_n) must be defined. It will be given for every further element connected
to this node. Elements connected to the node of the net feeder must have the same rated voltage (U_n). This is the
voltage which the subtransient short-circuit power S"k delivered from the network at rated voltage refers to.

The input of minimum and maximum value has influence on the short-circuit calculation. The maximum values are for
calculation of I"kmax and the minimum values for calculation of I"kmin.
After acquisition of rated voltage and subtransient short-circuit power the resistance and reactance in the positive
sequence system [R_(1) and X_(1)] will be calculated. You are able to input the values for R_(1) and X_(1) also and
the program calculates the subtransient short-circuit power S"k.
The input of the ratio of the impedances is necessary only in case of deviation from VDE   standard values. Otherwise the
program calculates with a value of 10 % for the ratios R/X in the positive and the zero sequence system. As default setting
Elaplan assumes a network with no earthing.

If the network has impedance earthing the ratio of the reactances X in zero to X in positive sequence system must be
acquired.

At net feeders always PV node elements must be given for load flow calculations; defined by real power P and
terminal voltage U_KL. Parallel net feeders must have same terminal voltage. If there are parallel net feeders the total
input reactive power must be split to the single net feeders (just like parallel generators).

This happens with the input area ’Reactive power per node’. The sum of the single reactive power must be 100 % for
every input net feeder.

Elements not active for calculation must not be considered for the division of the residual
power parts.
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Select the menu item ’Element Data’ or the corresponding icon and click to the synchronous machine placed and
designated in your network graphic before.

Synchronous machine for short-circuit and load flow calculation

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������

For load flow calculations only the values for the maximum case of operation are considered. In other words: In
the area ’Consideration’ the selection ’considered only for I"kmin’ gives the same result as the selection of ’not
considered’.

The mode of operation shows whether the synchronous machine operates as motor or generator because the
same dialog window will be used for a synchronous motor also.
The rated output voltage of the node U_n is necessary for calculation of short-circuit current and must be
defined. For all elements connected to this node also this value is valid and will be given in the relevant input
dialog. It can be changed max. +/- 20% of the node voltage.

The input of the element data of the synchronous machine is possible manual or with the selection ‘Archive / Group’
from a root database. In case of manual input take care that the rated voltage U_r deviates max. 20% of the output
voltage of the node. The input of the engine type has influence to the default values of the machine reactances.

The saturated synchronous reactance is the reciprocal value of the saturated no-load/short-circuit ratio. The default
values of the ratio R to X for short-circuit depend on U_r and S_r and are different for high voltage and low voltage
machines. For detailed information please refer to the booklet 'Networks'. The subtransient reactance x"d is the
effective reactance of the machine at the moment of short-circuit. If there is no input for the negative sequence
reactance x_2 Elaplan sets x_2 equal to x"d. The zero sequence reactance has a default value also defined by the
program and is subject to change. It will be assumed that the housing of the generator is solid earthed.

For load flow calculation the synchronous machine can be defined as PV-node element (input of feeding real power
P_r and terminal voltage U_KL) or as PQ-node element (input of feeding real power P_r and power factor Cos Phi, no
input of terminal voltage U_KL). You have to select the relevant element within the item 'Record' at input area 'Load
flow'. The input area will allow you the input of the relevant data according your selection.

PV-Generators

Input are real power P and terminal voltage UKL, reactive power and phase angle of the voltage ϕ will be calculated.
Parallel PV-generators (and net feeders) must have same terminal voltage. Since Elaplan in its calaculation
comprehends parallel generators to a equivalent generator the total feeding reactive power of the node will be split to
single generators and net feeders after finishing calculation.
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This happens with the input area ’Reactive power per node’. The sum of the single reactive power must be 100 % for
every input net feeder.

Example:

One generator at the node: Reactive power per node = 100 %.

Several generators at one node: Reactive power per node must be split to the single generators, e.g. according the ratio
of the feeding real power. This is equal to an identical power factor per machine. A splitting according the rated power
of the machines gives an identical utiliziation of the machines. According the need of operation other types of
splittings are possible also.

PQ-Generators

Input are real power P and power factor cos ϕ, terminal voltage UKL will be calculated with scalar value and phase
angle of the voltage.

The PQ-generator will not be considered at the division of the residual power. The program sets the acquired residual
part of power to zero. You have the possibility to split the residual part of the power manually. Otherwise the feeding
power at the slack node takes the residual power. In this case the program gives a message on the screen.

PQ- and PV-generators at one node can cause physical problems. A solution for the load
flow calculation is not possible in any case.

Elements not active in the calculation must not be considered at the division of the
residual power.

!���������"�!���
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Select the menu item ’Element Data’ or the corresponding icon and click to the two windig transformer placed and
designated in your network graphic before.

Two winding transformer p. 1/2 for short-circuit and load flow calculation

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������

For load flow calculations only the values for the maximum case of operation are considered. Other selections
have the same meaning just like ’not considered’ and ’general considered’.
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Input and output voltage of the node will be taken for the calculation of the short-circuit current and therefore they

must be recorded. Are there any definitions of voltages for those nodes made before they will be shown as default

values. A change of them has influence to all elements connected to this node.

By means of the root database you have a quick access to the desired two winding transformer. Please input the

relevant numbers at the area ‘Archive’ and ‘Group’.

If you have seleceted a transformer type all relevant data of the transformer just like vector group, rated voltages, rated

power, phase rotation, losses of the windings and impedance voltage u_kr will be shown and are not subject to change.

If you want to record the data manually input 0 at ‘Archive’. With the vector group the phase rotation between high

and low voltage winding is determined. Simultaneously the possibility of earthing is set.

With the register card ‚Earth‘ you can input data for earthing..

The kind of earthing is given with the recorded data. This determines the flow of the input in the shown dialog.

Two wind ing transforme r p. 2/2 for short-circuit and  load flow  calculation

If you want to connect the two winding transformer to an earth busbar note the sign. This sign (A to Z) you have to

relate to a designated earth busbar in the network graphic when recording their element data. Additionally the earthing

impedance X_E must be determined.

Transformators are elements, which can compensate voltage deviations in the network caused by load variations. This

is the reason why a variable voltage ratio of the transformer is realized, typically on its high voltage side. The voltage

can be varied in small steps by means of on-load or off-load tap changers.

The vector group of transformers will not be considered for load flow calculations basically because all transformers

between voltage levels must have the same vector group.

Two winding transformers are built as transformers with in-phase and phase-angle regulation. It is assumed that high-

voltage side (side 1) is regulated only.

With input of the staging range ∆U on the input side and the phase angle ϕ of this voltage referring to the input voltage

every voltage ration can be adjusted.

The voltage ratio is defined by:

X = Urt_output / Urt_input ∗ (1 + ∆U ∗ cos ϕ + j (∆U ∗ sin ϕ))

Elaplan will use this formula if no number of steps is acquired. If there is recorded a value for the maximum adjustable

number of steps m Elaplan interprets ∆U as staging range +/- ∆U (in both directions). ∆U must be given in % of input

voltage. If positive and negative staging ranges are different referring to the main tap position the larger value must be

given.
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The maximum number of steps m will be counted from the main step position. From the adjusted tap position +/- n the
actual voltage ratio will be calculated

∆U = ∆U ∗ (+/- n) / m

for further use in the formula for ü.

Example:

The transformer has a maximum number of steps in the positive staging range of 5 steps and in the negative range of
10 steps. The total staging range is 20 %.

In order to increase the voltage on the output side the number of windings must be decreased on input side. A negative
number of steps must be adjusted.

The adjusted staging of –10 gives a maximum increase of voltage on the low voltage side of the transformer.

Vice versa an increase of the number of windings on the input side enlarges the voltage ratio and decreases the voltage
on the output side.

!�����������"�!���
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Select the menu item 'Element Data' or the corresponding icon and click to the three windig transformer placed and
designated in your network graphic before.

Three winding transformer p. 1/2 for short-circuit and load flow calculation

With the function '?' for 'Direct help' you get detailed information to every input- or selection-/display area. For
detailed information to the area 'Element designation' and 'Consideration' please refer to explanations in Section����
�������

For load flow calculations only the values for the maximum case of operation are considered. This is why the
selection ’considered only for I"kmin’ is interpreted as not considered.

Input and output voltage of the node will be taken for the calculation of the short-circuit current and therefore they
must be recorded. Are there any definitions of voltages for those nodes made before they will be shown as default
values. A change of them has influence to all elements connected to this node.

Since three winding transformers are a special design the manufacturer has to deliver detailed information of rated
voltages, phase rotations, rated power, losses of windings and impedance voltages.

Transformators are elements, which can compensate voltage deviations in the network caused by load variations. This
is the reason why a variable voltage ratio of the transformer is realized, typically on its high voltage side. The voltage
can be varied in small steps by means of on-load or off-load tap changers.
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Three windings transformers can be built with in-phase regulation in every winding. This occurs with input of the
additional voltage or the maximum number of steps m and the adjusted staging +/- n.

Three winding transformer p. 2/2 for short-circuit calculation

If the transformer is earthed, you are able to set the kind of earthing by means of the register card ’Earth’. The flow of
input is determined by the kind of earthing.

With the button ’Calculation values’ required data for earthing are calculated for the short-circuit computation.

$�%��
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Select the menu item ’Element Data’ or the corresponding icon and click to cables / wires placed and designated in
your network graphic before.

Cables / Wires with load for short-circuit and load flow calculation
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With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������

For load flow calculations only the values for the maximum case of operation are considered. Other selections
have the same meaning just like ’not considered’ and ’general considered’.

Input and output voltage of the node will be taken for the calculation of the short-circuit current and therefore they
must be recorded. Are there any definitions of voltages for those nodes made before they will be shown as default
values. A change of them has influence to all elements connected to this node.

Between input node and output node the cable can consist of maximum four partial distances with different types of
cables. Short circuit point is not assumed between two partial distances but on the nodes only.

By means of the cable designation in the root database the definition of cable type and cross-section gets easier. The
rated voltage U_n determines the voltage level the cable should be lain.

The acquisition of loads between partial distances considers the loads according their connection points.
The cable with loads between partial distances is modelled as ’π’-equivalent. The loads will be converted into
impedances with the rated voltage as reference value.

With successive star-delta-transformation the loads will be shifted to the end nodes. This transformation reduces the
number of nodes in the network and accelerates the load flow calculation especially in medium and low voltage
networks.

Maximum eight loads can be connected to a cable, which can consist of four partial distances. The definition of a load
covers the record of the point of connection (laod at km), rated voltage, rated power and power factor. It is important
for the load flow calculation whether the connected consumer has a star-point coming out and if it has whether it is
earthed.

Input of data to cables / wires without load happens in the same way as described but without information to loads.

Cables / Wires for short-circuit and load flow calculation

(
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Select the menu item ’Element Data’ or the corresponding icon and click to the asynchronous machine placed and
designated in your network graphic before.
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Asynchronous machine for short-cicuit calculation

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������

The operating type shows whether the machine is in motor or in generator operation.

Input voltage of the node will be taken for the calculation of the short-circuit current and therefore it must be recorded.
Is there any definition of voltage for this node made before it will be shown as default value. A change of it has
influence to all elements connected to this node.

For load flow calculations asynchronous machines have no influence.

By means of the root database you have a quick access to the desired asynchronous machine. Please input the relevant
numbers at the area ‘Archive’ and ‘Group’.

When selected a type of machine all relevant data of the machine will be shown and are not subject to change.

If you want to record the data manually input 0 at ‘Archive’.

In case of a short-circuit asynchronous machines contribute to the delivery of short-circuit energy especially they have
large rated power.

U_r is the rated voltage the asynchronous machine delivers its output rated power P_r.

For determination of impedances efficieny, power factor, ratio of starting current to rated current and the number of
pole pairs is important.

If there is no input at the ratio of R to X in the positive sequence system as well as X in the negative sequence system
to X in the positive sequence system the program calculates with standard values.

)'$��������
Select the menu item 'Element Data' or the corresponding icon and click to the RLC-element placed and designated in
your network graphic before.
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RLC-element for short-circuit and load flow calculation

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������

For load flow calculations only the values for the maximum case of operation are considered. Other selections
have the same meaning just like ’not considered’ and ’general considered’.

Input and output voltage of the node will be taken for the calculation of the short-circuit current as well as for the load
flow calculation and therefore they must be recorded. Are there any definitions of voltages for those nodes made
before they will be shown as default values. A change of them has influence to all elements connected to this node.

Besides data for rated voltage and rated current for the RLC-element resistances and reactances for positive and
negative sequence system must be recorded.

Data of the zero sequence system are required for calculation of unsymmetrical short-circuits; data of the positive
sequence system are needed for calculation of symmetrical short-circuits.

Informations of capacitances are needed in order to consider the shunt impedance of the RLC-element in laod flow
calculations.

RLC-elements are always used when elements in the network cannot be defined by means of standard elements, e.g.
capacitors, switches or arbitrary complex impedances.

The RLC-element is realized as equivalent ’π’-network.

*���������$���
Select the menu item ’Element Data’ or the corresponding icon and click to the impedance coil placed and designated
in your network graphic before.

Impedance Coil

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������
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Input and output voltage of the node will be taken for the calculation of the short-circuit current and therefore they
must be recorded. Are there any definitions of voltages for those nodes made before they will be shown as default
values. A change of them has influence to all elements connected to this node.

By means of the root database you have a quick access to the desired impedance coil. Please input the relevant
numbers at the area ‘Archive’ and ‘Group’.

When selected a type of impedance coil all relevant data of the impedance coil will be shown and are not subject to
change.

��������
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Select the menu item 'Element Data' or the corresponding icon and click to the earth busbar placed and designated in
your network graphic before.

Earth busbar for short-circuit calculation

With the function '?' for 'Direct help' you get detailed information to every input- or selection-/display area. For
detailed information to the area 'Element designation' and 'Consideration' please refer to explanations in Section����
�������

Input of resistance and reactance will be considered at the calculation of single-phase and double-phase short-circuits.

Earth busbars have no influence to load flow calculations.

�	
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Select the menu item 'Element Data' or the corresponding icon and click to the load (consumer) placed and designated
in your network graphic before. Loads are non-motive consumers and will be considered for load flow calculations
only because they have no influence on the magnitude of the short-circuit current.

Load for load flow calculation
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With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������

The selections for minimum and maximum short-circuit are not applied and are equal to ’not considered’ or ’general
considered’.

With the selection of a consumer from the root database all input area will be fed with the relevant technical data
except the values for earthing.
Power factor cos ϕ is required in order to determine real and reactive power of     the given apparent power.

The load of a consumer can be divided in a part, which is independent of the voltage (constant load) and a part with
quadratic dependence of the voltage. The part with the quadratic dependence of the voltage will be recorded in % in
order to consider the influence of the variation of the voltage in the calculation.

Kind of Load Real Part Ap [%] Reactive Part Aq [%]
Constant power
Constant current
Constant impedance

0
55,55
100

0
55,55
100
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Select the menu item ’Element Data’ or the corresponding icon and click to the shunt impedance placed and designated
in your network graphic before.

Shunt Impedance for short-circuit and load flow calculation

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������

For load flow calculations only the values for the maximum case of operation are considered. Other selections
have the same meaning just like ’not considered’ and ’general considered’.

Input voltage of the node will be taken for the calculation of the short-circuit current as well as for the load flow
calulation and therefore it must be recorded. Is there any definition of voltage for this node made before it will be
shown as default value. A change of it has influence to all elements connected to this node.

Besides data for rated voltage and rated current for the shunt impedance resistances and reactances for positive and
zero sequence system must be recorded.

$���������������
Select the menu item ’Element Data’ or the corresponding icon and click to the capacity battery placed and designated
in your network graphic before.
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Capacity Battery for short-circuit and load flow calculation

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������

For load flow calculations only the values for the maximum case of operation are considered. Other selections
have the same meaning just like ’not considered’ and ’general considered’.

Input voltage of the node will be taken for the calculation of the short-circuit current as well as for the load flow
calulation and therefore it must be recorded. Is there any definition of voltage for this node made before it will be
shown as default value. A change of it has influence to all elements connected to this node.

Besides data for rated voltage and rated current for the capacity battery resistances and reactances for positive and zero
sequence system must be recorded.

�������$����������+�
Select the menu item ’Element Data’ or the corresponding icon and click to the direct current drive placed and
designated in your network graphic before.

Direct Current Drive

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. For
detailed information to the area ’Element designation’ and ’Consideration’ please refer to explanations in Section����
�������

For load flow calculations only the values for the maximum case of operation are considered. Other selections
have the same meaning just like ’not considered’ and ’general considered’.

Input voltage of the node will be taken for the calculation of the short-circuit current as well as for the load flow
calulation and therefore it must be recorded. Is there any definition of voltage for this node made before it will be
shown as default value. A change of it has influence to all elements connected to this node.
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In case of a short-circuit direct durrent drives contribute to the delivery of short-circuit energy especially they have
large rated power.

U_r is the rated voltage the direct current drive consumes its rated power S_r.

For determination of impedances power factor and ratio of starting current to rated current is important.

If there is no input at the ratio of R to X in the positive sequence system as well as X in the negative sequence system
to X in the positive sequence system the program calculates with standard values.

$�����������,��
Activate the icon ’Show \ Enter Technical Data’ and click onto the circuit breaker in the network graphic, which was
placed and denominated in the network graphic before.

Circuit breaker

With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. Context
help with connections to the online-help is not yet available. Regarding the area  ’Designation’ please refer to
explanations of section ����������.

With the check box ’Switching Condition’ you can turn on or off the circuit breaker. It displays its status, too.

The default value of the nominal input voltage U_n of the node, where the circuit breaker is connected, is shown
or can be defined here.

The technical data will be taken from the protective device data base and set to the smallest type of protective
device, which is available, at first. A change of the technical data is possible with a selection from the data base
(Archive and Designation). Technical data for circuit breakers are required as follows: Rated current, selection of
range, bimetal- and short-circuit release and a time-delay, if applicable.
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Activate the icon ’Show \ Enter Technical Data’ and click onto the fuse switch-disconnector in the network graphic,
which was placed and denominated in the network graphic before.

Fuse Switch-Disconnector
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With the function ’?’ for ’Direct help’ you get detailed information to every input- or selection-/display area. Context
help with connections to the online-help is not yet available. Regarding the area  ’Designation’ please refer to
explanations of section ����������.

With the check box ’Switching Condition’ you can turn on or off the fuse switch-disconnector. It displays its
status, too.

The default value of the nominal input voltage U_n of the node, where the circuit breaker is connected, is shown
or can be defined here.

The technical data will be taken from the protective device data base and set to the smallest type of protective
device, which is available, at first. A change of the technical data is possible with a selection from the data base
(Archive and Designation). Technical data for circuit breakers are required as follows: For fuse switch-
disconnectors, fuses and line-protection switches only the input of the rated current is necessary.

The input dialogue for the technical data of the remaining types of protective devices stated above is identical to
that of the fuse switch-disconnector.

*�����������-��#�����.�!����/+��������������������
For the calculation of medium-voltage networks the independent (definite) time overcurrent protection was added to
the protective device data base and integrated into the computation.

In the protective device data base the independent (definite) time overcurrent protection is modelled as circuit breaker.
The characteristic of the bimetal release, which is necessary for computation but does not exist in this case, is acquired
in the data base simultaenously to the short-circuit release. This requires at the input, that the settings for the bimetal
release and the short-circuit release are set to the same value in order to ensure a switch-off from the short-circuit
release. If there is an input for a time-delay, it is valid for the whole range of the characteristic. That means if the
independent (definite) time overcurrent protection will release in the undelayed range, the time delay must be reset to
zero.

(�0��
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In addition to the element data of your network you can record further technical cable data also. Therefore you have to
select the menu item ’Edit’ / ’Technical Cable Data’.

Technical cable data for short-circuit and load flow calculation

With this menu item you can record detailed cable data, which will be used in your network.

In the window ’Cable desig.’ you can choose an existing cable to inform yourself about the recorded data or to change
these data.
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Every change of these system data has only effect in the current project. At every
new project you will find the unchanged system data again.

If you want to use the extended system cable data for further projects you have to use that project where the system
cable data were changed or extended as basic project. From this basic project new projects will be generated by
copying.

You can define a new cable by pushing the button ’New’. Cable designation as well as cross section describes the cable
type. If a required cable type is already defined in the common root data base for cables its cable data can be taken
from there for short-circuit and load flow calculations.

With the area ’Archive’ and ’Cable type’ you can select the relevant cable. Data for ’Details’, ’Cross-section’ und ’Return’
are selectable also. Existing technical cable data of the selected cable, which will be needed for the calculations, will
be shown in the relevant area. If the required cable doesn´t exist you have to record its data manually. Therefore you
have to transfer the necessary data into the relevant area (rated voltage, rated current, reactances and capacities for the
positive and zero sequence system from the leaflet of the cable manufacturer).  If a cable should be operated at a
higher voltage you can record U_m in the area for U_r (e.g. in a three-phase system a 30kV cable can be operated up
to max. U_m = 36 kV).

Cable data for short-circuit calculations will be saved with the current project because
further cable data are needed i.e. capacity of operation and earth capacity. They both can
vary for different projects.

For load flow calculations the capacity of operation of the cable must be recorded in the
positive sequence system.
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All recorded data can be given on screen and printer.

The output of the element data is without calculation and is needed for the check of the recorded values.

Report Acquisition Data

You can select between the output of the elements per node or the output of the whole data of every single element.

Typicals for different output listings, e.g. for the output of the recorded elements per node, for the output of the
recorded data per element etc., can be made by means of sample-projects, which are scope of the software delivery.
With the function ‚Copy Sample-Project‘ in the module Elaplan-B you can select one of the sample-projects and add it
as an actual project. You can print or display the different kinds of output listings and illustrate yourself their
differences and uses.
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Elements installed in electrical switchgear are designed and selected according the VDE regulations. Besides the
continuous load all stresses and consequences in any cases of short-circuit must be considered. Since short-circuit
currents can reach a multiple of the rated current high thermical and mechanical stress is expected. Inadmissible
voltages arising possibly can cause damaging of elements and endangering of persons. This is why the expected
stresses in case of a short-circuit must be evaluated for safety reasons. Therefore the knowledge of the short-circuit
currents in the network is needed.

The module Elaplan-4 uses two different kinds of mathematical algorithms. For short-circuit at one node the method
according Gauß (short-circuit location at one node) is used for the calculation of the fault current at the short-circuit
location and the partial short-circuit currents in the complete network. The method according Takahashi (short-
circuit location at all nodes) considers the location of the short-circuit at every node of the network one after the
other. This method calculates the total short-circuit current at all nodes of the network as well as the partial short-
circuit currents flowing in the direction of the fault location immediately.

Initial Short-circuit Current I"k

For the three-phase short-circuit only the impedances of the positive sequence network will be used. The calculation
occurs according the method of the equivalent voltage source where the one and only voltage source is effective at
the fault location.

It is a precondition for using the method of the equivalent voltage source at the fault location that shunt impedances of
lines and transformers as well as loads must not be considered.

That means:

• No-load losses and magnetizing current of tranformers will not be considered.

• Capacities of lines will be neglected.

• Shunt impedances and loads will be neglected.

• Asynchronous motors, synchronous generators and net feeders are the only shunt impedances.

The calculation of unsymmetrical faults

• single-phase – earth fault

• double-phase fault

• double-phase fault with ground touch

• double earth fault

occurs with the method of Symmetrical Components (Fortescue Components). Impedances of the original system will
be transformed into components of the positive sequence system (index 1), negative sequence system (index 2) and
zero sequence system (index 0). The method of Symmetrical Components is based on the fact that any arbitrary
unsymmetrical three-phase system can be divided in components in a way that several new but symmetrical three-
phase systems and one single-phase system are generated. The intermediate results will be superposed to the total
solution afterwards (sythesis).

Short-circuit Peak Current ip

VDE 0102 gives three methodes for calculation of the short-circuit peak current:

- Type A: Unique ratio of R/X or X/R.

Only applicable, if no extended precision is required. This is why this method is not used in Elaplan.

- Type B: Ratio R/X at the fault position.

This method is allowed for intermeshed networks, but gives more inexact results than the equivalent frequency
calculation. This is why VDE 0102 deals with a safety margin the result must multiplied by. Default this value is set to
1,15. In radial networks this saftey margin can set to 1,0. A splitting of this factor makes it possible to calculate
intermeshed in high-voltage networks and radially in low-voltage networks.

ip = Fakt1 ∗ æ ∗ √2 ∗ I"k (high-voltage)

ip = Fakt2 ∗ æ ∗ √2 ∗ I"k (low-voltage)

According VDE 0102/1.90 the product Fakt  ∗ æ is limited to 2,0 in the high-voltage network when calculation type B
ist used. For low-voltage networks the product Fakt  ∗ æ is limited to 1,8. Other limits can be set in Elaplan also.

- Type C: Equivalent frequency calculation

According VDE 0102 this method is always allowed for calculation of short-circuits in intermeshed networks. It gives
the smallest deviations between calculated and real short-circuit peak current. This is the standard method of Elaplan.
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Breaking current Ia

The breaking current at the fault location consists of the partial breaking currents of synchronous generators, net
feeders and asynchronous motors. The fading away to the breaking current is considered by the factor µ.

Ia = µ ∗ I"k

The factor µ depends on the min. switching time lag tmin and the ratio I"k_generator/ Ir_generator.

Continuous short-circuit current Ik

The value of the continuous short-circuit current depends on saturation effects and on the variation of the switching
situation in the network. In practice both items are not known. VDE 0102 states a method of calculation which delivers
a sufficient result for the maximum and minimum continuous short-circuit current for that case where a generator or a
synchronous machine feeds the short-circuit. The calculation of the minimum and maximum continuous short-circuit
current happens according the λmin- and λmax-curves. They depend on the ratio I"k_generator / Ir_generator and xd, saturated.

xd, saturated is the reciprocal value of the saturated no-load/short-circuit ratio.

Ik = λ * I"k

After acquisition of the network graphic the single elements get related to their technical data. After executed short-
circuit calculation you can output the results on screen or printer.

Besides network data for the short-circuit calculation the data for load flow calculation can be
acquired also. For description of the relevant dialog windows and input area refer to Section
'Load Flow'.
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When you have related technical data to all elements in the network graphic you can start calculation of short-circuit
currents.

Calculate Short Circuit

You have the possibility to calculate short-circuit currents for different types of faults. There are the two methods of
calculation available. The selection items of the menu are identically of both methods.

With the method according Takahashi (menu bar 'SC location at all nodes') the initial short-circuit current at all nodes
will be calculated. The result of the calculation with this algorithm is the total short-circuit current at all nodes of the
network as well as the partial short-circuit currents flowing in the direction of the fault location immediately.

With the method according Gauß (menu bar ’SC location at one node’) the fault currents will be calculated only for the
selected node. The result of the calculation with this algorithm is the total short-circuit current at the selected node as
well as the partial short-circuit currents flowing through all branches of the network.

When using the method according Gauß (short-circuit location at one node) you have to determine a fault location.
Beginning from this node all partial short-circuit currents flowing through the branches of the network will be
calculated.

When you put in the chosen fault location the calculation starts. At this method the result data of the node calculated at
last will be kept for every type of fault.
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Calculate Short-Circuit, Short-Circuit location at one node

For calculation of double earth fault you have to determine two fault locations at different nodes.

Registration of Short-Circuit Locations

Both short-circuit locations must be part of the same voltage level, e.g. 0,4 kV and 10 kV are not permissible. Short-
circuit will be assumed between phase L1 and earth at the first fault location and between phase L2 and earth at the
second fault location.

As result after executed calculation you receive the short-circuit data at both fault locations.

If the program detects an error during calculations an error protocol can be given on screen or printer.

Are all necessary results of calculation ready you can put them out on screen or printer.
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When calculating the short-circuit currents at all nodes (according Takahashi-algorithm) you can put them out on
screen or printer.
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Report Short Circuit at all Nodes

The results of the calculation can be shown completely (branch oriented) or for chosen short-circuit locations (node
oriented).

The presentation of a result with a ’*’ in the output lists means that this results exceeded the maximum presentable
value (e.g. 9999 Ω). This presentation is permissible because larger values don’t affect the total result and its
evaluation.

Typicals for different output listings, e.g. for the report of calculation of a minimum single-phase short-circuit, for the
report of calculation of a maximum three-phase short-circuit etc., can be made by means of sample-projects, which are
scope of the software delivery. With the function ‚Copy Sample-Project‘ in the module Elaplan-B you can select one
of the sample-projects and add it as an actual project. You can print or display the different kinds of output listings and
illustrate yourself their differences and uses.

The diagram below shows the meaning of the angle of the current θ at branch oriented short-circuit currents calculated
according the Takahashi algorithm (short circuit at all nodes):

Ig = I1 + I2

I1 = (I1) ∗������ 1 - j sin 1)

I2 = (I2) ∗ (cos 2 - j sin 2)
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When calculating the short-circuit currents at a fixed node (according Gauß-algorithm) you can put them out on screen
or printer.



���������� ���

Report Short Circuit at a fixed Node

The results of the calculation can be shown completely (branch oriented) or for chosen short-circuit locations (node
oriented).

The presentation of a result with a ’*’ in the output lists means that this results exceeded the maximum presentable
value (e.g. 9999 Ω). This presentation is permissible because larger values don’t affect the total result and its
evaluation.

Typicals for different output listings, e.g. for the report of calculation of the maximum three-phase short-circuit current
at a fixed node etc., can be made by means of sample-projects, which are scope of the software delivery. With the
function ‚Copy Sample-Project‘ in the module Elaplan-B you can select one of the sample-projects and add it as an
actual project. You can print or display the different kinds of output listings and illustrate yourself their differences and
uses.

The diagram below shows the meaning of the angle of the current ϑ at branch oriented short-circuit currents for a fixed
node:

I1 Current at the end of line LEIT.1 (node 1)
I2a Current at the beginning of line LEIT.2 (node 1)
I2e Current at the end of line LEIT.2 (node 2)
I3 Current at the beginning of line LEIT.3 (node 2)

Node 1 Node 2

ϑ  =  arctan 
I

I
Im

Re
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ϑ clockwise: ϑ ’ counter-clockwise:

negative value positive value

� Assumed direction of current flow: out from element into node � Assumed direction of current flow: into
element out from node

The 1st Kirchhoff’s law (node theorem) is effective: Σ I = 0 at one node.

Node 1: Node 2:

I1 - I2a = 0 I2e - I3 = 0

I1 = I2a I2e = I3

Rule of sign:

Current, which flows into an element, has an angle with negative value.
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The load flow calculation program is used for determination of the voltages at all nodes of the network (scalar value
and phase angle), the load flows and the losses in the elements of the network.
A load flow calculation requires that the consumption of all loads in the network is well known by means of
measurements or estimates. Additionally the voltage and the real power at feeders from prior networks or power plants
must be known.
Feeders and generators must power the consumption of the loads and the losses in the network caused by the load flow
in the network.
For balancing the total load in the network one generator, the so-called slack generator, must feed the difference power
to the assumed feeding powers (residual power). The slack generator is situated at the reference node, the so-called
slack node. The slack node has a phase angle of 0 deg by definition and is determined as the node of that net feeder,
which was put in at first. If there is no net feeder the node of that generator, which was put in at first, is choosen. The
residual power can be split to various arbitrary feeders also. The sum of the split residual power must be 100 % in any
case.
The assumed direction of the power flow is defined in the load reference arrow system: Real power and inductive
reactive power (lag) flowing into an element will have positive value. The load reference arrow system will be used for
the output of the results of generators and net feeders also.
At an overexcited generator that feeds real power and inductive reactive power (lag) into the network the real and
reactive component have a negative sign because they both flow against the defined direction of the positive power
flow.
This rule for the sign will be used in the output listings also.
At the nodes of a network feeders (net feeder, synchronous generators) and loads (asynchronous motors, consumers,
cables and lines) can be connected. Nodes without any connection are permissible also.
The kind of the connected elements determines the type of the node:

- PQ-node

- PV-node

- Slack-node

– PQ-node

PQ-nodes are nodes without feeders and nodes with generators without determination of the terminal voltage UKL. Real
power P and power factor cos ϕ must be stated, terminal voltage UKL will not be recorded. There exist:
- nodes with constant load (record of P, Q)
- nodes with constant impedance (powers have quadratic dependence of the voltage), i.e. reactive part with
   dependence of the voltage = 100 % real part with dependence of the voltage = 100 % (S = P + jQ = U²/Z)
- node with mixed load (constant part and impedance part)
- node without load
At PQ-nodes the voltage will be calculated with scalar value and phase angle. The phase angle is related to the
reference node (slack node), which has a phase angle of 0 deg by definition.

PV-node

PV-nodes are nodes with feeders (net feeders, generators). Real power P and terminal voltage UKL must be stated.
Reactive power Q and phase angle of the node voltage will be calculated.

Slack-node

The slack node is the reference node. It must contain minimum one feeder which voltage is given. The phase angle of
the voltage will be kept to 0 deg during load flow calculation.
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The slack node can deliver the residual power of the network. But this is not a requirement. It is also possible to state
the real power P, which is fed at the slack node, and to split the residual power to several generators at other nodes.
The percentage of the residual power, delivered by the single generators, can be set for every generator.
Elaplan determines the slack node according the rule as follows:
The node of that net feeder, which was put in at first, is selected as the slack node. If there is no net feeder the node of
that generator, which was put in at first, is choosen.
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The load flow program makes possible the calculation of the distribution of real and reactive power flows, the losses in
the network elements as well as in the whole network and the voltage at all nodes.
In many cases it is not possible to find a solution of the load flow calculation for the given conditions. In such case an
error protocol will be given which indicates that the iteration was cancelled. The user has to detect the physical
incompabitlities in the given data systematically.
Possibilities are as follows:

1. Reducing of loads in the network

until a solution is possible (motors, loads, cables with load).

2. Changing of constant loads into impedance loads.

For larger loads the real part Ap and the reactive part Aq for real and reactive power should be set to 100 %. This is
equal to pure impedance loads. Afterwards a new load flow calculation has to be made. If this calculation converges,
the loads, which are too large, probably are situated at those nodes with the smallest voltages.

3. Changing of PV- into PQ-nodes

This change is only possible for generators but not for net feeders. If necessary the net feeders must be changed into
generators before. If the program calculates a high terminal voltage for several generators after this changing, this is an
indication that the given feeding power of the net feeder was too high. Either the power for transmission is lower or
element data are incorrect e.g. lengths of cables are too large or impedance voltages are too high. If the calculated
generator voltages will be given than terminal voltages and the generators will be changed back into PV-elements a
solution of the load flow calculation is possible. Starting from this solution you can vary the network data as long as a
realistic solution can be found.

4. Set limit of accuracy to appr. 10 % of the total power.

Reduce the limit of accuracy for further calculations down to the smallest load if necessary.

5. Enlarge the number of iterations up to the limit of iteration

Results of the load flow calculation can be given graphically or as listing on screen as well as on the printer.
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The results of the load flow calculation can be put out on screen or printer. By means of the network graphic the output
of data related to every network element is possible on the plotter additionally.
The listings with the results can be put out even at cancelled iteration.

Report Load Flow Calculation
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The result of a load flow calculation consists of three parts:

- Change of voltage per node
Output of voltage at all nodes.

- Load flow per element
Output of the current in all branches of the network, the loading and the flow of real and reactive power for every
element.

- Load flow statistic
Output of those nodes with the highest and lowest voltage. For every kind of network element the generated and
consumed real and reactive power will be balanced.

In order to ensure that a practical solution was computed you should check the listings of results refering to criteria as
follows:

Typicals for different output listings, e.g. for the change of voltage per node etc., can be made by means of sample-
projects, which are scope of the software delivery. With the function ‚Copy Sample-Project‘ in the module Elaplan-B
you can select one of the sample-projects and add it as an actual project. You can print or display the different kinds of
output listings and illustrate yourself their differences and uses.

Normally the angle of voltage has a value between -20° and 0°.

The slack-voltage USlack is located at the real axis by definition (in the example the adequate node is SS1: angle ϑ =
0°).
In the listings the voltages at all other nodes are shown as scalar value of the node voltage and with an angle between
the voltage of the slack-node (real axis) and the relevant node voltage:

tanϑ ϑ= = 





U

U
       arc tan 

U

U
       U = U  + U

IM

RE

IM

RE

RE
2

IM
2

For cables / wires the loading in [%] is the ratio of operating current to rated current (rated current without
consideration of reducing factors for accumulation and laying according VDE 298). For all other elements the loading
is computed as the ratio of operating apparent power to rated apparent power. The operating apparent power is
calculated according the formula Soperating = �3 * Uoperating * Ioperating.

Typicals for different output listings, e.g. for the load flow per element etc., can be made by means of sample-projects,
which are scope of the software delivery. With the function ‚Copy Sample-Project‘ in the module Elaplan-B you can
select one of the sample-projects and add it as an actual project. You can print or display the different kinds of output
listings and illustrate yourself their differences and uses.

Please note at all feeders, that the expected values for generators and net feeders will appear. You should check
whether the power would be transported through the network (note the sign in the listings). Series losses (PSER, QSER)
between nodes of the network are caused by the voltage drop, which occurs at the series impedance of the element.
Transmission lines are modelled as series impedances. Shunt losses (PSHUNT, QSHUNT) result from the voltage drop
between a node and earth. Loads are pure shunt impedances. Transmission lines with loads are modelled as π-
equivalent. The sum of series losses and shunt losses makes the total losses (PINT, QINT) of the elements between two
nodes of the network.

Calculation of the losses:
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PINT = P1 - P2 QINT = Q1 - Q2

S = U ∗ I*

SSHUNT = (U1)
2 ∗ Y*11 + (U2)

2 ∗ Y*22

PSHUNT = (U1)
2 [Re (Y11) + Re (Y22)]

QSHUNT = -(U2)
2 [Im (Y11) + Im (Y22)]

PSER = PINT - PSHUNT

QSER = QINT - QSHUNT

The loading in % specifies the ratio of operating current to rated current.

Typicals for different output listings, e.g. for the load flow statistic etc., can be made by means of sample-projects,
which are scope of the software delivery. With the function ‚Copy Sample-Project‘ in the module Elaplan-B you can
select one of the sample-projects and add it as an actual project. You can print or display the different kinds of output
listings and illustrate yourself their differences and uses.

The load flow statistic is needed for verification of the accuracy of the calculation. If the sum of the real power is not
zero, the user must criticize whether the accuracy of the calculation is sufficient enough. The user has to decide how
many percent deviation in power related to the feeding power is allowed.

If the deviation is too high, the limit of accuracy must be reduced. If the iteration will be cancelled, the maximum
number of iteration cycles must be increased. The load flow calculation will be stopped, if the deviation in power at
every node between the calculation steps n-1 and n is less than the limit of accuracy. But it doesn’t mean, that this is
the real solution. It is possible, that the calculation step n is far away from the real solution, although the deviation in
power from calculation step n-1 to n is less than the limit of accuracy.
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Protective devices in networks protect electrical elements against undue strain because of short-circuit and overload.

Electrical elements are net feeders, transformers, lines, busbars, switchgear, loads and consumer etc.

If there are any fault conditions failure should be limited to that element it concerns. If this comes true and if all other
elements can continue in operation without any disturbance it is called selectivity, also called discrimination.

Conditions of selectivity:

- Overcurrent protective devices must cut off that element with a fault (short-circuit or overload) from the network
immediately.

- Current peaks under service conditions, e.g. starting currents of motors, must not switch off.

- Sometimes a third requirement is raised:
If the protective device of the element failes a back-up protection must cut off.

Selectivity by current in case of different short-circuit current levels at location of protective devices
Since in a distribution network the rated currents of protective devices get smaller from transformer to consumer, their
magnetic short-circuit trips, also called instantaneous elements or high-set elements, are set to smaller values also resp.
their tripping characteristics are lower. Due to the fact, that short-circuits which occur get smaller with increasing
distance of the fault location from the transformer, there is an inherent selectivity. Selectivity between protective
devices of different distribution levels is ensured if the short-circuit levels at a fault location on every protective device
are different enough.

Complete selectivity in case of  a short-circuit is given if the maximum short-circuit current behind the downstream
protective device is lower than the tripping current of the upstream (line-side) protective devices.
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Elaplan calculates the relevant short-circuit currents at the location of the protective devices and compares their
tripping characteristics resp. their heat losses due to current (I²t-values) with each other.

Selectivity by current in case of approximately equal-sized short-circuit current levels at location of protective
devices
If in the distribution network the length of lines between upstream and downstream protective device are only small,
the maximum short-circuit currents at the location of upstream and downstream protective device are not different
enough because of the less attenuation. In this case a complete selectivity of the upstream protective device cannot be
reached without time delay of its high-set element.

For determination of selectivity Elaplan compares the tripping characteristics. In the field of the overcurrent trip
positive selectivity is usually given because of the high operating times. In the field of the short-circuit trip positive
selectivity only occurs, when the short-circuit current behind the downstream protective device is smaller than the
tripping current of the high-set element of the upstream protective device. This current indicates the limit of selectivity.

Selectivity by time
Positive selectivity is obtained if the total clearing time of the downstream protective device is shorter than the
minimum command time of the upstream protective device. The total clearing time of a protective device consists of
following times, shown at the example of a circuit-breaker:

high-set element, appr.  5 ms
(minimum command time = time between begin of the fault

and the releasing of the spring energy store;
breaking process cannot be interrupted after forwarding of the command)
+ release of the locked spring energy store appr.  5 ms

----------------------------------------------

= tripping time (begin of contact separation) appr. 10 ms
+ breaker mechanism with trip-free mechanism, appr. 10 ms

(operating time = time to clearance between open contacts)
+ contact system and arcing chamber appr. 10 ms

(arcing time)
---------------------------------------------

= total clearing time appr. 30 ms

For circuit breakers with selectivity by time this condition can be expressed alternatively:
The delay time of the upstream breaker must be sufficient longer than the total clearing time of the downstream
breaker. The delay time consists of the minimum command time and the time delay, set on the time-delay mechanism.
Minimum delay time between two breaker levels, which can be reached, are 60 or 100 ms.

If circuit breakers are discriminated by time, the minimum command time of the upstream protective device can be
extended when the magnetic short-circuit trip will not release the breaker mechanism directly but delayed.

The delay can be obtained either with a mechanical delay mechanism, which releases the breaker mechanism, or with a
electrical device, which trips the shunt release or the undervoltage release. The delay time, which is set at these
devices, is not influenced by the level of the short-circuit current.
Selectivity between breakers and fuses
Determination and check of selectivity between breakers and fuses happens by comparison of

their tripping characteristics. Positive selectivity is ensured, if the tripping characteristic of the downstream breaker lies
below the tripping characteristic of the upstream breaker. In practical operation a time gap of 60 ms between the
characteristics is sufficient.

The adjustment can be set by variation of the tripping current (shifting the tripping characteristic in the
overcurrent/time-diagram in horizontal direction, current axis) or by variation of the tripping time (shifting the tripping
characteristic in the overcurrent/time-diagram in vertical direction, time axis).
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Before starting the check of selectivity, network and data of elements must be recorded for the short-circuit
calculation. This happens by means of the programs Network Graphic and Acquisition of Technical Data as stated in
the relevant sections before. Protective devices must be positioned and recorded in the network graphic. A manual
input of protective devices, which are not positioned in the network graphic, is not possible.
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Calculation of Selectivity
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With this dialogue you determine the short-circuit (SC) location(s) and consequently the switching condition of the
network for the check of selectivity.

Short-circuit location

Every short-circuit location, where a short-circuit shall be assumed for the check of selectivity, gets a free definable
designation of the SC location.

The short-circuit can occur at a busbar or at an element. The short-circuit location for short-circuit at an element is
determined unique by input of the node (busbar) and the designation of the element.
The location of a short-circuit at a busbar is determined by input of the node.

Example:
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KS1 Short-circuit at busbar SS1
KS2 Short-circuit at element M1

In case of consideration the short-circuit location KS1 the partial short-circuit current I"1 flows through the protective
device SO1.

In case of consideration the short-circuit location KS2, the partial short-circuit current I"2 + I"3 flows through the
protective device SO1.

There is the possibility to execute the check of selectivity for several short-circuit locations within one calculation.
Every short-circuit location, which shall be considered in the calculation, has to be designated with a "Y". If individual
short-circuit locations should be excluded from the calculation, they have to be designated with a "N".
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The definition of a desired sequence is meaningful, if only a part of protective devices, e.g. a single branch, shall be
considered.

In intermeshed networks the desired sequence of release can be different according to the fault location. In this case
the definition of a sequence of release is meaningful also.

Sequence of nominal release

The assumed short-circuit location is assigned to the stated check number. Starting with this short-circuit location you
arrange the protective devices in that sequence they shall release. The protective device stated in the field ’PD-nominal
release 1’ shall release at first and that one stated in field 10 at last.

In the program you can select, whether you want to check all protective devices or the protective devices according
sequence.
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Before starting the calculation of selectivity some conditions can be defined, which influence the way of calculation.
The choices and their consequences will be described in this section.

Calculation of selectivity

With selecting „1“ in the first input area you specify, that a check of selectivity will be done for all recorded protective
devices.
In this mode of calculation the program determines all branches of the network with protective devices and the
nominal sequence of release related to the respective short-circuit location. That protective device, which is nearby the
short-circuit location, gets rank 1 (highest rank), the next gets rank 2 etc. This procedure will be repeated in every
branch up to the end node (net feeder, asynchronous motor, generator or end of lines). For checking selectivity the
number of protective devices, located one behind the other in a branch of the network, can be limited.

With selecting „2“ in the first input area you specify, that only those protective devices should be calculated, which
were selected in the program ‚Sequence of nominal release‘. You can limit the number of protective devices, located
one behind the other in a branch of the network, in this mode also. If a branch of a network was defined with e.g. 6
protective devices and the calculation was limited to 3 protective devices, only those 3 protective devices with the
highest rank will be considered.
With selecting „3“ in the first input area you specify, that only the tripping times of the defined protective
devices will be calculated. The program will not check the selectivity. This mode is meaningful in intermeshed
networks, since sometimes a positive selectivity is not possible.

The results of every check can be shown on the screen during calculation. Input a "Y" in the area ’To show results’.

If you select a stop after the calculation of each branch, the computation will be halted and the results keep displayed
on the screen. The computation will be continued with the Enter key.

The program determines the minimum and the maximum sub-transient short-circuit currents at the locations of the
protective devices. By means of these currents the tripping times of the protective devices will be calculated. A
selectivity check of protective devices in rank 2 to n with the protective device in rank 1 gives the results of the
calculation for this branch of the network.. Including a sufficient safety margin the protective device with rank 1 must
trip before all other protective devices of this branch of the network. In this case a positive selectivity is obtained, and
only that element where the fault occured will be cut off. A further check for the protective device in rank 2 with the
protective devices in rank 3 to n will not be done, since it is ensured that the protective device with the highest rank
(rank 1) has tripped.
At first the tripping times will be compared with each other. If they are within one half-wave (less 10 ms at 50 Hz), a
comparison of the tripping times will not give a reliable result. In this case the heat losses due to current (I²t-values) of
the protective devices will be compared. If there are current-limiting protective devices, a comparison of the tripping
characteristics will be useless also. The I²t-values of the protective devices will be compared additionally.

The program displays the result of the selectivity check of two protective devices with the remark "yes" oder "no" and
a code number with the argument. At the last page of the print listings the code numbers will be explained (legend).
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The output of acquisition data and results is possible on screen and printer.
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Report calculation of selectivity

Acquisition data protective device
Listing of defined protective devices and their technical data.

Acquisition data short circuit location
Listing of defined short circuit locations.

Result data
For the calculated short-circuit locations the protective devices of all calculated branches with their tripping times resp.
I²t-values at the calculated short-circuit currents will be listed. The selectivity statement (Y, N) and the accompanying
code number of the argument are related to the respective protective device.

Typicals for different output listings, e.g. for acquisition data protective elements, the list of defined short-circuit
locations, the result data for a calculation of selectivity etc., can be made by means of sample-projects, which are scope
of the software delivery. With the function ‚Copy Sample-Project‘ in the module Elaplan-B you can select one of the
sample-projects and add it as an actual project. You can print or display the different kinds of output listings and
illustrate yourself their differences and uses.

If the selectivity check could be done by comparsion of the tripping times of the protective devices, no I²t-values will
be displayed.

At the last page of the print listings the given code numbers for selectivity will be explained (legend).
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cos ϕ Power factor
C_Operat. [µF] Operating capacity [Microfarad]
C_Earth [mF] Capacity to earth [Microfarad]

ETA Efficiency

f [Hz] Frequency [Hertz]
fC [Hz] Equivalent frequency [Hertz]
Fakt1 Safety margin for the calculation of the short-circuit peak current

(high-voltage)
Fakt2 Safety margin for the calculation of the short-circuit peak current

(low-voltage)
Faktor c Factor for voltage

ip [A] short-circuit peak current [Ampere]
I²t-Wert [A²s] heat losses due to current (I²t-values) [Ampere² second]
Ia [A] Breaking current [Ampere]
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Ian [A] Motor starting current [Ampere]
Ibi [A] Setting rangeof overload release [Ampere]
Ie [A] Setting current of overload release [Ampere]
IE [A] Earth fault current [Ampere]
Ik [A] Continuous short-circuit current [Ampere]
Iks [A] Setting range of high-set element [Ampere]
I"k [A] Sub-transient short-circuit current [Ampere]
I"k1max [A] Maximum 1-phase sub-transient short-circuit current [Ampere]
I"k1min [A] Minimum 1-phase sub-transient short-circuit current [Ampere]
I"k2emax [A] Maximum 2-phase sub-transient short-circuit current with

ground touch [Ampere]
I"k2emin [A] Minimum 2-phase sub-transient short-circuit current with

ground touch[Ampere]
I"k2max [A] Maximum 2-phase sub-transient short-circuit current [Ampere]
I"k2min [A] Minimum 2-phase sub-transient short-circuit current [Ampere]
I"k3max [A] Maximum 3-phase sub-transient short-circuit current [Ampere]
I"k3min [A] Minimum 3-phase sub-transient short-circuit current [Ampere]
I"kmax [A] Maximum sub-transient short-circuit current [Ampere]
I"kmin [A] Minimum sub-transient short-circuit current [Ampere]
I"k_generator [A] Sub-transient short-circuit current of a generator [Ampere]
Im [A] Setting current of the high-set element [Ampere]
In [Ampere] Nominal current [Ampere]
Ir [A] Rated current [Ampere]
IrM [A] Rated current of a motor [Ampere]
Ir_generator [A] Rated current of a generator [Ampere]
IS [A] short-circuit peak current [Ampere]

æ Factor for calculation of short-circuit peak current

λmax Factor for calculation of maximum continuous short-circuit current
λmin Factor for calculation of minimum continuous short-circuit current

µ Factor for calculation of breaking current

PkrT [W] Load losses [Watt]
Pn [W] Nominal power [Watt]
PrG [W] Rated power of a generator [Watt]
PrM [W] Rated power of a motor [Watt]

��� � Ohmic resistance [Ohm]
R(0)�� � Ohmic resistance in the zero sequence system [Ohm]
R(1)�� � Ohmic resistance in the positive sequence system [Ohm]
RC�� � Ohmic resistance at equivalent frequency [Ohm]
RE�� � Ohmic resistance of earthing [Ohm]
RG�� � Ohmic series resistance [Ohm]
Rk(0)�� � Ohmic short-circuit zero sequence impedance at earthing of one side 

[Ohm]
Rk12�� � Ohmic short-circuit zero sequence impedance at earthing of both sides 

[Ohm]
Rk21�� � Ohmic short-circuit zero sequence impedance at earthing of both sides 

[Ohm]
RL(0)�� � Ohmic no-load zero sequence impedance [Ohm]

S"k [VA] Sub-transient short-circuit power [Voltampere]
Sr [VA] Rated power [Voltampere]
SrG [VA] Rated power of a generator [Voltampere]
SrT [VA] Rated power of a transformer [Voltampere]

ta [s] tripping time [Seconds]
tmin [s] minimum switching time lag [Seconds]
tv [s] Time delay [Seconds]

ukr [%] Impedance voltage [Percent]
UKL [V] Terminal voltage [Volt]
Un [V] Nominal voltage [Volt]
Un KnotenAusg. [V] Nominal voltage at output node [Volt]
Un KnotenEing. [V] Nominal voltage at input node [Volt]
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Ur [V] Rated Voltage [Volt]
UrG [V] Rated Voltage of a generator [Volt]
UrM [V] Rated Voltage of a motor [Volt]
UrT [V] Rated Voltage of a transformer Volt

x(0) [%] Reactance in the zero sequence system [Percent]
x(2) [%] Reactance in the negative sequence system [Percent]
x"d [%] Sub-transient reactance in direct axis [Percent]
xd [%] Generator reactance in driect axis, saturated [Percent]
xd_gesättigt [%] Reciprocal value of the saturated no-load/short-circuit ratio [Percent]
	�� � Reactance [Ohm]
X(0)�� � Reactance in the zero sequence system [Ohm]
X(1)�� � Reactance in the positive sequence system [Ohm]
X(2)�� � Reactance in the negative sequence system [Ohm]
XC�� � Reactance at eqivalent frequency[Ohm]
X"d�� � Generator sub-transient reactance in direct axis [Ohm]
XE�� � Reactance of earthing [Ohm]
Xk(0)�� � Short-circuit zero sequence reactance at earthing of one side [Ohm]
Xk12�� � Short-circuit zero sequence reactance at earthing of both sides [Ohm]
Xk21�� � Short-circuit zero sequence reactance at earthing of both sides [Ohm]
XL(0)�� � No-load zero sequence reactance at earthing of one side Ohm]
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