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1 Welcome to COPA-DATA help

ZENON VIDEOGTUTORIALS

You can find practical examples for pject configuration with zenon in oulYouTubechannel
(https://www.copadata.com/tutorial_men The tutorials are grouped according to topics and give an
initial insight into working with different zenon modules. All tutorials are available in English.

GENERAL HELP

If you cannot find any information you require in this help chapter or can thinkaofything that you
would like added, please send an email tbcumentation@copadata.com

PROJECT SUPPORT

You can receive support for any real project you may have from our Support Team, who you can
contact via email asupport@copadata.com

LICENSES ANDMODULES

If you find that you need other modules or licenses, our staff will be happy to help you. Email
sales@copadata.com

2 Automatic Line Coloring (ALC) - Topology

The topological coloring of lines allows easy automatic dynamizing of tubes in technology (for media) as
well as in the energy distribution (for electricity). So process controlled coloring of topological nets can
easily be realized.

Because the tube struare is designed in the screen with all its technological elements (e.g. tanks and
valves, or generators, switches and consumers), it is internally emulated as a model and the media flow
is displayed in the Runtime.
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In order to allow screeroverlapping mocels the entire design and configuration is always projestde.
You therefore have one entire topological model per project, which is used for the calculation of the
tube statuses and ultimately for the coloring of the tubes.

The whole topology is createdutomatically from the graphic design. No other engineering actions are
necessary.

¥ |nformation

Starting with a source, the ALC algorithm runs through each switch only once
per direction.

DETAIL SCREENS

To display individual screens, a partial area can be taken from the topological network and displayed
individually by means of alias. #etail screen(on page 40) can be displayed with the data from different
equipment parts, for instance outputs or partial networks.

3 ALC elements

Automatic Line Coloring (ALC) makes it possible to color lines depending on the process status. The
combined elementis used as the process element. Automatic line coloring allows easy automatic
dynamizing of tubes in technology (for media) as well as iettopological networks (for electricity).

ENGINEERING

For the design two types of screen elements with different functions are distinguished. On the one hand
these areprocedural elementgon page 8) (source,switch/disconnector, drain, transformer or link) and
on the other handlines(on page 20).

In doing so, the technical elements have a function and a color (source and transformer). If the
procedural elements & active, the connected lines take on the color of these elements at the source
and transformer or they take on the color of the element's input line for the switch and the link. If the
procedural elements are inactive, the color of the lines is taken fridma definition in the editor.

The different functions of the elements are assigned in the properties of toenbined element
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EXAMPLE

A source has a connected line. A switch is connected to the line. And a second line is connected
there. If the source isctive, the first line is colored with the color of the Automatic Line Coloring
defined in the source up to the valve. The other line is not colored before the switch is closed.

o o
o

®

Source inactive

@
B\

Source active

©
]

Switch closed

@
1

Undefined or invalid
¥ |nformation

If the procedural element status isndefinedor malfunction this is automatically
detected. All connected lines and all further elements are displayed in the colo
of the predefined sourceundefined for both states.

NUMBER OF CLOSED SWLCHES IN A SERIES

For the correct functioning of the ALC algorithm, the number of connected switches in a series plays a
role.

Recommendation: Arrange a maximum of 256 closed switches in a series between the source and
the drain.
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3.1 Procedural elements via Combined element

Procedural elements are created in zenon withcambined Element . Their state determines the coloring
of the connected line.

The following settings are available:

Function type Defines the technological type of the Combined element.

No function The element has no function in the ALC.
Note: The"no function"function type is the default value.

Source Passes on its color. If the source is active (vatl)eall connected lines tha
have Color from ALC option set in the eement properties are allocated
the color of the source. The color is defined in the project properties as
the source color. (e.g. tanks or generators). A source is a single pole w
a static source number assigned to it. The source is switchable over tht
state of its main variable. Generally, sources are considered as
net-synchronous and detachable.

For thelnterconnect various voltage levetpological interlocking(on
page 32), the nominal voltage of the source is takentmaccount.

You can find details on the source in theonfiguration of the sourcegon
page 27) chapter.

Generator A generator generally behaves like a source, but it is considered as an
independent and not netsynchronous.

For thelnterconnect gridsopological interlocking(on page 32), the
number of the source that is linked to a generator is taken into account.

Switch With this lines can be split. If the switchdlsed/activgvalue:1), then the
connection between the two lines is closed and the line is colored up to
the next switch with the defined source color. In this case a switch
forwards the source color of the input line to the output line.

If the status of the switch igvalid (value:3) or undefined(value:2) or the
status of the main variable iIBNVALID the line colors itself in the color
undefinedfrom the ALC configuration in the project properties. A switch
thus delivers source numbed (undefined) to its output (conneactin 2)
instead of the incoming source number.

Example: seeSwitch example - colors from ALC (on page 13 section.

Note : If the Switch input/output property is active, the input and
output of thiselement are reversed for the ALC.
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Disconnector

Transformer

Capacitor

Valve

A disconnector generally behaves likesavitch However, a disconnector
in the topological model must not be switched when livetopological
interlocking 'Disconnector under load " in the command processing.

As with the switch, the main variable determines the statQst, off,
intermediate position, malfunction

Note : If the Switch input/output property is active, the input and
output of this element are reversed for the ALC.

A transformer is a dain and a source at the same time. SO with a
transformer the input color (input source) can be transformed to a new
output color (transformer source color).

The output line is only displayed as active once the transformer has an
active input line. Howevethe output line does not get the color of the
input line as with a switch, but instead the color of the transformer's ow
source. So a source has to be defined for each transformer. A transforr
cannot be switched active or inactive, it always is actiegjardless of the
value of the linked variable.

Note : If the Switch input/output property is active, the input and
output of this element are reversed for the ALC.

Reverseeed compatible transformer:

To have a transformer capable of reverse feed, you must select, for
Source for reverse feed, a different source thatUNDEFINED [O]This
means that the transformer behaves the same for both directionfom
the input to the output (forward) and also fronthe output to the input
(backward). The only difference is that tf&ource for reverse feed
property and not theSource property is used for forwarding in the
topological model.

Note: Faulty network statuses or missing configurations, such as a fee
from the input and output at the same time or a short circuit from input
and output are not specially colored. This means that the transformer
capable of taking a reverse feed behaves like two transformers switche
to run antiparallel that are not capable of takg a reverse feed.

The capacitor can only be connected as a load on one side. For tioad
flow calculation , the capacitor serves as compensation for the reactive
power.

A slider (a valve) acts in a similar manner tewaitch but it isused for
water and gas lines.
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Value of the main variable:
}  Switch OFF: Valué -> Slider closed> No forwarding
}  Slider ON: Valuel -> Slider open completely> Water flow
}  Slider value2 (ntermediatg -> Slider partially oper> Water flow

}  Slider value3 (error)-> Slider malfunction

Note : If the Switch input/output property is active, the input and
output of this element are reversed for the ALC.

Check valve Thecheck valvenly forwards information in one direction.

Value of the main variable:

} ValueO:
The forwarding is not active (= the valve is closed)

} Valuelor?2
Forwarding is only possible in one direction. In doing so, the colc
of the source is only forwarded from the input to the output.
Forwarding in the opposite direction is not envisageiihis also
concerns the forwarding of ALC information for the color of the
earth.

}  Value 3
Forwarding is undefined. This then occurs, for example if tfeck
valveis faulty. In this case the status is only forwarded at the
output.

Note : If the Switch input/output property is active, the input and
output of this element are reversed for the ALC.

Thecheck valvés also taken into account by theopological interlocking
(on page 32).

Drain This defines the end of the line. The drain does not influence the coloril
it is only used so that the model can be displayed in full. If an external
program (e.g. VBA) should access the model, then the drain probably i
needed for further calculationsand so has to be inserted.
In Energy projects, the drain is used for representing consumers. Thesi
are used to calculate the ALEtopological interlockings (in theommand
processing) 'Device would not be supplied .

Terminator For bus bar ends. Blockfi¢ error message L'ine only connected on one
sidé' when being compiled in the Editor.
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Link

A link serves to continue a line at another place. If a link is "supplied" br
line, all other links with the same link name also are supplied by this lin
Here t does not matter, whether the links are in the same screen or on
different screens in the project. Topological networks can thus be
designed throughout screens. More than two links with the same link
name in the project are also permitted.

Links are confjured with theLink name property.

Links can be supplied by several lines at the same time or can themsel
supply several lines. In principle there is no difference between inputs ¢
outputs. The ALC colors of the sources are forwarded to all connected
lines.

A link cannot be switched active or inactive in the event of a value
change: it is always active. For this reason, it is not absolutely necessa
link the combined element to a variable.

Caution: Two link elements cannot be connected directly tme line. In
between, there has to be at least one other procedural element
(switch/disconnector or transformer).

The source number given for the source and transformer function typesis forwarded via closed
switches (disconnnectors, sliders etc.) tgpthe devices (drains). The colors of all connected lines and
processrelated elements are calculated dynamic from the highkavel sum of the supplying source

numbers.

SOURCE AND LINK NAME

Source

Here a source is assigned to an element. In this drdpwn list all sources
defined in the ALC configuration (in the project properties) are available
All source names are listed.

This property is only active if the function typedurce, 'transformet or
‘generatot has been selected.

You can find details on the source in theonfiguration of the sourcegon
page 27) chapter.

Attention: Use the predefined system sources for this (ID 0..9).
Configure separate sources fdhis linking:

}  For the configuration of your own sources, click thebutton in the
ALC configuration property in the Automatic Line Coloring
properties group.
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}  The system source NDEFINED [pGROUND FAULT [I3HORT
FAULT [2and GROUNDED [34re only envisaged for the
configuration of the grounding.

}  The predefined system sourceSYSSOURCEA4 [#] SYSSOURCE!
[9] serve as placeholders.

Link name The link name can be configured here for thenk function type. All
identical link names in a project correlate with each other.

You can find further information about this in theinkfunction type.
This property is only active, if the function tygmk has been selected.

VARIABLES OF PROCES®ELATED ELEMENTS

In orderfor a switch, disconnector or slider etc. to be given the status (open, closed, invalid), a BOOL
data type or integer variable must be linked in the respective combined element as the main variable.

Example:
} IEC870 driver: Variables witfyp ID T01..T37
} IECB850 driver: Variable¥Pos/stVal[ST]
}  DNP3driver: Input Variables

Prerequisite: theDPI/DPC mapping has not been deactivated in the driver.
* |nformation

For the position of a switch, only the first two bits of the main variable are take
into account.

}  The first bit is the actual switching; 0 is OFF and 1 is ON.

}  The second bit is the error bit. There is no error if it is 0.

The status of a source'fresent” (ON) / "not present” (OFR3$ also evaluated using the linked main
variable. For this evaluation, a BOOL data type variable of the internal driver is recommended. Then (as
is usual in practice) the source can be linkedttte rest of the topology via aswitchor disconnectarAs a
result, it is possible to forward the color of the soureadepending on the position of the switch.

Note: For the main variable of a source that is connected to the network viaveitch/disconnetor
(ground, for example), create a variable for theternal driver . For this variable, configure the
Calculation properties with the valuenetworkand Initial value with valuel ("always present"). You can
find this properties in thenternal Variable variable property group. Alternatively, you can also link a
sourceto the process variable directly (theourceand itsswitchin one). As a result, you can deactivate
or avoid the topological interlocking when switching the source.
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STATES
} A switch and a source are switched on (closed) if the value of the linked varialde is

} A switch is invalid if the value of the linked variablesit or has anINVALIDstatus bit.
An invalid switch provides the source numb@r(undefined) at its exit (conection 2) instead of
the source number entering. In the direction from input to output, the switch behaves as if it
were open.

Note: if the main variable has the statud\VALID the whole subsequent network iENVALID
because the status of the network not known. The statuNVALIDis forwarded using
subsequent closed switches.

A Attention

If, in the individual statuses of the combined element, the color and the fill colc
from ALCis activated, it is not just the line, but also the processated
elements that are colored in the Runtime.

3.1.1 Switch example - colors from ALC

EXAMPLE 1

Combined element with value statu80 and line color from ALC:
1. Configuration in the Editor:

} Combined element with value statug0
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ALCelements ﬂ
Zenon

} Line color from ALC active

Configuration !
Status definition | test mode
States Formuls variables |I]
— R
[ Hew ] [ Delete ] U |_ Down ] [ Add... ] Change.. Remove
Value
3 4 B 16 15 8 7 o
fREEGEET RREEEEG0 PROEGE00 066006 s
State
[Fm mz [ M3 [ ms I ms M6 I mr [~ ms
[~ ner_sa [Freviston [ progress [ mimecut IF rvam [~ or I~ mm [~ rM_R
~ ALT_VAL Fawoae [Fa I~ seont Froea [Tasn IF ss.am [* nT_870
I ov_sm I seam I~ T_mwaL I~ ca_mwr [~ ca_ma
[ Mot admnowiedged
Display element Color Speafic settings
Syabel Fom ey L ockor
-| [¥] From ALC
Edit linking rules.
inking Background || Flashing
B iromac

2. Produces the following in the Runtime with:
}  Source color: green
}  Color without voltage: white

}  Switching statusoff/open (value0)

—{]

EXAMPLE 2

Combined element with value statu8l and colors from ALC:
1. Engineering in the Editor
} Combined element with value statudl

}  Line color from ALC active
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ALCelements ﬂ

Zenon

}  Fill color from ALC active

alue: 00000000
Walue: 00000000 00000000 0OD00000 OOOOOOTT State: ... oo i o

| by, ] | Delete | | up | [ Down ] | Add... ] Change... Remave
Value
3 TR 16 15 s 7 0
FREEEGEEG GOoRGOHG0 FROHERGE FREEEGET L
State
[ M M2 M3 [ ma [“ms [ M6 [ w7 Fms
[ nerse [Frevision [ erocress  [- Timeout [ AL [ oFF [~ m I~ rv_m
[~ AT v Fuwwoare [Ma [~ sponT [FT_ove_a [ s [~ s5_870 [T wrsm
[ ov_sm [ se_870 [ T_mwaL [F c&_Rip Foema
[+ Mot admowledged
Symbol from lbeary: Line color
B ©ronac
- x| | Edtinkngres... —
B ¥romac

2. Produces the following in the Runtime with:
} Source colorgreen
}  Color without voltage:white

}  Switching statuson/closed(valuel)

-

EXAMPLE 3

Combined element with value statu80 without colors from ALC:
1. Configuration in the Editor:

} Combined element with value statu0
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} Line color from ALC not active

-x Fra Fr Fme s Fine
[ [~ mevesaon [~ mocRes: [ et [~ o [For
Farw  Faso e I st s Fum

o m F=am 7 peens
[ r—
[— -
s e o

2. Produces the following in the Runtime with:

} Source colorgreen

Color not energized and construction color of the lingvhite

}
} Defined line and fill color of the combined elemenitlack
}

Switching statusoff/ope

11

EXAMPLE 4

n (value0)

Combined element with value statugl without colors from ALC:

1. Engineering in the Editor

} Combined element with value statugl

}  Line color from ALC inactive

}  Fill color from ALC inactive

Vol 000000 =
Vala= 0000000 00OD0OUD 00000000 00000010 Stal=
Vakar 000D0000 0000000 00000000 OUDO00I 1 Stale:

ooen ) [om

3 6z s s 5 .
e o o e

e |

3

[t ]

e |
s

(el (o] w3 [ wa Fws ws
[rersa [Crevision [T erocress [~ veour I~ mwaun [Cos
I v Fnwoae  [Flar [ SPONT F _OHG A e s
o

Diplay clement
Symbol rom lovary:

P

gkl
28]
28
el
8528
3'3%

2. Produces the following in thé&runtime with:
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Source color = green
Color not energized and construction color of the lingvhite

Defined line and fill color of the combined elemeniilack

[ R S S e

Switching statuson/closed(valuel)

3.1.2 Connection points of procedural elements

When configuring, a line is connected to a procedural element (combined element) by overlapping
drawings in the screen atannection points of the combined element. Only one line can be connected
to the same connection point at the same time. All lines that start within the area defined, are connected

(Topology from the graphic).

A Attention

Use ALC elements only in urotated state because:

The calculation for the topological model for the ALC in the Editor is based on
the position of the elements in ufrotated state and without considering any
dynamics.

CONNECTION POINTS AND CONNECTION AREAS

} The connection area for a connection point is the middle of each side of the combined
element. Each combined element thus has four connection points.

} The size of a connection area corresponds to 2/3 of the height and width of a combined
element, but no more than 20 pixels.

} Each connection area is centered in the middle of the respective element corner and stretches
symmetrically inwards and outwards, to a maximum of 10 respective pixels.

A Attention

If the combined element is less than 30 pixels, connection areas within an
element overlap. Lines that could touch can cause errors (compilation, coloring
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You can see the possible connection points for combined elements smaller and larger than 30 pixels in
the illustration.

Colors
} Blue: Combined element

} Red: Connection areas

Dimensions:

}  A:height of the Combined element

}  B: width of the Combined element

} a Width of the connection area: 2/3 oA, but a maximum of 20 pixels.

} b:Length of the connection area: 2/3 d8, but a maximum of 20 pixels.
RULES

} Ifaline is outside the connection area, no connection is detected and there is thus no coloring
of the line. So there will also be no coloring for further lines.

}  With sources, drains andinks all described connection points can in principle be used.
Attention: With sources and drains, only one connection point can be used at the same time.
If different connection points are used at the same time, undefined states can occur.
Elements of the tpe Linkcan also use several connection points at the same time. The
incoming color information is passed on to all lines.

}  With switches/disconnectors/sliders and transformers, the connectigsupply) is on the left or
on the top and connection2 (output) is on the right or on the bottom. This sequence can be
changed with theSwitch input/output property.

Attention: At switches and transformers it has to be cared, that only one input connection
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and one output connection is used. The simultaneousauof several input or output connection
points results in inconsistencies and is therefore not reliable.

}  For all procedural elements the following is true: Only one line can be connected to a
connection point. Junctions cannot be realized directly on alement but must be drawn with
lines.

3.1.3 Switch input/output

If a transformer, a disconnector or a switch is configured, the input and output can be swapped. To do
this:
1. Select eithettransformer disconnectoor switchas aFunction type

2. Activate the checkboSwitch input/output

The input is then set at the bottom right and the output at the top left.

OVERVIEW
normal left right
normal top bottom
swapped right left
swapped bottom top

3.1.4 Measuring points

Variables are linked for the visualization of ALC sources that currently supply the preteedsical
element or start from this element.

These variables are supplied with the current values from the ALC module. Nameseo$dlirces can be
visualized by the ALC module by displaying these variables.

These properties are summarized in theutomatic Line Coloring properties group combined element
and summarized in theCondition area.

Configurable properties:

}  Input active sourc es
(STRING data type)
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}  Output active sources
(STRING data type)

}  Highest priority source input
(numeric data type)

}  Highest priority source output
(numeric data type)

DISPLAY IN RUNTIME

The linked variables are displayed with the following values in zenon Runtime:
}  Number (on page 27) of the active sources (STRING data type):

}  Active source number(s)
Numbers of all activesources are summarized in a STRING variable. This is applicable for
both input and output.
Several source numbers are separated with a semicolon (;). Sorting is carried out according
to the priority of the source.
Note: With multiple sorting, the source iszpresented with several entries at the input.

}  <Empty>
Not supplied

}  Number of the highest priority source (numerical variable):

} O orgreater
Number of the highest priority source. This is applicable for batiput and output.

}o-1
not supplied
3.2 Lines

Lines are represented by the vector elemeritine Polylinesand Pipe

If the option Color from ALC is activated for a line, the coloring is defined by the ALC configuration.
Lines are automatically colored by the system dependiag the status of the procedural elements and
the ALC settings.

Here the color usually comes from the highest priority source number of the media flowing through the
line, or stays "empty/not energized" just as defined in the screen with static or dynamiors.

You define the display type by means of dregown lists:
}  Priority for display
} Display multiple supply
} Display secured supply
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The following options are available in the properties of the lines:

Color from ALC

Priority for display

Secured supply

Multiple supply

No priority

display multiple supplies

Activates the autmatic line coloring for this vector element.
That means: If the source for the line is active and all
switches/valves leading from the source to the line are
closed/open, the line is accordingly colored. If the line is fed |
a single source, the definedource color is used for coloring
the line. The line width is not changed.

Defines ifmultiple supplysecured supplypr both are displayed.
Default:Multiple supply

The element is displayed according to the rules of the secure
supply.

A line is then considered to have a secure supply if it is
supplied by at least two different switches or transformers wi

a non-system source. System sources do not contribute to
secued supply, but do not exclude it.

The element is displayed according to the rules of the multipl
supply.

A line is considered to have multiple supplies if it is supplied
at least two different sources. In doing do, it does not mattiér
they are system or user sources and from which side the line
supplied by the sources.

The coloring rules fomultiple supplyand for secured supply
are applied at the same time if both criteria are met. That
means:

If a line
}  hasmultiple suppliesand asecured supply
}  The priority is set taNo priority,

}  The display for multiple supply is set two sources with
highest priority

}  The display for secured supply is set ttouble width

Then theline is twice as wide and displayed as a dashed line
two colors.

Multiple supply means that a line is supplied by multiple
sources at the same time. Here you can define how lines witl
multiple supply are displayed.

21| 90



Default:highest priority source

highest priority source The line gets the color of the source with the highest priority.
Note: Priorities correspond to the sequence chosen in the
ALC configuration.

two highest priority sources  Applies for lines fedby two or more different sources. The two
sources with the highest priorities define the coloring. The lin
is displayed with these two colors (dashed). The dash length
can be changed using théashing length supplied multiple
times property.

System source apply for multiple supplies just as with genuin
sources and color lines in two colors it they are configured

accordingly.
Alternative color The color defined in theAlternative color property is used.
Dashing length supplied Defines thedash length (in pixels) of lines, polylines or tubes
multiple times for the dashed ALC coloring fotwo sources with the highest

priority for display multiple supplies .
}  Minimum:0 (automatic dash length)
} Maximum:32767
}  Default:0

Alternative color Alternative color for the ALC coloring of lines, polylines or
tubes with multiple supplies.

display secured supply Secured supply means that a line gets multiple supply from
one source (parallel). Here you can define how 'secured
supply' is displayed.

A line is always displayed as havingsacure supplyf it is
supplied by at least two switches with a genuine source (not
system source).

Default:normal

double width Relevant for lines fed in parallel by the same source. If this is
the case, the line is dplayed with double the configured
width. (Example: A line with line width 5 pixels is displayed w
10 pixels if securéed.)
If this line is fed by two or more different sources
(multi-supply), the line width does not change!
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The color isalwaysdefined by the source with the highest
priority!

double brightness Relevant for lines fed in parallel by the same source. The line
displayed with double the original brightness.
If this line is fed by two or more different sources
(multi-supply), the line olor does not change!
If this line is multifed from one source (secure supply), the lin
is displayed with double the original brightness.
Formula for the calculation of the double brightness:

1. The defined RGB color is transformed the HLS
system.

2. L (luminance = brightness) is recalculated with
NewLuminance = 240*3/4 + L/4

3. The color value is recalculated to the RGB system w
the new brightness.

The color isalwaysdefined by the source with the highest
priority!

normal The element is displayed in the color of the source and with
the configured width.

Use alias Active: Alias is used.

Alias Opens thedialog (on page40) for selecting a model.

¥  |nformation

The source color and the priorities of the sources are defined in the project
properties.

Userdefined sources must have a higher ID th&n IDs up to9 are reserved for
system sources.

¥ |nformation

The calculation of the color of a line in the Runtime is done with the following
priority list:

1. Automatic Line Coloring
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(highest priority, overrules all other settings)
2. Dynamic colors

3. Static colors

3.2.1 Example

In the following example Source 0 has the color blue and Source 1 has the colorAed.Source 0 is the
source with the highest priority.

Source 0

Source 1

This results in the following displays for the different options:

highest priority source

two highest priority sources EEEEEENEN]

double width [P [ ]

double brightness
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3.2.2 Connection points of lines

The connection of one line (line, polyline or tube) to another line is done with overlapping drawing in
the screen at connection points. The connection point®ither connection areas are at the start and
the end of each line and are around 3 p&ts large.

B Example

The start point of a line has the coordinates (start point x/start point y): 150/10t
pixels.
This results in a amnection area (x / y): 147153/ 97- 103 pixels.

If the line start or end of this line and that of one or more other lines is within this area, the lines are
automatically connected without any furthezngineering. A mere overlapping of the connection areas
of the single lines is not sufficient!

In the following illustration the connection area is displayed graphically (the green lines are connected to
the black one, the red line not.

o /
3 Pixel \
3 Pixel 3 Pixel

¥ |nformation

Any number of lines can be corected in a connection area.

A Attention

If a line is outside the connection area (e.g. the red line in the illustration), no
connection is established and there is no coloring of the line. So there will alsa
be no coloring for further lines.

Line crossings can easily be realized, if the endshe lines are not in the connection area.
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A Attention

Use ALC elements only in urotated state because:

The calculation for the topological model for the ALC in the Editor is based on
the position of the elements in ufrotated state and without considering any
dynamics.

3.3 Checking the project

Engineer the desired procedural elements and lines in one or more screens and save these screens.
Then you can check vi@reate all Runtime files or Create changed Runtime files whether there are any
errors or conflicts in the screens. If error or conflicts should exist, corresponding error messages or
warnings are displayed in the output window.

¥  Information

Double click the corresponding line in the output window. The screen with the

erroneous screen element will be opened automatically. If the erroneous scree

element is part of a symbol, the corresponding symbol is automatically selecte
The following error message can be displayed.

} ALC: Screen '%s' Two Link elements with different Link number or name are connected to line
'%s' . (double clicking opens thecreen and selects the line.)

} ALC: Screen '%s'More than two connection points are used at element '%s'. For each element
only one input and one output may be used. (double clicking opens the screen and selects the
element)

The following warnings can be displayed.

} ALC: Screen '%s'Alias line '%s' is connected to a ralias line. (double clicking opens the
screen and selects the line.)

} ALC: Screen '%s'Alias element '%s' is connected to a ralias line. (double clickingpens the
screen and selects the element)

} ALC: Screen '%s'No-alias element '%s' is connected to an alias line. (double clicking opens
the screen and selects the element)

}  ALC: Screen '%s'Line '%s' is only connected on one side. (double clicking opehs screen
and selects the line.)

} ALC: Screen '%s'Element '%s' is not connected. (double clicking opens the screen and selects
the element)
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} ALC: Screen '%s'Element '%s' is only connected on one side. (double clicking opens the
screen and selects thelement)

In the error messages or warnings the corresponding elements are identified using the element
reference. This reference also serves as the link key for ALC aliases.

4 Configuration

To configure ALC:
1. In project properties, selecALC configuration the property in theAutomatic Line Coloring
group
2. Click on the... button.
3. The dialog for configuration is opened
4. Configure the desired properties for:
}  Sourcegon page27)

Create a new source.

To do this, click on theNew button. This creates a new entry with the nan®ource [serial
number]at the end of the list of the sources.

Note: In doing so, note that the system sources (ID 0..9) have a-pefined meaning or
are reserved for future versions.

Then configure the colors of the new source by selecting the color value with a mouse click
and clicking on the ... button. This opens the dregiown menu to select the colors.

Note also the principles focoloring for UNDEFINEon page 31).
} Interlockings (on page32)

Configure whichtopological interlockings the Command Processing module should take
into account.

Note: this tab is only available with a valid license for the optio®4lC - Topology Package
module.

}  Screen markefon page37)

Configure the color table for the screen marker fampedance -based fault locating .
Note: this tab is only available with a valid license for the optionsilC - Topology Package
module.

4.1 Configuration of the sources

The sources, e.g. their names and colors (sequence and priority), are configured prsjeetifically
within the project properties undeALC configuration . Sources with ID betweefi and 9 are reserved for
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system sources. Those that already have a funct{snoch asGROUNDED the color of the "earth"
source) must not have their function changed. Those that do not yet have any functionality in the
current zenon version remain reserved for future versions.

The source colors from ID #10 are freely available fioe processtechnical elements.
Examples: Source Generatot' or "110kV. Add further colors to do this.

ALC configuration X

Sources  Interlockings Screen marker

QK
Source colors

MName Line color Fill color Dashed Voltage [kV] Cancel

UMNDEFL...
GROUN...
SHORT ... gy #FFOOOD
GROUN...

SYS50U...
SY550U...
SYS50U..
SYS50U..
SYS50U..
SYS50U...

Help

[F=3 - I - (T R U =

OOOoOoOoooood

SOURCE COLORS

Number Internal unique consecutive number, so that the source can be identified.
This number is given by the system automatically and cannot be changed.

Attention: The numbers0 to 9 are reserved for the system sources and
must not be used userspecific.

Name Logical name for the source (e.g.: ‘'water' or 'grounded’). This name is also
used when selecting the source number for Combined elements. You can
change the name by clicking Wvith the left mouse button. With this edit
mode is switched on. The changes are accepted with tGeter key or by
selecting another source.

Note: The labels are not language switchable.

Line color Line color of the respective source. This color is used doloring lines,
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polylines and as the outside color of tubes.
Fill color
Dashed Type of display for grounded sources.

}  active Line for grounded source is displayed dashed in the Runtime

}  Inactive Line for grounded source is displayed normally in the
Runtime.

Note: This checkbox can only be activated for the system source
GROUNDED This check box is grayed out for all other sources.

Voltage [kV] Nominal voltage of the source in kilovolts.
This option is not available for system sources.

Default:empty

Input range:
}  0-4000 KV
}  Decimal places must be denoted with . (a period).
}  Invalid entries are set to O.
}  Negative entries are set as positive.
New Adds a new color.

Delete Deletes the selected color.

Upwards (arrow  Moves selected source up one position.
symbol)

Fully upwards Moves selected source to the start of the list.
(arrow symbol)

Downwards Moves selected variable down one position.
(arrow symbol)

Fully Moves selected source to the end of the list.
downwards

(arrow symbol)
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CLOSE DIALOG

OK Applies all changes in all tabs and closes the dialog.
Cancel Discards all changes in all tabs and closes the dialog.
Help Opens online help.

The colors can be configured directly by entering the corresponding hexadecimal code or by using a
color palette.

For direct input:

1. Click on the color description with the left mouse button.
The field is switchedo editing mode.
2. Enter the code.

3. Press theEnter key or select another source to apply the change.

To select via a color palette:

1. highlight the desired line.

2. Click on the... button behind the color
Note: The... button is only visible if the color entry is selected with a mouse click.

Thecolor paletteis opened in the context menu.

3. select the desired color

The hexadecimal code describes the RGB color value and consists of the followRRGGBB

# Identifier to indicate that a hexadecimal color code is used.

RR 2 digits are the red value of the color in hexadecimal system.
0-255corresponds to0-FF

GG 2 digits are the green value of the color in hexadecimal system.
0-255corresponds to0-FF

BB 2 digits are the blue value of the color in hexadecimal system.
0-255corresponds to0-FF
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¥ |nformation

The sequence in this list represents the priority of the sources, with the first
element having the highest priority.

To change the priorities of the single sources, they can be moved upwards or
downwards using the arrow buttons

A Attention

Limitations when deleting the sources and resetting fault colorings:

Sources with ID betweefd and 9 are reserved for system sources. You can:
}  not be deleted:

}  not be reset as an erroneous color

Deleting sources

In order for sources to be able to be deleted, they must have an ID fraa
Only the source with the highest ID can be deleted.

Resetting erroneous colorings

In order for erroneous colorings to be able to be reset once the cause has bee
rectified, no system source colors can be used. A color for IDs frb@must be
selected.

4.1.1 Coloring mode for UNDEFINED

Coloring in the network can be implemented in two modes with thi¢NDEFINEBtatus:
} Standard
}  Input takes priority

This setting is made using th&utomatic Line Coloring /Mode for coloring project property.

STANDARD

The internal calcualtion of the topology (= graph search) starts with a source and goes through the
whole network, so that each closed switch (switch variable has the vajymer direction is only gone
through once, so no cycles occur. In doing so, eacbde visited (=line segment) is colored with the
source color. The directhyelated lines are marked as a node.
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If the search finds a switch that has a switch variable with one of the following states, the UNDEFINED
color is used for coloring from this poinonwards:

}  INVALIDvalue: any],
} isinvalid [value3]

} isin intermediate position [value])

The graph search is now continued in the same form. Each switch is gone through just once per
direction with theUNDEFINEI@olor. Therefore each switch can beoge through a maximum of four
times per source:

1. with source number in forwards direction,

2. with source number in backwards direction,
3. with UNDEFINED in forwards direction,

4. with UNDEFINED in backwards direction,

INPUT TAKES PRIORITY

With the Prior supplysetting, only lines that have a supply from at least one source but not clearly from
any one source are colored ad NDEFINEDIf a line is supplied with at least one source, it can no longer
receive anUNDEFINED color from another source.

This search is a twstage search:

} Inthe first stage, as witlstandard the source color is distributed in the network from each
switched source, as long as the next switch is closed. The search is ended if the switch is open
or invalid/undefined.

} Inthe second stage, the search is started at each invalid/undefined switch that receives a supply
from one side and theUNDEFINERolor is distributed to the unsupplied side. This search also
considers the switches that are invalididefined as closed and thus distributes tRéNDEFINED
color in the network until it meets a clearly open switch. In addition, a search is ended if a line
element is reached that is already supplied.

4.2 Configuration of topological interlocking s

The Command Processing module can automatically calculate the interlockings in Runtime. These
interlockings are based on the dynamic status of an electricity grid. The topology of the grid is
configured viaALC. If the command input detects that the exetion of a command corresponds to the
interlocking condition, the execution of the command is prevented.

Example: Using the ALC configuration and the current state®N/OFF of sourcesSwitches
disconnector®tc. thecommand input can automatically detect that the execution of a command would
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lead to the status Voltage towards ground In this case, the execution of the command will be
suppressed.

The evaluation of the topological interlockings from th&LC for the Command Processing is configured
centrally- for the respective project. In doing so, a decision is also made as to whether a user can
unlock an interlocking (provided they also have tlaithorization level for unlocking for the action).

ALC Konfiguration

Quellen  Verriegelungen  Bildmarker

Topologische Verriegelungen
Name Status Abbrechen
Spannung gegen Erde entriegelbar Hilfe
Schalthandlung in Gebiet mit undefiniertem Zustand entriegelbar
Trenner unter Last entriegelbar
Werbraucher wiirde nicht mehr versorgt werden entriegelbar
Bereich mit undefiniertem Zustand wiirde gréfier werden entriegelbar
Kuppeln von Metzen nicht priifen
Uberlastung einer Leitung nicht priifen
Zusammenschalten unterschiedlicher Spannungsebenen nicht priifen

The settings made here apply globally, for the whole Topological Model. The following conditions are
available:

Voltage toward Interlocking is active if awitch disconnectois to be closed, to which
ground grounded potential is connected to and one or more connections in
the ALC model are live or undefined.

In doing so, it is also ensured that voltage to ground is detected by
means of atransformet

Default statusunlockable

Examples:

}  After switching the element, one side is grounded and the othe
is live.

Switching operation  Interlocking is active if awitch disconnectors to be closed and both of
in area with its connectors araindefinedor invalid
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undefined status Default statusunlockable

Disconnector under  Interlocking is active if certain conditions have been met for switching
load the disconnectoon (= closg or off (= open).

Default statusunlockable

Conditions: seé'Disconnector under load interlocking conditiongon
page 36)" section.

Device would not be Interlocking is active if awitch disconnectois to be opened and a
supplied device hat is switched on and supplied with voltage fromsource
(drain) then loses supply.

Default statusunlockable

Area with undefined Interlocking is active if awitchdisconnectois to be closed and one
status would increase connector has the statusindefinedor invalidand the other does not.

The interlocking is also reported if theommandhas been configured
with the switching direction none

Default statusunlockable

Interconnect grids This interlocking is to prevent unintended connection of twietworks
with different generator sources.

Interlocking is active if two ALC network areas in which different
generatorsare located are switched together. Processchnical
generatorelements with different numbers afources are considered
different gererators.

Note: The numbers of the sources are configured in the dialog of the
ALC configuration project property in theSource tab.

Processtechnical elements oFunction type sourceare not
considered to be generators.

The interlocking is active if:
}  Both sides of the element are live after switching.

}  One page contains a generator source that is not present in th
other network.

Default statusdo not check

Line overload The interlocking is active if switching would lead to to a current
overload of a line or a transformer in the ALC network.
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Default statusdo not check

A name can be configured for the element with th&ransformer

name properties (for transformers) andline name (for a line). This
name is used in Runtime as an interlocking text if the element would
be overloaded after a switching action.

In addition, this interlocking is active if

}  Aload flow calculation is not possible.
This is the case for missing or iaild measured values, as wel
as in the event of a switch having an undefined status (not o
or off)

} Theload flow calculation cannot achieve a conclusive result.

Note: This interlocking is only available for the optioniahkd flow
calculation.

Interconnect various The interlocking is active if ALC sources with different nominal voltac
voltage levels are switched together.
This check is carried out using the complete network (not just for the
switch).

Default statusdo not check

STATUS

If you click in theStatus column in one of these interlockings, a dredown list opens with three choices:

do not check The selected condition is not considered in this project (topological
model).
unlockable The selected condition is considered in this project. If the condition

applies, the user can unlock it with theommand Processing (in the
screen of typeCommand Processing). This unlocking action is logged ir
the Chronological Event List.

not unlockable The selected condition is considered in this project. If the condition is
applicable, the user cannot unlock it. The action (such asaatching
command is not carried out.

EXCEPTION TOPOLOGIQAINTERLOCKING

The topological interlocking is not carried duif:
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} the variable of a switch has the stati®evision
or

} the variable is manually corrects or set fdlternate value and with this is set to the same
variable value as the initial value; in other words if the switch:

} Is setto OFF and then it is manually corrected to OFF or replaced.

} Issetto On and then it is manually corrected to ON or replaced.

4.2.1 Disconnector under load - interlocking conditions

For thedisconnector under load topological interlocking a disconnector can be switched (opened or
closed) if one of the following conditions is met for the line segments that connect the disconnectors:

WHEN TURNING THE DIEONNECTOR ON (CLOSIB):

A check is carried out to see whether the topology before switah to ON is in one of the following
states:

} Both line segments are supplied/grounded by the same source;
} One line segment does not receive any voltage and the other line segment is grounded;

} Aline segment is not under load.

WHEN TURNING THE DISONNECTOR OFF (OPENIG):

A check is carried out to see whether the topology after switching@#-Fis in one of the following
states:

} Both line segments are supplied by the same source;
}  One line segment stops receiving voltage, the ahline segment is grounded;

} Aline segment stops being under load.
¥ Information

Meaning of "not under load"

The statushot under loadmeans:

}  Either:
All switches and disconnectors connected to the line segment are open.
} Orn

Switches and disconnectors connected to the line segment are closed bt
only connect to a further segment that is also not under load.
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In addition, all of the following conidions must be met for the status afiot
under load

}  All sources and consuming devices connected to the line segment are
switched off.

}  No transformer may be connected to the line segment.

} It must not be a line that is only connected to this disconnectamng open
line).

4.3 Configuration of the screen marker

Here you configure the color table for the color marker for thenpedance based fault detection and
calculation of load distributior{on page 60). See alsoAddMarker .

ALC configuration [&r
Sources | Interlockings | Screen marker -
0K
Color
# Line color Background c... Cancel
a -
1 Help
2
3
4
5
[
7
Parameter Description
Number Unique internal serial number for clear assignment. This numlsegiven by

the system automatically and cannot be changed.
Line color Line color of the screen marker.

Fill color Fill color of the screen marker.
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New Adds a new color.
Delete Deletes the selected color.

Note: Only the last color in the list can be deleted. Standard colors canno
be deleted.

The colors can be configured directly by entering the corresponding hexadecimal code or by using a
color palette.

For direct input:

1. Click on the colordescription with the left mouse button.
The field is switched to editing mode.
2. Enter the code.

3. Press theEnter key or select another source to apply the change.

To select via a color palette:

1. highlight the desired line.

2. Click on the... button behind the color
Note: The... button is only visible if the color entry is selected with a mouse click.

Thecolor paletteis opened in the context menu.

3. select the desired color

The hexadecimal code describes the RGB color value and consists of the followRRGGBB

# Identifier to indicate that a hexadecimal color code is used.

RR 2 digits are the red value of the color in hexadecimal system.
0-255corresponds to0-FF

GG 2 digits are the green value of the color in hexadecimal system.
0-255corresponds to0-FF

BB 2 digits are the blue value of the color in hexadecimal system.
0-255corresponds to0-FF
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5 Function: Change ALC source color

The foreground and background color of an ALC source can be temporarily changed for the coloring in
the Runtime using theChange ALC source colorfunction. The change remains until Runtime is ended,
reloaded or the functia is executed again. To create the function:

} select New Function
} Navigate to the Screens node

} SelectChange ALC source color

Select a function
Functions selection
+ Error detection in electric grids -
v il Historian
+- @ Message Control
i1 gy Network
+-[#] Recpes
+-@ | Report Generator
! Screens
£ Activate input to the element with the focus
o
L) Close frame
-} Closs soreen
Q Monitor assign
) Move focus
-3 Runtime profiles
'D Screen : Move center
L) Soeen switch
) Sereen with index
L) Soeen: Return to last
-G} set focus to frame
£} Setpoint input for keyboard screen
) show meny
-G} Show overview window
Q) Take focus away from frame -

Quick help
Internal ID- FKT_CHANGE_ALC_COLOR
Change ALC source color
Function for the configuration of the ALC source colors for

the error detection in electnc grids
More in the gnling help

| oK | Cancel Help |

}  The dialog to define line colors and fill colors opens

} define the desired color

Change ALC source color H

Source
Line color fFill color

GROUMD FAULT w

New color for source

Cancel Help
Source Drop-down list to select the source and display the colors

currently assigned. These colors cannot be changed here.
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New color for source Click on the color and a dialog opens to select a color.

6 Alias for detail screens

To display individual screens, a partial area can be taken from the topological network and displayed
individually by means of a\lias The screen elemesstin the detail screen are not included in the
topological model, but do however get their ALC colors from the model. These screen elements relate
to an alias of the screen elements from the overall screen.

A Attention

Aliases are only valid within a project.
This means that for symbols that contain links to aliases:

If the symbol is added to theyeneral symbol library or the library in the global
project and edited there, all ALC alias information is lost without notice!

CREATE ALIAS
Aliases can be created for the elements:
} Line
}  Polyline
}  Pipe
}  Combined element

A Attention

An ALC alias cannot be created if a period {s contained in the name of the
selected screen.

Solution: Replace the period in the scre@ame with a different character, such
as an underscore for example)

To create a source element as an alias:

} Activate, in theAutomatic Line Coloring properties group for the element, thdJse alias
Note: To do this, theALC module must be licensed and th€olor from ALC property must be
activated.
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} Click on the ... button in thé\lias property

} The dialog to select the element opens.

Select an ALC alias

Screen

Available ALC elements
Element name Blement Function type

Selected alias

No selection oK Cancel Help
Screen Click the ... button and a dialog opens to select a screen.
Available ALC elements Shows the elements that belong to a screen with the element

name, type of element and function type. Clicking on an elemen
selects an alias.

Filter

The elements can be sorted according to all columns. When
setting a filter, the options offered from all dier filters are
reduced to values that can be sensibly combined.

}  Name: Input of a userdefined search term with wild cards
(*). The last 12 search terms are offered in the list until th
Editor is ended.

}  Element:
Select from dropdown list.

}  Function type :
Select from dropdown list.

Clicking on... opens saved search or droglown list.
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If a filter is active, clicking on the deletes the filter.

Selected alias Shows the selected element in the field gkailable ALC elements.
No selection Removes selected element.

OK Saves selection and closes dialog.

Cancel Discards changes and closes dialog.

Help Opens online help.

¥ |nformatio n

When selecting an element for a new alias, only elements and screens from tr
same project that the alias was defined in can be selected. Elements from
subprojects or parallel projects are not available.

REPLACING ALIAS NAMEB

Aliases can be changed when switching screens vRiiplace linkA detail screen can therefore be
displayed with the data from different equipment parts, for instance lines or partial networks. Alias
names are replaced along the lines of variables and ftinas. It is also possible to replace in elements
that are used insymbols For selecting the target the same selection dialog is opened as for Alias

property.

7 Fault locating in electric grids

Fault location uses special coloring vid & to mark the parts of a network that have a ground fault or
earth fault. Starting points for fault detection are called ground fault or short circuit recognition device
(such as a detector of a protective device) that are assigned to a circuit breakes.dssumed that the
ground fault and short circuit reporters are always at the output of the circuit breaker element. For this
reason, when configuring, the corresponding variables (with detection from the protective device)
should be linked toFunction type switchelements.

The detections from protective devices are displayed with special coloring with the source ctlbis

and ID 2 The coloring is only carried out if the detection is applicable for a protective device whilst the
lines are live. At thesame time as this, the detections are set to the additional variables for display. Faults
can thus also be shown graphically in a zenon screen. This display can, for example, be carried out by
the configuration of an additional combined element that is gnvisible if the corresponding status (=
invalid statu$ is the case.
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The display must be reset manually (acknowledged) once the protective devices have retracted the
reports.

¥  |nformation

This function is only available when both the "Energy Edition" and the
"Automatic Line Coloring" modules are licensed.

ERROR DETECTION

Error detection runs locally on each computer in the zenon network. Each client in the network has its
own independent model and can therefore search for ground faults and short circuits in different parts
of the topology.

Error detection in the electricatetwork is divided into:
}  Search for ground faul{on page 44)

}  Search for shoHcircuit(on page5])

To configure error detection
}  You require a license for ALC and zenon Energy Edition
} configure the appropriate screens
}  Configure(on page8) ALC to the corresponding combined elements with thewvitchfunction
}

configure (on page 20) the lines so that they are colored by ALC

Special functions are available in the Runtime for error detection:
}  Start search for ground faulfon page 48)
} acknowledge(on page 49) ground fault message (on page49)

}  Stop search for ground fault (on page 50)
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}  Acknowledge shorcircuit message (on page53)

Select a function lﬂhj

Functions selection

#--5.¢ Favorites

- E») AML and CEL

+_' Application

|- g5a Batch Conitrol

:

-5} Acknowledge ground fault message

-} Acknowledge short-circuit message
£} Start search for ground fault
3 Stop search for ground fault

+--§¥ Historian

+-- || Message Control

-y Metwork

- [#] Recipes

+ﬂJ Report Generator [ Report Viewer

+' Screens

w-f3 Seript

+S) User administration

@9 Variable

%5 VBA

-G8 VSTA

1:---,?' Windows

Quick help

OK. ] | Cancel | | Help

COLORINGS

Errors can be displayed with special coloring of the lines in the ALC if the notifications are received whilst
the lines are live. In the Runtime, the color assigned by ALC changes automatically as soon as the status
of the line changes. The colorings cagfired can be changed in the Runtime via thehange ALC

source color(on page 39) function.

Messages are processed in the order in which they arrive. In the event of conflicts

}  The colors for displaying errortake priority

}  short circuit messages have priority over ground fault messages

7.1 Search for ground fault

The search for a ground fault serves to highlight the network parts that may have a ground fault by
coloring these. The color is taken from thengineering of ALC source color®n page 27) for the
GROUND FAULTID 1) source. At the same time as this, the notifications are set to the additional

variables for graphicatlisplay.

The network parts that may have a ground fault are derived from the ground fault indication from
ground fault detection devices (grounchdicators, protective device that records ground faults). The
following is applicable for ground fault indications:
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} Each device can have one, two or three ground fault indications.

}  This ground fault indications are handled either by permanent indicatioropessing or by wiper
indication processing.

}  For directional ground fault detection devices with direction detection, the direction can be
lagging or leading in relation to triggering.

} Leading:
Initially, the indication is determined using the directigforwards and/or backwards) and
reported, then the indication by means dfiggering .

} Lagging:
First thetriggering , then the direction is determined and reported.

¥ |nformation

A network component that may have a ground fault is then no longer
considered to have a ground fault if this has been successfully connected.

ENGINEERING

To configure a search for a ground fault:

1. assign the combined element that represents the switching element to Faenction type
switch(on page46)

2. Define themode of search for ground faul{on page45), ground fault trigger (on page47) and
ground fault display(on page4?7).

3. Create the functions fostart search for ground faul{on page 48), acknowledge ground fault
indication (on page49) and end search for ground faul{on page 50)

¥  Information

In order to also be able to limit ground faults in mixed networks, only one area
with ground faults is searched per path, starting with a source.

7.1.1 Mode of the search for ground faults

The ground fault search can either:

} color the network part potentially subject to a short circuit
or

} the whole network where the short circuit is located

The coloring mode is defined via th#lode of the se arch for ground faults property.
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To configure the property:
} navigate to theAutomatic Line Coloring node in properties
} select the desired mode in thélode of the search for ground faults property drop-down list
}  Color grid part: colors only the grid partthat are potentially subject to a short circuit

}  Color entire grid: colors the entire coherent grid, in which a ground fault is located

This setting can be changed in the Runtime via the zenon API object model. In doing so, the ground
fault search is recalculated once again.

7.1.2 Ground fault detection type

The direction and type of message processing for the combined elementygfe switch are configured
by means of theType property.

To do this, carry out the following steps:
1. Navigate to theAutomatic Line Coloring property group in the combined element properties
2. Navigate to the areaGround fault recognitio n

3. Select the desired type with direction and type of indication processing from the drdg@wn list
in the Type property

} Direction:
indicates if the raising edge of trigger indication or if the raising edge of a direction comes
before it

} leading:

The current direction status is used for the raising edge of the trigger indication.

} lagging:
after a raising edge of the trigger indication, the first raising edge of a direction is waited
on; if this does not occur within 2 seconds, the earth fault de/is considered
non-directional

} Indication processing:
Specifies how indications are processed.

} none:
normal switch; indications are not processed

} Permanent indication processing:
Newly received indications are considered as new ground fault trip

}  Wiper message processing:
Indications that are received during a curreearch(on page 48) are suppressed
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Note: The distinction betweempermanent indication processirand wiper indication processing only
how the message is processed, not its typ&liper indication processinfjus does not need to relate to

a wiper bit.

A Attention

To suppress intermittent ground faults, ground fault indications that occur in
intervals of less than 2s are ignored.

7.1.3 Ground fault display

The variable linked abDisplay is an output variable for faultetection and displays the recorded status

of the ground fault identification device. This is necessary because all indications remain saved internally
until until they are acknowledged. The saved indications thus do not necessarily correspond to the
current status of the message variable.

Each time a recording is made, a set value is sent to this variable. In doing so, the values are as follows:

0

1

-

no ground fault

ground fault forwards
Ground fault backwards
non-directional ground fault

Fault status > both directions have activated

Information

To reduce problems in network operation, the variable linked here should be a
local variable.

7.1.4 Earth fault triggering

The variable for the earth fault detection device indication is defined via Treggering property. It can
contain information on the presence of an ground fault and the direction of the ground fault from the
point of view of the ground fault recognition device. In doing so, a distinction is made between:
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}
}
}

Non-directional ground fault recognition devices

directed ground fault recognition devices with a trip alarm

directed ground fault recognition devices without a trip alarm

To configure the variable for th@riggering :

1.
2.

navigate to theAutomatic Line Coloring node in the combined element properties

open the nodeGround fault recognition

a)

b)

For non-directional ground fault recognition devices:

Click on the ... button in thélriggering property

select the variable you wish to import in the dialog that opens
The properties for the direction remain empty

for directional ground fault recognition devices with a trip alarm
link the variable withTriggering and add the appropriate direction:

Forward
link a variable to the=orwards property

Backward
link a variable to theBackwards property

for directional ground fault recognition devices without a trigger indication
Link the variable with the corresponding direction:

Forward
link a variable & the Forwards property

Backward
link a variable to theBackwards property

TheTriggering property remains empty

Note: If you address a directional ground fault recognition devices wihrwards in both directions,
this is then considered erroneous and ignored.

7.1.5 Start search for ground fault

The functionStart search for ground fault serves to localize a ground fault and has two effects in the
Runtime:

1.

Fault reports from all ground fault identification devices that were configured with wiper
message processing are ignored.

The search algorithm is changed: Switch actions can only reduce the area subject to a ground
fault further. Newly received messagel® not therefore increase the area potentially subject to
a ground fault.
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To configure theStart search for ground fault function:
} create a new function
} navigate to the fault detection node in the electrical network

} Select theStart search for ground faul t function

Select a function lﬂhj

Functions selection

+-5.7 Favorites

+-E»0 AML and CEL

+_' Application

+ % Batch Contral

==l Frror detection in electric grids
Acknowledge ground fault message
Acknowledge short-dircuit message
Start search for ground fault
. 3 Stop search for ground fault
+--§¥ Historian

+-- || Message Control

-y Metwork

+ El Recipes

+ﬂJ Report Generator [ Report Viewer
- ® Screens

w-f3 Seript

+ 99 User administration

@ Variable

-5 VBA

-G8 VSTA

1:---,?' Windows

Quick help

[ oK ] | Cancel | | Help |

}  link the function to a button

7.1.6 Acknowledge ground fault indication

With the Acknowledge ground fault message function, an internally recorded ground fault from a
ground fault indication device can be acknowledged in the Runtime. In doing so, the interrlalighed
ground fault status is reset if the status is still pending, ortilighted as acknowledged. A recorded

ground fault message is only deleted internally if this has been acknowledged and is no longer pending.

Rules when acknowledging:

} If avariable that corresponds to a triggering or direction variable of a ground fault recognition
device is linked, this special ground fault indication is acknowledged.

}  If no variable has been linked, all ground fault indications are acknowledged.

}  Acknowedgment can also take place via the zenon API object model.

To configure theAcknowledge ground fault message function:

} create a new function

49 ] 90



} navigate to the fault detection node in the electrical network

}  Select theAcknowledge ground fault message function
= |

Select a function

Functions selection
Favorites
-2 AML and CEL
- Application
% Batch Control
;
-6} Acknowledge ground fault message
£ Adnowledge short-circuit message
£} Start search for ground fault
.83} stop search for ground fault
:l Historian
- @ Message Control
-y Network

El Redpes
M Report Generator [ Report Viewer
- ® Screens
-8 Script

--S) User administration

® variable

&g VBA

-8 VSTA

-3 Windows

Quick help

[ o J[ cancel  |[ Heb |

} the dialog to select a variable opens
}  link the desired variable to the function

}  link the function to a butbn

7.1.7 Stop search for ground fault

You end the ground fault search with th&top search for ground fault function in the Runtime.

To configure the function:

} create a new function
} navigate to the fault detection node in the electrical network
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} Select theStop search for ground fault function

Select a function

)

Functions selection

#--5.¢ Favorites
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+_' Application

i &% Batch Control

A o deiecior n clecrcancs

£} Start search for ground fault
3 Stop search for ground fault
+--§¥ Historian
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- ® Screens
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@ Variable

-5 VBA
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1:---,?' Windows

£} Adnowledge ground fault message
L} Adknowledge short-circuit message

Quick help

Lo J

Cancel | | Help |

}  link the function to a button

7.2 Short circuit search

The short circuit search serves to highlight the network parts that potentially have a short circuit by
coloring these. The color is taken from the configuration of ALC source colors forSihORT FAULT

source.

The network parts that ge potentially subject to short circuits are deduced from short circuit reports. A
short circuit identification device (short circuit indicator, protective device) can have one to three short
circuit messages. For directional short circuit indication desgicthe direction can be lagging or leading

in relation to triggering. A network component that potentially has a short circuit is then no longer
considered to have a ground fault if this has been successfully connected.

ENGINEERING

To configure the shortircuit search:

1. assign the combined element that represents the switching element to tenction type
switch(on page52)
2. Defineground fault display(on page 52) andtriggering of ground fault detection(on page 53)

3. Set up the function foracknowledgment of ground fault messagén page 53)
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7.2.1 Short-circuit recognition type
The direction and type of message processing for the combined element are determined by means of
the Type setting. For project configuration:

1. navigate to theAutomatic Line Coloring node in the combined element properties

2. openthe nodeShort-circuit detection

3. Select the desired type in th&ype property

}  Direction:
indicates if the raising edge of trigger indication or if the raising edge of a direction comes
before it

} leading:
With rising edge of the trigger indication, the current status of the direction is used.

} lagging:

After a rising edge of the trigger indication, the first rising edge of a direction is waited for,;
if this does not occur within 2 seconds, the short circidentification device is considered
non-directional

} Indication processing:
states which indication can be processed

} None:
normal switch; indications are not processed

} Permanent indication processing:
Newly received indications are considered as new grabfault trip

7.2.2 Ground fault display

The variable linked fobDisplay is an output variable for error detection and displays the recorded status
of the ground fault detection device. This is necessary because all messages remain saved intemtally
they are acknowledged, i.e. they do not necessarily conform to the current status of the message
variables.

Each time a recording is made, a set value is sent to this variable. In doing so, the values are as follows:

0 No short circuit

1 Short circuit forwards

2 Short circuit backwards

3 Non-directional short circuit
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7.2.3 Ground fault detection triggering

The variable for the message from the short circuit identification device is defined byTihggering

variable It can contain information on the presence of a short circuit and the direction of the short circuit
from the point of view of the ground fault recognition device. In doing so, a distinction is made

between:

}  non-directional short circit reporters
}  directional short circuit reporters with a trip alarm

}  directional short circuit alarms with a trip alarm

To configure the variables for:
1. navigate to theAutomatic Line Coloring node in the combined element properties
2. open the Short-circuit detection node
a) for non-directional short circuit detection devices
Click on the ... button in th&riggering property
select the variable you wish to import in the dialog that opens
The properties for the drection remain empty
b) for directional short circuit detection devices with a trip alarm
link the variable withTriggering and add the appropriate direction:
Forwards: link a variable to thEorwards property
Backwards: link a variable to tHeackwards property
c) for directional short circuit detection devices without a trip alarm
Link the variable with the corresponding direction:
Forwards: link a variable to thEorwards property
Backwards: link a variable to tHeackwards property

TheTriggering property remains empty

7.2.4 Acknowledge short -circuit message

With the Acknowledge short -circuit message function, an internally recorded short circuit from a

short circuit indication device can be acknowledged in the Runtime. In doing so, ternally-latched
ground fault status is reset if the status is still pending, or highlighted as acknowledged. A recorded
short circuit message is only deleted internally if this has been acknowledged and is no longer pending.

Rules when acknowledging:
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} If avariable that corresponds to a triggering or direction variable of a short circuit recognition
device is linked, this special short circuit message is acknowledged.

} If no variable has been linked, all short circuit messages are acknowledged.

} Acknowledgment can also take place via the zenon API object model.

TO CONFIGURE THRACKNOWLEDGE SHORTIRCUIT MESSAGEUNCTION:
} create a new function
} navigate to the fault detection node in the electrical network
} Select theAcknowledge short -circuit message function

Select a function e |

Functions selection

#--7 ¢ Favorites

420 AML and CEL

-7 Application

g% Batch Control

ERENError detection in electric grids
H £} Adnowledge ground fault message
Acknowledge short-drcuit message
Start search for ground fault
Stop search for ground fault
1_---‘! Historian

#- [ Message Control

-8y Network

+--[#] Recpes

+3J Report Generator | Report Viewer
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} select the variable you wish to import in the dialog that opens

}  link the function to a button

7.3 Curb

With curbing activated, corresponding ALC elements are visualized in Runtime with an additional border
if aground faultor short circuitis present on the line. The coloring is visualized with the configured
ground fault or short circuit color.

Supported ALC elements

} Electric line
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} Line
} Polyline
If there is both a ground fault and short circuit on the ALC element, the color is displayetbating to

the configured priority. Neither ground fault nor short circuit is displayed. Configutefiects are also
supported for the display in zenon Runtime.

ENGINEERING IN THEEITOR

Carry out the following steps to configure curbing:
}  Configure the colors for ground fault and short circuit.

}  Todo this, click on the.. button in the ALC configuration property in the Automatic Line
Coloring project properties group.
TheALC configuration dialog is opened.

}  Amend the colors for the preexisting GROUND FAULand SHORT FAULdntries.
To do this, click on the.. button in the line color column. The color is selected from a
drop-down list.

} Create or selected a zenon screen in the Editor.
} Draw a line, polyline or pipeline or select an existing element.

} Activate, in theAutomatic Line Coloring project properties group, theColor from ALC
property.

}  Activate theUse curb property and configure the width of the curbing in th€urb width [px]
property.

NOTE ON CONFIGURATI™

The following configuration is recommended for a clean graphic display of the curbing in Runtime:

} Draw ALC line elements.
As a result, it is possible that the display of one line protrudes into another.

-

} To clean a graphics defect:
a) Highlight the element that overlaps due to the configuration.

b) Select theElement position entry in the context menu.
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c) Select theBackground entry.

Symbol 4

Select element L4

Element Position ’l ' Foreground Strg++

Alignment 4 |f__'J Background Strg+-

Arrange 4 "JJ Forwards

., Backwards
Create style group from element =

The selected element is moved to the background. As a result, dogrect display of the line elements is
guaranteed.

8 Impedance-based fault locating and load distributio n
calculation

Impedance based fault detecti@nd calculation of load distributioextend the ALC module.

Whereas the ALC base model identifies nodes and beams, this special model also detects lines and their
parameters.

Fault locating from protectiois possible by means of configuration in the zenon Editor. Therefore, for
example, the location of the error can be visualized in a zenon screen with a marker.

In addition, this ALC model provides properties and methods for external evaluation of thetfaghtion
and load distribution via API.

PROPERTIES FOR ALON® THE EXTENDED TOPODGICAL MODEL

The ALC element€ombined element and Line (ling, polyline pipe) have special properties for
impedancebased fault locatingand to calculate the load distributianThe properties for thdoad
distribution calculations configured in the Editor. The evaluation is not carried out in zenon however,
but is available via the zenon API as algorithms to be created by users.
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FILE FOR EXPANOETOPOLOGICAL MODEL

The simple topological model of the ALC base module for the coloring is supplemented by an
expanded topological model that includes all lines as separate beams. The extended topological model
is stored asALC.xmland can be read by extmal applications this wayALC.xml contains two sections:

}  GraphElements:
contains the extended topological model without aliases

}  GraphAliases:
contains only the aliases

8.1 Impedance-based fault locating of the short circuit

With impedancebased fault locating, an error marker is set at the location of the failure in the topology.
The impedance values measured by protective devices are evaluated byath@module. Based on the
topology, the fault markers are positioned in thgcreen correctly in a zenon screen.

If a short circuit occurs and the reactance is not equal to zero, the search for the location of the short
circuit starts:

}  Short circuit
Reported by a linked variable for th&riggering property (Short-circuit detecti on properties
group of the element).

} Reactance
Value of the variable (from the REAL data type), that is linked to Reactance value from
protection property (Topological properties properties group of the element) .

¥  |nformation

Impedancebased causes of error can no longer be applied to mash networks i
this topology.

POSITION OF THE MAREKR

All lines are run through in the corresponding direction. The direction results from negative or positive
reactancy. The respective reactancy of the line run through is deducted and the search continues until
the residual reactancy is less than the reactsrof the next line. A marker is drawn in the line. The
position of the marker corresponds to the residual reactancy.

If there is no reactancy value, no marker is set in the event of a short circuit indication. In order for the
marker to be drawn correctlythe area must not be under load during the short circuit indication. With
lagging shortcircuit indications, the reactancy is only evaluated if the notification of direction has been
received or the timeout of 2 seconds has expired.
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The search is cancetkif an open shift element or another ALC element has been found. Each part of
the network and each individual line therein must only run once per trigger, there are thus less markers
that occur in the line network than would be possible.

When reloading, narkers that already exist are drawn at the same point as before reloading. Changes to
the configuration of the fault locating are only evaluated after another short circuit.

If a short circuit indication is removed and acknowledged, all markers of thisrshiocuit trigger are
deleted.

Note: Depending on the order of the rectification of the short circuit and switching on again, marker
can remain drawn in, although the line is no longer colored as a short circuit.

8.2 Load distribution calculation

With impedancebased fault locating, an error marker is set at the location of the failure in the topology.
The location is calculated from impedance, on the basis of the expanded topology.

To configure the impedancebased fault location in the zenon Editor, carry out the following steps:
1. Activate impedancebased fault location:
a) To do this, click on the project in youWorkspace.
a) Click on theAutomatic Line Coloring project property group.
b) Activate theFault location based on impedance property.
Optional:
Configure theMaximum acceptable current overload [%] of the line.

Configure the setting for thdine overloadnterlocking in theALC configuration property.
This interlocking is not activated by default.

2. Configure the display of the screen markers with the project properties:
a) Screen marker size
b) Line width of the screen marker
c) Display type of the screen marker

3. Create a zenonrscreen.

4. Position thecombined element on the zenon screen.
The variable selection dialog is opened.

5. Configure the ALC settings for the combined element:
a) Ensure that the combined element has been selected.

b) Switch to theAutomatic Line Coloring property group.
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¢) IntheFunction type property, select theSwitchentry from the drop-down list.

d) Link theReactance value from protection property (in theTopological properties
properties section) to REAldata type variable withhe value of the measured impedance.

e) Select the type ofShort-circuit detection in the drop-down list of theType property.

f)  Configure the color of the marker in thélarker color property.

8.3 Expanded topological model

Each object has a uniqu#D, via which it is referenced in the file. The attributes correspond to a subset
of the zenon screen elements that have created the elements.

GRAPHELEMENT
o loepon
Picture Screen name
ElementID Screen element ID
ElementRef Screen element reference
Type Screen elementtype (see "element”)
SourcelD Source number

ReverseSourcelD Source name in reverse direction

Variable Status variable

VarProtReact Reactance variable

MaxIType Type of maximum current
MaxIVal Maximum current constant value
VarMaxI| Maximum current variable
VarCurl Instantaneous current variable
VarCalcl Calculated current variable
VarCurP Instantaneous power variable
LoadType Type of load

LoadVal Load constant value

VarLoad Load variable
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o o

React Reactance
Resist Resistance
Length Line length
NodellDs List of all element IDs connected with Nodel
Node2IDs List of all element IDs connected with Node2
GRAPHALIAS
o o
Picture Screen name
ElementID Screen element ID
ElementRef Screen element reference
Type Screen elementtype (see "element”)
OrigElemRef Screen element reference to the original screen element

OrigGraphElemID ID of the original elements in "GraphElements"

8.4 API

In the object model of the zenon API, the objec&ALCGraphElemeraind ALCGraphAliasre available
for the model. These contain the same information as the XML file. These objects can be accessed in the
ALC engine via:

}  GraphElemCount()
}  GraphAliasCount()
}  GraphElemltem()
} GraphAliasltem()

USERSPECIFIC TOPOLGICAL INTERLOCKINGS

If a topological interlocking is checked, the following event is called up at the ALC engine:

}  void Checkinterlocking(IALCEdge* pALCEdge, long nNewState, tpLockResult* LockRe$&lt, BS
bsText, VARIANT_BOOL* bUnlockable);
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The switch/disconnector to be switched and the new status is transferred. The event chwwéResult
bUnlockableand bsTextin order to display a violated interlocking condition. If the event handler returns
tpBusy in LockResultthe event handler is queried until it no longer providépBusy however for a
maximum of10 secondsThe interlocking is active aftefO secondsThe interlocking text and

unlockability are reported back ibsTextand bUnlockable

SCREEN MARKER

Marker elements can be inserted into screens via the zenon API. These marker elements are available
for the following elements:

} Line
} Polyline
} Pipe

These are added or deleted via the API functionsDiynPictures

} BSTR AddMarker(BSTR bsScigame, long nElementlD, short nPosition, short
nLineColorindex, short nFillColorindex);

}  VARIANT_BOOL DelMarker(BSTR bsID);

The GUID of the marker, which is supplied by AddMarker(), identifies the marker uniquely and serves as
both the element name (with theorefix 'SMARKER") as well as the key for deletion via DelMarker(). The
markers inserted via API are saved in the project according to the scrédtention: Saving is not
remanant, i.e. only until Runtime is restarted.

The markers set there are displayedgardless of the monitor on which the screen is opened. The
markers are treated internally as normally operable screen elements. Mouse events are called up for this.

The appearance of the markers is set using the project settings inAutomatic Line Coloring area of
the project configuration:

} Display type of the screen marker : Triangle, circle, square, cross
}  Screen marker size: Size in pixels:

} Line width of the screen marker : Width in pixels

}

Marker color: is defined via thndex in the marker color tabléon page 37), that is located in
the properties of the screen elements in th&utomatic Line Coloring group

9 Load flow calculation

TheLoad Flow Calculation module implements the following functionality:

} Calculation for 3phase, highperformance energy networks.
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} Derivation of the load flow model from screens with ALC elements (active elements, closed
switches etc.)

} Calculation of the load flow for the current magl status (from the values of the ALC elements).
}  Topological interlockings, based on advance calculation of the ALC model.

}  (n-1) calculation.
Visualization of a possible network overload, for example in the event of a failure of a line.

The configuration $ carried out in the zenon Editor by setting the parameters of ALC properties for the
corresponding screen elementc¢mbined elementding, ...). The parameters for these configurations of
the load flow calculation are set in thecorresponding properties for ALC screen elemersn page 64)

in zenon Editor.

In zenon Runtime, thecalculation(on page 8] is carried out on the basis of thdlewton-Raphson
method for iterative and approximative solution of netinear equation systems. The problem is set with
complex values: applicable for N bars, of which G with generators, is-ZBl- 1 real unknown (voltage

on the load bars, phase of the b&@). The nominal voltage without phase moving is assumed as a
starting value.

The results of the load flow calculation are output to the variables that are linked at the respective ALC
element. This configuration continues to serve as a basis for subset|@@l) calculations. The result of
this calculation can be visualized with thioad flow (n1) calculatiohscreen type in Runtime.

9.1 General

The topological network was displayed with the help of ALC elements.

A requirement for theload flow calculation is that the topological network is configured with the help of
ALC elements. A zenon screen (singdase or threephase ALC single line screemjith combined
elements and lines must be present. The parameters of the properties relevant tddhe flow

calculation must be set up correctly.

The load flow calculation determines:

}  For consuming devices (loads)
The voltage and the phase.

}  For generatos
The reactive power and the phase.

}  Forlines
} Current (average value)
} Power factor
} Voltage at the input and output
}

Active power at the input and output
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}

} Reactive power at the input and output
For transformers:

}  Current at the input and output

} Voltage at the input and output

}  Active power at the input and output

}

Reactive power at the input and output

The values calculated this way can be output to variables that are linked to ALC elements.

The current can also be given as an alternative to powkes: S/U. This is not necessary if the current is
already available via linked variables.

The load flow is calculated using the connection branches between the busbars. to do this, the

generators, transformers and loads are assigned to the bars and the branches (also parallel) are formed

from the lines and switches. Lines with zero impedance amtegrated into the busbars.

REQUIRED MEASURED VAJES

The following measured values are necessary for the input of the load flow calculation:

}

For generators and sources:

The active power and the voltage.

A generator is the reference for the phase; ttactive power is also calculated for it.
Note: Sources do not have output values that can be calculated.

For consuming device (loads)
The active power and reactive power.

For transformers:

The coil ratio and the phase shift.

The parameters for nominal powelMW], power loss, magnetization losses, stepped switches
and phase shift can be set in the Editor.

For lines:
The complex impedance (resistance and reactance).

For capacitors:
Increment (s), interconnection (v) and position (i).
This results in the app@d reactive power as a measured valu®: = s*v[i].

Note: Only active elements are taken into account.
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9.2 Requirements

It is recommended that the load flow calculation is carried out on a powerful computer with akgy
operating system.

With the ALC elements, there must be sufficient variables linked to measured values.

9.3 Engineering in the Editor
Configuration steps for the.oad Flow Calculation module:
1. Activate the Load flow calculation.
a) Go to the Automatic Line Coloring property group in the project properties.

a) IntheActivate load flow calculation property, select theLoad Flowentry from the
drop-down menu.

2. Set the parameters for existing ALC screen elements.
The setting of he parameters for the load flow calculation is configured in the following
properties of the ALC screen elements for tiutomatic Line Coloring properties group.
Note also the information in the property help for the respective properties.
The availabilif depends on the configured~unction type of the ALC element.

ALC screen element Combined element

}  Function type Source
Load flow calculation - input

a) Function type Generator
Load flow calculation - input
Load flow calculation output
b) Function type Drain:
Load flow calculation - input
Load flow calculation output
¢) Function type Transformer
Load flow calculation transformer input
Load flow calculation transformer output
Note also the configuration notesn chapterthree -coil transformer (on page 65).
d) Function type Capacitor
Capacitor

ALC screen element Line or pipe:
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3.

Load flow line parameter
Load flow line result

Link the ALC screen element to variables that provide measured values from the process.
Example: A PLC provides the current value of the active power of a generator. You link the
variables for this measured value in the combined element with which you display this
generator in the topological network. You configure this linking in thead flow calculation -
input properties group for theActive power dynamic [MW] property.

Link the ALC screen element to variables in which the result of the load flow calculation is

written.
You can usdnternal driver variables to do this. You can use these variablesenon screens to

display the output values.
Note: Note the Configuration of the output parameters  (on page 69) chapter.

CONFIGURATION STEPBOR (N-1) CALCULATI®I

1.
2.

Carry out the configuration steps for theoad flow calculation .

Activate the (A1) calculation.

a) Go to the Automatic Line Coloring property group in the project properties.
b) Activate theActivate (n-1) calculation property.

Configure a zenonLoad flow (R1) calculatiorscreen.
You can find further information on this in th&creen of type Load flow (1) calculatior{on
page 70) chapter.

Configure a functionScreen switch.
*  |nformation

If command input is used in the project, dine overload/on page 32) topological
interlocking can also be configured.

9.3.1 Transformers

The ratio of the coil numbers of a transformer correspond to the ratio of the primary voltage to
secondary voltage. The information abowbltage is gained from theALC configuration of the source
colors and the parameters for this do not also need to be set up separately.
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A Attention

A transformer must be configured foload-flow calculation with:
}  Nominal output [MW] >0

}  Loss reactive power [MVar] > 0

If the transformer does not have tap changing, the propertiesnimum tap change = maximum tap
change = nominal tap change = 1should be configured; thegap change increment can be0%. The
transformer thus remains configured to 100% nominal output.

Note: If there are voltages due to deviations from the ratio as a result of the construction type, the
difference can be given amcrement. You can thus set the parameters of the transformer in such a way
that it always remains at one stage next to the nominal.

TRANSFORMER WITH TARHANGE

Tap changer of the power transformers are for dynamic changes to the transmission ratios. In order to
take the tap change into account, the following settings should be set limad flow calculation :

}  Minimum tap change - the lowest level.
}  Maximum tap chan ge - the highest level.

} Nominal - the level at which the transformer provides the secondary nominal voltage.
It is the level at which the voltage ratio is equal primary voltage and secondary voltage; and
equal to 100%.

} Tap-change increment [%] - percentage indication of the increment per level, based on
nominal = 100% upwards and downwards.

}  Current position tap change - a variable that provides the current position of the tap change
from the process; for example, atep position informationof the IEG370 driver or
*/TapChg/stVal[STpf the IEC85Q

Example:

A transformer with380kV primary voltage andL10kV secondary voltage:
}  200MW nominal output
}  Minimum tap change =1

}  Maximum tap change =10
- A total of 10 dynamic positions are possible;

}  Nominal tap change =5
- At medium level, the transformer thus provides 100% of the secondary nominal voltage;

66 | 90



} Tap change increment [%] 4.0
- Level 1 is thus 60%, level 5 is 100% (because it is nominal), level 10 => 150%.

} Primary side withtapchangé: he | evel s correspond to a pril
kV, the secondary voltage thus remains constant.

} Secondary side with tap change: the |l evels
166 kV, the primary voltage thus remains constant.

Note: in practical operation, the fluctuating primary voltage is the trigger for an amendment of the tap
change, in order for the secondary voltage to stay close to the nominal value (after deduction of the
voltage loss in the transformer itself, due to impedancadtransferred power).

THREECOIL TRANSFORMR

To configure a threecoil transformer for theload flow calculation , create threecombined elements with
the ALCFunction type Transformer

=

In zenon Editor, a check is carried out to see whether a transformer that has been defined as a
three-coil primary transformer has been connected correctly: to the output of two further transformers
that are not threecoil - primary transformers. An erromessage is shown in the output window if there
is an error.

Attention: For correct calculation, it is important that all transformers of a threeil transformer have
the samenominal output .

ELEMENT 1 FOR THE PMRARY COIL:

}  Itis important for the primary coil that thé>rimary coil for three -coil transformer property is
activated.

}  Link the variables for the result of thiead flow calculation in the Load flow calculation
transformer output properties group in the propertiesdr the inputs:

}  Current Input [A]
} Voltage input [kV]
}  Active power input [MW]

} Reactive power input [MVar]

Note: The primary transformer should also have a source color for ALC.
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ELEMENT 2 AND 3 FOR'HE SECONDARY AND TETIARY COIL:

}  When configuring the secondary and tertiary coil, it is important that tReimary coil for
three-coil transformer property is not activated.

}  Link the variables for the result of thiead flow calculation in the Load flow calculation
transformer output properties group in the properties for the outputs:

}  Current Output [A]

} Voltage output [kV]

}  Active power output [MW]
}

Reactive power output [MVar]

INTERACTION OF THE GNFIGURED PARAMETERSOR A THREECOIL TRANSFORMER

The three coil transformer only uses increments from the primary transformer (and ignores them for the
secondary transformers). The phase shift is only evaluated by the secondary transformers. The losses
correspond to the transformer's data sheet or the fowing calculationNominal voltage multiplied by

the short circuit voltage [%] / 100

With secondary transformers, power losses are stated in relation to the primary coil. The losses between
the secondary and the tertiary coil are taken into account whealculating the triangle with the primary
transformer.

Magnetization losses are only taken into account by the primary coil.

For correct calculation, it is important that all transformers of a threeil transformer have the same
nominal output.

CONFIGURAION OF OUTPUT PARAMETERS

The result of thdoad flow calculation can be transferred to the output parameters for a transformer
with linked variables.

Load flow calculation transformer output

Power Input [A]: <no variable linked> ... Power Output [A]: <no variable linked>
Voltage input [kV]: <no variable linked> ... Voltage output [kV]: <no variable linked>
Active power input [MW]: <no variable linked> .. Active power output [MW]: <no variable linked>
Reactive power input [MVarl:  <no variable linked> .. Reactive power output [MVarl:  <no variable linked>
In doing so, the following applies:
}  The current is always positive.

} The prefix of the active power and reactive power is positive if it flows from the input (source =
reverse feed) to the output (source).

} The fact that input and output can be interchanged wittbmbined elements is also taken into
account.
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}

The phase or the power factor at the transformer (input or output) is not given.

The following is applicable for threeoil transformers:

}

ForPrimary coil for three -coil transformer , variables for the output of the calculation are
linked via the inputs.

For secondary or tertiary coils, variables for the output of the calculation are linked via the
outputs.

9.3.2 Configuration of the load flow o utput parameters

The results of theoad flow calculation can be written to linked variables.

The setting of the parameters for thimad flow calculation is configured in the following properties of
the ALC screen elements in th&utomatic Line Coloring project properties group .

}

Transformer

The configuration for this is carried out for procegechnology elements in the combined
element with ALEunction type transformerin the Load flow calculation transformer
output properties group

Electric line

The configuration for this is carried out for lines (lines, polylines etc)with @aor from ALC
property activated in theLoad flow line result properties group.

The following is applicable for the individual properties:

Name Unit Range of Formula
values

Current Amperes 0O I=(VOn-vVOf f) [/

Power factor None 0,0 66 cccos Y = P /| S =
1,0 P / a(P”r2+Q"2)

Voltage input kV u O 0, 0 VOn

Voltage output kV u O 0, 0 VOff

Active power input MW POff + jJ QOn = V

Reactive power input MVar

Active power output MW POff + jQOff =

Reactive power output MVar
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OUTPUT OF VALUES
All calculated values are output at each component (line or transformer) on a path.

The following is applicable for this:

The input is at the topleft (if the line is exactly diagonal, the input is at the top right).

The power is positive if the flow is from the input to the output.

Active power or reactive power at the input and output have the same prefix.

The loss a$On- POffor QOn- QOffi s t her ef ore al ways O 0.0.
Active and reactive power of a line can have a different prefix.

Current, voltage and power factor are always positive.

The current along a path (with overall impedance Z) is constant.

The power factor is alwgs determined at the output.

If a line has no impedance, the values at the input and output are the same.

L S L S S S G G e

If a line is part of a busbar, only the current voltage at the input and output is given.

9.4 Screen type Load flow (n-1) calculation

The newLoad flow (A1) calculatiorscreen type visualizes the calculated-"N scenario in Runtime, for
example a possible network overload in the event of a failure of a line.

A line or a transformer is removed from the network for the{(h) calculation. fie Load Flow Calculation
module calculates the resultant load for the other components (lines and transformers) in this network
and visualizes the consequences. This is determined for all lines and transformers.

The list in the screen can serve to find thpart of a path that is under most load (line or transformer,
line load column) after a component is taken from the networkr{e failure ). The load fromline

failure that is displayed is in relation to the probability with which the component could fAilswitching
(or failure) in the area ofine failure would lead to a transfer of the load flow tdine load .

ENGINEERING

Two procedures are available to create a screen:
} The use of thescreen creation dialog

} The creation of a screen using the properties

Steps to create the screen using the properties if the screen creation dialog has been deactivated in the
menu bar underTools, Settings and Use assistant

1. Create a new screen.
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To do this, select theNew screen command in the tool baror in the context menu of the

Screensnode.

2. Change the properties of the screen:

a) Name the screen in théName property.

b) Selectload flow (1) calculatiorin the Screen type property.

c) Select the desired frame in thErame property.

3. Configure the content of the screen:

a) Select theElements (screen type) menu item from the menu bar.

b) Selectinsert templaten the drop-down list.
Thedialog to select predefined layoutsis opened. Certain control elements are inged

into the screen at predefined positions.

¢) Remove elements that are not required from the screen.

d) If necessary, select additional elements in thiements drop-down list. Place these at the
desired position in the screen.

4, Create a screen switch functio

(N-1) LIST

Breakdown actual [%] Breakdown actual [A]

0.000 834
0.000 834
0.000 4186
0.000 416
85172 27
41.468 3470
0.000 0.0
44 831 375.1
85.172 27
0.000 0.0
0.000 0.0
0.000 51.0
0.000 510
0.000 6.0

0.000 6.0

0.000 98.6
0.000 98.6
16 618 691.1
0.336 14.1
0336 141
16.518 6911
0.000 0.0
0.000 375.1
0.000 7.0
0.000 27
0.000 0.0
0.000 27
0.000 0.0
0.000 691.1
0.000 691.1
0.000 14.1
0.000 141
0.000 6911
0.000 691.1
0.000 141
0.000 14.1
0.000 0.0
0.000 0.0

Breakdown line/trafo

Trafo_Bus3
Trafo_Bus3
Trafo_Bus3
Trafo_Bus3

Trafo 2

Trafo 2

Trafo 1

Trafo 1

Trafo 1
Tertiary_Bus5
Tertiary_Bus5
Tertiary_Busb
Tertiary_Bus5
Secondary_Busd
Secondary_Busd
Secondary_Busd
Secondary_Bus4
Primary 2
Primary 2
Primary 1
Primary 1
Primary
Bus1_Trafo
Bus1_Trafo
Bus1_Trafo
Bus1_Trafo
Bus1_Trafo
Bus1_Bus2 2
Bus1_Bus2_2
Bus1_Bus2 2
Bus1_Bus2_2
Bus1_Bus? 2

Breakdown line/trafo load capacity

00
0.0
00
0.0
8367
8367
836.7
8367
836.7
00
00
0.0
00
0.0
00
0.0
0.0
41837
4183.7
41837
4183.7
41837
00
0.0
0o
0.0
00
00
0.0
00
0.0
00
0.0
0.0
00
0.0
00
0.0

Load (n-1) [%]

181.359
181.359
85172
85.172
181.359
856172
0.000
85172
181.359
85172
856172
85.172
856172
85.172
85172
85.172
85.172
181.359
181.359
85172
181.359
0.000
856172
85.172
181.359
0.000
181.359
0.000
85.172
856172
85.172
85172
85.172
85.172
856172
85.172
0.000
0.000

Load (n-1) [A]

1617 5
1517.5
27
27
15175
27

0.0
27
1517.5
27
27
27
27
27
27
7127
2.7
1617 5
1517.5
27
15175

00
27
27
15175

0.0
15175

00
27
27
27
27
7127
2.7
27
27

00

0.0

Load actual [%]

85172
85.172
85172
85.172
85172
85172

0.000
85172
85.172
85172
85172
85.172
85172
85.172
85172
85.172
85.172
85172
85.172
85172
85.172

0.000
85172
85.172
85172

0.000
85172

0.000
85.172
85172
85.172
85172
85.172
85.172
85172
85.172

0.000

0.000

Load actual [A]

27
7127
27
7127
27
27

0.0
27
7127
27
27
727
27
7127
27
7127
27
27
7127
27
7127

0.0
27
7127
27

0.0
27

00
727
27
7127
27
7127
27
27
7127

0.0

0.0

Load line

Trafo 1
Trafo 2
Trafo 2
Trafo 2
Trafo 1
Trafo 2
Primary
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 1
Trafo 1
Trafo 2
Trafo 1
Primary
Trafo 2
Trafo 2
Trafo 2
Primary
Trafo 1
Primary
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Trafo 2
Primary
Primary

Breakdown actual [%0]

Current load of the component (line or transformer) in

percent, which is taken from the network as a calculation fo
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Parameter

Breakdown actual [A]
Failure line/transformer

Failure line load capacity

Load (n-1) [%)]

Load (n-1) [A]

Load actual [%0]

Load actual [A]

Load line/transformer

the calculation of the (nl) scenario.

Current load of the components (in amperes) that has beer
taken from the grid fa the calculation.

Name of the components (line or transformer) that has bee
taken from the grid for the calculation.

Capacity of the component that has been taken from the
network to calculate the lod (calculated diversion of the
load flow).

Calculated load (in percent) of the component (line or
transformer) that is placed under the most load when
another component failsl{ne failure ).

This entry shows the calculated load, i.e. thdwaafter

another line is taken from the network.

Note: The name of the component is shown in thiine
load column.

Cdculated load (in amperes) of the component that is place
under the most load when another component (line or
transformer) is loaded most.

This entry shows the calculated load, i.e. the value after
another component is taken from the network.

Note: The name of the component is shown in théine
load column.

Current load of the component that would be placed under
the most load (in percent) after another component (line or
transformer) has been removed from the network.

Note: This entry shavs the current load without taking a
new loading into account, i.e. the value before another
component is taken from the network.

Current load of the component that would be placed under
the most load (in amperes) after another componenitr(e or
transformer) has been removed from the network.

Note: This entry shows the current load without taking a
new loading into account, i.e. the value before another
component is taken from the network.

Name of the component (lineor transformer) that would be
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placed under the most load after another component is
removed from the network Iine failure ).

TRANSFORMER

The following is applicable for the (1) calculation of transformers:

}  The two-coil transformers (also switched in parallel) are incorporated into the calculation for
both loaded as well as possibly failed components. The voltage on the input side is output; the
nominall current is compared tnputvoltage. nomi nal p o

} Athree-coil transformer is only considered as a component for the calculation. Load current
and nominal current are taken on by the primary transformer. If the transformer forms a bridge,
up to three non-connected parts of the network can occur if the tnaformer fails. If parts of the
network continue to be supplied with energy, these are then searched through for the
highestloaded components after the failure.

9.4.1 Engineering in the Editor

Theload flow N1 calculatiorscreen is to visuae current loads of a component (line or transformer) as
well as calculated loads on components (line or transformer). The calculated loads show the values of a
component with the assumption that another component of the mesh network is no longer present.

ENGINEERING

Two procedures are available to create a screen:
} The use of thescreen creation dialog

}  The creation of a screen using the properties

Steps to create the screen using the properties if the screen creation dialog has been deactivated in the
menu bar under Tools, Settings and Use assistant

1. Create a new screen.

To do this, select theNew screen command in the tool bar or in the context menu of the
Screensnode.

2. Change the properties of the screen:
a) Name the screen in thdName property.
b) Selectload flow (r1) calculatiorin the Screen type property.

c) Select the desired frame in thErame property.
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3. Configure the content of the screen:
a) Select theElements (screen type) menu item from the menu bar.

b) Selectinsert templaten the drop-down list.
Thedialog to select predefined layoutsis opened. Certain control elements are inserted
into the screen at predefined positions.

¢) Remove elements that are not required from thecreen.

d) If necessary, select additional elements in thiements drop-down list. Place these at the
desired position in the screen.

4. Create a screen switch function.

9.5 Screen switching for the load flow (n -1) calculation
To open alLoad flow (A1) calculatiorscreen in the Runtime:

1. Configure ascreen of typelLoad flow (R1) calculatior{on page70).

2. Create a function Screen switch for this screen.

3. Define the desired column settings.

CREATE A SCREEN SWIH FUNCTION

A Screen switch function is for calling up screens in the Runtime. You can configure the graphical
appearance of the list for screen switching tol@ad flow (rr1) calculatiorscreen.

ENGINEERING

Steps to create the function:
1. Create a new function:

In the toolbar or in the context menu of the Functions node, selestw function .
The dialog to select a function is opened.

2. Navigate to nodeScreens
3. Select theScreen switchingunction
The dialog for selecting a screen is opened.

4. Select the desired screen.

Note: If you select a screen from another project, ensure that the project is running in the
Runtime.

5. Confirm your selection by clicking on thek button.
TheFilter dialog to configure the graphical appearance of the display in Runtime is opened.
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6. Click on thecolumn selection(on page 76) button and configure the content that you want to
display in Runtime.

7. Click on thecolumn format (on page 77) button and configure the appearance of the list in the
Runtime.

8. Name the function in theName property.

9.5.1 Load flow calculation screen switching filter

In this dialog, you configure the content of thioad flow (1) calculatiorfor the view in zenon Runtime.

COLUMN SETTINGS

[column preview] Preview of the columns that are configured for
display in Runtime.

Column selection... Clicking on the button opens thalialog to select
and arrange the columngon page 76) for the (n-1)
list.

&ROXPQ IRUPDW - Clicking on the button opens alialog to format

(on page77) the (n-1) list.

CLOSE DIALOG

OK Applies settings and closes the dialog.
Cancel Discards all changes and closes the dialog.
Help Opens online help.
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