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Introduction

1 Introduction

The following sections in this document look at the new features and enhancements that are available in
PowerFactory Version 14.1.

The descriptions presented here are intentionally brief, meaning that only a summary of the new PowerfFactory
features is given. However, in order to achieve a better understanding, differences between the new and previous
versions are discussed and explained with the use of examples.

While going through the document, the reader will come across a series of images that highlight part of the text.
The interpretations of these images are as follows:

@ Indicate hints or the new feature/enhancement available in version 14.1.

Important Note! It emphasises a certain PowerFactory characteristic.

@ The Questions and Answers section. Some of the chapters will have a Q&A section to make
the concept clearer.

Although the present document gives a general overview of the implemented features, we would like to
encourage the user to refer to the User's Manual and/or technical references for further details.

We would also like to express our sincere gratitude to all of our clients for their valuable feedback and
suggestions, which allow us to continuously improve our software.

What's New in PowerFactory Version 14.1 1
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2 PowerFactory v14.1 Main Interface Window, the
Data Model and Single Line Diagrams

2.1 New Features in the Main Interface Window
2.1.1 What's New in the Drawing Toolbox?

In version 14.1 four additional buttons related to the static generator element and two additional buttons
related to the illustrating graphic are introduced (see Figure 2.1).

R

—— +QdoHn

R R /= === Original button of the

= _i(_ E /! static generator element
—_ = E/lg

% = ,’/ — Additional buttons for the
by ® ¥ static generator element
SRoRIC BIE

BOO0OZ@H

v

D4 22 B3

L8 &9

ﬁl 8 .dP ¢ # Additif)nal illustrating
[?] graphic buttons

® 03N

AN A ¥

O <o 4 0

Figure 2.1 Additional Buttons in the Drawing Toolbox

Besides the original static generator representation ( @ ), the user has now the option of choosing between the
following symbols:

- Wind Generator: or displayed as

- Fuel Cell: or displayed as

- Photovoltaic:

G

Ry
Oy

or displayed as

What's New in PowerFactory Version 14.1 2
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- Storage: @ or displayed as

The symbol of each category (Wind Generator, Fuel Cell, Photovoltaic and Storage) can be changed by selecting
the element from the graphic (so it's marked), right mouse button-> Change Symbol. A dialogue window is then
opened, prompting the user to select a symbol from a list.

If a specific static generator has already been drawn and a different category is required (for example displaying
Storage instead of Photovoltaic); edit the element by double clicking on it and change the Category field located
in the Basic Data tab page.

Important to note here is that although the category of the static generator element (E/mGenstat) can be
exchanged, the model being considered remains the same (generic Static Generator model). Depending on the
type of simulation to be to be carried out by the user, an extension of the model would be required such as
adding a DSL definition.

In addition to the static generator buttons, two illustrating graphic line buttons are introduced.

- Arrow

- Polyline arrow

The arrow style can be selected on either side of the line or polyline by editing the object after insertion.

On a further note, the user will notice a “wider” drawing toolbar. If required, the width (drawing toolbar) can be

modified by clicking on the “User Settings” button ( L ) and specifying the new value in the Number of Columns
in Drawing Tools Docker option (Graphic Window tab page).

2.1.2 The “Colour Legend Block On/Off” Button

In version 14.1 a “Colour Legend” button is made available in the main toolbar.

|Stuu:h.r Case “Colour Legend Block On/Off” button

Figure 2.2 Location of the “Colour Legend Block On/Off” button in the main toolbar

In previous PowerfFactory versions, the colour legend was accessed through an option defined in the “Colour

Representation” dialogue window ( @?’ ); this basically meant that every time the user wanted to enable/disable
the legend, the “Colour Representation” window had to be prompted.

Now, the “Colour Legend” can be easily enabled/disabled by clicking on the “Colour Legend Block” button ( ),
allowing a better handling.

What's New in PowerFactory Version 14.1 3
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2.2 Enhancements in the Data Model and Single Line Diagrams

2.2.1 Variations, Expansion Stages and what they Record

Whenever creating a new project in PowerFactory version 14.0, the user was taught to locate the variation
folder directly inside the Network Model folder, as indicated on the left side of Figure 2.3.

Network Model
Network Model

Variation folder
location in v14.0

Project
vli4.1

" /_ Variation folder

location in v14.1

‘......| variations

Operation Scenarios - =
Operation Scenarios

Study Cases
Study Cases

Figure 2.3 Location of the Variations folder in versions 14.0 and 14.1

Versions

This changes however in version 14.1. Now, the location of the variation folder is defined by default within the
Network Data folder, as indicated on the right side of Figure 2.3. The reader may be wondering the reason
behind this change; well, it all had to do with the way graphics got handled when working with variations.

In version 14.0, whenever the user worked with variations (and a corresponding recording expansion stage),
the common idea was that only model changes or topology changes got recorded (adding/deleting/modifying
elements) which is actually true to some extent. The user may have noticed however that graphical changes were
also being recorded. These graphical recordings in the expansion stage lead sometimes to confusion in the single
line diagrams, depending on how and where the changes were made.

In order to prevent the recording of graphical information, the variation folder is created by default within the
Network Data folder. This gives a sense of having a “Permanent” single line diagram.

To illustrate this concept better, let’s take a look at the single line graphic shown in Figure 2.4. Here, a portion of
the network has been defined with a variation (Variation A), which in this particular case consists of two
expansion stages.

What's New in PowerFactory Version 14.1 4
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PV/BB busbar

— “_-'/— Stage 1

Stage 2

MV MayolBU $

-

Variation A

Load MV

u

WFrBusbla:l_E_
MVVD‘SUT:'_H

Load Lv

Figure 2.4 Example Network

Everything seems fine here, at least until now!

Now, let’s suppose that we have this variation set up in version 14.0. Let's suppose also that we begin making
some graphical modifications while stage 1 is recording (stage 2 is therefore not active). These graphical
modifications (moving elements, rotating them, etc.) will be, as we know, recorded in this stage (stage 1).
Consider that one of the graphical changes made was a new placement of the existing PV/BB busbar (moved to
the left). If you now make stage 2 active (by changing the study time), the graphical representation will be
altered because when stage 2 was initially defined, the graphical information of the Photovoltaic element of this
stage was also stored. As a result the user would see an alteration in the single line graphic (Figure 2.5).

It should be pointed out to the reader that the element defined in stage 2 doesn’t get disconnected! The
previous is somewhat a simple example which illustrates one particular case. You can picture this issue in bigger
systems, where a fair number of variations exist and which are correlated together. If not enough attention is
paid on how and where graphical information gets recorded, well, the user could have at the end very confusing
single line diagrams.

In version 14.1 this is avoided because the graphical information is no longer recorded in the expansion stages.
The variations (stages) are therefore only truly regarded as objects storing modifications related to the model.
This basically means that any graphical modification, regardless if variations are active or not, are reflected
directly in the single line graphic. Due to this new characteristic, the “Permanent Diagram” concept is introduced.

What's New in PowerFactory Version 14.1 5
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/ Stage 1

EEmmsmEEm
o*

External Grid

PVI/B

T

By activation of Stage 2, the
graphic representation of this
element is shown skewed

— i —

MV Mayo * *
T v L] ' PV/BB busbar moved to the left
J7 ‘ we while stage 1 was set as
005 recording

W ind Park

Load LV

Figure 2.5 Example Network with graphical modifications reflected

Aside from this change (storing of graphical information), the remaining properties of the variation stay
unaltered (Please refer to Chapter 17 of the User’'s Manual).

=l 5 Network Model
= &F Diagrams
IF 110k Grd
IH SingleBusbarwithTie :
gl Location of the
#2110 kV Gri variation folder in
/= Yariations
290 Areas vi4.1
A8 Vitual Power Plants
S8 Boundaries
& Cicuits
&E Feeders
E#kd Operators
% Owners
2 Paths
G Routes
=@ Zones
citn Operation Scenaiios
= 5# Study Cases
@ Study Case
B Seftings

Figure 2.6 Location of the variation folder in version 14.1
Questions & Answers:

Q;: Will this new variation concept not record any type of graphical information? That is, what about
graphic changes that are not directly related to elements, such as illustrating lines, texts, DPL buttons, etc?

A;: Actually the stage will NOT RECORD ANY type of graphical information, regardless if its element
related or not; graphical changes in the texts, illustrating lines, DPL buttons, etc. are also not recorded.

What's New in PowerFactory Version 14.1 6
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Q3: Can | revert to the previous type of variation concept? That is, | want to allow the recording of
graphical information in the stages of the variations.

A;: YES. There is no direct way of doing it however; meaning that if you're expecting to find an option
somewhere in order to automatically change the variation concept, you won't find one. What should be
done here is to manually (from the Data Manager) cut/paste the Variations folder to the Network Model
folder (as in version 14.0). By doing so, the stages of the variations will record graphical information.
Just keep in mind that before cutting/pasting the Variations folder, it should be empty (no variations
inside). There is something here however related to the “Permanent Diagram” concept. So please refer
to the next section (2.2.2).

Qj3: Can | have in the same project the two types of variation concepts?

A3: NO! This is not possible. Once you have a variation folder in the Project, the creation of another
variation folder (doesn’t matter where) is not allowed.

Qq: If | import a Project that was created in version 14.0, will the variation folder be automatically moved?

Az: NO, the variation folder will not be moved, and therefore the variations will record the graphical
changes (as in 14.0).

2.2.2 The “Permanent Diagram” Concept

In version 14.0, obtaining a graphical representation of the variations included in the model was achievable by
making sure that the selected group of variations were active (with their corresponding stages active) and then

configuring the colouring mode ( IiiEE’) to either “Recording Expansion Stage Modifications” or “Grids/Original
Locations” so they could be easily traced in the single line diagram.

When working with version 14.1, if the diagram is in graphic mode ( [:E ), any “inactive” variation is
nonetheless shown in a light colour and dashed (provided that the variation folder is located inside the Network
Data folder).

If the freeze mode ( %) is enabled, “inactive” variations will no longer be shown. Figure 2.7 illustrates a single
line diagram in the “Graphic Mode”. Notice that although the corresponding variations are inactive, the single line
diagram still shows the variations/expansion stages (“hidden” elements).

For more information on the Freeze and Graphic mode, please refer to Chapter 11 (Network Graphics) of the
User’s Manual.

What's New in PowerFactory Version 14.1 7
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©

= @ Test Project v14.1
MBD_g— o T T 211 Librany
: . =l Z&2 Network Model
& Diagrams
B E & Metwork Data
E 10 kY Grid
#1159 kY Grid
[=] = Varations
Deletion WF
Mew Line
M Areas
S Virtual Power Plants

.
““lllllllllllllllll-
.

£t

Load MV

Although variations are inactive,
Vs ; the single line diagram displays
the hidden elements (Graphic
J7 Mode)

Load LV

Figure 2.7 Display of “Inactive” variations in the single line diagram (Graphic Mode)

Although the variations can be “inactive” (elements are considered as “hidden”), modifications in the single line
diagram are still possible; this is achievable because of the “Permanent Diagram” concept. Of course, while the
elements are hidden any other type of modification related the data model (e.g. length of the line, active power
setting, etc.) is not allowed —Read Only-. If these type of changes are required, then the corresponding variation
should be activated first.

Questions & Answers:
Q;: Can | delete “hidden” elements (of inactive variations/expansion stages) from the single line diagram?

Ai: Nice try! The answer is No! Since “hidden” elements are Read Only objects, deletion is not
possible. Of course, graphical changes (such as new placements) of the hidden elements are permitted.

Q;3: If | revert to the previous variation concept, will I still have the definition of “Permanent Diagram” and
the display of inactive or “hidden” elements in the single line diagram?

Az: NO! Once you revert to the previous variation concept, the graphics will be shown as in v14.0. That
is, there will be no definition of “Permanent Diagram” because graphical changes will be recorded in the
stages. Inactive variations (“hidden” elements) will no longer be displayed in the single line diagram.

What's New in PowerFactory Version 14.1 8



SILEN
PowerFactory v14.1 Main Interface Window, the Data Model and Single Line ‘ u
Diagrams

2.2.3 “Draw Existing Net Elements” Option: The “Show Elements of Drawn
Composite Nodes” Button

Whenever the user worked with substations and wanted to represented them as composite nodes so to have an
overview diagram, the graphical representation of “internal elements” (of the composite node) was not that
straightforward.

Picture the following: You have defined a power system with the help of a couple of substation elements
(EImSubstat), such as indicated in Figure 2.8.

&

D)

)

B O ut of Calculafion '
Bl De-energized

PVIB

Single Busbar System with tie
breaker (Substation)

o e e e e

_________

G NN NN NN NN SN NN EEEEEEEEEEEEEEEEEEEEE
. 1 iw
= MV Mayo/g=
.

Ty

Load MV
GIEEEEEEEEEEEEEEEEEEEEM W F-Bus
0 -
= MV-Dist =
] =
*sanmnn sEEEEEEEnnnn?
7 Wind Park
a
=

Ly Br:,—;— Single Busbar System

&1

(Substation)

Load LV

Figure 2.8 Example Network; Substations

As the reader is well aware of, the previous single line diagram can be represented as an overview diagram by

creating a new graphic ( ?i%) and using the “Draw Existing Net Elements” option ( )-

S
By doing so, the two substations can be drawn as “Composite Nodes” ( @ or ), which would result in the
single line diagram shown in Figure 2.9. Once a “Composite node” has been drawn, the internal elements
(terminals, switches, etc.) will not be available from the displayed list in the “Draw Existing Net Elements”
window.

The reader maybe wondering, why do we need to draw the internal elements in the first place? Isn't this the
whole idea when drawing an overview diagram?

This is actually correct; that's the basic idea of the overview diagram. In some cases however, the user may
require drawing internal elements. To illustrate this better, let's take a look at Figure 2.10. Here the “Detailed
Graphic” of substation MV Mayo is shown (this representation can be obtained by double clicking on the MV

What's New in PowerFactory Version 14.1 9
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Mayo composite node). Suppose that while in this diagram the user adds a new element. In this case for
example, maybe it's required inserting a series reactor between the two main busbars in order to limit the short
circuit current.

*
*
Y é)
t wind park

Figure 2.9 Example Network,; Substations, Overview representation

fo: )
O !
8t 8t 8f & 8t 8 g1 8
u L2 L3 L4 RL R R3 R
1 1
[] (] 50
1 1
B 5 " 2 : r— Seri€S Reactor added while in
VI H H : -
v Vo vV 2 the ,,Detailed Graphic“of the MV
R -
- Mayo substation

Figure 2.10 Detailed Graphic of MV Mayo Substation

Since the series reactor was added in the “Detailed Graphic” of the MV Mayo substation it will be defined as an
internal element (of the substation). This basically means that once you create an “Overview Diagram”, the series
reactor will not appear in the displayed list of the “Draw Existing Net Elements” window.

How to display graphically this element in the “Overview Diagram”?

What's New in PowerFactory Version 14.1 10



SILEN
PowerFactory v14.1 Main Interface Window, the Data Model and Single Line ‘ u
Diagrams

pasting it graphically in the overview diagram. By pasting the element graphically, the connections will be not

5 In version 14.0 this is achievable by copying the series reactor element (from the Data Manager) and then
completely shown (indicated with >>). To have this properly drawn the “Redraw” option must be used.

In version 14.1 this is much easier! Once the user has drawn the composite nodes, the internal elements of
@ every substation can be accessed by clicking on the “Show Elements of Drawn Composite Nodes” button, located
= in the “Draw Existing Net Elements” window.

=L, = |
B V| 2!

“Show Elements of Drawn Composite
Nodes” button

Series Reactor representation in
the overview diagram

Figure 2.11 Overview Diagram showing the Series Reactor

2.2.4 Working with Templates and the Template Library

The first thing we can ask ourselves is: Why use templates? Well, the answer is simple; templates are used to
facilitate the further construction of network models.

Let’s return to the example we have been using throughout this document. If you take a closer look at Figure 2.8
-particularly at the bottom right side of the single line diagram- you will notice a “Wind Park” element modelled
with a “Static Generator”. Consider that this model represents a complete Wind Park (e.g. 50 MW). Now, because
we need to carry out analysis in the Wind Park itself, a detail representation is then required, meaning that every
wind turbine should be modelled independently. How to achieve this? Your answer could be: Very easy! | just

What's New in PowerFactory Version 14.1 11
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simply configure the “static generator” and the “type” being used so it represents a single wind turbine, and then
copy & paste the static generator with its terminal several times until | have the complete wind park model.

This could be one way of doing it of course. The other option that you have is to create a template. But maybe
you don't see the advantages of doing it with a Template compared to the copy & paste option.

However, what happens if the “Static Generator” representing a single wind turbine has a “Station Control” and a
“Composite Model” assigned to it? Well, the copy & paste option will not create an additional “Station Control”
and “Composite Model”. The user would have to create them separately for every “Static Generator”, which
depending on the number of wind turbines can be time consuming. Here is where the templates come in handy.

= Test Project v14.1
= 210 Library
4 Equipment Type Librany
&l Operational Library Templates Folder
=9 Scripts
= S [
= 2 Gen 1x
I Gen 1x
Oih Library
Plart_Gen x1
2 User Defined Models

Figure 2.12 Location of the Template Folder

The template can be therefore defined not only for a single element but for a group of elements. Now, coming
back to our example, how can we define a template for the “complete” (including the station control, composite
model, etc.) wind turbine model?

In version 14.0 when the user defined a template (achievable by marking the elements in the single line, right
mouse button-> Define Template), the template contained only the elements that were selected (marked) from
the single line diagram. So | guess you're wondering now: But there is no graphical representation of the “Station
Controller” or “Composite Model”. How to include them in the template? What the user needed to do then is to
create a textbox for every additional element that is not graphically shown (such as the Station Controller). By
doing so and by marking these additional text boxes together with the elements, the template included them.
What about the types and frames? Do they get also stored in the template? The answer is: NO! If the user
wanted also these objects, then they needed to be manually placed inside the template (by moving them). The
complete procedure was therefore not that simple.

Enter version 14.1. Here there is no need to define additional text boxes and/or move types and frames. Once
an element is marked from the graphic, and the “Define Template” option is selected, the user will have the
choice of adding additional related models, such as:

- Station Controllers (EImStactrl)

- Secondary Controllers (ElImSecctrl)

- Tap and Shunt Controllers (EImTapctrl and EImShntctrl)
- Composite Models (EImComp)

- Tower Couplings (EImTow)

How are here the types handled? Well, in this version new features for the template are available. Once a
template has been created and afterwards edited (to edit a Template, open the Data Manager, right mouse

What's New in PowerFactory Version 14.1 12
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button on the corresponding template—> £d/i), the user will notice two additional buttons: The Check and Pack
button.

Template Folder - Templates\Gen lxIntTemplate

Mame |Gen 1= 0
Cancel Check and Pack button
Descript. ==

Pack

Check

Contents

e

Figure 2.13 The Template window

If the user clicks on the “Check” button, the template is checked for external references. Independent if external
references exist or not, a corresponding message is printed in the output window.

If the user clicks on the “Pack” button, all external references (Types, Block definitions, Capability Curves and
Thermal Ratings) are copied into a “Library” folder inside the template.

Although the template concept here described was explained for a group of elements, it should be noted that this
feature is also available for:

Substation Templates (Composite node) and
Branch Templates (Composite Branch)

Questions & Answers:

Q;: When would | require copying the external references to the templates (Types, BlkDef, IntQlim and
IntThrating)?

Aq: If you're intending on using some of the templates in other Projects, then we recommend copying
the external references so that everything is contained inside. If this is not performed, and you try to
copy the template to other projects, PowerFactory will first run a “consistency check” to detect conflicts
in assignments. If conflicts are detected (missing types) then you would have to choose between three
options: 1 Cancel the copy of the Template, 2 Copy the Template and reset the missing references, or 3
Prompt the merge tool.

Q2: Once | have copied the Template to another Project (with references included), how can I rearrange
the type data stored in the Template? In other words, | would like to have the type data of the template
stored in the library folder of my Project.

A;: Good Question! Simply move (not copy and paste) the type information to the Project library
folder. The references of the objects using the types will be automatically updated.

2.2.5 The New Global Template Library!

In version 14.1 a new global “Templates” library is made available (\Library\Templates\). This global
“Templates” library contains the following “ready for use” models:
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- Battery System with frequency control (10 kv, 30 MVA)
- Double Fed Induction Wind Turbine Generator

(0]

O 0O OO0 0O o0 o

(0]

- Fully Rated Converter Wind Turbine Generator

(0]

O 0O OO0 0O o0 o

(0]

- Variable Rotor Resistance Wind Turbine Generator (0.69 kV, 0.66 MW)
- Photovoltaic System (0.4 kV, 0.5 MVA)

How to include one of these models in your current project? Easy, just follow these steps:

- While your project is active, click on the “General Templates” icon (-

(0.69kV 1.0MW)
(0.69kV 1.5MW)
(0.69kV 2.0MW)
(0.69kV 2.3MW)
(0.69kV 2.5MW)
(0.69KV 2.7MW)
(0.69kV 3.6MW)
(0.69kV 5.0MW)
(0.69kV 6.0MW)

(0.4kV 1.0MW)
(0.4kV 1.5MW)
(0.4kV 2.0MW)
(0.4kV 2.3MW)
(0.4kV 2.5MW)
(0.4kV 2.7MW)
(0.4kV 3.6MW)
(0.4kV 5.0MW)
(0.4kV 6.0MW)

Toolbox”.

- The resulting window will display the available “Substation Templates” as well as the templates in the
global template library. Select one of them.

- Place it somewhere in your single line diagram.

- Viola! Besides having copied the model in the “grid” of your project, the template is also copied to the
template library of your project (complete with types, block definitions, etc.)

2.2.6  The Renewed “Diagram Colouring” Option!

) located in the “Drawing

The colouring representation in version 14.1 undergoes major improvements in its colouring criteria

functionality.

First of all, the user will notice a name change of the colouring button ( & ). In previous versions the button had
the name “Colour Representation” while in version 14.1 it's renamed to “Diagram Colouring” (we think it
better describes the functionality). By clicking on this button, the window displayed in Figure 2.14 will appear.

What's New in PowerFactory Version 14.1
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Figure 2.14 “Diagram Colouring Scheme” window
The user will notice major changes when compared to other versions.
Have you ever required having a “calculation dependence” colouring?

In previous versions, if different colouring modes were required for the same single line diagram, the user had to
access every time the “Colouring Representation” in order to change the colouring mode; for example, if it was
required to have the single line diagram coloured initially according to “Voltage Levels”, but once a load flow was
calculated the colouring should be according to “Low and High Voltage/Loadings”, the user had to click every
time on the “Colouring Representation” in order to change the colouring mode. The other option would be to
have several copies of the single line diagram and assigning different colouring modes to each of the diagrams.
The first option would require too many actions by the user and the second option would require having copies of
the single line diagrams.

In version 14.1 the above is avoided due to a new calculation dependence feature. The user has therefore
the possibility of selecting different colouring modes per calculation method. If a specific calculation is valid, then
the selected colouring for that calculation is represented. As an example, if the user selects the colouring mode
“Zones” for “No Calculation” and “Low and High Voltage/Loadings” for the load flow calculation, then the initial
colouring will be according to “Zones”. However, as soon as a load flow is calculated, the diagram would be
coloured according to “Low and High Voltage/Loadings”. If the load flow calculation is reset (clearing of results),
the colouring mode would switch back to “Zones”.

Furthermore, a 3-priority level colouring scheme is also implemented, allowing the colouring of elements
according to the following criteria: 1% Energizing status, 2™ Alarm and 3" “Normal” colouring.
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Energizing Status

If this option is enabled “De-energized” or “Out of Calculation” elements are coloured according to the
settings in the “Colour Settings”.

Alarm

If this option is enabled a dropdown list containing alarm modes will be available. It is important to note
here that only alarm modes available for the current calculation page will be listed. If an alarm mode is
selected, elements “exceeding” the corresponding limit are coloured. Limits and colours can be defined by
clicking on the “Colour Settings” button.

“Normal” Colouring

Here, two lists are displayed. The first list contains all available colouring modes. The second list contains all
sub modes of the selected colouring mode. The settings of the different colouring modes can be edited by
clicking on the “Colour Settings” button.

Every element can be coloured by one of the three previous criteria. Also, every criterion is optional and will be
skipped if disabled. In relation to the priority, if the user enables all three criterions, the hierarchy taken in to
account will be the following:

“Energizing Status” overrules the “Alarm” and “Normal Colouring” mode. The “Alarm” mode overrules the
“Normal Colouring” mode.

Colouring modes and colours are no longer selected individually per diagram. Instead the colouring (modes and
colours) are defined per project.

Summarizing the new colouring concept:

- Better structure of the existing colouring modes
- Calculation dependence colouring
- Default settings per project instead of per graphic.

Questions & Answers:

Q;q: If the settings of the new “Diagram Colouring” feature are project based, how can | have single line
diagrams coloured differently?

A;: This is still available! Remember, the colouring settings are by default Project based. If you
require having all or some diagrams coloured differently, then you should click on the “Graphic Options”

=
button ( + ) and change the diagram colouring to “Colouring Scheme”. This will allow you to define
your own colour settings and to assign them to each single line diagram independently.

2.2.7 Operation Scenarios and the New “Scenario Scheduler” and “Scenario
Configuration” Object

The functionality of the Operation Scenario has not changed in version 14.1.

What has changed then? Well, several enhancements have been made. If we can recall correctly, in version
14.0 the information stored in a scenario was divided into subsets (demand data, generation patterns, local
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switch status, etc.). More often however, it is useful to have this information divided according to the grids.

Because of this, in version 14.1 the scenario subsets become grid based.

=1 M Database
3 Configuration
[t Library
[Z3 System
€ Demo
= R Test
=] Test Project v14.1
B0 Library

=% Network Model
El it Operation Sceg

i B ase Case
=@ Study Caszes

Brios

inE

Name

115 kY Grid

115 kY Grid
10kY Grid 20k Grid

Figure 2.15 Subsets of the Operation Scenario (Grid Based)

Another enhancement is that in the scenario grid subset, an “exclude” flag is added. This will allow the user to
temporarily disable a subset so that operational data doesn't get considered.

Operation Scenario Subset - Operation Scenarios\Base Case\115 kV Grid IntSubset | E 5]

Basic Data ]Descnmwon ]

Hame [115 KV Grid]

ﬂ k Model\Network Data\115kV Grid

id
[~ Excluded

MNumber of EamBN
Memary Size 4 kBytes

The ,Excluded” flag

Figure 2.16 The Operation Scenario subset dialog (Excluded flag)

It's clear to the user that one of the properties of the scenario is that it's “date and time independent”. Wouldn't
it be nice however to allow the activation/deactivation of a scenario based on the date and time of the study

case? Example: Let's suppose that we have setup a project containing one single study case and several
operational scenarios that reflect the load and generation profile according to certain hours of the day. As a rule,
by changing the study time, the assignment of the scenario won't change.

In PowerfFactory v14.1 a “Scenario Scheduler” (IntScensched) object is introduced, so that by its activation, if
the study time and date of the active Study Case is changed, the corresponding scenario will be activated.

What's New in PowerFactory Version 14.1
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Figure 2.17 The Operation Scenario scheduler

Scenario Scheduler object

»Time dependence” definition
of the scenarios

Besides this, in version 14.1 a “Scenario Configuration” feature is also implemented. This basically means that
the user is able to define the operational data “relevant attributes” per class per project. Or in other words, the
user will have the possibility of defining what information get's stored in a scenario. For more information
regarding the “Scenario Scheduler” and the “Scenario Configuration” objects please refer to Chapter 16 of the

User's Manual.

2.2.8 Substation Automation: Switching Rules (IntSwitching)

In version 14.1 a new Switching Rule object is available. The Switching Rule is related to a substation and it
basically defines switching actions for a selected group of switches that are defined inside a substation. The
different switching actions (no change, open or close) are defined by the user considering different fault locations
that can occur inside a substation. These switch actions will always be relative to the current switch positions of

the breakers.

The selection of a Switching Scheme for a substation is independent of the selection of a running arrangement
and if required, the assignment of switching schemes can be specified to be part of the operation data (provided
the user uses the “Scenario Configuration” object).

What's New in PowerFactory Version 14.1
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Figure 2.18 Switching Rule Definition
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Figure 2.19 The Switching Rule Object

So, maybe after all this explanation the question would still be: When to use “Switching Rules”? Picture the
following: While performing a “Contingency Analysis” you want to evaluate the results considering the “current”
switch positions in a substation and compare them to the results considering a different substation configuration
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(for the same outage). This can be easily done with “Switching Rules”. Please refer to chapter 5 of the User’s
Manual for more information regarding how to create, select, apply and assign switching rules.

2.2.9 Some nice to know “Shortcuts” when Working with Single Line Diagrams

Here are some additional enhancements available in version 14.1 that may come in handy when working with
single line diagrams:

@ The Hand Tool option: Whenever the user “Zooms In” a diagram, the “Hand Tool” option can
be quite useful in order to move around the graphic. This implied however that the user had to

toggle between the “Hand Tool” @ button and the “Graphic Mode” [:3 button to allow other
actions in the graphic (e.g. selection of elements). This is much more flexible in version 14.1.
Any time a “Zoom In” has been performed in a diagram, the “Hand Tool” can be toggled ON by
clicking and holding the tracking wheel of the mouse. Once the tracking wheel has been released,
the “Hand Tool” is disabled.

”Zooming In” and “Zooming Out” with the tracking wheel of the mouse: In previous versions
this was achieved by holding down the “Shift” key while scrolling up or down with the tracking
wheel of the mouse. In version 14.1 the “Ctrl” key is used instead. The reason behind this
change is so it matches the same zooming functionality of other commercial software’s.

2.2.10 File Formats for Background, Company Logo, and Picture Box VI

In version 14.1, for the single line diagram background, Company Logo (Title Block), Picture Box VI and user
defined graphic symbols (Symbol File) the following additional formats are now supported:

- JPEG (*.jpg; *.jpeg; *.jpe; *.jfif)
- PNG (*.png)

- GIF (*.gif)
- TIFF (*.tif; *.tiff)

2.2.11 Plots: Additional Variable Description

Have you sometimes lost track of the definition of the variable you were selecting when plotting them in Virtual
Instrument Panels? That is, until now when the user selected the variable to plot, only the name of the variable
appeared in the list (such as ul, phiu, etc.).

In version 14.1, the description of the variable is now displayed.
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Figure 2.20 Additional Variable Description

2.2.12 Variable Set Definition: Additional Signal Description

In previous version, whenever selecting “Signal” variables, it was not clear to the user if the signal corresponded
to a “State”, “Input” or “Output” variable.

In version 14.1, an extra column is added in the “Signal” variable set so that the signal “type” can be easily
detected.
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Figure 2.21 Additional Signal Description
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3 PowerFactory v14.1 Power System Analysis
Functions & Models

3.1 Enhancements in the Load Flow Calculation

3.1.1 Consideration of Active and Reactive Power Limits in PQ Machines

Whenever the user specifies a machine as PQ (could be a synchronous machine, static generator, PWM converter
or SVS), the Active and Reactive Power as well as their limits (Pmin, Pmax, Qmin, Qmax) are typically stated.
Under such considerations, it could happen that the value of Active or Reactive Power entered is outside these
limits.

In version 14.0, if the user had machines modelled as PQ, every time a load flow was executed the Active and
Reactive Power stated (of PQ machines) were maintained fixed in the calculation, regardless if they were inside
or outside the specified limits (Pmin, Pmax, Qmin, Qmax).

This can be handled differently in Version 14.1; here the user has the option of “forcing” PQ machines so that
the P and Q resulting from the load flow are always within limits. That is, if required, the load flow algorithm will
adjust the initial P and Q stated by the user so that limits are not exceeded.

Remember: Although the load flow algorithm can adjust the P and Q of the machine (load flow solution), the
initial values of P and Q defined in the element remain unchanged; unless of course, the “Update Database”
command is executed.

What options do you need to specify in order to consider the active and reactive power of PQ machines? You
would need to specify the following options in the “Load Flow” command:

- Consider Reactive Power Limits (“Basic Options” tab page)
- Consider Active Power Limits (“Active Power Control” tab page)

What's New in PowerFactory Version 14.1 22



SILEN
PowerFactory v14.1 Power System Analysis Functions & Models 2
Load Flow Caleulation - Study Casas\Base Case\Load Flow Calculation.ComLdf* |2 RS Load Flow Calculation - Study Cases\Base Case\Load Flow Calculation.Comlaf* |- IS
Heration Control | Outputs | Low Vottage Analysis | Advanced Simuiation Options | Heration Control | Outputs | Low Voktage Analysis | Advanced Simulation Options |
Exeout Execut
Basic Options Active Power Control I Advanced Options Basic Options Active Power Control I Advanced Options 1

[ im/notopo/disnAZ0 Close [ Aminotopo/disp 20 Close
Caleulation Method _ Cancel | i He e Cancel
@ o5 Dispatched

" according to Secondary Cortrol
" according to Primary Control

& E Toad How, balanced, posiive seauence!
(" AC Load Flow, unbalanced, 3phase (ABC)
" DC Load Flow finear)

" according to Inertias

Reactive Power Cortrol Options for Active &

[~ Automatic Tap Adjust of Transformers )

™ Automatic Shunt Adustmert Reactive power Belancing
consideration in PQ e

(5 Censicer Reaclive Power Limis__])
Consider Reactivs Power Limits Scaling Factor " by Load at Reference Bus

machines " by Static Generator at Reference Bus
Load Options " Distributed Slack by Loads
[~ Consider Voltage Dependency of Loads " Distributed Slack by Generation (Synchronous Generators)

I™ Feeder Load Scaiing
[ Consider Coincidence of Low-Voltage Loads Reference Bus
Scaling Factor for Reference Busbar | = [ 115 kV Grid\WWF-Busbar

Night Storage Heaters 100, % Angle 0. deg

Temperature Dependency: Line/Cable Resistances
= _a20C
" ..at Maximum Operational Temperature

Figure 3.1 Options that should be stated in order to consider the active and reactive power of PQ
machines.

3.2 Considering “Temperature Dependency” in your Analysis

It is well known that the resistance of a conductor varies in accordance to its temperature. Until now (v14.0), the
resistance “Temperature Dependency” can be defined in a calculation by assigning a “characteristic” object to the
resistance field of every line and conductor type.

3.2.1 Line, and Conductor Type (TypLne, TypCon):“Temperature Dependency”
Extension

In version 14.1, the temperature dependency of the resistance can be now specified in the “Load Flow”, “RMS”
and “EMT” tab pages of the line (TypLne) and conductor (TypCon) type. The user is then required to provide the
following additional data:

Max. Operational Temperature: Maximum temperature in °C of the line/conductor for continuous
operation.

Temperature Dependency: Defines how the resistance of the line/conductor changes according to
temperature variation. The following options are available:

(a) Resistance at maximum operational temperature (Ohm/km)
(b) Temperature coefficient (1/K)

(c) Conductor material (Aluminium, Copper or Aldrey)
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Figure 3.2 Temperature Dependency definition in the Line Type
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Figure 3.3 Temperature Dependency definition in the Conductor Type
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Although not specified in the “Harmonic” tab page; performing a Harmonic Load Flow will also take into account
the “Temperature Dependency”.

As in the previos paragraphs, the temperature dependency of the resistance can be also specified in the
“Complete Short Circuit” tab page of the line (TypLne) and conductor (TypCon) type. The user is then required to
provide the following additional data:

Maximum End Temperature: Maximum temperature in °C that the line/conductor can support for a
short time period without changing its properties irreversibly.

Temperature Dependency: Defines how the resistance of the line/conductor changes according to
temperature variation. In this case only two options are available:

(a) Temperature coefficient (1/K)

(b) Conductor material (Aluminium, Copper or Aldrey)

The “Temperature Dependency” setting of the “Complete Short Circuit” method is independent from the setting in
the load flow (EMT&RMS) tab page.

3.2.2 Cable Type (TypCab):“Temperature Dependency” Extension

In version 14.1, the temperature dependency of the resistance for cables is specified by entering the
temperature coefficient for each layer conductor/sheath/amour, as illustrated in Figure 3.4. The user will
therefore notice a different way of entering the data when comparing it to the line and conductor type. Also, the
temperature coefficients are the same for all calculations.

Maximum Operational Temperature and Maximum End Temperature are specified in the corresponding
calculation tabs page (analogous to the line and conductor type).

The resistivity (uOhms*cm) of each layer is corrected according to its corresponding temperature coefficient.
Resistance is then corrected using the resistivity and the temperature entered in the calculation method.
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Single Core Cable Type

ANS| ShortCrreut | IEC61363 | RMS-Smuiation | EMT-Simulation | Hamonics | Optimization
State Estimator I Reliability | Generation Adeguacy | Description
Basic Data | loadAow |  VDEAECShorCrest | Complets ShonCircut Cancel
Name [Single Core Cable 2240
Rated Voltage 30, kv
~Core
Shape Compact -

Outer Diameter 18,1 mm

L]
Conducting Layers: . i
Relative P... | Thickness | Filing Factor | DC-Resista... | Temperature Coef. S Temperatu re COeflC'ent fleld
mm k3 Ohm/km 17K Y
-Conductor 0,00393
Sheath 000403 _|
Amour 0.00403]
K| »
Insulation Layers:
Exists | Dielectric L. | Relative P Thickness
mm
[P 1 (Insulation) 0.02 3 1. 4]
| 2 Oversheath] | ¥ 0.02] 3. 1. 1
Sening) [P | 0,02 3. 1.
T -
(S —— b
Semiconducting Layers
Exists | Resistivity | Relative Permea. .. | Relative Pemitti... [ Thickness
uChmcm mm
I+Core Quter 1000000 1 3 1, -
Ins. Outer |2 1000000 1, 3, 1, |
\ .
[SI]— D
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Figure 3.4 Temperature Dependency definition in the Cable Type

3.2.3 Load Flow Calculation

In version 14.1 the “Temperature Dependency” of the resistance in lines, conductors and cables can be easily

considered by using the new “Temperature Dependency” option located in the “Basic Options” tap page of the
load flow command.
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Scaling Factor for
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+ &t 20°C
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Figure 3.5 Temperature Dependency option in the Load Flow Command

If option “at Maximum Operational Temperature” is selected; each conductor, cable or line will have its
resistance adjusted according to the settings described in sections 3.2.1, 3.2.2.

As an extra note, the “Temperature Dependency” option is available for balanced (positive sequence) and
unbalanced load flow calculations.

3.24 RMS and EMT Simulations

Whenever performing an RMS or EMT simulation, the user is required to calculate first the “Initial Conditions” of
the system. Since the “Calculation of Initial Conditions” is based on the results of the load flow, the “Temperature
Dependency” will be considered if the load flow command has this option enabled.
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Figure 3.6 Links form the RMS/EMT Simulation Command to the Load Flow Command.

3.25 Short-Circuit Calculation: Complete Method

In case performing a Short Circuit calculation according to the “Complete Method”, two concepts have to be
made clear: How the short circuit is initialized and how the short circuit is calculated.

Short-Circuit initialization: If the load flow initialization option is enabled (Advanced Option tab page)
the “Temperature Dependence” of the resistance is done according to the settings in the load flow
Command.

Short-Circuit calculation: If the calculate option is set to “Min. Short-Circuit Currents” then resistance
values are corrected to maximum end temperature (not maximum operation temperature), otherwise
resistance values referred to 20 °C.

Important note: If the load flow initialization is required for calculating pre-fault voltages/currents used by
short-circuit calculation; the temperature value taken into account to perform resistance correction is the
“Maximum operational temperature”. For short-circuit currents calculation however, the temperature value
considered is “Maximum end temperature”.

3.2.6  Harmonic Load Flow Calculation

As in the previous short circuit section, the harmonic load flow calculation consists also of two concepts: How the
harmonic load flow is initialized and how harmonic load flow is calculated.

Harmonic Load Flow Initialization: Resistance temperature correction option to be considered in
Harmonic Load Flow Command (ComHIdf) and Frequency Sweep Command (ComFsweep) is the same
specified by the Load Flow Command pointed by these commands.

3.2.7 Updated “IEC Standard Cable” Global Library

As an additional note to the user, the “IEC Standard Cable” global library has been updated so that the available
line types reflect correctly the following information:

- Resistance at 20 °C (“Basic Data” tab page)
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- Maximum Operational Temperature (“Load Flow” tab page)
- Conductor Material (“Load Flow” tab page)
- Maximum End Temperature (“Complete Short Circuit” tab page)
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3.3 Harmonic Analysis according to IEC 61000-3-6

In previous PowerfFactory versions, the harmonic load flow calculation according to IEC 61000-3-6 could be
carried out via a DPL script. In any case, this involved the extra task of creating the DPL and setting it up every
time the user wanted to apply it in other projects. In version 14.1 this is now a “built in” function.

3.3.1 Harmonic Current Source Type (TypHmccur): “IEC 61000” Extension

In version 14.1, the ‘Basic Data’ page of the harmonic current source type (TypHmccur) contains a new option
called ‘IEC 61000’ as shown in Figure 3.7. When selected, the user can enter the harmonic current injections for
both integer and non-integer harmonic orders.

Harmonic Sources - Equipment Type Library\Harmonic Sources IEC.TypHmccur (S|
Basic Data l Description ] -
oK
Name |Harrn0nic: Sources [EC 1 IEC 61000 Option

et

Type of Hamonic Sources
" Balanced, Phase Comect
" |phalanced Phase Come:

(+ |EC 61000 p)
oy
Integer Harmonics: Mon-Integer Harmonics:
{ Hamonic Order | 1_h/1
| 0.015 1 014 -
Fin=3 0 2 73] 087 T~

fAn=4 0.045

fAn=5 125 \
fAn=6 00335 o

A
Fin=T 225 \
\\

T~ - RS

Definition of integer
and non-integer
Harmonics

— il o o

Figure 3.7 New option for the Harmonic Current Source Type: ‘IEC 61000’
As in version 14.0, the following 3-phase models are capable of utilising the harmonic current source type:

- Load (ElmLod - ‘Type’ must be set to ‘Current Source’ on the ‘Harmonics’ page)
-  Static generator (EImGenstat)

- AC current source (Elmlac)

- Static var system (EImSvs)

- PWM converter (EImVsc, EImVscmono)

- Rectifier/Inverter (EImRec, EImRecmono)

In all cases, the Harmonic Current Sources type is assigned on the element’s Harmonics tab page, under
‘Harmonic Currents’. This is illustrated in Figure 3.8 for the example of a Static Generator.

The option selected in the Harmonic Current Sources type dictates how the defined harmonic current injections
will be treated by the Harmonic Load Flow algorithm.
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Static Generator - 115 kV Grid\Wind Park.ElImGenstat * &Iﬂ—hj
BasicData |  loadFow |  VDE/ECShotCicut | Complete ShotCicut |
Optimization |  State Estimator |  Reliabiity |  Tie OpenPointOpt. |  Description Definition of the
ANSI ShortCrout | IECE1363 | RMSSmuson | EMT-Smuaton  Hamonics | Protecy Cancel .
harmonic current
Hamonic Cumrert Injections source tvpe
Hamanic Source gsch yp
Hamanic Curmrents w | = | Equipment Type Librany\Hamonic Sources Jumpto ...
Type of Harmonic Sources Unbalanced, Phase Comect Definition on how the calculation
Hamaonic curents refemed to |Fundamenta| Current j / will be based: Fundamental o
Fundamental Curent |
Rated Curent k; Rated current

Figure 3.8 Harmonic current injections assignment to a static generator element

For phase-correct sources (balanced or unbalanced) a selection can be made between rated current and
fundamental current. For IEC sources however, the calculation is always based on rated current.

3.3.2 Harmonic Load Flow Calculation

The harmonic load flow calculation in PowerFactory now supports the summation of harmonic currents and
voltages according to the IEC 61000-3-6 standard (“second summation law™).

Due to this enhancement, the user will find a new page titled ‘IEC 61000-3-6’ in the Harmonic Load Flow
@ command, as shown in Figure 3.9.

Harmonic Load Flow - Study Cases\Base Case\Harmonic Load Flow.ComHIdf e X
i i IEC 61000-3-6 i
Basic Optionis wns ] o—
Jhic fraaleee { New IEC 61000-3-6
Tlose
Treatment of Hammonic Sources |Ac:c:on:|ing to |EC 61000-3-6 j option in the harmonic

According to |EC 61000-3-6 k Cancel
Integer Harmonics: User Defined load flow command

|
3

Crder (<=} | Alpha Exponent Exp\fnt
» 1, - % B

10 14

ol e
W

Alpha exponent definition: Acc.
to IEC 61000-3-6 or user defined

Figure 3.9 Harmonic load flow option ‘According to IEC-61000-3-6"

Alternatively, the user can freely define the values for the alpha exponent for integer and non-integer harmonics,
by instead selecting option ‘User Defined'.

Furthermore, the user has the option of calculating HD and THD based on rated current (for branches) and rated
voltage (for buses), as shown on the ‘Advanced Options’ tab page in Figure 3.10.
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Harmonic Load Flow - Study Cases\Base Case\Harmonic Load Flow.ComHIdf

Basic Options | IEC £1000-36 Advanced Options
HD and THD based on

Sas rated current/voltage

[hic Froall fieee

Calculate HD and THD
+ Hased on Fu

(" Based on RMS-Values (DIN
" Based on rated voltage/curent

)

Cancel

Figure 3.10 THD/HD calculation based on rated current/voltage

3.4 Flicker Assessment according to IEC 61400-21

As in the case of harmonic load flow calculation according to IEC 61000-3-6; in previous PowerFactory versions
the Flicker assessment according to IEC 61400-21 could be carried out by means of a DPL script. In version
14.1 this is also now a “built in” function.

3.4.1 Flicker Coefficient Type (TypFlicker)

In version 14.1, a new Flicker Coefficient Type (TypFlicker) is available. Here the user is able to define for
different network angles the following:

- c(psi) Flicker coefficient
- kf(psi) Flicker step factor
- ku(psi) Voltage change factor

also, the following maximum switching operations are defined:

- N1oO Max. no. of switching operations in a 10-minute period
- N120 Max. no. of switching operations in a 120-minute period
Flicker Coefficients - Equipment Type Library\Flicker Coefficients.TypFlicker S X

Basic Data l Description ]

Name |Flicker Coefficients

MNetwork Angle, psi | Coefficient, cipsi) | Step Factor, kfipsi) | Voltage Change Factor, kulpsi)
deg
»1 3 01 0.15 -

50. 25 0.1 0.1
3 50. 1.5 0,05 0.05

Definition of the flicker
coefficient, step factor and
voltage change factor

-
1 | >

Maxdmum Switching Operations

N10 3, \
N120 35, Maximum switching operations
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Figure 3.11 Flicker Coefficient Type (TypFlicker)

The following 3-phase models are capable of utilising the flicker type:

Static generator (EImGenstat)

Asynchronous machine (EImAsm)

Doubly-fed asynchronous machine (EImAsmsc)
PWM Converter (EImVscmono)

In all cases, the flicker coefficient type is assigned on the element’'s Harmonics tab page, under ‘Flicker
Contribution’. This is illustrated in Figure 3.12 for the example of a Static Generator.

Static Generator - 115 kV Grid\Wind Park.ElImGenstat *

T |-

BasicData |  loadFow |  VDE/EC ShotCircut | Complete ShotCicut | =

Optimization ] State Estimator ] Reliability ] Tie Open Paoint Opt. ] Description ]
ANSI ShotCircut | IEC61363 | RMS-Smuaton | EMT-Smuaton  Hamonies | Protecon |  canee
Hamonic Cumrert Injections
. Figure =>

Hamonic Source

Hamoanic Cuments w| = | . ent Type Libmany\Hamonic Sources |EC Jumpto ..

Type of Hamonic Sources |IEC 61000

Hamornic cuments refemed to Rated Cument

Rated Curent 1,732091 kA

Morton Equivalent

Resistance, rl 55959, pu.
Reactance, x1 55959, pu.

Frequency-Dependence, r1f) hd L4 P
Frequency-Dependence, x 1) |

Flicker Contribution /

Flicker Coefficients Equipment Type Librany*Flicker Coefficients

Resistance r2 59939, pu.
Heactaiced 99999, pa: Flicker coefficient definition

N

Figure 3.12 Flicker Coefficient assignments

3.4.2 Flicker Assessment in the Harmonic Load Flow Calculation

The harmonic load flow calculation in PowerFactory now supports the calculation of Flicker according to the IEC
61400-21 standard.

Due to this enhancement, the user will find an additional option “Calculate Flicker” in the Harmonic Load Flow
command, as shown in Figure 3.13.
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Figure 3.13 Calculate Flicker option in the Harmonic load flow command

3.5 The “Flickermeter” Tool (IEC 61000-4-15)

The IEC standard 61000-4-15 specifies the function and design of apparatus for the measurement of flicker. In
version 14.1 a user-interface for the calculation of the short-term and long-term flicker according to the IEC
61000-4-15 standard is now available.

3.5.1 Flickermeter Command (ComFlickermeter)

The user will find the Flickermeter button in the “Stability” toolbar definition.

“Flickermeter” button
@ :;_13 ﬂ = KN

By clicking on this button, the Flickermeter command window will open requesting the user to state the following
data:

Parameter Name | Description

Import data from Specifies the type of data file containing the input data (ComTrade,
Comma Separated Values, PowerFactory measurement files, User
defined text files)

Filename The name of the input data file

Configuration File The name of the corresponding configuration file (relevant for
ComTrade input files only)

Sampling Rate The sampling rate of the input data; either read from file or user-
defined (dependent on input file type)

Observation Period The time period over which the flicker should be analyzed

Specify start time User-defined start time at which data should be read from file

Calculate PIt Perform calculation of PIt (long-term) flicker contribution

Number of Observation The number of successive observation periods (or “time windows”) to

Periods analyze

Selection of Data for This table allows the selection of which data to analyze from the input
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Calculation

file. The left-most column (y1,...,y24) provides a naming for the output
of results of the Flickermeter calculation of which time-series signals
were analyzed.

The ‘Column Number’ refers to the column in the input file, of the
time-series signal/s to be analyzed.

For ComTrade files, the ‘Variable Name’ is automatically read from the
input file and displayed. No variable name is provided for other file
types.

The ‘Calculate Pst’ column allows the user to select which signals are
to be analyzed.

Flickermeter - Study Cases\Base Case\Flickermeter.ComFlickermeter

Data Source l Signal Settings ] Advanced Options ]

File Input
Import data from

Filename

Configuration File

Infa

|Flic:kerrne‘ter.-"EI'\"IT.-"Report.-"plt

Close

ComTrade

Trade
Comma Separated Values (.csv)
PowerFactory Measurement File
User Defined Text File
Resutt File

(Ll

j Cancel

Average Sampling Rate
Constant Sampling Rate
Number of Samples
Time Length

Date of First Sample
Analogue Channels

Type of data file

Digital Channels
Selection of Data for Calculation: Selection of data for calculation
Column Number Variable Name Calculate Pst /_
Py [ «| X
¥2 2 rC =
y3 3 I~
4 4 -
¥5 5 v v|
Ll »
\_ | LT

Figure 3.14 Flickermeter command window

The Flickermeter command will write the results to a “result file” provided the option “Calculate PIt” has been
selected. The results of the Flickermeter calculation can be also displayed in the output window if the user selects
the option “Report” from the “Advanced Options” tab page.
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Questions & Answers:

Q;: Why is the “Flickermeter” button in the “Stability” toolbar? Shouldn't it be located in the “Harmonics”
tool bar instead?

A;: Since the files used by the Flickermeter tool are related to simulation type files (time) the idea is to
have it also in the simulation (“Stability”) toolbar.
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3.6 Generation Adequacy Assessment

The ability of the power system to be able to supply system load under all possible load conditions is known as

'System Adequacy'. Furthermore, the analysis can be extended so to determine the wind power capacity
contribution to system adequacy.

In version 14.1 a Generation Adequacy Tool is now available, allowing the user to examine the ability of the
total system generation resources to cover the peak load, taking into account uncertainties in the generation
availability and load level.

method (probabilistic).

o In PowerFactory 14.1 the Generation Adequacy Assessment is carried out by means of the Monte Carlo

3.6.1 Stochastic Model for Generation Object (StoGen)

@ In version 14.1, a new Stochastic Model for Generation object (StoGen) is available. Here the user is able to

Z define for different “generation states” the following:

- Availability of Generation (in %)
- Probability of Occurrence (in %)

Stochastic Model for Generation - Equipment Type Librany\Stochastic Model for Generation.StoGen
Basic data l
Name |St0c:hastic: Model for Generation L\\)
Number of states HE
States Definition:
State .—'l.\u'ail_abil'rh-I P Pr\:ub_abil'rh-I
> 1 100 75, -
2 |State 2 75, 20,
3 [State 3 2 5,

<

X
_Cared |

Cancel

Figure 3.15 Stochastic Model for Generation Object (StoGen)

3.6.2 Power Curve Type (TypPowercurve)

Availability and probability
definition

State definition

@ In version 14.1, a new Power Curve Type (TypPowercurve) is available. Here the user is able to define tabular
= input of wind speed (in m/s) vs. nominal power output (in p.u. or MW).
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Wind Power Curve - Equipn_'tent Type Library\Wind Power Curve. TypPowercurve * [
Basic Dat; igurati
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Name |Wind Power Curve
Cancel
Power Curve: Plot ﬂ
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1 0. 0. - [p.u.]
i i DDSI 0.66887
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Figure 3.16 Power Curve Type (TypPowercurve)

3.6.3 Meteorological Station (EImMeteostat)

@ In version 14.1, the user has the possibility of defining “groups” of wind generators according to their
z correlation. Several wind generators can refer to a single meteorological station, representing the case whereby
several wind turbines may have identical or different average wind speeds, yet are correlated with one another. A
new Meteorological Station Element (EImMeteostat) is therefore available.

3.6.4 Definition of Dispatchable (Conventional) Generation

The following 3-phase models are capable of utilising the stochastic model object, provided there defined as
generators and not as motors:

- Synchronous machine (EImSym)

-  Static generator (EImGenstat) set as Fuel Cell, HYDC Terminal, Reactive Power Compensation,
Storage, or other Static Generator

- Asynchronous machine (EImAsm)

- Doubly-fed asynchronous machine (EImAsmsc)

In all cases, the stochastic model object is assigned on the element’s “Generator Adequacy” tab page, under
‘Stochastic Model'. This is illustrated in Figure 3.17. Also, in order to consider the generation as “dispatchable”,
the “Wind Generation” option in the “Basic Data” tab page of the synchronous, asynchronous, and doubly fed
machine should be disabled. The static generator model in the other should be stated as Fuel Cell, HYDC
Terminal, Reactive Power Compensation, Storage, or other Static Generator.
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Figure 3.17 Stochastic Model for Generation Object (StoGen)

3.6.5 Definition of Non-Dispatchable (Wind and Renewable) Generation

As in the previous section, the following 3-phase models are capable of utilising the stochastic model object,
provided there defined as generators and not as motors:

- Synchronous machine (EImSym) set as “Wind Generator”

-  Static generator (EImGenstat) set as “Wind Generator”, “Photovoltaic” or “Other Renewable”
- Asynchronous machine (EImAsm) set as “Wind Generator”

- Doubly-fed asynchronous machine (EImAsmsc) set as “Wind Generator”

In all cases, the stochastic model object is assigned on the element’s “Generator Adequacy” tab page, under
‘Stochastic Model'. As illustrated in Figure 3.17.

In addition to the stochastic model described above, a stochastic wind model may then be defined on the
element’s Adequacy page which provides:

- Wind Model:
Stochastic Wind Model (Weibull Model)
Time Series Characteristic of Active Power Contribution (MW)
Time Series Characteristic of Wind Speed (m/s)

- Wind speed probability and mean wind speed (via the definition of a Weibull curve)

-  Definition of wind generator power curve (TyPowercurve)
- Representation of correlation (EImWindzone)
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Static Generator - 115 kV Grid\Wind Park.EimGenstat

Stochastic Model for Generation

Description

Protection | Optimization |

l

IEC61363 | RMSSimuation | EMT-Simuation | Hamonics |

BasicData | LoadFlow | VDE/IEC ShotCreut | Complete ShotCircut |  ANSI ShotCircuit |
State Estinator | Reliabilty Generation Adequacy Tie Open Point Opt. |

¥ Wind Model

oK
Cancel

Figure ==

Stochastic wind model definition

Stochastic Model

Equipment Type Librany*.5j

Based on Mominal Power (Pn)

Wind Model
{* Stochastic Wind Model (Weibull Distribution)

" Time Series Charactenistics of Active Power Contribution (MW)
" Time Series Charactenistics of Wind Speed (m/s)

Weibull Distribution for Wind Speed Weibull Curve
Mean [7.053336  mss 1.0000
7.898654 o
. 0.,8670

Varance 2.56351 m/s
’&7 0.,2240
0.,0010
0.7 5,541 128[mis] 15,0
Power Curve | = | Equipment Type Library"Wind Power Curve

Meteo Station (Comelation)

Jumpto ..

GG

Power Curve definition

Meteorological

Station definition

Figure 3.18 Specifying a stochastic wind model in a generator for Generation Adequacy

3.6.6 Definition of Demand

There are two alternatives to model the demand: Fixed and Variable demand. Fixed demand refers to a specific
value of demand that does not change during the entire analysis. Variable demand means that the load varies on
time. The demand elements do not have stochastic models attached. Instead, they may use time characteristics

to model the time dependency.

3.6.7 Generation Adequacy Toolbar

The user will notice a new “Generator Adequacy Assessment” tool available.

xxmr

/_ “Generation Adequacy Assessment” tool

v ¥ % [
=)=
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where the available icons have the following functions:

Initialize calculation
Stop calculation

Create draw plots
Se 91 19] | B B ke

\_ Create distribution plots

Run calculation

Create convergence plots

3.6.8 Generation Adequacy Initialization Command

By clicking on the Initialize calculation button, the user can define the following data:

Initialize Generation Adequacy Analysis - ..uacy Analysis.ComGenrelinc el X

Basic Options l Output | Advanced Optons | e Estimate of system losses
[aerreinc/AoadFxresdrmw a e Option for how the demand gets
jose
Network treated
System Losses ﬂ
Load Flow ﬂ ... Cases\Base Case), ow Calculation . . .
e Option for considering the
Demand Consideration / maintenance of generators
{+ Fixed Demand Level
" Consider Time Characteristics
™ Consider Maintenance Plans
Time Dependent Data
Moriths
v January Iv¥ February
W Aprl W May
v Juby V¥ August Iv¥ September i
[V October ¥ MNovember ¥ December \
0 ... This time frame will affect the data that
¥ Monday ¥ Tuesday ¥ Wednesday depends on Time. Specifically, the time
¥ Thursday WV Friday characteristics of the loads when the
b’ Saturday M’ Sunday “Consider Time Characteristics” option is
| Time Intervals selected. Also, the time characteristics of
terval 1: ~ From [0 = h To [A=]n the wind generators (when specified)
™ Interval 2: G ’E
™ Interval 3: G ’E

Figure 3.19 Generation Adequacy Initialization command

3.6.9 Generation Adequacy “Run Calculation” Command

By clicking on the “run calculation” button, the user can define the following data:
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Run Generation Adequacy Analysis - ... Analysis.ComGenrel e X

Shows the last iteration number of the
Generation Adequacy simulation

genrel

lterations
Curmert fteration
Max. Number of fterations

100000

the simulation must perform
Addttional terations o

Generation Adequacy ﬂ ... tion Adequacy Analysis P SPECIfi€S NOW Many iterations must be
additionally performed (this field will be
visible only if the “run calculation” is
performed in consecutively)

Figure 3.20 “Run Calculation” command

3.6.10 Results and Plots

After the generation adequacy has been performed, the following variables can be obtained:

- Total Available Capacity

- Available Dispatchable Capacity

- Available Non-Dispatchable Capacity

- Total Generation (Unconstrained)

- Non-Dispatchable Generation (Unconstrained)

- Dispatchable Generation (Unconstrained)

-  Total Reserve Generation (Unconstrained)

- Reserve Dispatchable Generation (Unconstrained)
- Reserve Non-Dispatchable Generation (Unconstrained)
- Total Demand (Unconstrained)

- Demand Supplied (Unconstrained)

- Demand Not Supplied (Unconstrained)

- Residual Demand (Unconstrained)

- Loss of Load Probability

- Incident indices

-  Expected Demand Not Supplied

- Loss of Load Probability (LOLP) Average

- Variance

-  Coefficient of Variation

Also, three types of plots can be created automatically:

- Distribution plots (quantity value vs. aggregated probabibility in %)
- Draw plots (quantity value as calculated by the Monte Carlo analysis at each iteration)
- Convergence plots
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Figure 3.21 Distribution and Draw Plots
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3.7 Enhancements in the Contingency Analysis

3.7.1 The “Parallel Computing” Option

Before going into detail with the “Parallel Computing” option, let’s review the Contingency Analysis definition: “to
evaluate the violations in system operating states (if any) that certain contingencies can pose to the electrical
power system”. If the reader has been involved with such type of analysis then it will be clear that the calculation
time required mainly depend on two factors: 1) The size of the power system and 2) The Number of
contingencies to be simulated. So it could happen that the simulation time required takes a couple of seconds (or
less) or more than half an hour.

With the development of multi-core machines and also the well developed Ethernet network technology, the
calculation of contingencies in parallel is now an option in version 14.1. This particular feature would allow
reducing significantly the simulation time required depending on the amount of cores used.

Allowing “Parallel Computing”

There are two types of settings associated with the Parallel Computing option. The first and more general group
of settings are the ones related to the management of the parallel computation function (computing method and
the assignments of slaves). To access and modify these settings; log-on first as an administrator and afterwards
open a Data Manager window. Locate and edit the Parallel Computing Manager (\System\Configuration\Parallel
Computation\).

The users can however define their own settings by creating a system folder (with key "Parallel") under the folder
"\\Configuration" and then creating the setting object "ComParalman". This can only be carried out when logged
on as administrator.

= Option for allowing the Parallel
— Data Manager - : / . i

= : Computing feature in the user
DEAXshe deORwid hADfa

M Database ame: Type Object modified Object modified by
i Confﬁulation 23.06.2006 11:12:25 | Administrator
1ol Libﬁn‘r 12.06.2006 16:53:11 | Administrator
i slstem 12.06.2006 16:53:10 | Administrator
€8 Jdministrator 17.06.2011 15:39:54 | Administrator

il / Amaya 17.06.2011 10:09:05 | Amaya
Administrator
User - \TestIntUser / l ? iz_]
General ] License Palall:e}écmputing l Description ]

Cancel

I v Alow Parallel Computﬁﬂg [\I

Figure 3.22 Allowing the Parallel Computing Feature
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“Parallel Computing” Main Settings

Once the user has logged on as an administrator, the settings (\Configuration\Parallel Computation\) of the
“Parallel Computing” can be configured based on the following information:

- Master host name or IP: the machine name or IP address of the master host. If only the local multi-
core machine is used, it could be filled up with “localhost”.

- Parallel computing method: 1) Multi-core local machine — all the slaves will be started in this
machine. 2) Local machine plus remote machines — the slaves could be started in both the local machine
and remote machines.

- Number of slaves: the number of slaves will be started in this local machine. This number should not
be greater than the number of cores available in this machine.

- Computer group: the link to a computer group (number of remote machines) which will be used for
parallel computing.

LT:!! Data Manager - \Configuration\Parallel Computation :

B X % B Ha 0 @aics i AR = -

= M Database
B3 Configuration
[Z3 Class Templates

Parallel Computing Manag

[Z1 DPL commands
Z3 Defautt
[0 Interfaces - “
(1 Parallel Computation Parallel Computing Manager - ...Parallel Computing Manager.SetParalman l ? iz-]
Z1 Security Basic Ot ]
Z3 User Groups asic Options | Communication o
M) Lbrary ok |
(3 System Master host name or |P Jocalhost]
€ Amays Cancel
£ Demo Parallel computing method
B Test {+ Local Machine with Mutti Cores./Processors
B@ Administrator " Local Machine Plus Remote Machines (Distibuted Computing)

Number of Slaves on Local Machine
(* Use all cores

™ Use all but one cores

" User defined

Figure 3.23 Parallel Computing settings

Starting the “Parallel Contingency” Analysis

The user will notice a new page in the Contingency Analysis Command dialog — “Parallel Computing”:

- Enable Parallel Contingency Analysis for AC, DC or Time Sweep — If the corresponding option is
not ticked, the contingency analysis works as default (sequential calculation). If the option is ticked, the
contingencies will be calculated in parallel.

- Minimum number of contingencies — The parallel contingency analysis will be started only if the
number of contingencies is greater than this setting. If there are only a few contingencies, it doesn’t
make sense to calculate in parallel because it is time consuming to start slave engines and transfer
network data.

- Package size for optimized method and Package size for standard method — The master
distributes the contingencies to slaves per package. The package size means how many contingencies
shall be calculated by a slave each time. The contingencies could be calculated using either optimized
method or standard method. As the standard method is much slower than optimized method, the
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package size of standard method should be smaller than optimized method to well balance the
calculation.

Contingency Analysis - ..ses\Base Case\Contingency Analysis.ComSimoutage * (2| |

Basic Options ] Effectiveness ] Multiple Time Phases ] |
Time Swesp ] Advanced Options Parallel Computing SemE Parallel Computing
[smottage/ac/record Close enable/disable flags

|_— Cancel

-

Settings for Parallel Computation

Minimum number of contingencies

Package Size for Optimized Method

ik

Package Size for Standard Method
2 out of 2 cores will be used for Parallel Computation

Figure 3.24 Contingency Analysis Command dialog — “Parallel/ Computing”

@ Questions & Answers:

Q;: Can | perform a contingency analysis with the “Parallel Computing” option on my “stand alone”
computer?

Aq: If your computer has more than one processing core then of course you can take advantage of this
option. Just remember, if you have only a couple of contingencies defined, it doesn’t make that much
sense to calculate them in parallel. You will even notice that the process is a little more time consuming
because it needs to start slave engines and transfer data.

3.7.2 The “Time Sweep” Option

Consider having a Project set up with operational scenarios covering the 24 hours of the day and consisting also
of variations. If the user wanted to calculate contingencies so to cover the 24 hours then this had to be
accomplished with the use of a DPL.

In version 14.1, a new tab page is made available in the contingency analysis command - Time Sweep-. Here,
by enabling the “Time Sweep” option, the user can define a number of study times. The execution of the “Time
Sweep” will automatically then change the date and time of the active study case according to the list and run the
contingency analysis. By having this option available, the user would be able to easily calculate the Contingencies
over 24 hour span automatically.
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Contingency Analysis - ..ses\Base Case\Contingency Analysis.ComSimoutage * (L7 S|

Basic Options ] Effectiveness ] Multiple Time Phases ] | P —— | Time sweep enable/disable
Time Sweep l Advanced Options ] W ] [ |

flag
simoutage./ac/record / Close
Cancel_| Study time definition
Definition of Study Times /

Study Time lgnore

> 1 i -
2 [01.06.2011 02:00.00
3 |01.06.2011 03:00:00f

Selected study times can be
ignored for the calculation

-
4 3

Figure 3.25 Contingency Analysis Command dialog — “Time Sweep”

As an important note, in order for the “Time Sweep” to activate the corresponding scenarios automatically, a
“Scenario Scheduler” (IntScensched) object needs to be created and activated (see chapter 2.2.7).

In addition, the user has the possibility of performing the “Time Sweep” with the option “Parallel Computing”
enabled i.e. different study times are calculated simultaneously over several cores (or machines).

@ Questions & Answers:

Q;: Once the contingency “time seep” analysis is finished, what would be the time and date of the study
case? Will it be reset to its initial setting?

A;: Yes! At the end of the simulation, the “study case” date and time will be reset to its initial setting.

3.7.3 Considering Switching Rules

The Contingency Analysis can take into account the predefined Switching Rules. In order to specify, whether or
not the Switching Rules shall be considered in the analysis the user will find an extra option in the “Advanced
Options” tab page of the Contingency command.
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Contingency Analysis - ..ses\Base Case\Contingency Analysis.ComSimoutage * M

Basic Options ] Effectiveness ] Multiple Time Phases ]

Time Swesp Advanced Options l Parallel Computing ]

|simoutage.-"ac:.-"rec:or\:l Close
[+ Restricted Recording of Contingency Resutts Cancel

Do not record contingency result if base case is above 150, s

Consider switching Rules flag

Qutput per Cortingency Case |
% Short (number of iterations only)
" Detailed full load flow output per case)

Figure 3.26 Contingency Analysis Command dialog — “Time Sweep”

3.7.4 New Tabular Standard Reports

In version 14.1, once a “Contingency Analysis” has been performed, the user will have the option to choose
between ASCII and Tabular formats for reporting. An extra “Report Contingency Analysis Results” button
located in the “Contingency Analysis” toolbar will be therefore available.

LT T % * =] “Report Contingency Analysis
=] =] Rt = | =
fi=k = R e = = Results” button

By clicking on this button, the user will have the option of reporting the following:

- Maximum Loadings

- Loading Violations

- Voltage Steps

-  Maximum Voltages

- Minimum Voltages

- Maximum Voltage Violations
- Minimum Voltage Violations
- Loading Violations per Case
- Voltage Violations per Case
- Generator Effectiveness

- Quad-Booster Effectiveness
- Non Converging Cases
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Qutput as ITabuIar 'l

Figure 3.27 Contingency Analysis Report dialog

If the user selects a Tabular format for reporting, the tables displayed will be composed of the following sections:

- Header: Identifies the report and its data.

- Filter: Represented as drop-down lists, allowing the selection of one item at a time or as “Custom”.

- Table: Matrix of rows and columns containing cells that can refer to an object and provide actions
like “Edit”, “Edit and Browse” and “Mark in Graphic”. It also supports copy and paste, scroll features,
page up and down keys as well as Ctrl+Pos1, Ctrl+End and HTML view.

-
Contingency Analysis Repo
Study Case Level 3 :l
Resutt File: 2000_03_02 17_30_00
Loading Limit: 80.0 ﬁl [ Overoading Limit: Imﬂ ﬁl [
Componert Branch, Substation Loading Loading Loading Contingency Cortingency Base Case and Cortinuous Loading
kor Site: Continuous Short-Term Base Case MNumber MName [0.0%-1262%]
-] [l [l L]
P 1| TOT30) N\ 126.2 126.2 623 4|/ Cab0113b ] =
2 | 10113 \ 1262 126.2) \ 623 3|&™Cab0113a =
3 |- T0305 \ 125.7 1257\ 623 7| Cablel2a . 1=
4 |- T0405 \ 1257 1257\ 623 8| Cable2h . 1=
5 |a> T120Ma \ 871 7.1 N\ 435 105 T1201b [ |
6| Ti2018 \ [IA] 871 \436 104| €3 T1201a [ | |
=
| | 3
| Lnl h Line(s) of 6 |1 Line(s) selected \ éﬂ

| Yo [-1§ S~ Filter
Figure 3.28 Tabular Report (Maximum Loadings)
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I I | DIGSILENT | Project: |
1 | | PowerFactory | |
I | | 14.1.0 | Date: |
1 I
| Contingency Analysis Report: Maximum Loadings | Loading Limit: 80,0 % |
1 I
| Study Case: Level 3 | Annex: /1 I
1 I
1 | Max. Loading [%]| Loading| Centingency I
1 Component 1 | Base | I
1 | Cont. IShort-T.| ([3] | Number | Name 1 Interrupted Components |
1 I
1 T0113(1) | 126,2 | 126,2 | 62,3 | 4 | Cab0113b | Cab0113b |
| T0113 | 126,2 | 126,2 | 62,3 | 3 | Cab0113a | Cab0113a |
| T0305 | 125,71 1257 | 62,3 | 7 | Cable02a | Cable02a |
| T0405 | 125,71 1257 | 62,3 | & | Cable0Zb | Cable0zb |
| T1201a 17,11 8%l | 43,6 | 105 | T1201b | T1201b |
| T1201b 1oen,1 1 enl | 43,6 | 104 | T1201a | T1201a |

Figure 3.29 ASCII Report (Maximum Loadings)
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3.8 Enhancements in the Tie Open Point Optimization

3.8.1 New “Objective Function” option and the Consideration of Constraints

The basic objective of the “Tie Open Point Optimization” tool is to optimize an initially radial distribution network,
such that it can continue its operation in a radial manner, while minimizing the system losses and respecting the
specified thermal limits of the lines and the voltage constraints of the busbars.

In version 14.1 the algorithm is extended so besides “Minimizing System Losses”, two additional options are
available to the user:

- Optimization of Reliability Indices
- Cost Optimization (Losses +Reliability)

If the user selects one of the above, then the corresponding reliability indices (and costs) should be selected.

Another additional feature consists in the consideration of Global Constraints taking into account the voltage drop
from the feeding point.

' S —
Tie Open Point Optimisation - ..ses\Level 3\Tie Open Point Optimisation.ComTieopt * &Iﬂ
-

Basic Options ]Ad\ranc:ed Options ] Reliabil'rty] [I

|tieopt,-’c:0s,-'l0ad,-'IdGIb,-’volfleIbfchg,-‘faultfbarfline,-‘trf |
Close,

Objective Function options

Feeding points w | = | Study Cases'\Level 3\Feeder Set

i Cancel

™ Force elements on outage when not switchable

Objective Function |Cost Optimization (Losses + Reliabilty) j

Minimization of Losses

Constraints Optimization of Reliability Indices
e i cost OpumizstionLasses & Heliah
Option
{* Global constraint for all components

Voltage Global Constraint
(voltage drop from feeding

" Individual constraint per component

Max. themmal loading of components 100 " point)
[v¥ Consider Voltage Constraints
Option

{+ Global constraints for all terminals (absolute value)
" Individual constrairt per terminal
I " Global constraints (voltage drop from feeding point}l

Lower limit of allowed voltage 0.95 pu.
Upper limit of allowed voltage 1,05 pu.

Load flow command ﬂ ... Cases’\Level 3'\Load Fow Calculation

¥ Report
Output ﬂ Study Cases'\Level 3\Output

Figure 3.30 Tie Open Point Optimization Command (Basic Options)
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Basic Options I Advanced Options ~ Reliability |

Itieopt,-"c:os,-"load,-"ldGlb,-"\roIf\rlGIb;"c:hg;‘Tault;"ban"lineftrf

| Reliability Index ISNFI vl
—¥ Automatic Contingency Def SAIF|
[v Busbars / teminals
[v Lines / cables
Iv Transformers
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Intemuption costs per customer I‘I. E

Figure 3.31 Tie Open Point Optimization Command (Reliability)
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3.9 Enhancements in the Reliability Analysis

3.9.1 Optimal Power Restoration Strategies

In previous version, when the user performed reliability analysis, the fault restoration was achieved by closing the
switches with smallest operation time. This however led sometimes to the overloading of elements and
consequently reflected in load shedding.

In order to avoid unnecessary load shedding, the optimal power restoration strategies have been enhanced in
version 14.1. Here the switching actions are found such that:

- No constraint is violated (thermal loading and voltage)
- Number of switch actions is minimized

Therefore, a combination of Reliability Analysis' simple Power Restoration algorithm with the Tie Open Point
Optimization is defined.
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3.10Enhancements in Protection Models

3.10.1 Interblocking: Time-Overcurrent Diagram

In cases where the user modeled protective devices with internal interblocking, the tripping time was not being
correctly plotted in the time overcurrent diagram (the tripping time is correctly calculated).

In version 14.1 the correct graphical representation of the internal interblocking is achieved.

3.10.2 IEEE C57.109: Transformer Damage Curve Extension

In version 14.1 the IEEE C57.109 Transformer Damage Curve is extended so it considers the transformer as
being:

- Liquid Immersed or

- Dry-Type
' ™
2-Winding Transformer Type - Equipment Tme Librany\Transformers\T33_11kV_10MVA.TypTr2 W
Optimization ] State Estimator ] Reliability ] Generation Adequacy ] Description ]
BasicData |  loadFow |  VDE/IEC ShotCicut |  Complete ShetCircut |

ANSI Short-Circut | [EC61363 | RMS-Simulation | EMT-Simulation | Harmonics  Protection Cancel
Inrush Peak Cumrent
Ratio Ip/In (1) 5. pu
Max. Time (1) b s
Ratio Ip/In (2) . pu
Mazx. Time (2) ’Di 5

Transformer Type Liquid-Immersed =
i —

Figure 3.32 Transformer Damage Curve (Transformer Type)
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3.11Enhancement in the Shunt Element (EImShnt)

3.11.1 Saturation Extension

Ever required modelling the saturation of a shunt reactor in an EMT simulation? In version 14.1, the shunt
model is extended so that saturation can be now considered.

r N
Shunt/Filter - 115 KV Grid\Shunt/Filter,ElmShnt _ [ =

State Estimator I Reliability I Generation Adequacy I Description
Basic Data | Load Flow | VDE/IEC Short-Circuit | Complete Short-Circutt
ANS| ShotCreutt | IECE1363 | RMSSimuaon  EMTSmulation | Hamorics | Optimization Cancel
Saturation
Type Polyriomial - Core - Figure >>
Knee Flux 1.3 pu. Jump to
,.‘— 400
Saturated Reactance |0.45 p.u. //
Saturation Exponert (2 =
o v
R
om0

-_— ——s.——————— >
Figure 3.33 EMT tab page of the Shunt Element

The saturation “Type” can be therefore defined as one of the following options:

- Linear No saturation considered

- Two-Slope Approximates the shunt saturation by two linear slopes

- Polynomial Saturation curve is represented by a polynomial of user-defined order
- Current/Flux Values Saturation curve is specified with user defined points

As an important note, the saturation model will be excluded (not considered) for C-Type shunts.

3.12Enhancement in the Series Reactor Element (EImSind)

3.12.1 Saturation Extension

As in the shunt reactor, in version 14.1, the series reactor model is extended so that saturation can be now
considered.
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-
State Estimator 1 Reliability ] Generation Adequacy I Description
0K

BasicData |  loadFow |  VDE/ECShotCreut | Complete ShortCircuit
ANS| Short-Circuit I |EC 61363 ] RMS-Simulation EMT-Simulation ] Hamonics 1 Optimization Cancel
s ﬂ Figure >
Beactance, X ’E— Dhm
Resistance, R ’17 Ohm Jumpto ...
Saturation
Twe [ =] Core I
Knee Fux ’DDS— pu. oao
Saturated Reactance ’DD'I— pu. . -

Saturation Exponent |3

Figure 3.34 EMT tab page of the Series Reactor Element

The saturation “Type” can be therefore defined as one of the following options:

@ - Linear No saturation considered
g - Two-Slope Approximates the shunt saturation by two linear slopes
- Polynomial Saturation curve is represented by a polynomial of user-defined order
- Current/Flux Values Saturation curve is specified with user defined points

As an important note, the saturation model of the series reactor will be excluded (not considered) if:
the Reactance = 0, or
it's stated as a “DC series reactor”, or
if the input signal “Xin” is connected via a composite model

3.13Enhancement in the Asynchronous Machine Element
(EImAsm)

3.13.1 Variable Rotor Resistance Extension

@ In version 14.1, the asynchronous machine model is extended so that a variable rotor resistance can be
= modelled in the load flow.
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Asynchroncus Machine - 115 kV Gri

ANS| ShotCircuit | IEC61363 | RMS-Smulation | EMT-Simuation | Hamorics | Optimization

OK

State Estimator I Reliability I Generation Adequacy I Description
BasicData |  loadFow |  VDEAECShotCreut |  Complete ShortCrcut

Name Iﬂsynchmnous Machine
Type w | = | Equipment Type Librany"Standard Type
Terminal — w | = | 115 kV Grid\WF-Busbar\Cub_3 WF-Busbar

[T Out of Service
 Number of

parallel Machines |1

— Generator/Mator
" Generator
& Mator

Load Characteristic = | ...

Machine Type
" Standard Asynchronous Machine
" Double Fed Induction Machine

% with variable Rotor Resistance

Variable R

Cancel
Figure ==

Jumpto ..

otor Resistance option

Figure 3.35 Basic tab page of the Asynchronous Machine Element

Once the option “with variable Rotor Resistance” is selected, the following additional settings will be available on

the load flow page:

Asynchroncus Machine - 115 kV Gri
ANS| ShotCireuit | IEC61363 | RMS-Smulation | EMT-Simuiation | Hamorics | Optimization

State Estimator | Reliability I Generation Adequacy I Description
Basic Data Load Flow | VDE/IEC Short-Circuit I Complete Short-Circuit
Bus Type AS -

Active Power ID, MW

— Slip Settings <&
" Constant Slip
@ Active Power / Slip Characteristic
Active Power / Slip Characteristic: 10,00
Active Power slip
MW k3 [%]
1 0, 1. =
2 0.1 12 e
] 03 14
b o
5 1 2 500
6 2, 10
2,50
0,00
& 0,00 0.50 1,00 1,50 [MW] 2,00
4 3 I — i Active Power

Definition of the slip: Constant or user
defined (Active Power/Slip Characteristic)

KEN

Figure 3.36 Load Flow tab page of the Asynchronous Machine Element corresponding to a “Variable

Rotor Resistance” selection
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3.14Enhancement in the 3-Winding Transformer Type (TypTr3)

3.14.1 Pocket Calculator Extension

The pocket calculator is a tool which transforms commonly measured impedance values of the 3-winding
transformer into equivalent star-impedances in the zero sequence.

In version 14.1, the pocket calculator tool available in the3-Winding Transformer Type is extended so that the
measured resistances (not only impedances) are also considered.

Input impedances are comesponding to the rated power of the cument injected side oK

Lument injecied at Qv ieminal with Vv teminal open In the zero-sequence Circur

Measurement of Impedance | 2] B based on Rated Power 1, MVA Cancel

Measurement of Resistance | 01 %

0

Lument injlecied at My tieminal with RV teminal open In the zeMssgguence Circ

Measurement of Impedance || 2, B base on R Wer 1, MVA

Measurement of Resistance Il 0.5 %

Current injected at HV terminal with MV terminal shorted in the zero-sequence circuit. Measured Resistance
Measurement of Impedance [II 2,25 B base on Rated Power 1, MVA field

Measurement of Resistance 11l 0.3 %

Zero-Sequence Impedance HV-MV
Zero-Sequence Resistance HV-MV

Zero-Sequence Impedance MV-LV
Zero-Sequence Resistance MV-LV

Zero-Sequence Impedance HV-LV
Zero-Sequence Resistance HV-LV

Figure 3.37 The Pocket Calculator too/

3.15Enhancement in the Voltage Measurement Device
(StaVmea)

3.15.1 Simulation (Additional Output Signals)

In version 14.1 additional zero sequence output signals are available:

- uOr Zero Sequence Voltage, Real Part
- uOi Zero Sequence Voltage, Imaginary Part
- uO0  Zero Sequence Voltage, Absolute

3.16Enhancement in the Current Measurement Device (Stalmea)

3.16.1 Simulation (Additional Output Signals)

In version 14.1 additional negative and zero sequence output signals are available:

- i2r  Negative Sequence Current, Real Part
- i2i Negative Sequence Current, Imaginary Part
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- 2 Negative Sequence Current, Absolute

- i0r  Zero Sequence Current, Real Part

- i0i Zero Sequence Current, Imaginary Part
- 0 Zero Sequence Current, Absolute
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Other Important Enhancements

4 Other Important Enhancements
4.1 PowerFactory v14.1/ 32 & 64 Bit

PowerFactory version 14.1 is now available in both 32 and 64 Bit architecture. One of the advantages that can
be pointed out in a 64 Bit architecture is that it can handle more memory and larger files. Typically a 32 Bit
architecture in windows based computers can handle up to 2GB in memory. In the case of a 64 Bit CPU,
dependent on your computer system, it can handle much more.

4.2 PowerFactory Versioning

In order for the user to get a better understanding on the connotations used in the different PowerFactory
releases, here are the following definitions:

- Major Version: In case of new “Major” versions, significant changes are carried out, e.g. changes
in the data structure (13.2 -14.0), new and improved models and functions, and minor enhancements
and fixes.

- Minor Version: In case of new “Minor” versions, minor changes are carried out, e.g. new and
improved models and functions and minor enhancements and fixes.

- Service Pack: In case of new “service pack's” (patch), minor enhancements and fixes are
performed.

DIgSILENT PowerFactory
14.1.0 (x86)

Digital Simulatioin ard N%twnrk Calculation
Service Pack (Patch)

Minor Version

Major Version

As an important note, the database scheme is not changed when the Service Pack (patch) number is changed;
except for a BETA Version.

4.3 CIM-ENTSO-E Profile

In version 14.1, both export and import of CIM (Common Information Model) is supported. The CIM interface is
currently intended for importing/exporting the following profiles:

- UCTE May 2009
- ENTSO-E 2009

CIM is a standard of the International Electrotechnical Commission (IEC), and it's purpose is to allow the
exchange of information related to the configuration and status of an electrical system.
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4.4 Topological Processing: Breaker Reduction

Currently, there are several different ways to translate the original network to calculation network:

- No reduction: the network is one to one translated

- Any suitable reduction: the path composed of reducible elements between two bifurcations is

reduced.

- Fully enhanced reduction: any reducible element will be reduced.

The last method (full enhanced reduction) has the best performance as it maximize the reduction. However, it

has the following issue:

- No results available for reduced elements

In version 14.1 a “Post Processing” option (Calculate results for all breakers) is available to retrieve the results
for reduced elements. The option can be enabled form the “Calculation Options” of the study case.

Study Case - Study Cases\Base CaseIntCase *

Basic Data Calculation Options ] Description ]
Topological Processing

Breaker Reduction ©

I |v Calculate results for all breakers E l

Cancel

Jda

Contents

Tngger

Numerical Calculations
Optimization matrix (OPF,SE)

Calculate Hessian of objective function

Jacobian matrix

Calculation of partial derivatives
" numerically
+ analytically

" numerically
+ analytically

Figure 4.1 Study Case — Calculation Options — tab page
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