Load flow computations
with DIgSILENT Power Factory

Because voltage in an electrical system or network varies with the load, it is
very important for a system operator to keep under control this variation at all times
and take the appropriate measures of correcting any unwanted deviation when it
occurs. Such a system diagnostic can be obtained via a load flow calculation. The load
flow analysis of an electrical system such as the Moldova section of the Romanian
HV transmission system, depicted in Fig. 1 and Fig. 2, is, in a nutshell, the
computation of all bus voltages, using

e the full real operational configuration of the system with all its
branches and buses described by their electrical parameters, and

e the actual loading conditions, known through the bus loads and
generated powers.

Because of the sheer complexity and duration of hand calculations that would
be required even in small systems, electrical utilities use for this purpose professional
software packages. This document describes the use of the Power Factory version
14.1 software for electrical systems analysis developed by DIgSILENT GmbH, for
load flow calculations.

The steps required for performing a load flow analysis, regardless of the
software package used, were outlined in the previous section of this document. Now,
they will be described applied to the DIgSILENT Power Factory (DIGSI-PF)

software.

1. Building of the one-line diagram
For the analysis of electrical networks, their graphical representation is usually
done using one-line diagrams, in which three phase equipment is drawn as one-phase,
for simplifying the visualization. This is possible because the load flow calculus uses
a series of simplifying assumptions, which ease the computation effort while keeping
a satisfactory precision of the results. The most important of these assumptions are:
e electric and magnetic symmetry of equipment on all three phases
e omission of mutual electric and magnetic influences between nearby

elements.
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In real operation, these assumptions are not always correct, but the scenarios
in which deviations occur (such as short-circuits or analysis of low voltage
unbalanced systems) are analyzed with tools other than classic load flow algorithms.
In normal operation conditions, voltages and currents are considered symmetrical and
balanced and the analysis can be carried out on a single phase only, the system being
represented with an one-line diagram.

In an one-line diagram, the system components (buses, lines, transformers,
generators and so on) are represented with interconnected conventional symbols. The
interconnection layout usually does not reproduce the actual distances and element
placements found in the field, because of spatial constraints. Software packages
usually have graphical user interfaces (GUIs) which allow an easy implementation of
one-line diagrams. There are cases when GUIs for one line graphical representations
are not available, in which case the data is read from files. This is possible because the
load flow mathematical model doesn't actually need the graphical representation, and
diagrams are built only for allowing an easier interaction of the user with the program.

In Figures 1-3 is drawn the Moldova section of the Romanian HV
transmission system in three equivalent representation:

e a view on the geographical map of Romania, not taking into account
the real line paths (Fig. 1)

e a "hand-drawn" representations, with conventional symbols for buses,

lines and transformers
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Fig. 3 - The diagram in Fig. 1 and 2 implemented in DIGSI-PF

Implementation of one-line diagrams in DIGSILENT Power Factory 14.1
Electrical systems are simulated in DIGSI-PF using projects stored in the
program's database. New projects are created by users by clicking on the New item

from the File menu, then choosing the Project... option. (Fig. 2).
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Fig. 4 - Creating a new project in DIGSI-PF

A windows pops up, in which the user must specify the project's name (Fig.
5). The example project was named here TestRNA. Because DIGSI-PF allows

breaking of large systems into interconnected sections drawn on multiple pages,
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called grids, the program will ask next the name of the first grid (Fig. 6). In this
window, the user must also specify the operating frequency of the electrical system
(the default value is 50 Hz, the European setting) and the colour of the first voltage
level used (by default, the program chooses is black).

Basic Data lShanng 1 Derived Project ] Storage 1 Description ]

Mame
Start Time 1/1/1970 2:00:00 AM
End Time 2/7/2106 8:28:15 AM
Project Settings ﬂ TestRNA\Settings'\Project Settings
Insert
| |
Changed Settings
Take from existing Project | Set to Default |

Active Study Case ﬂ

Fig. 5 - Project initialization, name
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Fig. 6 - Project initialization, nominal
frequency and diagram colour
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After entering this data, a blank diagram opens up, waiting for the user to draw
elements and define their electrical parameters.

Existing projects are loaded by using the Activate Project option from the
File menu and then choosing the project by its name and clicking the OK button (Fig.
7).

The DIGSI-PF working window is depicted in Fig. 8. The main tool using for

picking, placing, moving, connecting and resizing objects is the mouse.
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Fig. 8. — The main DIgSILENT Power Factory v. 14.1 window:
1 — Menu bar; 2 — Toolbars; 3 — main working area, where diagrams are drawn;
4 — Components panel; - 5 — Message area

The complete palette of objects that can be placed in an one-line diagram,
together with a selection of the most used ones, is given in Fig. 9.
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An element can be selected from the components panel by clicking on it with
the mouse (normal left click). The selection is cancelled by pressing the mouse right
button or the Esc key. While the selection is active, the mouse cursor will be followed
by a small icon of the selected item (Fig. 10).

The element is placed on the working diagram by clicking with the mouse. If
the element is to be connected on a busbar, a supplementary window opens when
clicking on that busbar, and the element must be connected to a free cubicle (4 are
available by default, new ones are created automatically when all are used) (Fig. 11).
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Fig. 11. - Connecting a load on a bushar

Next, the use of main elements for creating one-line diagrams is presented,
with their graphical representation and the required electrical parameters that must be
provided by the user in order to make possible a load flow calculation. Other useful

options provided by the DIGSI-PF GUI are presented in between.

1. Buses

In an electrical system, buses are the places where electrical energy is drawn
(consumed) or injected (generated for consumption). There are also buses with no
load or generation, used only to connect system elements such as line sections or
transformers. Figure 12 depicts the appearance of a Single Busbar type bus in DIGSI-
PF. Other bus types such as terminals and complex busbar systems can also be used as

buses.

Fig. 12 — Busbar representation in DIGSILENT Power Factory

For an optimal layout of the graphic symbols, the drawn elements, including
buses, can be rotated by right clicking with the mouse on the object and choose the
Rotate option (Fig. 13). Rotation is possible only when no other elements are
connected to the rotated item. The rectangular shapes attached to elements, as in Fig.
12, are result boxes which will be populated with numbers after a successful load flow

calculation. These boxes can be hidden by accessing the Tools menu, then choosing
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the Show Layer... item from the Graphic option and moving the Results to the

invisible object group (Fig. 14).
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Fig. 13 - The rotation option for graphic objects
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In the graphical window, users have two main ways of changing object

properties:
e by double clicking on the targeted object
e Dby right clicking on the object and choose the Edit Data option.

Both methods result in the display of the object properties window, which has
some editable fields for user input and some uneditable fields. The uneditable fields
are either calculated by the program based on other editable values or they are defined
and edited elsewhere.

The third method of changing object properties uses the database inspector

and will be discussed later.

The relevant parameters specified by users for a busbar are (Fig. 15):
e Name - the desired name
e Substation - the name of the substation to which the bus belongs to,
useful if the diagram depicts complex station schemes.

The Name and Substation fields are displayed near the bus in the one-line
diagram by default, in the 'name/substation’ layout. In Fig 12, bus BB from the Single
Busbar substation is represented. It is a highly recommended practice, although not
mandatory, to choose relevant and consistent naming for buses and substations.

e Type - busbars can have general types associated to them, which can
be chosen from the program's database or created by the user.

Unlike other elements, the specification of a type for a busbar is not
mandatory. The type association procedure will be discussed later.

e Nominal Voltage / Line-line is the nominal voltage of the busbar,

which must be specified.

For a load flow calculation to work, the nominal voltages defined for the

bus and its substation must be identical (Fig. 15).

Other parameters of interest, for busbars, usually not requiring changing from
their default values are the System Type (by default AC - alternating current) and
Phase Technology (by default ABC - three phase). The user can also specify by

checking the Out of Service checkbox if the busbar is not in operation.
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Fig. 15 - The required parameters for busbars
2 . External Systems - Slack Buses

A special type of element is the External Grid (Fig. 16). An External Grid is

used to define the sl

ack bus required in load flow computations. The External Grid is

the equivalent generator which supplies the analyzed system, keeping the balance

between the required and available power. An electrical system usually has one slack

bus, for which the voltage magnitude and angle are known and active and reactive

power must be computed by the load flow algorithm.

..... ¢ RemeralGed - -

Fig. 16 - The External Grid element in DIGSI-PF

In order to define an External Grid as slack bus, the following parameters must

be defined:
[ ]

Nam

bus

e - optinally, the user can provide a relevant name for the slack

10
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e Bus Type as SL - slack

e Voltage Setpoint - the operating voltage magnitude, in per-unit values
(p.u.) that use as base value the nominal voltage of the busbar to which
the External Grid is connected. A value of 1 means the nominal
voltage. A value of 0.9 means (0.9 * the nominal voltage).

e Angle - the reference nagle of the voltage, usually set at 0.

External Grid - Grid\External Grid. ElmXnet * IS [ Erternal Grid - Gr id.ElmXnet * (8 Jomtm
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Fig. 17 - Parameters required for defining a slack bus with an External Grid

The name is defined in the Basic Data tab of the External Grid's properties

window, while the voltages ad bus type are specified in the Load Flow tab.

3. Synchronous Generators

Synchronous generators are used in load flow computations to define PV
buses, buses in which the voltage magnitude is regulated, thus imposed. PV buses
have the role of keeping their voltage at the imposed value, and this is achieved by
varying the generation of reactive power. If a voltage reduction effect is needed, the
generator will generate less or will consume reactive power. If a voltage increase
effect is needed, the generator will generate more reactive power. This is why for PV
buses, the active power and voltage magnitude are known, together with the
maximum and minimum values for the available reactive power for voltage
regulation. The voltage angle and bus reactive power are computed by the load flow
algorithm.

In load flow calculations, DIGSI-PF uses synchronous generators for

modeling PV buses. Figures 19-23 depict the sequence of steps required to define a

11
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synchronous generator as a PV bus which generates Py =20 MW of active power,
regulates the voltage at 1,1 p.u. and has the reactive power limits of Qmin= 10 Mvar si
Qmax = 40 Mvar.

Mod/Mod

Generator

Fig. 18 - A synchronous generator symbol in DIGSI-PF

In the Basic Data tab of the generator's properties window, a relevant Name
can be chosen, and a Type must be defined (Fig. 19). The type contains data essential
for the load flow computation and cannot be skipped.

For any component, there are two kinds of types that can be used:

e Global Types
e Project Types.

Global Types are predefined and they are supplied in the DIGSI-PF
installation package by the application's developer. Global Types cannot be modified,
the user being warned that they are Read Only. (Fig. 22), and they can be used in any
project.

For equipment non existing in the program's database, users can create Project
Types and provide their electrical parameters. Project Types are defined at project
level and they can be used only in the project for which they were created. In this

example, a Global Type will be used.

Synchronous Machine - Grid\Generator.ElmSym D || |-
RMS-Simulation } EMT-Simulation ] Hamonics I Optimization I State Estimator oK
Reliability ] Generation Adequacy ] Tie Cpen Paint Opt. } Description

Basic Data | Load Flow | VDE/IEC ShortCircuit | Complete Short Circut | ANSI Short Crouit | IEC 61363 c
ancel

Name ggerstor
@ Figure >>

Typd

Teminal Select Global Type ... Nod M
Zone Select Project Type ...
Area Mew Project Type ...
™ Out of | Paste Type
Number g Remove Type
parallel Machines T
Generator/Motor
f* Generator I~ Wind Generator

" Motor

Fig. 19 - Type association procedure for Synchronous Machines (PV buses)
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Selecting a Global Type, as in Fig. 20, a type browser opens up and the user

must choose the appropriate type. Because 20MW of active power are required, the

50 MVA ST type is chosen.

Synchronous Machine - Grid\Generator ElmSym e g - ==
RMS-Smustion | EMT-Smustion | Hamorics | Optmization |  Sate Estimator | oK
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i or - " : £33 MVA DG Project Types
Mator % 0 nduction Mackines foid verson)
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G S
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©E) Symem =
* 0@ Demo _:] |
In6 7 object(s) of 7 1 object(s) selected

Fig. 20 - Choosing a Global Type for a Synchronous Machine.

The predefined parameters associated to this type can be visualized by

clicking on the right-oriented blue arrow button near the type label, as seen in Fig. 21.

Fig. 21 - Visualization of element type parameters
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When clicking on this button, the type properties window is displayed (Fig.

22). The chosen Synchronous Machine has a nominal apparent power of 50,34 MVA

and works at a nominal voltage of 10,5 kV. In the Load Flow tab of the properties

window, the maximum and minimum reactive power limits can be defined, but they

are overridden by the actual machine settings if the user does not explicitly choose

later to use the parameters defined in the type by ticking the corresponding box in the

element properties, as shown in Fig. 23..
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Fig. 22 - Visualization of element type parameters

Finally, in order to use the Synchronous Machine as a PV bus, going back to

the element properties window from Fig. 21, the following settings must be made in

its Load Flow tab (Fig. 23):

‘ Max 20272 MW Rating Facter 1

Synchronous Machine - GridVGeneratorElmSym * [ o]
RMS5-Smustion | EMT-Smuaton | Hamomes |  Optmization |  Siate Estimator |
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e set the mode of Local

Voltage Controller to

Voltage

e provide the value of the
Active Power
generated

e set the level of the bus
Voltage, in p.u. as done
previously for the slack
bus

e provide the Reactive
Power Limits

Fig. 23 - Setting a Synchronous
Machine as a PV bus
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All other available parameters can be ignored if their true values are not
available.

4. Loads

The electricity consumption in an electrical system is known as load. In
transmission systems, a bus load is usually the power flow through the HV/MV or
HV/HV transformer through which the MV or HV distribution system below is
supplied. These aren't usually individual consumers, but complex loads, made from
the aggregation of many smaller consumers which demand power simultaneously.
The buses where loads are connected and no voltage regulation is provided are called
PQ buses. Their active (P) and reactive (Q) load is known, and load flow algorithms
compute their voltage, in magnitude and angle.

In DIGSI-PF, loads are represented graphically as in Fig. 24 and can be
defined in two ways:

e as constant active and reactive power values

e as profiles variable over time

NO3 * &

S03

Fig. 24 - The graphic representation of a load in DIGSI-PF

Figure 25 shows the procedure of defining a 17 MW/8 Mvar constant load.

General Load - \Demol Data\ EBenlod * 2SS | | General Load - \Demo\TestRNAWN Data\TestRNA\SO3 Elmiod * Y
£C 61363 RMS-Sedation EMT-Smuiston | Homoncs |  Optimzatien | oK EC61363 | AMSSmuson | EMTSmuston | Hemwonics | Opeetzmon | o
Sate Estmstor | Relablty | Generstion Adequacy | Tie Open Port Opt. | Descrotion | SQate Eteater | Relabity | Generston Adequacy | T Open Port Opz. | Descton |
Bosc Dats | Load Flow | VDE/IEC Shot Orust | Complete Shot Orout | ANSI ShotOmut | oy Bawc Dats  Load Fiow | VDEAEC Shot Orout | Complete Shod Orauk | ANSI ShotOrot |
two [T A ok - : "
| | s T — -] _ e
Tpe  v||Lban\Tipesilosdsilod1 | = P o = —m.
Temng W] | . Mod Network Deta\TeRNANGTZGS_1 NO3 [ didd Openteg Pore Ry Ldmolo— |
Zoe o] Active Power 7 [ 17 MW K »
rea - (Pacameter Name: cpZone) Beoctive Power - 2 M
™ Out of Senvice Votsge 1
Techeoogy  3PHPHE Sealg Factor [ 1
re Load Tranw W Adusted by Load Scaing Zone Scalng Facter

Fig. 25 - Load parameters
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Again, both Basic Data and Load Flow properties tabs are used. The load
Name nad Type are not mandatory. The default Input Mode is using the Active
Power and Reactive Power numerical fields. Loads can also be defined as currents or
impedance. In transmission systems, loads are considered balanced. In unbalanced
loads are defined, then the Active and Reactive Power values must be specified for

each phase.
5. Lines

Electrical lines are the pathways on which electricity flows from the

generators to the consumers. In DIGSI-PF, lines are represented as in Fig. 26.

- NOT/MD S - NDENDEZ
B % O s i .

Fig. 26 - The graphic representation of an electrical line in DIGSI-PF

By default, DIGSI-PF does not allow the drawing of diagonal lines, all turns
being square, as in Fig. 26. This behaviour can be changed by repeatedly double-
clicking in the program status bar on the Ortho field, until the setting changes to
Ortho Off (Fig. 27).

Grid :"EE:®HEP X= 5412¥= -6.528

N 4
e ——

Fig. 27 - The change of the orthogonal drawing setting

For defining lines, the following parameters must be provided:
In the element properties window (Fig. 28):

e Name (of free choice)
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Type. The type contains the electrical parameters of the elemental 1
km length line.

Number of parallel lines

Length of line, in kilometers

Laying (Ground/Overhead) for specifying aereal or underground lines
Line model - the mathematical line model used in the simulation

The user can also specify an Out of service status, by ticking the

appropriate checkbox.

Line - Grid|Linia NO1-NO2.EimLre * TR
RMS-Smulstion | EMT-Smulation | Hamonics | Optimization | State Estimator | Relmbiry | Descopton |
oK
Basic Data | Load Flow | VDE/IEC ShortCirout | Complete Short Cireuit | ANSI Short Creuit | 1EC 61363 |
Name [Linia NO1-ND2 Cancel
Type |+ ... 20VAANVPE\NAXSEYBY Bc150m 12/20kV Figure >
Teminali | = | Gidworacub_1 NO1 oot
Jumpto ..
Teminalj |+ | GidwNo2vsCus_t1 N02
Zone Teminali S|
Area Teminali S|
[ Out of Service
Number of Resuting Valuss
parallel Lines 1 Rated Curent 03kA
Fos. Seq. Impedance, 21 0.2320458 Ohm
T Pos. Seq. Impedance, Angle 2740744 deg
_ Pos. Seq. Resistance, A1 0.206 Ohm
Themal Rating ﬂﬂ - Pos. Seq. Reactance. X1 0.1068142 Chm
Length of Line F km Zoro Seq. Resistancs, RO 0.824 Ohm
Zero Seq. Readtance, X0 04272568 Ohm
D=t ooy 1 Earth-Fault Curert, los 3.000387 A
i [Gard ] Earth Factor, Magnitude 1.
Earth Factor, Andle 0.deg
Type of Line Cable
Line Mode!

" Distributed Parameter

Sections/Line Loads

Fig. 28 - Line element parameters setting in DIGSI-PF

In the type properties window (Fig. 29):

Type Name, optional

Rated Voltage

Rated Current - optional, for computing the line loading

Nominal Frequency: same as the one defined for the Grid
Cable/OHL

System type (AC for Alternating Current), number of Phases and
Neutrals

Electrical parameters per kilometre: Resistance R', Reactance X',
Susceptance B'. The Zero sequence parameters denoted with RQ', X0'

and BO' are necessary only if short circuit calculations are to be made.
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The values R, X, B, electrical parameters are usually found in producer
catalogues and are dependent on:
e wire material (aluminum, steel, copper)
e wire cross-section

e type of pole for OHL or insulation for cable lines

Line Type - Litrary UEC Stansdord Coiel 206NN VPEIRAXSEYDY 21 50rm 12/ 20KV, Tyolex S | | Line Type - Litrary JEC Standend Q20 VPEIRAXSEYDY 2e150rm 12/20KV. Trolox - -
T EMT Sedmon | Hamorscs | Optmzanon | Stae Esmater | Fslabity | Descrpton = FMS Seudatgn LEMT S tution | Hamorses | Optezsnon | Suate Extmater | Rttty | Descrpnen | =

Baac Osts_TDoad Flow | VDEAEC ShotOrus | Complete Shot Crot | ANS! Shot Grat | SC 61363 —J Banc Darl_Load Flow INDE/EC Srot ot | Complete Shot Ot | ANS! Shot rat | € 61360 |

[T NIXSEYEY 30150 12/704] Cancel | Paramesers per Langth 1.2 Sequence Parwmetens per Langih Zero Sequence Cancel |

Fated otage [ —. - et -
Susceptance & FINENN WS ~ Swcectarce B0 (361371 St T
Ratod Qumert 03 A fngmnd)  Rated Queert o o 03 KA
23 - - - L) r— -
Cable /0L [ -] s Eacter 0 W Facter 0

Syem e [KC <] Pwes 3¢ Ve of Neurels ~
Parameters per Length 1 2 Sequence Parametens per Langth Zer Sequence
Fesstace R 0206 " Ohenbom Besstance R 0B T O

- -
FReacgarce X 0 1063342 OtmAm Reacgarce X [0 8272468 OmAnm

Fig. 29 - Type parameters setting for lines in DIGSI-PF

Types are useful in DIGSI-PF because the same electrical parameters can be
reused for more than one equipment, simplifying the task of defining the input data in
a project. For instance, lines with different number of circuits per pole or different
lengths, but using the same pole dimensions and wire cross-section, can be defined

using the same line type, global or defined by the user.

6. Transformers

Transformers are used to change voltage levels across a power system. High
voltages are needed for long distance transmission of electricity, while the consumer
needs power at low voltage.

In DIGSI PF, 2 Winding Transformers, , 3-Winding
Transformers and Auto Transformers can be defined.

- WNOTIMDT

A typical 2-Winding Transformer is depicted in Fig. 30.

Fig. 30 - A 2-Winding Transformer in DIGSI-PF
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The definition of a type is mandatory for transformers. Foe 2-winding

transformers, the parameters required for a load flow calculation are:
in the element properties window (Fig. 31):

e Name (of free choice)

e Type

e Tap position

e Automatic tap change, only if it is desirable

All other parameters in the main properties window are to be changed only if

precise information is available.
in the type window
e Name, of free choice
e Technology (usually 3-phase)
e Rated Power
e Nominal frequency
e Rated Voltage on HV and LV side
e Vector group and phase shift
e Short Circuit Voltage
e Copper Losses
e No Load Current
e No Load Losses

e Tap Changer settings

= [ =
2 Windeng Transtormer + _AV\Network Model Netwerk Data)\Grd 110 WAANTIBIOTICE Tr. LEimTr2. L8 SESS 2. Windien Transhormes - AV\Network Modeh Network DataiGrs 110 MWAANTIBIOTICE Tr. 1 ElenTr2. | e MES |
R3S Somdaton EMT - Semdaton Hamoncs Qg gon Rate Lemator ox Fods- Somaton Qs (mesor oK
Clekarir, Gerenton Adeauscy | T Opan Paet O Desonton ———] - Cledatiry Jesomption —————-]
Ease Dats | Lond Fiow | VDE/EC Son Grout | Compiete Shot Orot | ANSI Sot O | EC8I6I | oy Basc Data  Load Fow | VOEAEC Soerout | Co FonTron | ANS Sotroa | EC 61365 o
tare x T
. o I Accordng iz Messurement Pegor Addoral Vokage per 1o 3
Twe Prase o & ses
HSde arois E -
Tas Feston 2 H Ve 0 Mo 2 M 2
LV Sade
% Gtorl Tap Cortrober vl
Zore L
B Saton Cortroler -
s o - o |
r [ Asometc Teo Changrg
Out of Sarvcs Bxtorat R Port
Nusber of

o Canractors

Ratrg Facter fr Ruted Pover 25 MVA

reemal Grounding Impediarce. WY Sde

S Port [Corracied

I~ Petersen Cat

Passtarce Fa Ot
featorce Yo 3 " O

Thermal Loadeg Limt
Max. Loadng f

Fig. 31 - 2-Winding Transformer element parameters setting in DIGSI-PF
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2-Winding Type - Libray\Tr SOHZUna\2S MVA 2010 KV TypTr2 I | [ 2-Winding Type - orarp\Tr SHAUN2S MVA 2010 KV TypTr2 1+ S
ANSISonCret | IECE163 | FMSSmusmen | EMTSmuston | Hemoses | Opteesten o ANSI ShoaCret | xEcsusa | FNSSmisen | EMTSmusen | Hewmoscs | Optmusten | o
Qe Exmater | Aetobity | Geneason Adequacy T Open Port Opt. | Oescrption -—J Sute Emmater | Rslobity | GenentonAdequacy | TeOpenPortOst |  Desowton |

Bosc Ut | Loedflow WEMC Stk | Competa Sttt | g | Basc Data Gedfow | VDEAEC SotCrout Comglata Shot Crot Cocel |
ame Ewaznoy Tao Onger Mgyt ing Foedace 4 »l
Techrelog [Tovee Prase Trandomer K| * Sce oo No Load Camert B x —J
Ratad Power = MVA Addtoral Votegeper Tip 25 % 1o Load Losses 0% KW
Nomna Fraqumncy o e Prove of & ) deg
Fated Volage Vactar G tetw Foston P
HYSde 7 v HV-Sde =] M Foaton 5]

LV-Sde fia" kv LV-Sde D ~ Magmun Poston

*
i
2
§

17 Tap dependert mpedarca

*

Fig. 32 - 2-Winding Transformer type parameters setting in DIGSI-PF

For all network elements described above, it is possible to enter or change data
in two ways. The most common is the use of properties windows, described above.
However, DIGSI-PF allows the use of Excel-like spreadsheets, in which data can be
copied, pasted and deleted from table cells. This feature is activated when clicking on
the Edit Objects Relevant for Calculation button from the toolbar (Fig. 33).

‘oqmwmu: [Graphec : Diagrams\Grd IntGrinet]) - . —
) Fle Edt Cakultion Dats Output Tooks Window Help
&E‘Pf‘&t} S BN |0 Q 0 &l O |50 B eSS R B
A8 - v o/ e . = -
%n o e e @ FTZT @ FEXLLn T I6oBE v e <
2
I"f e o T
T3 Object Fiter: *EimTerm Expressicer Alsage=0 o
X o0 awsd AA @
Nome I n Foder Gad Target V xmlwmu.,.] Deta V -.u[ Dets ml\wluu amlw -l.;t[
RP
_‘ST Gnd 1 | L) | S 5 ; -
B2aR e 1 1 5 5 -d
G G 1 e [} 5 g
®O Gnd 1 190 $ 5 !‘ 105
o N w_
s |Gnd 1 ) S 5 1 105
CAT Gad 1 1" 5 5 1l 1%
X 1Gnd 1 10 5 5 1 106
=) 1Gad 1 | IRAL) | 5 1 |
CoNT) i 1 ) 5 5 1 %5 |
R Ged\COM | 150 | 5 1 s |
OEL [Gad 1 " 5 5 s |
1ooL Gt L | 5 1 s |
ORS Gnd i) 5 5 108 -
(ORM |G 1 L s 5 1 % |
GG G 1 10 5 1 108
AL Gnd 1 | 5 1 %
e £RA Gng 1 m - 1 10
— _[GHU GHU Grd 1 | % | 5 1 -.:5 vl
—— 4] | s 1}
STE | @140 MR Fedio Data [&MIM%D\I\E‘ECMW [ Complete hon ot [ NS ShonGrot [ 1EC 61363 [ ANS Sendac |
;}...__ || taS 47 objectis) of 47 1 cbject(s) selected X
R — e «gr- = A =J
1 : RS &

Fig. 33 - Changing data and accessing results in tabular form

From here, input data and results can be accessed grouped on element
categories (buses, branches etc). Green icons represent actual elements. Purple icons
represent types of elements. By clicking on an element or an element type icon, all
elements associated to that icon are displayed in a table which uses Excel-like sheets
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reproduce the tabs from element dialog windows (Basic Data, Load Flow and so on).
Calculus results are stored in the first tab, marked with a blue colour, Flexible Data.
In these sheets, editable fields use the black colour, non-editable fields are

written in grey, while results are provided in green colour.

Assignment
Build in DIGSI-PF the small system from Fig. 34. Use the branch and bus data
from Tables 1 and 2

Table 1 — Branch data for the assignment electrical system in Fig. 33

ouT Conductor Length

Name IN bus Cross-
bus km

section
20 R¢=0.198 Q/km

L01-02 NO1 NO02 150 mm

L01-04 NO1 N04 150 mm
Bo=2.66 uS/km

L02-05 NO2 NO5 150 mm 40

2
2

L02-03 NO02 NO3 150 mm? 60
2
2

L04-05 NO4 NO5 150 mm 20

Table 2 — Bus data for the system in Fig. 33

Nominal . .
Bus Pi Qi
Bus type volit\zjge MW | Mvar
NO1 slack 110
NO2 PQ 110 17 3
NO3 PQ 110 12 1
NO4 PQ 110 8 1
NO5 PQ 110 8 1

Fig. 34 - Assignment electrical system one/line diagram

2. Building of the bus admittance matrix [Y,]
Matrix [Yn] cannot be visualized in DIGSI-PF. However, other applications,

such as the Power World simulator allow the access for visualization for this matrix.
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3. The load flow computation and auxiliary results

DIGSI-PF computes all auxiliary results such as branch power flows or branch

loadings simultaneously with the main state variables, which are bus voltages in

magnitude and angle.

There are two ways of visualising results: directly on the one-line diagram an

by using the tabular window described above.

Results can be visualized only after executing a load flow calculation, which is

Jh
done either by clicking on the ¥ button on the toolbar or by accessing the Load

Flow option from the Calculation menu (Fig. 35).

M DIGSILENT PowerFactary 14.1 - [Graphic : Diagrams\Grid IntGrfnet]

5 File Edit [Calculation | Data Output  Tools  Window Help

B @

8| LoD

Fig. 35 - Running a load flow calculation in DIGSI-PF

Load Flow ... FO, E’1
Short-Circuit ... e
T2
General Fault Calculation ...
Stability O Lo Lo
Reliability .. B M

In the load flow options window (Fig. 36), for a simple calculation usually it is

not necessary to change the default options before pressing the Execute button. Only

if there are PV buses defined, the Consider reactive power limits box should be

checked, otherwise the Q limits defined for PV buses will be ignored.

Load Flow Calculation - ...y Case\Load Flow Calculation.ComLdf ?
lteration Control I Qutputs I Low Voltage Analysis I Advanced Simulation Options I
Execut
Basic Options I Active Power Control ] Advanced Options I
Idf /notopo./dispA20 Close
Calculation Method Cancel

(" A Load Fiow, balanced, posfive sequence!
" AC Load Flow, unbalanced, 3-phase (ABC)
" DC Load Fow finear)

Reactive Power Cortrol
™ Automatic Tap Adjust of Transformers
™ Automatic Shunt Adjustment

[ Consider Reactive Power Limits

r

Load Options

™ Consider Voltage Dependency of Loads

™ Feeder Load Scaling

™ Consider Coincidence of Low-Voltage Loads

Scaling Factor for

Might Storage Heaters 100. %

Temperature Dependency: Line/Cable Resistances
* _&20C
" .2t Maximum Operational Temperature

Fig. 36 - The load flow options window
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On the one-line diagram, results are visible on the boxes placed on each
element (Fig. 37). In tabular form, results are viewed for each element category in the

Flexible Data tab, as mentioned above (Fig. 38).

CPL-DEL

 DELIAC

EIAR—VIjC

Fig. 37 - Results viewing on the one-line diagram

-
T Object Filter: *.ElmLne = | B |
X BB Qe artrdsd A M
MName Grid Teminal i Teminal i Teminal j Teminal j Loading Active Power Active Power
StaCubic StaCubic % Teminaliin MW | Terminal j in MW
= | L04-05 6406 NOB NO5 NO4 NO4 -0.7612561
-~ v|Line 6406 NO2 NO2 NO3 ND3 5.83315 —
4| | »
14| 411w Aexible Data  Scales { Basic Data { Load Flow § VDE/IEC Shott Cirout{ Complete Shori Gt _{ANSI Short Cirout_{ IEC 61363 { RMS Simuiation
Lnl 5 object(s) of 5 1 object(s) selected Drag & Drop

Fig. 38 - Results viewing on tables

Results can be saved in tab-delimited text files by selecting them as in Excel,
right-clicking and choosing from the context menu the Write to File item from the
Spread Sheet format option (Fig. 39). Alternatively, data can be copied on the
Windows clipboard by choosing the Copy (with column headers) option, which
enables pasting in Excel or test files. Data is pasted together with column headers

(Fig. 40).
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[ Object Filter: *ElmLne = | B |
X EHBROE i@ AW

Teminal i
StaCubic

Active Power | Reactive Power | Reac
Teminal iin Mvar | Temi

Pctive Power
Terminal iin MW | Teminal

Teminal j
Bushar

Teminal j
StaCubic

Teminal i

Loading
Busbar %

Mark in Graphic
Switch On
Switch Off
Isolate (with Earthing)

Calculate
Show

Find
Exccute DPL Scripts

4| »
14| 4l n | wih Rexible Data { Scales J Basic Data_J Load Flow { VDE/IEC Shot Grout_{_ Complete Shor Cut RMS Simulation
Ln3 b5 object(s) of 5 5 object(s) selected  [Drag & Drop Copy

v ————————————————_—_—_——

Move ...
New (Line)

Define ... 2
Addto... 3

....... Delete

Select as Base to Compare

-

\.5405.; “suz; (.sm(un-m £102:05 {505 L0102 {Line {503 (. L04-05 /.
Select All
. with 2 iterations. Output ... »
nn xpor n h;;;E::;;l:r System Stage! Spread Sheet Format » Copy (with column headers)
) - Write to File
Import Objects from Clipboard
Fig. 39 - Exporting results from DIGSI-PF
o)) 3, R Microsoft Excel e—-— =NRC X
ay - —
—/ Home Insert Page Layout  Formulas Data Review  View Developer  Kutools Enterprise W) — = X
Al - [ fe | Name ¥
A B C D E F G H I J K I
1 |[Mame .lGrid Terminal i Terminal iTerminal jTerminal jLoading  Active Poy Active PoyReactive FReactiy
2 StaCubic Busbar  StaCubic Busbar % Terminal i Terminal jTerminal i Termir
3 |L01-02 6406 NO1 NO1 N2 NO2 22.74782 4241454 -41.9191 B8.311902 -7.700=
4 L01-04 6406 NO1 NO1 MNO4 NO4 8.340044 15.02127 -14.8908 3.936 -4.87]
5 L02-05 6406 NO2 NO2 MNO5 MNO5 1.440909 -2.39368 2.397035 0.007479 -1.244
6 L04-05 6406 NOS MNO5 NO4 NO4 3.949024 -7.36299 7.377357 -0.76126 0.174(
7 |Line 6406 NO2 NO2 NO3 NO3 25.75056 24.82002 -24.8158 5.83315 -6.33¢
8
9
10
11
4 4 b M| aa ¥ o | m
Ready | 3 EEp SN o (*)

Fig. 40 - Example of data exported from DIGSI-PF

By default, DIGSI-PF does not display all computed variables. For instance,

when performing load flow calculations, branch power flows and losses are not

displayed when DIGSI-PF uses its initial settings. However, the user can choose what

data to visualise and export by customizing the result tables. This is done by right-

clicking on the Flexible Data sheet title and choosing the Define Flexible Data

option. Alternatively, the Define Flexible Data button from the table toolbar can be
used (Fig. 41).
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X HBQ G ewswdd A H

L o MName Grid Terminal i Teminal i Teminal j
o StaCubic Busbar StaCubic

. |
Co |44 Regible—m——fa———Fe— a0 —tAow [ VDE/IEC ShotCin
M - Define Flexible Data
] Ln3 5 ohject(s) Drag & Drop
N e e Rename Page

Copy Page

Fig. 41 - Customizing the results in the Flexible Data tab
Using the predefined Variable Set options and the >> and << buttons, the user
can make his custom selection of variables to be displayed as results (Selected
Variables). In Figures 42 and 43, for branches, the active and reactive power flows at
each end and active power losses are chosen: P:busl, P:bus2, Q:busl, Q:bus2,
Ploss:bus1.

Results can be sorted by clicking on each column head, in ascending or

descending order.

Variable Set - Settings\Flexible Data\ElmLne\ldf_sym.IntMon *

EMT-Smulation | Hamonics | Optimization | State Estimator | Reliabiity | Generation Adequacy | Tie Open Point Opt. | Desciotion | =
BasicData  LoadFow | VDE/IEC ShoCreut | Complete ShortCrout | ANSI ShortCreut | IEC 61363 | RMS-Smulation |
I obiect w |+ |sa05L0202 Cancsl

balanced

[¥ Display Values during Simulation in Qutput Window (see Simulation Command)
Fitter for

Variable Set Curents, Voltages and Powers 2 Prirt Values
Variable Name B

EEECRELg

Bus - Vaniable List
s Name & ¥ Display Al
V. List {page).
Available Variables Selected Variables
ulr:busl p.u. Positive-Sequence-Voltage, Real Part A ﬂ :bual
ulr:bus2 p.u.  Positive-Sequence-Voltage, Real Part e:busl_bar
ulizbusl p.u. Fositive-Sequence-Voltage, Imaginary Part L ﬂ e:busz
W [u1i:bus2 p.u.  Positive-Sequence-Voltage, Imaginary Pars 3 e:bus2 bar
ulibusl p.u.  Positive-Sequence-Voltage, Magnitude :
ulibus2 p.u.  Positive-Sequemce-Voltage, Magnitude m: B:bus2
UL:busl k¥ Line-Ground Positive-Sequence Voltage, Magnitud m:Q:busl
U1:bus2 W  Line-Ground Positive-Sequence-Voltage, Magnitud m:Q:bus2
U11:busl X  Line-Line Positive-Sequence-Voltage, Magnitude m: Ploss:busl
U11:bus2 X Line-line Positive-Sequence-Voltage, Magnitude
chiul:busl deg  Positive-Sequence-Voltage, Rngle
chiul:bus2 deg  Positive-Sequence-Voltage, Angle
inetibusl p.u.  Curzent, Magnitude, referzed to network
inetibus2 p.u.  Curzent, Magnitude, referzed to network
T:busl A Current, Magnitude
T:bus2 5 Current, Magnitude
chiisbusl deq  Current, Angle
chiiibus2 deg  Curzent, Angle
ilz:busl p.u.  Positive-Sequemce Current, Real Part
ilr:bus2 p.u.  Positive-Sequemce Current, Real Part i
. i s

Fig. 42 - Choosing the variables to be displayed
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-
T2 Object Filter: *ElmLne = e e
X BeSewdd #al@
Name Grid Teminal i Teminal i Teminal j Teminal j Active Power Active Power | Reactive Power | Reactive Power | Losses fotal)
StaCubic Busbar StaCubic Busbar Teminal i in MW | Teminal j in MW | Teminal i in Mvar | Terminal j in Mvar | Terminal i in MW
» - | s+ 0s N1 N1 NO2 N2 4241454 41.31906 8311902 7700123 0.495480: -
< w|L01-04 6406 N1 N1 NO4 NO4 1502127 -14.85083 3.936 4877571 0.13043%(
< v|L0203 6406 N2 NO2 NO3 NO3 24.82002 -24.81577 5.83318 -6.33926 0.004253.]
7 v|L0205 6406 N2 NO2 NO& N0 -2.393684 2397035 0.0074787) -1.244639 0.003350¢
< v| L0405 6406 N5 N5 NO4 NO4 -7.362989 7.377857 -0.7612561 0.1740864) 0.014867¢

« | _’I—I
14| a1 v! il Aexible Data { Scales / Basic Data _J Load Flow § VDE/IEC ShonOicut_{ Complete Shotirout_{ ANSI ShortGirout_4 IEC 61363 { RMS-Simulation J EMT-Gimulation { Hamani
| Ln1 5 object(s) of 5 11 object(s) selected [Drag & Drop Y

Fig. 43 - Displaying custom results for lines

Changes made to projects and their one-line diagram are saved automatically
in the program's internal database in real time, without the user's intervention.
Existing projects are opened or activated by using the Activate Project option from
the File menu (Fig. 44). Then, the user can choose his desired project and click OK.

File | Edit Calculation Data Output Tools Window Help

Eemples Eledeezjema o 8|k AHME| S R

Setup Tuterial ...

New 3

Activate Project

Deactivate Project

Activate Operation Scenario E-ON Moldova 20 kV

. EQON-OPTIMZ014
Deactivate Operation Scenaric &= HVDC Link
Save Operation Scenario &= Hamonics

[* i &= 1EC 309 Example 1 Cancdl
Save Operation Scenario as . = IEC 909 Bxample 2
IEC 309 Exampls 3

Open Data Manager ... = e

o |EC-60905-4 Test Network

Open Graphics Beard ... w3 |EC-61363 BExample
3 |EEE Example Std 393-1397
Import ... |EEE_14_v14(2)

¥ LV-Example
& Nine Bus System
N PT_Sarbi_stanga
Print ... d Project
Page Setup ... Project Balteanu
Project Dropet
Project(10)
1\Demo\EON-OPTIM2D14 Project Suman
¥ Run_Train
2\Demo\E-ON Moldova 20 kV SMIE L1 =]

3\Demo\E-ON Moldova 110 kV SV+BT curbe
4\Demo\DFIG-Model for Stability
5\Demo\Project(10)

Export ...

Printer Setup ...

Exit

Fig. 44 - Opening an existing project

A project can be deleted from the database by right-clicking its name on the
list and choose the Delete option.
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Projects can be imported from other computers or exported by using The
Import... and Export... options from the File menu (Fig. 44). Projects can be
imported or exported only when no projects are activated.

When exporting in the default data format (Fig. 45). DIGSI-PF creates a
standalone file with the .pfd extension, in which the one-line diagrams, the element
parameters, project defined types and other user options are saved an can be imported

later.
File | Edit Calculation Data Output Tools Window Help
e 'ElrRoB2|eBE
Setup Tutorial ...
MNew 3

Activate Project
Deactivate Project

Activate Operation Scenario
Deactivate Operation Scenario
Save Operation Scenario

Save Operation Scenario as ...

Open Data Manager ...
Open Graphics Board ...

Import ... .
Export ... : Data (*.dz*.dat:*,pfd) ..
Print .. Ctrlep DG5S Format ..

Page Setup Windows Metafile (*WMF)
Printer Setup Windows Bitmap (*.BMP)
1\Demac\EOMN-OPTIM2014 CIM ...

2\Demc\E-ON Moldova 20 kV PSS/E..

Fig. 45 - Exporting projects in DIGSI-PF
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