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1 Database Manager

MiP-PSCT Database Manager is designed to accept power system equipment details and conduct
power system analysis of the system. The database is maintained using MS Access®. MiP-PSCT
Database Manager is highly interactive and user friendly.

MiP-PSCT Database Manager offers following menus:
File Menu

View Menu
Elements Menu
Library Menu

Record Menu
Options Menu

Solve Menu

Tools Menu

Unit Protection Menu
Import Menu
Window Menu

Help Menu
1.1 Terminology and Definitions

Element (Field) Information

The data related to power system equi pment, field placement is
Connectivity information and operational data like tap setting, scheduled power, specified voltage,

no of circuits are entered here. Before entering element data, library data availability is a must, as

element data consists of a link to library.

Library (Manufacturer) Information
ALi braries" contain the informati ordwindngeotnections o equi pment rating,
if any as per the name plate details or as per technical data. As the library information covers the

nameplate details, different field elements can refer to same library, thereby avoiding the duplication

of data. Depending on the p.u status, this data is read.

Reference Number

Reference number is the field to specify the serial number of either element or library record. This is
a user-defined non-zero positive integer. This number need not be continuous. On adding a record,
it is incremented automatically with reference to the largest reference number in the data.

Manufacturer/ Element name

This field is used to specify the name of either element or library. This is user-defined alphanumeric
string with no space character. On adding a record, default names are generated. This name can be
changed at any instant.

Manufacturer Reference Number

This field is used to specify the link between element and library. All libraries of particular element
are listed in the list box with number and name format. To create the link, select from the list.

Viewing the referred library

To view the library referred, click on the library button. This operation will open the corresponding
library.

Fetch
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This option is used to view desired record. On selecting this option, a dialog box is popped up listing
the records present in that particular data. Select the desired reference number and click OK to pop
up the selected record.

Breaker Rating

This field is updated automatically in add mode on selection of the bus depending on the voltage
level of the bus. This can be changed at any instant.

No. of units/circuits in parallel

This field is used to specify no. of units (shunt elements) or circuits (series elements) in parallel. This
data is used for calculating equivalent values while conducting studies.

Per Unit status and parameter consideration

If p.u status is TRUE, then all impedance values are on common MVA base. If it is FALSE, then all
impedance values are to be specified on the equipment rating except for transmission line
impedances. For transmission line or cable resistance is in ohms/km/ckt, reactance in ohms/km/ckt
and susceptance in mho/km/ckt. To configure the p.u status, see the topic Options Menu later in this
chapter.

De-Rated MVA

Due to operational constraints sometimes the equipment is not loaded to its rated capacity and the
units are de-rated. The equipment impedance values given by the manufacturer are on its rated
MVA. In order to compute the actual loading on the equipment with its De-Rated MVA, this field is
used. This value is generally the MVA rating given in the corresponding library file. The MVA rating
specified in the library referred is used in updating this field on the add mode. User can change this
value to desired value. This field value is used only in load flow study to calculate percentage
loading.

Contingency Weightage

Contingency weightage is used to increase the severity of given outage for a particular bus or line.
Normally the weightage value is unity. However, if a particular bus voltage deviations should not
occur for any outage, and even for small deviations, that outage need to be given higher ranking,
then the bus weightage number is given greater than unity say, 5. Then the voltage deviation is
multiplied by 5 times, and hence the contingency ranking will go high. For 400kV buses and buses
connected to neighbouring grid, the weightage can generally be high value. Similarly, for the lines,
even for small overloading, if the severity should be increased, then line weightage is given more
than unity. For tie lines and important lines in the grid, which should never be overloaded, line
weightage can be increased.

Series Elements
Any element connected between two buses is referred as series element.

A. From Bus: This field is used to specify the From bus number to which the series element is
connected. This bus can be selected from the list box provided, which displays all the buses present
in the database.

B .To Bus: This field is to specify the To bus number to which the series element is connected. This
bus can be selected from the list box provided, which displays all the buses present in the database.

Shunt Elements
Any element connected only at one bus is referred as shunt element.
Bus Number:

This field is used to specify the bus number to which the shunt element is connected. This bus can
be selected from the list box provided which displays all the buses present in the database.

MVA rating

This field is to specify the MVA rating of the equipment. This MVA rating is used in parameter
conversions.

kV rating

This field is used to specify the kV rating of the equipment on
derived.
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Positive sequence impedance /resistance / reactance/ Admittance/ conductance / susceptance

Depending upon the context, this field is used to specify either positive sequence impedance or
resistance or reactance or Admittance or conductance or susceptance. This value can be p.u on
common MVA base or on its own rating depending upon the configuration set.

Zero sequence impedance /resistance / reactance/ admittance/ conductance / susceptance

Depending upon the context, this field is used to specify either zero sequence impedance or
resistance or reactance or admittance or conductance or susceptance. This value can be p.u on
common MVA base or on its own rating depending up on the configuration set. If the value is
specified or as zero, then the positive sequence data is multiplied with the available multiplication
factor and substituted as zero sequence data while conducting the short circuit studies.

Back

To view or scroll back the data already entered in the sub-record of the table, click this button.

Next

To view or scroll forward the data already entered in the sub-record of the table, click this button. If it
is end of the record then message is popped up
Delete

To delete the sub-records, click this button.
Counter
This is a counter, which shows the count of the records entered in to the sub-record.
In Service / Out of Service
In service: Element is considered for the study or analysis.
Out of Service: Element is not considered for the study or analysis.
Existing / Proposed
Existing: This represents that power system element is already commissioned.

Proposed: This represents that power system element is a proposed one and not yet
commissioned. After execution of the load flow analysis, in view bus option, the proposed element
appears with dotted line.

Year

This gives the year of commissioning of the power system element
Maintenance Data Form

Element details: Select power system Element type and element ID.

Last maintenance Date: Enter the date of maintenance of the equipment and also the maintenance
period in days.

Next Maintenance date: It will be the sum of last maintenance date plus Maintenance period. This
will be highlighted in red colour if the next maintenance date is exceeding the current date.

Relay: This button will opens the corresponding relay data form.

Attachments: Any detail regarding the power system element can be attached here. With + button,
browse for the file. i button to remove the attachment or delete the path of the file.

Remarks: Comments can be stored here.

1.2 File Menu
1.2.1 New Database

Povem Sy Livsems 7

Use AFile > New Databaseodoropt ion*™T or Dat aba
use button on the general-purpose toolbar to open a new
database. Use Ctrl + N to perform the operation with

MiPower Configuration HE

| Loskin [0 W4 Tl & Bk -
—_— [
Power Research and Development ConsultanBvt. Ltd. T
Fle name: Open

Files of type: | Database Files(* mdb) h Cancel

%

e

that

me nu

nAdd

a

New

r

e
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keyboard. On using this option, the dialog box shown below is popped up.
Click on New database name button, open dialog appears in that give the database name.

Click on Open button to accept the database name. To cancel the operation click on Cancel button.
If Open button is clicked,

the above dialog is closed. Then, click OK button on the New database name dialog to create new
database. If file extension is not provided, a default extension of *.mdb is assumed.

Click Voltage level button. Configure system voltages for the power system study. MiP-PSCT
provides some standard default voltages. If the required voltage is not available, edit the voltage
level else proceed to next step.

[ T " p——

Level? T wo levls  [iE W Lol 17 [0 w
Levelz [0 W Leveo [i00 kv Lot [0 W
lvds B W lewitt T W Lewets
et [ W Leviiz 05 K Lew@ I
Levels [0 v Lewiis [0 ke Lew?l i v
Levwle [fE W Lwed [FE W Lewm 1 W
a7 [Fw Lewils [TTE W Lewsn [ W
Lol [H W w6 [T lewat [T

o | _coes | e

Power System Libraries

Click on Electrical & Currency Information button. Enter electrical information about network
representation. The options provided by the Database Manager are;

Conliguration Information x|
| vitageLevels Elecical kL ‘ |
Bae My o
Base Frequency 0 Hz
pustate i

 Indicates thal o lheimpedances are speciiedin P an
a common MYA base.

pmrafing and ansmicsion Ins pre ae
specibed n actuak, 2 R chmakm, X chme/im and
/2o

[lﬂﬁfﬂl’_

[ Cancel o Help

Per unit on a common base MVA: Specify Base MVA and make pu status "ON"
Representation of parameters on its own rating: Specify Base MVA and make p.u. status "OFF".
Currency: Specify the currency which will be considered in optimization and economics calculations

Click on Breaker Ratings to give the default breaker ratings for the specified voltages. Enter the
default breaker ratings against each voltage level. Breaker ratings can be updated even at a later
stage. Click on Modify all Breaker Ratings to update the breaker ratings of all the elements.

Conliguration Information
General Informaton | Vakage Levels | Electical & Curency Informalion  Breaker Ratings |
InMVA  Inka, InMVA  Inka, InbVA I ké,
400000 [eresi | tse [0 [aez | oo o[
2000 [io000 | [510 | 13800 [0 |[tees | oom [5 [o
20000 [0 foe2es | mom [ [3 oo 0 @
12000 [5o00  [2rew | fos0 [0 [182% | aom o [0
Mogon [Eo0 | [esets | 1o0m [ | [14em | oom 5@
6000 [ | [s70 | gsw [0 ([e7s | oom [5 [o
3000 [i50 | [eoas | w80 [0 [esw | mom [0 [
020 [m  [eez oow [ ([0 aom o o |
Moy Bresker Rt |

e
Power Research and Devel [ e T Pagel0




MiP-PSCT Database Manager User Manual

Power System Libraries: Standard libraries for line, transformer, and generator are provided in the
MiP-PSCT database template. These libraries are loaded with the new database creation if it is
selected

Standard Relay Libraries: If this is selected, relay libraries are uploaded with the new database
creation

1.2.2 Open Database

Use fAFil e > Open 0Oickborathedsneral-puppse toabar tooopen an existing
database file with extension *.mdb. On using this option, Explorer is opened to browse the database
file. Use Ctrl + O to perform the operation with Keyboard.

1.2.3 Close Database

Use b option to close the presently opened database file. This command closes all windows opened
in the view. Use Ctrl + H to perform the operation with Keyboard.

1.2.4 Close
Use fiFile > Closeo option to close individwal forms opened for vi
Cl os e Aselalbwindoos at & time. Use Ctrl + E to perform the operation with Keyboard.

1.2.5 Save As
Use fiFile > Save Aso0O option to make a copy of a database. On wusin
box will be popped up in which the new file name can be given.

1.2.6 Exit

Use fAFile > Exito t d&essiandCloBeaconanarsd orethegplicatigneControl
menu can also be used.

Shortcuts
Mouse: Double-click the application's Control menu button.
Keys: ALT+F4

1.3 View Menu

1.3.1 General Purpose Toolbar

Use fAView PurQeonseer allool bar ¢ t o sphrpose toolbar. Fihe tabarishe gener al
dockable, i.e., it can be placed at any location on the screen. The commands interfaced to the
buttons placed on the toolbar from left to right order are i

New Database Open a new database
Total shunt reactor reactive power
injection

Total shunt capacitor real power
injection

Open Database Open an existing database
Add Record Adds a record
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Save Record

Saves the current record

Delete Record

Deletes the current record

Cancel Changes

Cancels the changes made after the previous
Save command

Clear Fields

Clears the fields in the form

First Record

Moves to First record of the table

Previous Record

Scrolls to previous record

Next Record

Scroll to Next record

Last Record

Scroll to Last record

List Records

Lists all records in grid format

List related records

Lists current record and its library in a grid

Copy format Copy all data present in the form
Paste Pastes the copied data
About Displays program information, version number

and copyright

Context Sensitive Help

Selection for Context sensitive help

1.3.2 Configure & Contingency Toolbar

Configure IEuntingencyl Select |Tu Metwork| Schedule | DB Desc ||

Use VG emf i

gur e

& Contingency Toolbaro to

toolbar. This option will be either ON/OFF. If this option is ON, the toolbar is shown at the bottom,
else the toolbar is hidden. The toolbar is dockable, i.e., it can be placed at any location on the
screen. The commands interfaced to the buttons placed on the toolbar from left to right order are i

show

or

Configure Configures voltage levels, electrical information and Breaker ratings for the
network
Contingenc | Creates contingency
y
Select Selects a contingency and schedule
To Network [ Invokes Network Editor
Schedule Add/Modify/Edit Schedule details
Shows Database Description
DB Desc
Regarding the Study =1
-]

[ o< 1

Cancel |

On selection of this option the following dialog box appears. Enter the details of the
study/database. Click Ok to save the description.

1.3.3 Solve Toolbar

| LFA | SCS| 0AF |Ored | Dred| TRS| VIA [DYS |SSR|HAR|3PH [ YBR| ETA |Drid | GS |0BS|SEM| AFS |

Us e

A-¥SewveTool
this option is ON, the toolbar is shown to the right by default. Otherwise the toolbar is hidden. The

baro to show or hide the

sol ve

tool

toolbar is dockable, i.e., it can be placed at any location on the screen. The commands interfaced to
the buttons placed on the toolbar from top to bottom order are i

[ LFA

| Invokes Load flow analysis solve dialog box |

Power Research and Development ConsultanBvt. Ltd. Pagel2
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SCS Invokes Short circuit analysis solve dialog box

ORCD Invokes Overcurrent relay co-ordination solve dialog box
DRCD Invokes Distance relay co-ordination solve dialog box

TRS Invokes Transient stability analysis solve dialog box

VIA Invokes Voltage Instability analysis solve dialog box

DYS Invokes Dynamic stability analysis solve dialog box

SSR Invokes Sub synchronous resonance analysis solve dialog box
HAR Invokes Harmonic analysis solve dialog box

3PH Invokes Three phase load flow analysis solve dialog box
YBR Invokes Network reduction analysis solve dialog box

ETA Invokes Electromagnetic transient analysis solve dialog box
Drid Invokes Reliability Index dialog box

GS Invokes Generation Scheduling dialog box

QgBBus Invokes Observability djal@y box

SEMyo Windinfy vkes Aiate Estimatioh Jigies box

AFSnree "dwgﬁﬁmm_%@g trox

Transmission Line Shunt Fact Device
Series Reactor Thyristor Controlled series capacitor
Series Capacitor Static Phase Shifter

1.3.4 Elements Toolbar

AN ST W g &

P 0[]/ 0]6]018] 3] 6| 7] 5[ ]| 2]

Z|

SVE‘ SF0 ‘TESE‘ 5P3 |UPFE

H ‘ i ‘Z?r‘55| in ‘ L1l ‘ 8P ‘ NB| §1L

Use @il ements Toolbaro to show or hide the elements toolbar.

ON/OFF. If this option is ON, the toolbar is shown at the top by default. Otherwise the toolbar is
hidden. The toolbar is dockable, i.e., it can be placed at any location on the screen. The commands
interfaced to the buttons placed on the toolbar from left to right order are i

The following forms will be opened on click

Power Research and Development ConsultanBvt. Ltd. Pagel3
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Bus Coupler Unified Power Flow Controller
Generator Over current relay

Wind Generator

Distance Relay

Solar Generator

Frequency Relay

Shunt Reactor

Voltage Relay

Shunt Capacitor

Transformer Differential Relay

Motor Restricted Earth Fault Relay
Load Line Pilot Differential Relay
Cyclic load Bus bar Differential Relay
Filter Line / Cable Differential Relay
Mutual Coupling Measurement Data

Convertor Metal Oxide Varistor

DC Link Spark Gap

Current/Voltage Source

Shunt Resistor

Lightning Arrester

1.3.5 Status Bar

Power Research and Development ConsultanBvt. Ltd.

Use nA¥Beawtus baro to show or hide the status
option is ON the status bar is shown at the bottom, else the status bar is hidden. The status bar is
nonrdockable i.e., it csebar bas 4 hares. Mie inf@rdhationTsioen as diffarent
panesiis -

First pane - If Caps lock is On, Cap is displayed.
Second pane - Current Contingency selection. By default, it is BASECASE.
Third pane - Current Schedule selection. By default, it is schedule-0.

Fourth pane - Current System Time.

1.3.6 Bus Connections

Use i Vi-eBm s Co n n doccview alintlsedconnections to a bus. The details of the elements
connected are also displayed.
Bus Data

2900063 [SHLGN_4]

200607 { 500.00 Mva) T 33461 ¢

(™

Bus B O

Global Change| Load| Detali| Coutb ] GPs

Aachmerts Flemarks

Bus connection details box appears. Select the Element on the list box and click on Goto button
which opens the selected element data form. User can change the data. Changes will automatically
updated and appear in the Bus connections form.

Pagel4d
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1.3.

7 User Access Level

Useii Vi-els e r A c c etslsmowlthe aceessdevel of the MiP-PSCT user.

1.4 Elements Menu Bus Data
Busbumber [T FelchBus»s
1.4.1 Bus (O r—
Descipion  [Womh |
Nominal Vokage: [132000 =] KV
BUS Data form is the default form opened by the Database Manager. B |
Whenever the bus data form is closed after all other forms, the |=h'«7mh ot ] ‘
database also gets closed. Ouner umber
|'F et [iomer =] |
Bus Description Additional descriptive information of the bus. CorirgercyWisghiage  [1

Waltage Limits in kv
Min [115:80000305 Max [138.60000610

| Cost Pt Unitin As Cost brary
g I

Nominal Voltage ]|

Fielay e Flash

Select the desired voltage level from the drop down list. Voltage levels wﬂ B ‘
can be configured any time using Configure button on the toolbar. et o | e e
Altachments FAemarks
=
Area Number =

Enter the area to which the bus belongs. This is to differentiate

different states having different zones. The area number can also be selected using the Select Area
number list box. Here the area number is displayed along with the area description. To configure
area numbers and names use options >Area

Zone number

Enter the zone number to which the bus belongs. The different voltage levels can be given different
zone numbers. The zone number can also be selected using the Select Zone number list box. Here
the zone number is displayed along with the zone description. To configure zone numbers and
names use options >Zone

Owner number

Enter the owner number to which the bus belongs. The different buses can be given different owner
numbers. The owner number can also be selected using the Select Owner number list box. Here the
owner number is displayed along with the owner description. To configure owner numbers and
names use options >Owner.

Minimum Voltage

Enter the minimum voltage limit for the bus in kV. This is used in modifying the transformer tap
settings, reactive power injection at buses to achieve the desired voltage and for security limit
checking. While generating the load flow report file, buses whose voltage magnitude exceeds the
minimum limits are marked with distinct attributes. The field is by default 95% of the nominal voltage
selected.

Maximum Voltage

Enter the maximum voltage limit for the bus in kV. This information is used in modifying the
transformer tap settings, reactive power injection at buses to achieve the desired voltage and for
security limit checking. While generating the load flow report file, buses whose voltage magnitude
exceeds the maximum limits are marked with distinct attributes. The field is by default 105% of the
nominal voltage selected

Global Change

Click on fiGl ad ahbnge Cgokatlyg e
certain parameters of the bus.
ChangeBy | Changeto
. [ The following dialog box appear
Min. [055 N
Max  [1.05 pu v
2 ¥ | anRvt. Ltd. Pagel5

Hep |

Selected Bus Numbers
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The global modification option can be used to

Change the minimum and maximum voltage limits, depending on Voltage level, zone wise or for
selected buses.

Change the zone number, depending on Voltage level, zone wise or for selected buses.
Select the options and click on Modify to change the bus data, done to close the dialog box.
Load

Click on this to view the total connected loads on the bus. There may be cases wherein some of the
loads are switched off. This provides information regarding the total connected load and the total
running loads.

Details
For each bus further details can be given. Click on bus details the following dialog box appears.

Enter the Bus rated current in amperes, bus fault current in amperes and fault with stand time in
seconds. This is only for information purpose. These data are optional.

Costlib>>

Enter the Library number, library name and cost in rupees for the bus

Bus Bar Differential: On selection of this opens the Bus Bar Differential relay form.
GPS: Click on this button to open GPS data form

Enter the GPS coordinates, latitude, longitude and altitude as shown in the dialog. If GPS file is
there with the following format it can be called from menu option

Tools->GPS Data

Bus No Latitude Longitude Symbol Altitude
41920001 N26°30'23.7" E092°48'25.2" 1 699.2
51000031 N26°27'41.9" E092°55'16.5" 1 679.5
51000032 N25°57'31.4" E092°31'02.6" 1 692.3
51000033 N25°58'03.5" E092°35'49.9" 1 696.4

GPS Co-ordinates

‘ Bus MNo. |1 Bushame IBarpeta ‘

Latitude
Deglea '-."3 Minute |18 ‘

Deglea Minute IU

" Longitud; ‘

Altitude |35D Font Mo I‘I ‘

Power Research and Development ConsultanBvt. Ltd. Pagel6
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Arc Flash:

An arc flash is the sudden release of electrical energy ArcFlash Bus Details
through the air when an arcing fault occurs between

phase-to-phase, phase-to-neutral, or phase-to-ground | &H Equiprert Type | Ooen Ao |
conductors. An arc flash gives off thermal radiation (heat)
and bright, intense light. Temperatures have been ™" User Defred B2

recorded as high as 35, 000¢ R, Tlm‘l—s e x tir-gmee tlemperature
melts and vaporizes metals and can ignite clothing and 1 -3 Swich Gear

cause fatal burns as far as 10 feet away. The Arc flash | ¥Ffador 0 23 MCT and Panels
analysis can be performed to find Arcing current, Incident Watkig 9.3 Cables
energy, Hazard Risk Category (HRC) and Personal | pisanesinmm|” 8 Dthes

Protective Equipment (PPE) requirements in an electrical
system as per the IEEE 1584-2002a and NFPA 70E
standards.

Arc Flash 7 Bus Details

Bus No or Bus ID

This field specifies the bus ID or bus number for which the arc-flash data to be entered.
Equipment Type

This field is to choose the Equipment type. Equipment can be Open air, Switch Gear, MCC & Panels
and others. To specify the Equipment enclosure type, select the options provided in Equipment type.
In the Ul there is a drop down box to select the equipment type and the description for the type is
given on Ul only.

Bus Gap

This field specifies the bus gap in mm. The user has to enter the value if the user defined field is
checked. Otherwise the value will be taken automatically from standard look up tables based upon
the bus voltage and equipment type selected.

X-Factor

This field corresponds to working distance factor. The user has to enter the value if the user defined
field is checked. Otherwise the value will be taken automatically from standard look up tables based
upon the bus voltage and equipment type selected.

Working Distance

This field specifies the working distance in mm. The user has to enter the value if the user defined
field is checked. Otherwise the value will be taken automatically from standard look up tables based
upon the bus voltage and equipment type selected

Two Winding Transformer Data
Trarstomer Humber [ Fetchs> | Name [275 Maintenance Global Change I~ ZiaZag Transfomer .
= Series
DeRated ML 00 Merdacture Fof Humber — [10T (27101] = Dilferential Relay Restricted Eaith Fault E I ements
Rating| 100 Mva Viezie i Ly > 6 DIFFRLT =] [Fema ~
From Breaker =
Rating Il 100 hiva & aling
& MolBsite o TE— L [Eai Go Tos> Go Tar> 1 4 2 TWO
FromBus Number  [32 (a004] (220000 = < EEM:S P
o Breaker
ToBusNurber  [25 [@07) (132000~ # Hot Esists GELE D;’:zmm foty S0 Show Breaker w | n d | n g
ContolBus Narber [o =] ® B by [5000 ke [z1e70 | I ves
= Reloy
NoofUnitsinParalel [T Set Tap Fosition Compute| [10 3
Cost Per Uit in
Contingencyweichtage [T Norminal Tap Posiion 3 Conlingency: 0
Cost [0
Ouner Number 1 Owiner! - Phase Shift Angle o b Schedule 0
Stalus Corneaissian Status
| "Sevie C OutofSenvies || & Evising " Proposed Year [0 ——
Grounding Transformer
Power | | risiounsingresistancs [0 chms  PiiGrounding Reactance [0 ahms o Compute P ag el 7
SecGiounding Resistance [§ oAMS  SeoGioundngResctance [0 ohms Sz | B
Transfor ails Conirol Block-
Detais>> Load Tap Changer Browse
Attachments Remarks
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transformer

Use menu option A E | e neSeriesElements>STwo Wi ndi ng Toropen thé tava wirelingd
transformer form.

Control Bus Number

Specify the control bus number, where voltage needs to be controlled by changing the tap settings.
Select the bus from the list box provided which displays all the buses present in the database. In the
transformer library if the tap mode is OLTC and the tap changing should be blocked select bus
number as 0. Normally secondary bus is the voltage control bus.

From Breaker

From breaker rating field prompts for the MVA rating of the circuit breaker attached to the From side
of the transformer. KA rating of the breaker will automatically update. If kA rating of the breaker is
entered then MVA rating of the breaker will automatically computed.

Breaker exist or not exist can be selected and if exist and SLD show breaker option is selected then
it appears on From side of the transformer in SLD

To Breaker

To breaker rating field prompts for the MVA rating of the circuit breaker attached to the To side of
the transformer. kA rating of the breaker will automatically update. If kA rating of the breaker is
entered then MVA rating of the breaker will automatically computed. Breaker exist or not exist can
be selected and if exist and SLD show breaker option is selected then it appears on To side of the
transformer in SLD

Owner No. : Select owner no for transformer. As per the owner no selction can be made in load flow
customised report to get the transmission loss.

OverCurrent Relay: Overcurrent relay present on from side and to side of the transformer is
displayed here. Click on relay button to open the selected relay form

Go TO>> button to open selected differential relay data form.

Restricted Earth Fault: Unit protection relay present on the transformer is shown here. Click Go
To>> button to open Restricted earth fault relay data form.

Yoltage |1 pu
Power Research and Development ConsultanBvt. Ltd.
Select  |[R Vl pu

1.0000 PN
1.0250
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Zig-zag Transformer: With this selection the two winding transformer is considered as earthing
transformer

Set Tap position

Specify the set tap position. This is the tap number at which study is to be carried out. Transformer
tap is provided on the From bus side only. The tap position can be determined by using compute.
Click on compute select the voltage in pu, and click ok. This field will be updated with the computed
tap

Nominal Tap Position

This field is automatically updated by calculating the nominal tap position from the available
minimum and maximum tap number in the library referred.

Phase Shift Angle Prinay kv 400

Select this option to specify the Phase Shift angle in degrees SecondaykV  [220
between the primary and secondary voltage of the transformer. This o

field is used only for phase shifting transformer. Roarce  |° Ehrs
Primary Grounding Resistance =
This field specifies the resistance between the star point of the

primary coil of the transformer and the ground. If the p.u. value
status is false, the resistance value is accepted in ohms. Otherwise the resistance value is in p.u.
on the common MVA base. It is used only during zero sequence network calculations. The values
are applicable only for star with neutral grounded transformers.

Primary Grounding Reactance

This field specifies the reactance between the star point of the primary coil of the transformer and
the ground. If the p.u. value status is false, the reactance value is accepted in ohms. Otherwise the
resistance value is in p.u. on the common MVA base. It is used only during zero sequence network

calculations. The values are applicable only for star with neutral grounded transformers.
Secondary Grounding Resistance

This field specifies the resistance between the star point of the secondary coil of the transformer and
the ground. If the p.u. value status is false, the resistance value is accepted in ohms. Otherwise the
resistance value is in p.u. on the common MVA base. It is used only during zero sequence network
calculations. The values are applicable only for star with neutral grounded transformers.

Secondary Grounding Reactance

This field specifies the reactance between the star point of the secondary coil of the transformer and
the ground. If the p.u. value status is false, the resistance value is accepted in ohms. Otherwise the
resistance value is in p.u. on the common MVA base. It is used only during zero sequence network
calculations. The values are applicable only for star with neutral grounded transformers.

Rating | and Rating Il

An option to specify two more ratings apart from the nominal rating are provided. The other two
ratings can be used to specify say Summer rating, winter rating. While performing load flow analysis
user can select to which rating the line flows should be compared.

Compute Transformer Global Change
If the transformers are grounded through transformer, the V?,Z; Ta & valtage
impedances can be computed using the compute button EEW=  [oomw = | -~
Click on Compute, the following dialog box appears. Enter
the primary voltage, secondary voltage, grounding B Numeer ™ Do |
resistance and grounding reactance. Click OK, to update P |
the corresponding fields in the transformer form. Similarly, o
compute the secondary grounding resistance and @ Tap TapNumper 8

© Cantral Bus Bes [ =]
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reactance if the secondary is grounded through earthing transformer.
Global Change

The tap of the transformer can be modified depending on the primary and secondary voltage levels
or bus numbers. If voltage level is selected as 0.0 then all the voltage levels are considered for
modifications.

Under load tap changer Control Block Name

Specify the control block name. Ensure that this FPB exists before executing transient stability.
Under load tap changer controls can be edited in Free programmable blocks editor and can be
attached to the transformer in this field.

Transformer Details

Click on Details to give detailed information of the transformer. The information of the transformer
includes the following.

Transformer Name

Transformer Make

Serial Number

KVA rating

Year of Manufacture

Primary Voltage

Secondary voltage 1

Secondary Voltage 2

Primary Current

Secondary Current 1

Secondary Current 2

Frequency

Number of phases

Vector Group

Percentage Imp Volts

Insulation Class

Insulation level for HV

Insulation level for LV 1

Insulation level for LV 2

Cooling

Temperature rise over ambient 50 deg C for oil
Temperature rise over ambient 50 deg C for winding
Weight in Kgs (Core and Coil)

Weight in Kgs (oil)

Weight in Kgs (Transport)

Oil quantity in litres

Drawing Number

Customer Reference Number

Current Transformer i winding temperature Indicator
Current Transformer i Neutral current transformer 1

Current Transformer i Neutral Current Transformer 2
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Winding temperature indicator i Make
Model

Serial Number

Range

Oil temperature indicator i Make
Model

Serial Number

Range

Buchholz i Make

Serial number

CM3

Model

Pipe diameter

Cable sizes i Primary
Secondary 1

Secondary 2

Switchgear feeding from
Switchgear feeding to

Taps i Minimum

Taps i Max
Specification
NGR i Make

NGR- Serial number
Resistance

Volts

Rated Current

Time rating
Temperature rise
Year

Cable

The following form appears. This data is only for information purpose. This is not used in any of the
MiP-PSCT Study.
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Transformer Details

Feeder Name Description
Tag Mumber Vokage inWolts——————— - 0il Temperature Indicator
Primany Seconday | Secondall Make Model
Make l— I
— o fo
Serial No Serial Mo Range
l— Current in Amper
KVA 0 Primary Secondary | Secondary || I
‘earof Mfr |0 ID ID ID - Buchol:

Transformer No |h

Make Serial No. Ch3
Frequency [0 Hz -
~ Temperature Rise Over Amb S0C inDeg————— I I I
Mo. of Phases |0 oil Winding Model Pipe Dia in mm
Yector Group - ID IU I ID
% lmo Vol l”— ~Weight in K.g: [~ SwitchGear Feeder
% Imp Wolts % ; N
2 Tatal Core and Cail Feeding From Feeding To
Ins. Dlass | Jo Jo Primar Secondary 1 Secondary 2
Insulation Level ail Transport I
3 I |[I IU ~Cable Sizes insg mm———————————————
L1 Primary Secondary 1 Secondary 2
V2 l— - Cument Transformers ——————————————— | | | |
‘Winding Temperature Indicator
Cooling vl I ~ Meutral Grounding Resistor——————————————
. ID— Make I
0l Quiantiyy Lt | Weutral Cument Trarsformer 1
Serial No I
Drawing Number | I
Flesistance IU ohms
Customer Neutral Cument Transformer 2
Fief Mumber Yolts ID
Tope | |
Rated Currert IU A
3pecification 1S I— Secs
T —winding Temperature Indicator—————————— Time Fating B
B —
I degC
Nevaf Taps IEI IMake IModeI Temeperature Rise |0 @
+ I P I—
o = Serial Mo Blzger vear |0
- ID b4 I I Cable I 2q. mm
Use menu opt i>Benes&l&leptshrEmass mi ssion Lined to open transmission |ine/ca
Line/Cable Data
Feed Data
Mumber Fetch Line > Name [Line3 Maintenance Type
& Cunert ¢ Power
De-Rated MyA [aa0size Stiucture Fief. No. [2000 [Panther 132k0] ~| || Amperes [0
Rating| 30309128 VA Transmission Line Libtary_>» | Line Details »> | ef Jos
atingll Show Breaker - SLD
ating 90309128 LY — " ves
From Bus Number |23 [3005] (132000 =] ||| & Not Esist LA otation
tam Bus Number (3005] T NGBS o ke [mE B e
ToBusHumber  [15 [Bus15] £132000 =) = T " Cable
MNumber of Circuits 1 » Besi
To Bieaker  Isolator
Line Length 30 km ||| & Not Exists Rating o
Corfingency Weightsge [T  Exists Mva [So00 ke [21870 & Mo
E—— oo =] =l Toseske | F Tasde
Status Commission Status
 InSewice (" FromEndOpen ( ToEndOpen ( Oulof Sewvice @ Esicting O Proposed  ear [0
From Side Open To Side Open
€ TNOP & Maintenance ( Faut  ( Others [MNT @ TNDP  Maintenance ( Faul € Others
Mutual Coupling Shunt Reactor Cost Per Unit in
| GoTox | Costkm [0
Line Pratection Frelay
Max.T bie P 100 7
ax. Transmittable Power oercument _
Maimum Pf 1 =
Minimum Pf 07 CiEE= -
Mutual Coupling factor os T
e Faule Line Pilot -
Z:‘T:L:;EE“"E”[ 25”” : UneDifferential [ <]
Safety Margin [0 = R Equipmert Type = Main ¢ Lateral
Ratio of Earth fault Current
Effective Tower Footing g Repait Tine [0 Hours
Riesistance 5 ohm
g Manual Sectionalizing time [0 Howrs
Frequency of Oscillation (Hz]
Initial Max  [25 Conseculive Max [7
Attachmerts Aemarks
=
=T
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Rating | and Rating Il

An option to specify two more ratings apart from the nominal rating are provided. The other two
ratings can be used to specify say Summer rating, winter rating. While performing load flow analysis
user can select to which rating the line flows should be compared.

Line Length

Specify the length of the line in km. This field value is considered only, if p.u option is False. If p.u is
True, this field is used for information purpose only.

From Breaker Rating

This field prompts for the MVA rating of the circuit breaker attached to the From side of the
transmission line. kKA rating of the breaker will automatically update. If kA rating of the breaker is
entered then MVA rating of the breaker will automatically computed. If the breaker is exists and the
show breaker SLD option is selected then the breaker will appear on From side of the line

A circuit breaker can be associated with the from side of the line. The circuit breaker can be selected
from drop down list. Click on the From Breaker button to open the corresponding circuit breaker
details.

To Breaker Rating

This field prompts for the MVA rating of the circuit breaker attached to the To side of the
transmission line. kKA rating of the breaker will automatically update. If kA rating of the breaker is
entered then MVA rating of the breaker will automatically computed. . If the breaker is exists and the
show breaker SLD option is selected then the breaker will appear on To side of the line. A circuit
breaker can be associated with the To side of the line. The circuit breaker can be selected from drop
down list. Click on the To Breaker button to open the corresponding circuit breaker details.

Owner No. : Select owner no for transformer. As per the owner no selction can be made in load flow
customised report to get the transmission loss.

Line Protection Relay:

Over Current Relay: This dropdown list box shows over current relays provided on the selected line.
Click on GoTo>> button to open the selected over current relay form

Distance Relay: This dropdown list box shows the distance relays present on the selected line...
Click on Go To >> button to open the selected distance relay data form

Line Pilot:This dropdown list box shows the line pilot relays present on the selected line. Click on Go
To>> button to open the selected line pilot relay data form

Line Differential: This dropdown list box shows the Line Differential protection relays present on the
selected line on this line Click on Go To>> button to open the selected Line differential relay data
form.

Arc fault details:
These are required for distance relay calculations.

The performance of distance protection for single-phase-to-earth faults is very important, because
normally more than 70% of the faults on transmission lines are single phase-to-earth faults. At these
faults, the fault resistance is composed of three parts: arc resistance, resistance of a tower
construction, and tower-footing resistance.

Frequency of oscillation

Enter the initial Max and consecutive Maximum values. This data is consider in distance relay
calculation

From Side Open / To Side Open

User can specify the line opening details by selecting the options fault / maintenance / TNOP/ Other
reason. Selected option will display on the SLD on from side or To side of the line. This option is
available only when the user selected NOP option of from side or To side.

Power Research and Development ConsultanBvt. Ltd. Page23



MiP-PSCT Database Manager User Manual

Commission Status

User can give the details of line commissioning year, existing line (Commissioned) or proposed line

to be commissioned. These data are not considered for computation.

SLD Notation

Line can be represented in SLD with the following notations
Line

Cable

Breaker

Isolator

Show breaker i SLD

On selection of this option, line in SLD is changed to Breaker.

Feed Data

Feeder Current or Power: Feeder current / power can be specified which will be considered in feed
current simulation. Normally station peaks are given in Amperes. This will be useful for the feed

current computation.

1.4.4 Series Reactor

Series Reactor Data

Number Fetch Series Reactor >» Name [SeR1 H Maintenance |

Use menu option A El e mpSarigss | ==t @
Elements>R e a c t to ropen series reactor | fonsuto[f genmom =

form. ToBusho |2 (Bus2] (11.000 -

onnected Felay

Manufactuie Ref, No. |1 [5eR1] hd -

From Breaker Rating Cost Per Unit in R
{ Inhva 10000 Inka [524.873 0

Units in Parallel fi

Cortingency Weightage |1

I My | 10000 InkA |524.879

Fn Breaker Fiating

Comrission

‘5‘ InService ¢ Out of Service

’71" Exising O Proposed el ‘

’ =]
=l

1.45 Series Capacitor

Use menu option i E | e nrSeriésElements>C a p a c o bperr séries capacitors form.

Series Capacitor Data

" Series Capacitor

Nurnber Fetch Series Capacitor 33 | Name [52C10 H Maintenance ‘
Rl
De-Rated MVA IZEEIEI— Manufacturer Ref. Mo Imgm [52C10] j I ﬂ
Firom Bus Mo. [ 4197004 [3-RAMSCT]{ =L%I [Fe: |
From Breaker Rating Cost Per Unit in
ToBusMo.  [4197001 [5-RAMTES] (i 7 L”MVA W - W (’“—

Contingency Weightage |1 In b4 |15000 Inka |11.321

Status Commission Status
’7ﬁ' InSemvice © Out of Service ’7 @ Existng  C Proposed  Yea
I

Power Research an | 22" Remark
|
=

Units in Parallel i ’—Tn Breaker Rating
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1.4.6 Bus Co

upler

Use menu option i E | e nmrSeriésElements>Bu s C o topper bus coupler form.

CT & CT>>:

Select the current transformer from the drop down list.

Bus Coupler

Bus Coupler Number Fetch Bus Coupler | Coupler Name Maintenance

400,000 kY Bus Coupler Breaker Rating Felay

From Bus Inbva (15000  InkA 21651 -
cT
ToBus ’ﬁ T Relay

Status VCB Data

* In Service " Dut of Service ¥ w8 Libray Mo |1 -

Vacuum Circuit Breaker Library

Library o [fi Fetch>> | Name [VCB1
Gap Distance 0.005 m

CT>> button will open the corresponding CT details form. . — w
P . . . . . ate Open s
This is required in the electromagnetic transient analysis T
to study the performance of CT transient response. RARY E
Chopping Curert [6 &
. . . l Arc Yoltage E
VCB :Vacuum circuit breaker Library will open when Go to RCisepha [0 ehm
i i i i i 1 i lose [lenoe ™ ohm
Library button is clicked. This library provides detailed Aoueerns oo o
EMTP R Are Pha 001 ohm
model for vacuum circuit breaker. VCB Library data AavcPhe —
ired R A1 PhC e om
requi _re ) ) ) F Open Pha a0 ohm
is shown in the following figure ROpnphe  [1ed05  ohm

FACTS

R Open PhC 1e+006 chm

1.4.7 Flexible AC Transmission System (FACTS)

Facts Data

Nurnber [ Fetch FACTS Hame FACT1 ‘

From Bus No. B ToBusNo B

MVA Rating |0 He [ pu

XL Minium |0 pu AL Masmum |0 pu
Curent Order |0 Current Margin [0

ContolBlsk Nare [ | ‘
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The direction of large AC system development is the transmission of large amount of power over
long distances by high voltage transmission lines from remote power sources of load centres.
Because of growing public impact on environmental policy, the building of new transmission
facilities, in general, lags behind the increased needs of power transmission. As a consequence,
some transmission lines are more loaded than was planned when they were built. With the
increased loading of long transmission lines, the problem of transient stability after a major fault can
become a transmission power limiting factor. In these cases, this factor may be considerably lower
compared to their limiting factors. Power electronic equipment, including appropriate control, offers
effective solution to this problem. Such equipment, including advanced control centres and
communication links, is the basis of the FACTS.

There are three major facets of FACTS, they are shunt compensation, series compensation and
phase angle regulation. Of these three, the series compensation is received much attention of late.
Most of the work in this area has been focused to the study of thyristor controlled series
compensator (TCSC).

Use menu options Elements >Series Elements >> FACTS to open FACTS form.
Control Block Name

Specify the control block name. Ensure that this FPB exists before executing transient stability.
FACTS controls can be edited in Free programmable blocks editor and can be attached to the facts
in this field.

1.4.8 Thyristor Controlled Series Capacitor

Thyristor Controlled Series capacitor (TCSC) is a power electronics based Flexible AC Transmission
System (FACTS) device.

Thyristor Controlled Series Capacitor
TCSCNo TCSC Mame |TCSCH ‘
MVA Rating [100 k¥ Rating [220 P Ref 21 Ml DATAVALIDATIONS

Tolerence (00001 | 3
From Bus Number {3 | ake) {220,000 d

Control Yariable L
ToBusHunber [ (ousg] 20000 = lrfNolComputed @ Camputed

i~ Capacitive Inducti
Min |-0.00 U Min |0.01 pu
Max [.003 U Max [0.03 pu

i~ For known XL XCT AL

s |0 (Ohms *L Band

0
®C1 [0 Ohms KCBand [0 degree G
#ez|o Ohms  Resonant Fiing Angls [0 degre B

Compute TCSC Capacitive and Inductive Limits |

degree Cz

’—Eontm\ Block-

TCSC FPE File Name Brawse

TCSCs are used to enhance the power flowing in a line by effectively compensating the reactance of
the line. The difference between a conventional series capacitor and a TCSC is that a TCSC can
dynamically vary its compensation whereas a conventional series capacitor has a fixed
compensation. The basic conceptual TCSC module comprises a conventional fixed series capacitor,
C1, a fixed capacitor in parallel, C2, with a thyristor-controlled reactor, L, as shown in Fig 1.1.
However, a practical TCSC module also includes protective equipment.

To open this form, use menu option Elements-->Series Elements-->Facts->Thyristor Controlled
Series Capacitor

Ca

l—

L
e —— e ——

Fig. 1.1 E lent Ci t
Power Research and DeVeluplllcllL \.I,gul |ou?LL(;\:?LEonv L.Irlc_uiu. PageZG



MiP-PSCT Database Manager User Manual

TCSC No. i This field prompts for the identification number of the TCSC. This is a user defined
number and should be unique for each TCSC. It cannot be 0.

TCSC Name i This field accepts the name of the TCSC for which the number has been specified.
This is a user defined name and should be unique for each TCSC.

kV Rating i Voltage rating of the TCSC.

P Ref i TCSC is generally used to enhance the power flow in transmission lines. This P Ref is the
power flow desired through the transmission line in which TCSC is connected. Connecting a TCSC
on transmission lines reduces the effective series reactance of the line which enables us to push
more power through the line.

Tolerance i Tolerance value to check for TCSC convergence. It checks the TCSC power flows in
the present iteration and compares with the flow in previous iteration. If the difference in power flows
is less than this tolerance value TCSC power flow is converged.

Capacitive Min i TCSC offers minimum capacitive reactance when the parallel inductor is
blocked from service. If the user wants to compute the limits then enter the values of XL, XC1, XC2
and its corresponding MVA ratings and click on compute button. The reactance limits will be
automatically computed.

Capacitive Max i TCSC offers maximum capacitance when the parallel inductor reactance is just
slightly greater than the parallel capacitor reactance. Generally TCSC is not operated in the region

between Capacitive and Inductive maximum since it will cause parallel resonance. If the user wants
to compute the limits then enter the values of XL, XC1, XC2 and its corresponding MVA ratings and
click on compute button. The reactance limits will be automatically computed.

Inductive Min i1 TCSC offers minimum inductive reactance when the parallel inductor is
completely in service. If the user wants to compute the limits then enter the values of XL, XC1, XC2
and its corresponding MVA ratings and click on compute button. The reactance limits will be
automatically computed.

Inductive Max i TCSC offers maximum inductance when the parallel inductor reactance is just
slightly less than the parallel capacitor reactance. Generally TCSC is not operated in the region
between Capacitive and Inductive maximum since it will cause parallel resonance. If the user wants
to compute the limits then enter the values of XL, XC1, XC2 and its corresponding MVA ratings and
click on compute button. The reactance limits will be automatically computed.

XLi This field accepts the value of the parallel inductords react al
service. This value needs to be entered only if user wants to compute the TCSC reactance limits.

XC1 i This field accepts the value ofthe s eri es capacitords reactance. Since it is a fi
capacitance it is always in service. This value needs to be entered only if user wants to compute the
TCSC reactance limits

XC2 1 This field accepts the value of tihies afxadal | el capacitoros ro
capacitance it is always in service. This value needs to be entered only if user wants to compute the
TCSC reactance limits

XL MVA i The MVA rating of the parallel inductor. This value needs to be entered only if user
wants to compute the TCSC reactance limits

XC1 MVA i The MVA rating of the series capacitor. This value needs to be entered only if user
wants to compute the TCSC reactance limits

XC2 MVA i The MVA rating of the parallel capacitor. This value needs to be entered only if user
wants to compute the TCSC reactance limits

Compute i Click this button after entering the values of XL, XC1, XC2, XL MVA, XC1 MVA and
XC2 MVA to compute the TCSC Capacitive min. max. and Inductive min. max. limits.

Not Computed T This flag has to be checked if the user does not want to compute the controllable
inductive reactance value. When the user does not want to compute the TCSC reactance limits this
flag has to be checked.

Computed i This flag has to be checked if the user wants to compute the controllable inductive
reactance value and view in the output report. This flag has to be checked only when the user wants
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to compute the TCSC reactance limits by entering the values of XL, XC1, XC2, XL MVA, XC1 MVA
and XC2 MVA.

1.4.9 Unified Power Flow Controller

A unified power flow controller (UPFC) is a combination of a static synchronous compensator
(STATCOM) and a static synchronous series compensator (S3C) which are coupled via a common
dc link, to allow bidirectional flow of real power between the series output terminals of the S3C and
the shunt output terminals of the STATCOM, and are controlled to provide concurrent real and
reactive series line compensation without an external electric energy source. The UPFC, by means
of angularly unconstrained series voltage injection, is able to control, concurrently or selectively, the
transmission line voltage, impedance, and angle or, alternatively, the real and reactive power flow in
the line. The UPFC may also provide independently controllable shunt-reactive power
compensation.

It consists of two identical voltage-source inverters: one in shunt and the other one in series with the
line; the general scheme is illustrated in Figure 3.1. Two inverters, namely shunt inverter and series
inverter, which operate via a common DC link with a DC storage capacitor, allow UPFC to
independently control active and reactive power flows in the line as well as the bus voltage. Active
power can freely flow in either direction between the AC terminals of the two inverters through the
DC link. Although, each inverter can generate or absorb reactive power at its own AC output
terminal, they cannot internally exchange reactive power through DC link. The VA rating of the

Bus & Bus m

| Ve
) - I
Shunt Series

' &7:3 E.p
wtete A= |

J_
) T

injected voltage source is determined by the product of the maximum injected voltage and the
maximum line current at which power flow is still provided.

VvV

g

:

S

Vir cr

The shunt inverter provides local bus voltage control when operated by itself as a STATCOM. When
operated in conjunction with the series inverter, the shunt inverter has two functions:

To control bus voltage by reactive power injection to the power system
To supply active power to the series inverter via the DC link for series flow control.

The series inverter, on the other hand, provides line power flow control by injecting an AC voltage
with controllable magnitude and phase angle at the power frequency, in series with the line via an
insertion transformer. This injected series voltage is, in effect, a synchronous series AC voltage
source, which provides active series compensation for line voltage control and angle regulation
through the transmission line current. The transmission line currents flow through this voltage
sources resulting in active and reactive power exchange between the inverter and the AC system.
The active power exchanged at the series AC terminal is converted by the inverter into DC power
that appears at the DC link as positive or negative active power demand and transfer to the other
converter located at the other side of the line.

To open this form, use menu option Elements-->Series Elements-->Facts->Unified Power Flow
Controller

Unified Power Flow Controller

UFFC Mo [

My Fating [100

DATAVIOLATIONS

UPFC Mame [UPFC1

k¥ Rating [220 (P

QR [z

Power Rese

From Bus Mumber

To Bus Mumber

3 [Lake] {220,000 ~
& [BusE] {220,000 ~

“ Ref

Tolerence

0.0001

~ Shunt Converter

™ Check Limit | Reactance

— Series Converter
Reactance
Min. Voltage
Ma. Voltage

Min. Valtage

Max. Voltage

0.1 pu
09 pu
E—

Cornverter

From Bus 3. . ToBus

'age28
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UPFC No.: This field gives the number of the device.
UPFC Name: This field gives the name of the device.

Tolerance: UPFC tolerance is the maximum real power error in PU on the given MVA base. This

is used to check the UPFC devicebds convergence. For this device,
injection in the shunt and series converters. The amount of real power taken from the shunt

converter is given to the series converter, assuming no real power losses in the converters.

Generally an acceptable value of tolerance is 0.001 PU.

P Ref: The value of MW power to be transferred through the UPFC, and thereby through the line to
which the UPFC is connected.

Q Ref: The value of Mvar power to be transferred through the UPFC, and thereby through the line
to which the UPFC is connected.

V Ref: The value of voltage in p.u. to be set to the UPFC From bus.
Series Converter Reactance:

The model of UPFC demonstrated here has a series connected  converter whose reactance alone
is considered. Series converterods resistance is assumed t o be n
cannot be 6006 and i-0.Zpuranges between 0.01

Series Converter Min. Voltage:

The series converter injects or absorbs some voltage in series with the line. The minimum voltage it
must inject/absorb is specified in this field.

Series Converter Max. Voltage:

The series converter injects or absorbs some voltage in series with the line. The maximum voltage it
must inject/absorb is specified in this field.

Shunt Converter Reactance:

The model of UPFC demonstrated here has a shunt connected converter whose reactance alone is
considered. Shunt c cassumedtbemndglgble e reactarcavalee cansot
be 606 and it r8kmguwes between 0.01

Shunt Converter Min. Voltage:

The minimum voltage that the shunt converter must have is specified in this field. It can generally be
0.9 p.u. for 1.0 p.u. of reference voltage.

Shunt Converter Max. Voltage:

The maximum voltage that the shunt converter must have is specified in this field. It can generally
go upto 1.1 p.u. for 1.0 p.u. of reference voltage.

UPFC Check-Limit:

o If the user does not check this box, the UPFC series and shunt convertero6s voltage
taken into account, anRREEROheaREF@eQwdarnde fdowertshrdoRigh the | ine even
if voltage limit violations occur.

o If the user checks this box, the UPFC voltage limits will be taken into account, and the reference
power-REP® aRHF® Qwi | | flow through the Iline only if there are no
I'f there are | i-RMBERO vaRdEAFadtQwadd tbhlee r&@B et to best possible values,
voltage limit violations are avoided.

1.4.10 Static Phase Shifter

A Static Phase Shifter (SPS) is basically a phase shifting transformer adjusted by thyristor switches
to provide a rapidly variable phase angle. In general, phase shifting is obtained by adding a
perpendicular voltage vector in series with a phase. This vector, which can be made variable using a
number of power electronics topologies, is derived from the other two phases via a shunt connected
transformer. Thus by varying the phase angle of the system, power flow through the network can be
controlled.

To open this form, use menu option Elements-->Series Elements-->Facts->Static Phase Shifter.
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SPS No. i This field prompts for the identification number of the SPS. This is a user defined
number and should be unique for each SPS. It cannot be 0.

SPS Name i This field accepts the name of the SPS for which the number has been specified.
This is a user defined name and should be unique for each SPS
Static Phase Shifter
e B SPSName P51
WRarn [0 WRawo | PR [5 e
= | T
FromBus Hurber |3 [Lokel 220000 7]

~Phass Shilt Anglerin degres:

ToBus Number |6 [Bu5] {220.000 =] || MinLimit |20 Mast Limit |20

Phase Shiftes Reactance |07 I

Tolerance i Tolerance value to check for SPS convergence. It checks the SPS power flows in the
present iteration and compares with the flow in previous iteration. If the difference in power flows is
less than this tolerance value SPS power flow is converged.

Phase shifter reactance i This field accepts the value of the SPS reactance.

Phase Shift Angle Limits - The minimum and the maximum angle limits of SPS in degrees
Shunt Elements

1.4.11 Reactor

Use menu opt i>Bhunt Bldnerssrfeenatcst or © t o open Cormeciedto r eact or f or m.
To specify position where the reactor is placed. Three options are provided

Shunt Reactor Data
Shunt Reactor

(Numbel 112 Fetch s> | Name [CHORANI4 SHAT H Mairtenance -
Relay |
Manufacturer Ref. No. |2301 [ShRea |¥] | | Cost Per Unitin
De-Rated Mva |50
Shunt Fleactor >> o
- Connected to Breaker Aating
& Eus Device ID
[2304107_{ Chomiad] = inMya  [15000
€ Line FAOM End e
n [21.651
€ Line TO End

‘ @ inService ¢ Outof Service

Commission
|V % Existing  Proposed Year ‘

’ =
-

At bus,
At From end of the line
At To end of the line.

Select the Respective device ID from the list box. In the list box, bus numbers are displayed if the
selected option is Bus else all line numbers are listed.

1.4.12 Capacitor

Use menu option fi E | e n»Shunt Elements>C a p a c fo bperr shunt capacitor form.

Shunt Capacitor Data

Number Fetch 3> Marne IShEZ[IEIT H Maintenance I -
Librar _ Relay |
[BSREE () 800 Marutacturer Ref. Mo, [2503 [B00MVAr- (=] || “Cost Per Uritin
Bus Number 5504029 [PADGH440)7 Shunt Capacitor >> { o
Statug— - Commission Statu Breaker Rating
@ (S @ Esisting C Proposed Year | Inbva [1E000.00) ke [21.651
£ Dut of Service
N |
—Attachment Fiemark:
Power Researt B ’ Page30
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1.4.13 Generator

Use menu option i E | e nmr&humt Elements>G e n e r #otomen the generator from.

Equivalent
of 61,62,63

Equivalent
of T1,T2,T3

Schedule Number
The user defined number to differentiate different generation schedules.
Bus Number

In practice always generator output is fed to generator transformer through bus ducts, so only one
generator can be connected to a bus. If any attempt is made to connect more than a generator at a
bus, a message box is displayed that generator already exists.

Number of Generators in Parallel
This field is to specify the number of units connected in parallel.

For example if G1, G2 and G3 are of same rating and connected to generator transformer (G.T) of
same rating, then mention no. of generators in parallel as
should be 3.

Capability Curve Number

This field is to specify the capability curve number, which has to be referred. This is a cross-
reference between the generator and capability curve library. If this field is zero, then the minimum
and maximum reactive power limits given in the generator data form are considered. Otherwise the
reactive power limits are considered from capability curve data referred.

Specified Voltage

This field is to enter the specified voltage magnitude at the generator bus in kV. This field is updated
in add mode to the rated voltage of the bus to which the generator is connected i.e., by default the
specified voltage is 1.0 p.u. This can be altered to desired value at any instant of time while
conducting studies.

Scheduled Power in MW
Generator Data

This field is used to specify the scheduled real — —

power generation in MW. If this value is less ot ] | ot [FTIT—] b || T
than the real power maximum specified, in load UnkeinPasie [T ar | || consbityiuba [ e =] Lomsmymmess | | ]
flow scheduled power is considered as SpastsdVabage Beshac _rew |
) e froo— . P N e =
maximum real power limit. = ~P- ”’ e
DeRaeamva  [10F Fiesastive Fowes - Mirimam ] Mver | Dot PerUnitin
; i hedied Poser [552 B et 0 I C—
Reactive Power Minimum e e ) |
o ) ) o T D — P
This field is used to specify the minimum P Poses - Wi [ e o —— -
reactive power limit in MVAR. Minimum reactive = = e

Neunsl Grouding Resstencs [0 ohm:  PaicipstionFachor (21 [0

Power Research and Development Consultankv1 |tesssmmrememe T am  owss o

Gicunding Theough Tianddomer _ Calculsis Drocp (%] —
e e
e e T e [T
e P

Hudeleg [RTERg]

e <] 76 Ly >
Tuabrs GorRetto [3 Tvse 1 oy T
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power limits on the generator are imposed because of the stability constraints.

Reactive Power - Maximum

This field is used to specify the maximum reactive power costinRs.

limit in MVAR. Maximum reactive power limits on the b
generator are imposed because of the thermal c.P?

) C.P
constraints.

These values are by default given using the Co
corresponding generator library. Using the MW and MVA
ratings in the library, power factor is calculated. Then
MVA* sin (power factor angle) is taken as reactive power
maximum value and placed in this field.

Reactive power limits for generator buses can be taken
as:

v

Poperaung
Qmax = 50% of the active generation

Qmin =-50% of the Qmax
Real Power - Minimum

This field is to specify the minimum scheduled real power for the generator in MW. This value is
considered in the load flow studies to apply minimum generation constraints.

Real Power i Maximum

This field is to specify the maximum scheduled real power for the generator in MW. If this value is
less than the scheduled power, then generator is allowed to generate up to this limit only.

Cost Coefficient CO

This field is to specify the constant cost coefficient CO in rupees for the generator. This cost is
independent of generation.

Cost Coefficient C1

This field is to specify the cost coefficient C1 in rupees
per MW for the generator. This cost is directly
proportional to the MW generated. Primary ki 400

Cost Coefficient C2 Seconda kv [220

This field is to specify the cost coefficient C2 in rupees

Grounding l—‘
per MW for the generator. This cost is directly Resistance 2 Uhas
proportional to the square of the generated MW. The Grounding [o Ohms
generator cost Cure is as shown in the figure. These cost Hroctiies
coefficients are of importance in economic dispatch and x| Cancel |

hence used in optimal power flow analysis.

Neutral Grounding Resistance

This field is to specify the resistance between the neutral point of the generator and the ground in
ohms.

Neutral Grounding Reactance
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This field is to specify the reactance between the neutral point of the generator and the ground in
ohms.

The grounding resistance and reactance are used in the unbalanced fault calculation.
Participation factors

This field is to specify the participation factor for the generator. Total area interchange error is
distributed among the generators depending on the participation factor. This generator participation
factor is with reference to the generator regulation characteristics. The sum of all participation
factors should be 1.This is considered in flat frequency control option during load flow analysis.

Bias Setting

This field is to specify the bias factor setting for automatic generation control regulator, which is a
constant for area load - frequency characteristic.

Select

User has a choice to select the element as grid / utility or Generator. If the choice is utility then only
the required fields will be activated and user has to provide data in those fields. If it is a generator all
the data are required.

Model Type

This field is to specify the modelling type used for the generator.
The different generator models that package supports are: Change Model To

Infinite Bus modelling (model type 1) " Infinite Bus Modelling (X'd ]
Transient modelling (model type 2) € Transient Modelling (X'd & X'q )
Sub-transient modelling (model type 3) (¢ Sub Transient Modeling [%"d & X'q |
The user can select any model for the generator depending on S I Cancel l

which analysis has to be performed.

If it is utility then model type is to be Infinite bus modelling.
AVR number

This field is to specify reference number of the AVR library. This is a cross-reference between the
generator data and the AVR library. The AVR libraries present in the database are listed in the list
box for easy selection. If no AVR is connected to the generator, select zero from list.

AVR FPB Name

This field is to specify the filename of the AVR FPB model to be used in transient stability study. By
default, this field is blank. To connect any AVR drawn using free programmable blocks editor, give
the file name with fpd extension as parameter in this field. If this customized AVR is to be
connected, then standard AVR is ignored. Program prompts user that it is going to ignore the
standard AVR if OK is clicked. Otherwise standard AVR is considered.

Turbine Governor Number

This field is to specify reference number of the Turbine Governor library. This is a cross-reference
between the generator data and the Turbine Governor library. The Turbine Governor libraries
present in the database are listed in the list box for easy selection. If no Turbine Governor is
connected to the generator, select zero from list.

Turbine Governor FPB Name

This field is to specify the filename of the Turbine Governor FPB model to be used in transient
stability study. By default, this field is blank. To connect any Turbine Governor drawn using free
programmable blocks editor, give the file name with fpd extension as parameter in this field. If this
customized Turbine Governor is to be connected then standard Turbine Governor is ignored.
Program prompts user that it is going to ignore the standard Turbine Governor if OK is clicked.
Otherwise standard Turbine Governor is considered.

Calculate
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If the generators are grounded through transformer, the impedances can be computed using the

calculate button

Click on Calculate, the following dialog box
appears.

Generator Unit Protection

Genlo. 7

Mame

[wailas G1

Enter the primary voltage, secondary voltage, Input [05FUL_MarchiVLIS 2020%Gen ProL it Load
grounding resistance and grounding reactance. Report [D:SFII_MarchivLIS\20204Gen1 Prol.gpt Open

Click OK, to update the corresponding fields in

Base Mifs  |6.5569300638

the enerator form MVAF(ahngIZW MWRaIlngIZTD
g . o Fuating I“ PF ID a5 LCritical Clearing Time 21926234
Global Change C.T Raing r Over Curert
i IVPWW 1= 4 Seconday|3 4 | ™ Valtage Cortroller Over Curert
Click on Global Change, to change the T Raing Pimary rcl2y Dperating tine
modelling of generator to a different model. Prinay  [11 W seconday 10 v B
I¥ Loss of Excitation
Unit Protection X 4 e | | g
. I ¥ Pole Sipping
Generator and generator transformer units are S | o & Dut o Slep
subjected to a number of possible hazards s | i o Pu| | Overvotage
against which protection should be provided. 7 Under'Vohage
Otherwise, these problems may result in severe e s o 7 Over freauency
H == Thase |5000 5000 IV Wnder frequency
damage and long outages for repairs. ; ;
Following conditions have to be detected, ‘ [ 7 G |
selectively recognised and quickly cleared by e e | e |

the protection.
Internal faults
Abnormal service conditions

External faults (as back-up protection)

The hazards and problems considered are Internal Faults viz Phase-phase faults in the winding,
Phase-ground faults in the winding and ground faults in the rotor and abnormal conditions like loss
of excitation, over load, over voltage, under & over frequency, unbalance currents, inadvertent

energization, out of step (loss of synchronism) and loss of prime mover (motoring).

Output file

GENERATOR PROTECTION REPORT

Base MVA 247.000

Generator Number : 1

Generator Name Genl
Generator MVA rating 247.000

Generator Rated MW 210.000

Generator rated voltage in kV 11.000

Power factor 0.850

Primary CT  rating in A : 15000.000

Secondary CT rating in A : 5.000

Primary PT rating in kV 11.000

Secondary PT rating in V 110.000

Xd 2.210

Xd' 0.266
GT Rating in MVA 247.000

GT Impedance in pu 0.140

GT Secondary Voltage in kV 220.000

Grid 3 phase Fault Level in MVA 5000.000
Grid SLG Level in MVA 5000.000

Critical Clearing time in seconds 0.400

Primary Relay Operating time in seconds

0.300

Type of Relay Settings

Instantaneous

Voltage Controlled Over Current Relay

Generator Rated Current in A

: 12964 .138
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Generator Instantaneous Setting

Fault Current from Generator to Grid fault(A) :31931.374
Instantane  ous Setting I>> referred to secondary (A) :10.644
Inst Setting Multiplier 1>> 13

Inst Setting Time T>> (secs) :0.300
Instantaneous Setting I>>> referred to secondary (A): 13.837

Inst Setting Multiplier 1>> > 13
Inst Setting Time > :Inst

Voltage Controlled Relay Setting

Plug Se tting (A) 14400.00

Plug Setting (A) referred to secondary : 4.800
Plug Setting Multiplier : 0.960

Time Multiplier Setting 0.42

Voltage in pu 0.600

1.4.14 Wind Generator Data

Use menu option i E | e nrShumt Elements>Wi n d G e nte opantthe widd generator form.

Wind Turbine Generator is a non-conventional generator. A basic wind turbine generator will have
an aerodynamic system to convert wind energy to mechanical energy, and an Electrical System to
convert mechanical energy to electrical energy. The entire system includes a turbine, electric
machine, aerodynamic-mechanical and electrical control systems, converter-inverter model in some
cases. This wind turbine generator is very much different from conventional generators as the
stability and controllability characteristics are quite different for a wind turbine generator. The real
power generation of a wind turbine will be basically dependent on the site climatic conditions like
wind speed, air density, etc. The reactive power generation of a wind turbine is basically dependent
on the terminal voltage of the generator, as most of the wind generators are having induction
machines. The wind turbine generator cannot be re
represented as a PQ bus but the effect of other factors like wind speed, site air density, grid bus

voltage, etc. The detailed model is developed for the purpose of power system simulation studies
with

Figurel.1: Schematic diagram Aerodynamic-mechanical-electric system of a wind turbine generator
Terminology and Definitions in MiP-PSCT

Fields present in Wind Generator Data Window:
Wind Generator Data
Mumber Fetch »» Mame [WwG1 Schedule Mo [0 -
Busz Mo. W

U blade

gearbox

hub

Lorsional flexibility of
shaft
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WT No. i This field prompts for the identification number of the Wind Turbine generator. This is a
user defined number and should be unigue for each wind turbine generator. It cannot be 0.

WT Name i This field accepts the name of the Wind Turbine generator for which the number has
been specified. This is a user defined name and should be unique for each Wind Turbine generator.

Bus No. i The bus number to which the Wind Turbine generator is connected. The bus ID should
be present in bus data.

Real Power i The real power generation of the wind turbine. This option will be enabled only if
simple model is selected.

Reactive Power i The reactive power generation of the wind turbine. This option will be enabled
only if simple model is selected.

Model Type i1 If the user selects Simple Model Wind Turbine will be of simple power injection
model. If the user selects Detailed Model Wind Turbine will be detailed model to calculated power
generation from field data.

No. of Turbines i This field specifies the number wind turbines present. If this number is more
than 1 it is considered as wind farm/park.

Manufacturer Ref. No. i This field refers to manufacturer reference No.
De-Rated MVA i De-rated MVA rating of the Wind Turbine generator.
Operating Power Factor 1 This field specifies the operating power factor of the Wind Plant.

Real Power Generation Min iThis field specifies the minimum real power generation of
individual Wind Turbine.

Real Power Generation Max i This field specifies the maximum real power generation of the
Wind Plant/Turbine.
Total Reactive power compensation details

Reactive Power Generation Min i This field specifies the minimum reactive power generation of the
Wind Plant

Reactive Power Generation Max i This field specifies the maximum reactive power generation of the
Wind Plant

No of steps i This field specifies the No. of steps in which reactive power is controlled.
Average Wind Speed i This field specifies the average wind speed at the plant. Units will be m/s.
Air Density T This field specifies the air density at the plant. Units will be kg/m3.

Fields present in Wind Generator Library Window:

Wind Generator Library
Dynamic Model Data:

R Number Manufacturer Name [WG3 Diive Train System Data

" OreMassHodel  ® Tro Mass Model
VA Rating |1.1 W Rating [1 K 1aling |06 Tubhe e () 33 Generaor Inetia Mg 03

Damping Constant 0] [1 Stifness Constant [€) [11
Dbl e ! fear ol @ Pseudo Governor Model ‘ ‘ ‘

Tubing Rated Speed fpm) 168 Turbine diameter (1) [35.4465

0
Turbine Type
W1 w2 CWna ©wie Pt Toes h
1
8 +
Stator resistance AT (pu) (00121 Fiator resistance B2 ) 0.0091
Stator reactance 1 [pu)  (0.0742 Fiotor reactance 2 [pu] 01716
Magnetizing branch
eras Senao] 2.7626 Variable: Rotor Resistance (pu)
Pow o T
Cutin wind speed [m/s) |3 Cut out wind speed [m/s] |20
. g
Poyer Curve inp.u. 298 (L2982 v Library »>

[on its own base)

Operating Mech Pawer Vs Library >> —
— Operating Rotar Speed =

Opstaling Hech Power Vs 3 X
Power R R b |:| 36
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Reference No. i This field refers to the reference No. of Wind Turbine model.
Manufacturer Name i This field refers to the particular manufacturer of the Wind Turbine.
MVA Rating i MVA rating of the Wind Turbine generator.

MW Rating i MW rating of the Wind Turbine generator.

kV Rating i Voltage rating of the Wind Turbine generator.

No. of Poles in Generator i This field takes the data of No. of poles in the machine. This cannot be 0
or odd number. The data in this field can be only even number.

Turbine Rated Speed i This field takes the data of Synchronous speed of the machine. If system
frequency is greater than the product (Synchronous speed, No. of poles, Gear box ratio)/120 then
the data error message will pop up.

Gear Box Ratio T Gear box ratio of the mechanical system need to be entered in this field. This
value can be an integer or decimal. But not be 0.

Turbine Diameter i Turbine diameter is to be entered in this field in meters.
WT1 7 If user selects this field Wind turbine model 1 will be considered.
WT21 If user selects this field Wind turbine model 2 will be considered.
WT3i If user selects this field Wind turbine model 3 will be considered.
WT4 i If user selects this field Wind turbine model 4 will be considered.

Stator Resistance in R1 (p.u) 7 This field specifies the stator resistance in p.u... This field will be
enabled for WT1 to WT3.

Stator Reactance in X1 (p.u) i This field specifies the stator reactance in p.u. This field will be
enabled for WT1 to WT3.

Rotor Resistance in R2 (p.u) i This field specifies the rotor resistance in p.u. This field will be
enabled for WT1 to WT3.

Rotor Reactance in X2 (p.u) i This field specifies the rotor reactance in p.u. This field will be
enabled for WT1 to WT3.

Magnetizing branch Reactance in Xm (p.u) 1 This field specifies the mutual coupling reactance in
p.u. This field will be enabled for WT1 to WT3.

Variable Rotor Resistance in p.u i This field specifies the rotor resistance in p.u. This field will be
enabled for WT2.

Cut in Speed i Turbine cut in speed is to be entered in this field.
Cut out Speed i Turbine cut out speed is to be entered in this field.

Power Curve i This field refers to power curve reference No. some reference power curve need to
be specified for all four wind turbine models.

Operating Mechanical Power Vs Operating Rotor Speed i This field refers to operating mechanical
power Vs operating rotor speed reference No. some reference power curve need to be specified for
WT2 and WT3 wind turbine models.

Operating Mechanical Power Vs Operating Wind Speed i This field refers to operating mechanical
power Vs operating rotor speed reference No. some reference power curve need to be specified for
WT2 and WT3 wind turbine models.

Turbine Inertia (Ht) T Turbine inertia is to be entered in this field.
Generator Inertia (Hg) i Generator inertia is to be entered in this field.
Damping Constant (D) i Damping constant is to be entered in this field.
Stiffness Constant (K) i Stiffness constant is to be entered in this field.

Fields to be present in Wind Generator Curves Library (Window):
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Power Curve

LibraipNa  [298 Libraiy Narme  [C298

Tuibine Type
& Wi o owrz Wi Wt

© Fomulal © Formula2 @ CuiveData

" Mechanical Fower Vs \Wind Speed  Lossesl]
& Campute Mechanical Powe

wind Speedmfe) | Mect owerteu) | Electrical Power(ou

2

Curve Data Details

Library No. i This field refers to the reference No. of Wind Turbine model.
Library Name i This field refers to a library name for reference to a particular Wind Turbine.

Formula 1 7 When user selects this button the power curve will be taken in the form of formula type
1. Total 12 variables starting from CO to al will enable. User need to enter data in these fields.

Formula 2 i When user selects this button the power curve will be taken in the form of formula type
2. Total 25 rows will come in the grid. User need to enter data in these fields.

Curve Data i When user selects this button the power curve will be taken in the form of data. Two
columns will come in the grid. One wind speed and other mechanical power generation in p.u. user
need to enter data in these fields for 20 rows.

Detailed Curve i When user selects this button the file browse option will be enabled.

Mechanical Power Vs Wind Speed i When user selects this button the power curve will be taken in
the form of mechanical power Vs wind speed.

Electrical Power Vs Wind Speed i When user selects this button the power curve will be taken in
the form of Electrical power Vs wind speed.

Losses (%) i This field refers to losses.

1.4.15 Solar PV Data

Solar Power is the conversion of sunlight into electricity, either directly using Solar Photovoltaic
systems or indirectly using Solar Thermal systems (Concentrated solar power)

Solar Power technologies classification:
Y Solar Thermal
Y  Solar Photovoltaic

This report mainly focuses on Solar Photovoltaic as the Solar Thermal generation is similar to
conventional thermal generation.

Solar Thermal

Solar thermal power plants produce electricity by converting the solar radiation into high temperature
heat using mirrors and reflectors. The collectors are referred to as the solar-field. This energy is
used to heat a working fluid and produce steam. Steam is then used to rotate a turbine or power an
engine to drive a generator and produce electricity All Concentrated Solar Plants are based on four
basic essential systems which are collector, receiver (absorber), transport/storage and power
conversion. Parabolic Trough, Solar towers, Parabolic Dishes and Linear Fresnel Reflectors are the
four main technologies that are commercially available today. The details are given below:

i. Parabolic Trough
i. Solar Towers
iii. Parabolic Dish
iv. Linear Fresnel Reflectors
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Solar Photovoltaic

Photovoltaics (PV) is a method of converting solar energy into direct

current electricity using semiconducting materials that exhibit the photovoltaic effect. A photovoltaic

system employs solar panels composed of a number of solar cells to supply usable solar power.

Power generation from solar PV has long been seen as a clean sustainable energy technology

which draws wupon the planet s npoewdble pnergyrsouicd iuthe and wi dely distribut
sun. The direct conversion of sunlight to electricity occurs without any moving parts or environmental

emissions during operation.

Solar PV is now, after hydro and wind power, the third most important renewable energy source in
terms of globally installed capacity. More than 100 countries use solar PV. Installations may be
ground-mounted (and sometimes integrated with farming and grazing) or built into the roof or walls
of a building (either building-integrated photovoltaics or simply rooftop).

Power system is a complex network of thousands of buses with generators, transformers,
transmission line s , compensating devices, and other auxiliary equipmento6s
safe and reliable operation. The overall system thus consists of multiple generating sources and
several layers of transmission networks. This provides a high degree of structural redundancy that
enables the system to withstand unusual contingencies without service disruption to the consumers.
Power system planners and operators require wide-ranging data analysis and computer model
simulation to understand; the behavior of complex power system under contingency situations to
avoid cascaded outages and; to evaluate the ability of power system to withstand such events.
Computer simulation helps system planners and/or operators to develop strategies to mitigate the
potential problem. The response obtained from the model simulation studies indicates the
vulnerability of the system against the potential power system threats. In general a system model is
needed to reasonably represent the actual equipment performance in simulations.

Terminology and Definitions in MiP-PSCT

Number : This field prompts for the identification number of the solar PV plant. This is a user
defined number and should be unique for each solar PV plant. It cannot be 0.

Name :This field accepts the name of the solar PV plant for which the number has been specified.
This

is a user defined name and should be unique for each solar PV plant.

Bus No. T The bus number to which the solar PV plant is connected. The bus ID should be present
in bus data.

Model Type i If the user selects Simple Model, Solar generator will be of simple power injection
voltage controlled type. If the user selects Detailed Model, Solar Generator can be modeled in detail
considering the actual field data and it is of PQ type.

Schedule Number : User defined number to differentiate different generation schedules
Plant Rating i This field specifies MVA rating of Solar PV plant if simple model is selected.

P-Specified 7 This field specifies real power generation of the solar PV plant if simple model is
selected. Reactive Power output is calculated either based on constant power factor or based on
voltage control mode.

Constant Power factor mode: User specified power factor. Default value is 0.95

Voltage Control mode: Based on voltage control mode, user has to enter V-specified, Qmin and
Qmax. PV plant will be considered as a conventional generator in voltage control mode.
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Solar PV Data
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Following data is required for the detailed solar PV plant model

Solar irradiance Data: Value of Solar irradiance on tilted plane can be entered directly or it will be
calculated internally. Inputs required for the computation of solar irradiance on horizontal plane are
GHI (Global Horizontal Irradiance), DHI (Diffuse Horizontal Irradiance) and DNI (Direct Normal
Irradiance) in W/m2.

Mounting Type data:

PV modules must be mounted on a structure, to keep them oriented in the correct direction and to
provide them with structural support and protection. Mounting structures may be fixed or tracking.

For fixed mounting systems the PV modules will be at fixed tilt angle (angle from horizontal plane)
and fixed orientation angle (angle of PV module relative to south). The tilt angle and orientation is
generally optimized for each PV power plant according to location. For Indian sites, the optimum tilt
angle is generally between 10° and 35°, facing true south. Fixed tilt mounting systems are simpler,
cheaper, and have low maintenance requirements than tracking systems.

Input for this is module tilt angle in degrees and module azimuth angle in degrees.
Time and Location data

For all the solar PV plants present in the database should have same time instant given by the
user. This requires data as latitude, longitude, standard meridian in degree and minutes. Time
should be in Hour and minute.

Cell Temperature: Measured cell temperature can be entered directly or it can be calculated
internally based on NOCT (Normal Operating Cell Temperature). For the computation of cell
temperature based on NOCT required inputs are given in the following table.

Ambient temperature : By default it is 15degre Centigrade.

Cell temperature data based on NOTC

Parameters and Description units
NOCT temperature °c
NOCT condition i Open Circuit / Max Power No unit
Alpha - product of transmittance and absorption No Unit
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PV Array Data

Number of modules in a string and no. of strings in an array is to be entered by the user to
compute maximum power in an array.

Inverter

Inverter details are to be entered in this section Default data is given in the following table.
Parameters and Description units
D.C side power rating (Ppc) MW
A.C side power rating (MVAin) MVA
A.C side voltage \
Efficiency (efficiencvia) %
Number of Inverters No unit

Solar PV Library

Solar PV Library
| Library Mo [1 Library Name  [P+Lib1 ‘

| " Based on One diode madef " Based on Name plate details ‘
Seriss Resistance |4 027 mBhms . module rating 215 L
Shunt Resistance |? 6388 s Efficiency af P¥ madule |11 %

Reverse saturation cunent diode [2 na& Maw power pointvoltage. [302 | ¥
Photon generated curent( L] [a37 | A Mespower paint curent. [713. | A
Diode ideality factor D & Temp, coeficfpower,  |[0885 | /% [
Mo, of series connected cele 72 £ Temp. cosffotvaliage. [833 T ype o
Temp. co-effi of curent 4.2 pASD K
Band gap energy |
R, 1
Io lan
”
Run v

Based on one diode Model

One Diode Representation of PV cell

Typically a solar cell can be modelled by a current source and an inverted diode connected in parallel to it.
It has its own series and parallel resistance. Series resistance is due to hindrance in the path of flow of
electrons from n to p junction and parallel resistance is due to the leakage current.

In this model we consider a current source (I.) along with a diode and series resistance (Rs) and shunt
resistance (Rsn) in parallel as shown in figurel.

I Ish
I

©) Resn v
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Figure 1 : One diode model of a PV cell

Based on Name plate details

Inputs required for computation of Maximum power from MPPT nameplate details are tabulated below

Parameters and Description units
PV module rating (Pmax,ref) W
Efficiency of PV module %
Maximum power point voltage (Vmpp) V
Maximum power point current (Impp) A
Temperature co-efficient of power (b) %/°C
Temperature co-efficient of voltage (Cy) V/eC
1.4.16 Motor

Use menu opt i>Bhunt Bldnerssr\onttosr © t o open motor form.

Motor Data

Matar Pratection elay

Motor Number [E Fetch Motor »> | Hame [Mot3 M sintenance
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Mokar Library >>
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 Statting Mod

The motor load is considered in load flow as shunt impedance. For short circuit studies, motor is

modelled as generator with impedance arrived taking unity slip. In the stability study, all the motor
data are used.

Winding Type

This field is to specify the winding connection of motor. Three options of winding connections are
provided namely, Star connected, Star grounded and Delta. The user can select any of the above
winding connection depending upon the motor winding. Generally the motors are delta connected.

Neutral Resistance

This field is to specify the neutral resistance of the motor in ohms. This is applicable for star
grounded type winding connection.

Neutral Reactance

This field is to specify the neutral reactance of the motor in Ohms. The neutral resistance and
reactance are of importance while considering the fault analysis.
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Slip

Specify the slip of the motor in this field. Slip is given by the difference between rated speed and
operating speed expressed as percentage of rated speed of the motor. The motor starting on no
load condition the slip is 1.0. If motor is starting with loaded condition, then the actual value of the
slip should be given. For motor starting studies, give motor slip as 1.0 and conduct transient stability
studies.

Starting Mode
Auto-Transformer Starting
Resistance Starting
Star-Delta Starting

Direct Online

Auto Tap Value

This is the initial autotransformer tap position in p.u. This field comes into picture only for the motor
starting with autotransformer.

Slip

This field is to specify the slip at which auto Tap is cut off.
Time

This field is to specify the time at which the starter is cut off.
R-Start

For star-delta starting mode, the initial resistance in pu.
R-End

For star-delta starting mode, the final resistance in pu.

Formula or Characteristic: If the formula is selected the motor load is considered using the C0,C1,
C2 constants otherwise it will be taken as characteristics provided by the user

Motor Torque
Torque Constant

This field is to specify the operating torque of the motor. The Motor torque at any speed is given by
the relation:

T=Tc (A+B N+ C N2)Where, Tcis the rated torque (power) in MW.

Constant Torque Component (A): Specify the torque constant value, which is independent of the
motor speed.

Torque Component Proportional to Speed (B): Specify the torque constant value, which is directly
proportional to the motor speed.

Torque Component Proportional to Square of Speed (C): Specify the torque constant value, which is
directly proportional to the square of the motor speed.

Sum of all these three constants (A, B, C) should be 1.0.
Motor Load Library

For C1,C2,C3 Constants can be stored for different motors in load library as shown in below. The
stored library selection can be selected by the user which updates the constants data.

Motor Details Motor Details
T — Owscipton [
H S p— wieaton [ H
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The motor details include --

Tag Number

Driven Equipment

Duty

Manufacturer Name

Type

Frame designation Mounting

KW output

Voltage

Full load current in amperes

Full load speed

Enclosure

Mounting

Insulation class

Ambient temperature/temperature rise
Applicable code

Full load Torque

Starting torque as % full load torque
Percentage efficiency at Full Load
Percentage efficiency at % full load
Rotation viewed from NDE
Bearing type/Number

Weight in KG

Lubrication

Coupling pulley

Cable Size

Phase/Connection/No of Terminals
Frequency

Number of poles

Locked rotor current in amperes
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Stall time HOT (100% Rated Voltage)
Stall time HOT (110% Rated Voltage)
Stall time Cold (100% Rated Voltage)
Stall time Cold (110% Rated Voltage)
Thermal Time constant for Stator
Thermal Time constant for rotor
Power factor at full load

Power factor at % full load

Pull out torque

Pull up torque

Space heater watts/volts

GD sq of load

GD sq of motor

Starting time in sec at 100% rated voltage

Starting time in sec at 80% rated voltage

1.4.17 Load

Use menu option i E | e n»Shunt Elements>L o atalapen load data form.

Load Data
~Relay

Number IE Fetch Load 3| Mame [Loads ‘ ‘ Maintenance Schedule No |0 - vl
BusNumber  [13 [BRM] {11.000 = Ma af Cansumers | | MyAR Compengation ID ﬂl
|1

X Minimum Compensatian in MWAR ID —Cast Per Unit in
Real Pawer in kw 1
z Maximum Compensation in MyAR ID IU
. anmpLte |
Reactive Power in MyvaR |0.619744 Compensatian Step in MVAR

ID
— Cost libray
Poer Factor (0.850000 Load Details | Load Characteristics No. In -
Ref No. -
Load Type ~ Unbalanced Load

Library
’7 & Linear € NonLineat (g \ﬁ Load Characteristics > | Lib »> |
Matar Load Percentage Unbalanced Load Details oA
’7 ID (Global Change

~Status—————— -~ Commission Status—————— [~ Breaker Rating
In MiA {350
& In Servi i & Eisti (a I _—_
N Service Out of Service '+ Existing Proposed  ‘Year [0 ks 16371
Contral Block.
’7pr Path I Browsel ‘
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JEd|
-

Real power in MW

This field is to specify the real power of the load in MW.
Reactive power in MVAR

This field is to specify the reactive power of the load in MVAR.

Power Factor
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The power factor is computed if the MW and MVAR are given. If the power factor is entered, Mvar
for the given MW is computed.

MVAR Compensation

This field is to specify the reactive power compensation provided at the bus. It is the fixed
compensation at the bus. (+ve for capacitive and -ve for reactive). For planning studies, fixed
compensation can be given. However, if

the shunt capacitor value is known, then ~Load Data
specify the compensation as shunt Load Humber |5

capacitor so as to have realistic SchedulzNo |0

representation. With shunt capacitor

representation, the compensation MVAR Serial lumber [

value changes with respect to voltage. b 1

Minimum Compensation in MVAR ReaPoser |10 Hu

This field is to specify the minimum etz | var
reactive power compensation for the @ POload MolorLoad € Nol Commected

load. Reactive power compensation is
limited to the minimum values for
violating the minimum limits.

Compensating MVAR limits are used in
reactive power optimization.

Maximum Compensation in MVAR

This field is to specify maximum reactive power compensation for the load. Reactive power
compensation is limited to the maximum values for violating the maximum limits. Compensating
MVAR limits are used in reactive power optimization.

Compensation Step in MVAR
This field is to specify increment value of reactive power compensation at the bus.
Global Change

The power factor and the load characteristic of the load can be modified. It can be modified based
on voltage level, zone wise or area wise.

Power Factor Option: With this option power factor of particular zone loads or particular area loads
or loads connected to particular voltage level buses or loads connected to particular voltage level
buses in a zone or loads of particular area and zone can be modified. If Zone, Area and Voltage are
0.00 then all loads power factors in that database will be modified.

Load Characteristics Option: Load characteristics of particular zone, particular area and loads
connected to particular voltage level buses can be modified. If Zone, Area and Voltage are 0.00 then
all loads characteristics will be modified.

Load Type: User has an option to specify the load type as linear or non-linear. Nonlinear loads are
current or voltage sources considered in harmonic analysis

Motor Load percentage: Percentage of Motor load can be specified. This motor contribution will be
considered in short circuit analysis.

Load Details

The individual load details can be given here. All the connected loads should be specified here. The
loads can be p-q load or motor load. Option is provided to disconnect the loads. Click on Update
load to update the main load data form to reflect the changes made to the individual loads

Motor Load Percentage

Specify percentage Motor load. That percentage will be considered in short circuit studies with motor
contribution.

1.4.18 Cyclic Load

Use menu option i E|l e me Bhust Elements >Cy c | i ¢ tdopencyclic load form.
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Cyclic Load Data
Cyclic Load Mumber I Fetch »» | M ame ILF1

Bus Number 51 [Bustl] 2507 Reference Mumber |1 'I
Cyclic Load Libramy >>|

1.4.19 Filter

Use menu option i E | e nr&humt Elements>F i | to ependfilter form.

Filter Data
Filter Murnber |1 Fetch Filker > | Filter Marmne IUDF1

Manufacturer Ref. Mo I'I [UDFT] VI
Filter Libranyz>

Statu Cost Per Uit in
’7 i+ |n Service Ot of Service ‘ ’7 IU

Bus Humber 1110.000

1.4.20SvC

Use menu option i E| e meShtnsElements > S V Gadopen SVC form.
SVC FPB Name

This field is to specify the filename of the SVC FPB model to be used in transient stability study. By
default, this field is blank. To connect any SVC drawn using free programmable blocks editor, give
the file name with fpd extension as parameter in this field. If this customized SVC is to be
connected, then standard SVC is ignored. Program prompts user that it is going to ignore the
standard SVC if OK is clicked. Otherwise standard SVC is considered.

Static Var Compensator Data

SWC Mumber |1 Fetch 3> | SWC Mame ISVE]

_ Manufacturer RefNo. |1 -
R ER (0 (B us100] 111,000
SVC Library »»
 Statu ~Breaker Rating—————
@ InService O Out of Service In WA Ig In ks I 0.000
Cost Per Unit in —
FP File Name | J [o

1.4.21 Shunt FACTS Device

Use menuoption i E1 e meShtnsElements>Shunt F a ctoopBneSFD form.o

Shunt Facts Device

Wumber [T Fetehs Mame [SFDT |
BusNo. |3 (Lake (220000 [v]  FactDeviee Type [1 > 5VC =]
VorRet [T pu Sope [0 | pu Tolerance [0.0001 |

Raled Vollage |
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Maimum

Inductive [20

Status
I servics & Oulof service ‘

|SFD FPB File Name [ ||

Mvar 220 v












































































































































































































































































































































































































































































