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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 equipment, field placement is to be entered in “Elements".
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

“Libraries" contain the information related to equipment rating, impedance and winding connections
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 which the equipment’s parameters are
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 that “Add a New record Yes/no”.

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. — 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 “File > New Database” option for Database menu or SRt
use button on the general-purpose toolbar to open a new e — T
database. Use Ctrl + N to perform the operation with P e TP
] LF&
Power Research and Development Consultants Pvt. Ltd. T
Fle name: Open

Files of type: | Database Files(* mdb) h Cancel
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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 |
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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 “File > Open Database” option or click on the General-purpose toolbar to open 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 “File > Close” option to close individual forms opened for view. Use menu option “Window>
Close All” to close all windows at a time. Use Ctrl + E to perform the operation with Keyboard.

1.2.5 Save As

Use “File > Save As” option to make a copy of a database. On using this option, File Save, as dialog
box will be popped up in which the new file name can be given.
1.2.6 Exit

Use “File > Exit” to end Database Manager Session. Close command on the application Control
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 “View > General Purpose Toolbar” to show or hide the general-purpose toolbar. 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 —

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
Copy
Paste

Lists current record and its library in a grid
format Copy all data present in the form
Pastes the copied data

About Displays program information, version number
and copyright
Selection for Context sensitive help

Context Sensitive Help

1.3.2 Configure & Contingency Toolbar

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

Use “View> Configure & Contingency Toolbar” to show or hide the configure and contingency
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 —

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 D atabase Description [ <]
Regarding the Study{ =1
=i
I OK I 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 |

Use “View->SolveToolbar” to show or hide the solve toolbar. This option will be either ON/OFF. If
this option is ON, the toolbar is shown to the right 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 top to bottom order are —

[LFA | Invokes Load flow analysis solve dialog box |
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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 “View>Elements Toolbar’ to show or hide the elements toolbar. This option will be either
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 —

The following forms will be opened on click
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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

Use “View->Status bar” to show or hide the status bar. This option will be either ON/OFF. If the
option is ON the status bar is shown at the bottom, else the status bar is hidden. The status bar is
non-dockable i.e., it can’t be moved. The status bar has 4 panes. The information shown at different
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 “View->Bus Connections” to view all the connections 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.
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1.3.

7 User Access Level

Use “View->User Access Level’to know the access level 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. |“,,“—” ]|
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

Avc Flagh
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

Qlick on “Global Change “to change globally
certain parameters of the bus.
-ChangeBy— [Changete———————
. [ The following dialog box appear
Min [0.35 pu v
Max  [1.05 pu v
e =] I ——
[ Zane e | Ints Pyt Ltd. Page 15

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
’7 Degiee Minute I'IS ‘

Longitud;
Degies I91 Minute IU ‘
‘ Altitude |35D Font Mo I‘I ‘
_——— 1
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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°F. This extreme temperature | g l”_ 0---5 Dpen i
melts and vaporizes metals and can ignite clothing and 1= Switch Gear
cause fatal burns as far as 10 feet away. The Arc flash | XFactor |u_ 2w MEE and Panels
analysis can be performed to find Arcing current, Incident Watking oy Cables
energy, Hazard Risk Category (HRC) and Personal | piganceinmm|" e s
Protective Equipment (PPE) requirements in an electrical

system as per the IEEE 1584-2002a and NFPA 70E
standards.

Arc Flash — 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 Nurber (2 (ao0s] (20000 =] Exicts 4.
o LT Fating QueiCurent Relay SLD - Show Breaker . .
oBusNurber |75 @007 032000 v # Hot Esists Ea— win d in g
CorkolBus Mumber [o Gusdl = ® B by [5000 ke [z1e70 I ves
=l = Reloy
NoofUnitsinParalel [T Set Tap Fosition Compute| [10 3
Nominal Tap Post Cost Per Uit in ot )
Contingency Weightage [T ortinal Tap Position 3 onfingency
Gt | Schede 0
Owner Humber 1Dmnerl - Phase Shit Angle o o chedle
Stalus Corneaissian Status
| "Sevie C OutofSenvies || & Evising " Proposed Year [0 ——
Grounding Transformer
POWer l: PiiGrounding Resistance |0 ohme  PriGrounding Reactance [0 ohms Frimery o Pa ge 1 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 “Elements>Series Elements>Two Winding Transformer” to open the two winding
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 Consultants Pvt. 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 — winding temperature Indicator
Current Transformer — Neutral current transformer 1
Current Transformer — Neutral Current Transformer 2
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Winding temperature indicator — Make
Model

Serial Number

Range

Oil temperature indicator —-Make
Model

Serial Number

Range

Buchholz — Make

Serial number

CM3

Model

Pipe diameter

Cable sizes — Primary
Secondary 1

Secondary 2

Switchgear feeding from
Switchgear feeding to

Taps — Minimum

Taps — Max
Specification
NGR - 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

5 Make Serial No. Ch3
requency lD—H
: ~ Temperature Rise Over Amb S0C inDeg————— I I I

Mo, of Phasss |0 ail Winding Madel Fipe Dia in mm

Yector Group - ID IU I ID

~weight in Kg  SwitchGear Feeder

# 0 b ;

% Imp Vaks # 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———————————————

Ly Frimary Secondary 1 Secondary 2

V2 l— - Cument Transformers ——————————————— | | | |
‘Winding Temperature Indicator
Cooling vl I ~ Meutral Grounding Resistor——————————————
. Make I
Dil Quanity |0 Lt | Weutral Cument Trarsformer 1 I—
Crawing Number | [ e
s Flesistance IU ohms
ustomer
Fiaf Murber Neutral Current Transformer 2 s ID—
Type |
I Rated Currert IU A
3pecification 1S
T —winding Temperature Indicator—————————— Time Fating ID B
B —
Mo of Taps I[I IMake IModeI Temeperature Rise ID demE
* ID % Serial Mo Blzger fear ID
- o s I [ Cabls [ sgmm

1.4.3 Transmission Line

Use menu option “Elements>Series Elements>Transmission Line” to open transmission line/cable form
Line/Cable Data

Feed Data
Number Fetch Line > Name [Line3 Maintenance Type
& Cunert ¢ Power
De-Rated MyA S0.309128 Stiucture Fief. No. [2000 [Panther 132k0] ~| || Amperes [0
Rt 90309128 Miva Transmission Line Library >> | Line Datails >> | et fos
Aating I 90303128 Mva Shew Sreaker-SLD
etna From Breaker n I ves
ating

From Bus Number |23 [9005] (132000 | ||| @ Not Exists LD Notation
S S ~ Existe Mye [5000 ke, [21870 N

@ Bus Number -

[Bust) - Fiom Breaker o ot
Number of Cictits 1 ¢ Breaker
To Breaker  Isolator
Line Length 30 km ||| & Not Exists Rating
NOP
Cortingercy Weightage [T © Exists Mva [So00 ke [21870 & Ho
© From Side
- ~ To Breaker

Ovner Number [TOwner =] £ Ta Side
Status Commission Status

® InSewvice © FromEndOpen ¢ ToEndOpen ¢ Outof Service & Esisting O Proposed  Year [0

From Side Open To Side Open
€ TNDP @ Maintenance (" Faul O Others [MNT @ TNOP ( Maintenance ¢ Faul ¢ Others
Mutual Coupling Shunt Reactor Cost Per Unit in

= Go To >> = Costkm [0

Line Protection Fielay
Max Transmittable Power 100 Bz

Overcunent =
Maimum Pf 1
Minimum Pf 07 CiEE= = I
Mutual Coupling factor os UrRCeton
#rc Fault Line Pilot - 4
Minimum Arc Cunent 2500 a
Line Differential =
Are Lengtth F m
Reliabilty
Safety M. >
alety Margin [ = Equipmert Type (& Main ¢ Lateral
Ratio of Earth fault Current
Lacalta Remete g Annual Fault Rate [0 Fault/Cizkm
Effective Tower Fooli
Effectve Toe: Footing B omm g Repait Tine [0 Hours
g Manual Sectionalizing time [0 Howrs
Frequency of Dscillation (Hz]
Initial Max |25 Conseculive Max [7

Attachments Remarks

=
=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.
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1.4.4 Series Reactor

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 — 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.
Series Reactor Data

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

onnected Felay

Use menu  option “Elements>Series | P=fs=dMe ey 1 I g

Elements>Reactor” to open series reactor | -fonsuto[f genmm = —e | E_t: E‘Zy, 5
form. e From Eeaker Fating ostrerntinfis
ToBushe [ us2) (11.000 =11 e roo Inka [624.873 0

Units in Parallel fi

Cortingency Weightage |1

Fn Breaker Fiating

I My | 10000 InkA |524.879

Comrission

’71" Exising O Proposed el ‘

’ =]
=l

‘5‘ InService ¢ Out of Service

1.45 Series Capacitor

Power Research and

Use menu option “Elements>Series Elements>Capacitor” to open series capacitors form.

Series Capacitor Data
" Series Capacitor

Hurber Felch Series Caparitor 3> | Name [52C10 H Maintenance ‘

Bal

Rlelay

DeRated MyA  [2500 Menufacture: et No. ioo seciol =] || |
Library »» Rielay

From Bus No. 4197004 [S-RamMsCI{ =] mmee——————————

From Breaker Rating Cost Per Unit in

ToBus N I i
0BusMo. [4157001 [5-RaM7ES] X ’Vmwn 5000 Inka [11.321 ( [
Units in Paralll 1 ’,Tn Breaker Rating

Contingency Weightage |1 In b4 |15000 Inka |11.321

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

[~ Attachment Fiemark;
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1.4.6 Bus Coupler

Use menu option “Elements>Series Elements>Bus Coupler” to open bus coupler form.

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 -

CT & CT>>: Vacuum Circuit Breaker Library
. Library Mo i etch >> | Name [VCE1
Select the current transformer from the drop down list. Y o |
CT>> button will open the corresponding CT details form. e ,f'””ﬁi "
This is required in the electromagnetic transient analysis T
to study the performance of CT transient response. RARY M5 kv
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 i i R Close Ph-B [fe008  ohm
Library button is clicked. This library provides detailed R o
EMTP B v Pt o chm
model for vacuum circuit breaker. VCB Library data A are Phe CEI—
H d R Arc PR [oor ohm
rEqUIre . ) . R Dpen Phia [fevoos  ohm
is shown in the following figure ROpnphe  [1ed05  ohm
R Open Ph-C 1e+006 ohm

FACTS
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

w0 Dhms %L Band |0
®C1 [0 Ohms KCBand [0 degree G
#L2|0 Ohms  Resonant Fiing Angle |0

Compute TCSC Capacitive and Inductive Limits |

degree Cz

degree

TCSC FPE File Name Brawse

’—Eontm\ Block-

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 Equivalent Circuit
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TCSC No. — 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 - 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 — Voltage rating of the TCSC.

P Ref — 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 — 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 — 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 — 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 — 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 — 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.

XL — This field accepts the value of the parallel inductor’s reactance i.e. when the inductor is fully in
service. This value needs to be entered only if user wants to compute the TCSC reactance limits.

XC1 - This field accepts the value of the series capacitor’s reactance. Since it is a fixed
capacitance it is always in service. This value needs to be entered only if user wants to compute the
TCSC reactance limits

XC2 - This field accepts the value of the parallel capacitor's reactance. Since it is a fixed
capacitance it is always in service. This value needs to be entered only if user wants to compute the
TCSC reactance limits

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

Compute — 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 — 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 — 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
I ——
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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 m
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Shunt Series

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

DATAVIOLATIONS

UPFC Mame [UPFC1

P Ref

Power Rese:

My Fating [100

kY Rating [220

From Bus Mumber

To Bus Mumber

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

Tolerence

0.0001

I~ Check Limit

— Series Converter
Reactance
Min. Voltage
Ma. Voltage

QR [z

“ Ref

~ Shunt Converter

Resctance 01 pu
Min. Voltage |03 pu
[

Max. Voltage

Cornverter

From Bus 3. . ToBus
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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 device’s convergence. For this device, tolerance is the sum of real power
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 converter's resistance is assumed to be negligible. The reactance value
cannot be ‘0’ and its ranges between 0.01-0.2 p.u.

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 converter’s resistance is assumed to be negligible. The reactance value cannot
be ‘0’ and it ranges between 0.01-0.2 p.u.

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 converter's voltage limits are not
taken into account, and the reference powers ‘P-REF’ and ‘Q-REF’ will flow through the line 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
powers ‘P-REF’ and ‘Q-REF’ will flow through the line only if there are no voltage limit violations.
If there are limit violations the ‘P-REF’ and ‘Q-REF’ will be reset to best possible values, ensuring
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. — 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 - 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
I T
WeaRang [0 | WRang [0 || PR [5  w
e P | P

~Phass Shilt Anglerin degres:

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

Phase Shiftes Reactance |07 I

Tolerance — 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 — 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 option “Elements>Shunt Elements>Reactor” to open shunt reactor form. Connected to

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 “Elements>Shunt Elements>Capacitor” to open shunt capacitor form.

Shunt Capacitor Data

Numhgr Fetch > MName IW H Maintenance I—L[
Librar _ Relay |
[BSREE () 800 Marutacturer Ref. Mo, [2503 [B00MVAr- (=] || “Cost Per Uritin
Bus Number m( Shunt Capaciar »> { |
Statug— - Commission Statu Breaker Rating
g moees {a Esisting O Proposed Year | [InMVA [i=00000] kA [21581
——

i~ dsttachmenl Remark;
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1.4.13 Generator

Use menu option “Elements>Shunt Elements>Generator” to open 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 3. And corresponding GT’s in parallel
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

This field is used to specify the scheduled real Generator Data

BMumber [1 FelchGermaicess | Mame [ESSARIAMNAGT_Th Martenance | | ScheddeMo[a =]

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 |
maximum real power limit o Cmm| ||| e Lot |
’ De-Flated MVA 706 Fieactive Fowes - Mirimum £ Mvar | Lot PerUnitin
. o e Poser [75 B et 0 I C—
Reactive Power Minimum - 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
- |NewdGwoudmRessirme [0 o  PatcipsionFacor® [0
Power Research and Development Consultants Pyt | nesssansspecm: T oo Bas 5oty g
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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 — 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.

Enter the primary voltage, secondary voltage,
grounding resistance and grounding reactance.
Click OK, to update the corresponding fields in
the generator form.

Global Change

Click on Global Change, to change the
modelling of generator to a different model.

Unit Protection

Generator and generator transformer units are
subjected to a number of possible hazards
against which protection should be provided.
Otherwise, these problems may result in severe
damage and long outages for repairs.

Following conditions have to be detected,
selectively recognised and quickly cleared by
the protection.

Internal faults
Abnormal service conditions

External faults (as back-up protection)

Generator Unit Protection

Genlo. 7 Hame  fiaioa 61

Input ID SFI_MarchWWLISS20205Gen] Prot bt

Load

Fieport ID SFIJI_MarchLIS 20204Gen] Prot gpt

Open

Base Mifs  |6.5569300638
Critical Clearing Time | 21926234

Girid fault in b! ‘

’;hlee Phase [5000 SLG 5000

r Over Current

I Voltage Conlralled Over Current
Primaty relay Operating time

MV Rating |247 (% Ranng|zm
K Riating |11 PF |na5
C.T Rating
Frimary 15000 4 Seconda |3 A
~P.T Rating
Py [11 KV Gecondary [110 v 2. 23848476263
IV Loss of Excitation
*d 221 pu g 0.266
P underimpedance
u ¥ Fole S
SeconderyVokage  [220 W EEEE
¥ Out of Step.
GT Mva  [247 Zh 014 pu % Overvolags

[¥ Underotage
IV Dver Frequency

I¥ iinder frequency

[ I |

‘ pl

Graph

Execute

Save I

Cose |

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

Generator Number

Generator Name

Generator MVA rating
Generator Rated MW

Generator rated voltage in kV
Power factor

Primary CT rating in A
Secondary CT rating in A
Primary PT rating in kV
Secondary PT rating in V

Xd

Xd'

GT Rating in MVA

GT Impedance in pu

GT Secondary Voltage in kV
Grid 3 phase Fault Level in MVA
Grid SLG Level in MVA

15000.000

Critical Clearing time in seconds

Primary Relay Operating time in seconds

Instantaneous
Voltage Controlled Over Current Relay

5.000
11.000
110.000

247.000

220.
5000.
5000.

000
000
000
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Generator Instantaneous Setting

Fault Current from Generator to Grid fault (A) : 31931.374
Instantaneous Setting I>> referred to secondary (A) :10.644
Inst Setting Multiplier I>> : 3

Inst Setting Time T>> (secs) : 0.300
Instantaneous Setting I>>> referred to secondary (A): 13.837
Inst Setting Multiplier I>>> : 3

Inst Setting Time T>> : Inst
Voltage Controlled Relay Setting

Plug Setting (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 “Elements>Shunt Elements>Wind Generator” to open the wind 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 represented as a PV or Vb bus. It has to be
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
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WT No. — 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 - 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. — The bus number to which the Wind Turbine generator is connected. The bus ID should
be present in bus data.

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

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

Model Type - 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 — 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. — This field refers to manufacturer reference No.
De-Rated MVA —De-rated MVA rating of the Wind Turbine generator.
Operating Power Factor — This field specifies the operating power factor of the Wind Plant.

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

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

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

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

No of steps — This field specifies the No. of steps in which reactive power is controlled.
Average Wind Speed — This field specifies the average wind speed at the plant. Units will be m/s.
Air Density — 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:
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Reference No. — This field refers to the reference No. of Wind Turbine model.
Manufacturer Name — This field refers to the particular manufacturer of the Wind Turbine.
MVA Rating — MVA rating of the Wind Turbine generator.

MW Rating — MW rating of the Wind Turbine generator.

kV Rating — Voltage rating of the Wind Turbine generator.

No. of Poles in Generator —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 — 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 — 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 — Turbine diameter is to be entered in this field in meters.
WT1 —If user selects this field Wind turbine model 1 will be considered.
WT2 — If user selects this field Wind turbine model 2 will be considered.
WT3 — If user selects this field Wind turbine model 3 will be considered.
WT4 — If user selects this field Wind turbine model 4 will be considered.

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

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

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

Rotor Reactance in X2 (p.u) — 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) — 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 — This field specifies the rotor resistance in p.u. This field will be
enabled for WT2.

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

Power Curve —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 — 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 — 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) — Turbine inertia is to be entered in this field.
Generator Inertia (Hg) — Generator inertia is to be entered in this field.
Damping Constant (D) — Damping constant is to be entered in this field.
Stiffness Constant (K) — 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
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Library No. — This field refers to the reference No. of Wind Turbine model.
Library Name - This field refers to a library name for reference to a particular Wind Turbine.

Formula 1 — 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 — 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 — 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 — When user selects this button the file browse option will be enabled.

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

Losses (%) — 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:
e Solar Thermal
e  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 upon the planet’s most plentiful and widely distributed renewable energy source — the
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 lines, compensating devices, and other auxiliary equipment’s required to assure its
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. — The bus number to which the solar PV plant is connected. The bus ID should be present
in bus data.

Model Type — 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 — This field specifies MVA rating of Solar PV plant if simple model is selected.

P-Specified — 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.

Power Research and Development Consultants Pvt. Ltd. Page 39


http://en.wikipedia.org/wiki/Solar_energy
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Electricity
http://en.wikipedia.org/wiki/Semiconducting_material
http://en.wikipedia.org/wiki/Photovoltaic_effect
http://en.wikipedia.org/wiki/Photovoltaic_system
http://en.wikipedia.org/wiki/Photovoltaic_system
http://en.wikipedia.org/wiki/Solar_panel
http://en.wikipedia.org/wiki/Solar_cell
http://en.wikipedia.org/wiki/Solar_power
http://en.wikipedia.org/wiki/Sustainability
http://en.wikipedia.org/wiki/Renewable_energy
http://en.wikipedia.org/wiki/Hydroelectricity
http://en.wikipedia.org/wiki/Wind_power
http://en.wikipedia.org/wiki/Solar_power_by_country
http://en.wikipedia.org/wiki/Building-integrated_photovoltaics
http://en.wikipedia.org/wiki/Rooftop_photovoltaic_power_station

MiP-PSCT Database Manager User Manual

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 — 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 ‘
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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 (B8) %/°C
Temperature co-efficient of voltage (Cy) V/eC

1.4.16 Motor

Use menu option “Elements>Shunt Elements>Motor” to open motor form.

Motor Data
Mator Protection Felay
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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.
grounded type winding connection.

This is applicable for star

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.
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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 “Elements>Shunt Elements>Load"to open load data form.

Load Data
~Relay
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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 “Elements > Shunt Elements > Cyclic Load” to open cyclic 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 “Elements>Shunt Elements>Filter” to open filter 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 “Elements > Shunt Elements > SVC”to open 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 -
SVC Library »»

Bus Number (ARSI ERRNA]

 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 menu option “Elements > Shunt Elements > Shunt Fact Device” to open SFD form.

Shunt Facts Device

Number [T Fateh »» Name [SFO1 | e
Power Research and Developr s, Fracom =] fetomee e [i 56— Page 47

Volt Ref. [1 Py Slope [0.1 pu Taleranes [0.0001

Maimum Raled Vollage |

Inductive [20 Myar  Capacitive [50 Mvar

Status
I servics & Oulof service ‘

|SFD FPB File Name [ |

220 v
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SFD FPB file name

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

Fact Device Type: User has an option to select SVC or STATCOM.
Voltage Ref.: Target bus voltage in pu.

Slope: SVC/STATCOM characteristic slope in pu.

Tolerance: Voltage tolerance

Max. Inductive MVAR: Maximum reactive power SVC/STATCOM can absorb at rated voltage of the
device

Capacitive MVAR: Maximum reactive power SVC/STATCOM can inject at rated voltage of the
device.

1.4.22 Capacitive Voltage Transformer

Capacitive Voltage Transformer Data

Nurnber |1 Name IEVH Bus Number (GBI

Manufactures Ref o, |1 M

Capacitive Voltage Transformers (CVTs) are the predominant source of the voltage signals for
distance relays in High Voltage (HV) and Extra High Voltage (EHV) systems. CVTs provide a cost-
efficient way of obtaining secondary voltages for EHV systems. They create however, certain
problems for distance relays. During line faults, when the primary voltage collapses and the energy
stored in the stack capacitors and the tuning reactor of a CVT needs to be dissipated, the CVT
generates severe transients that affect the performance of protective relays. For CVT details refer

Library Arc Fault Data

Arc Fault Number :

Arc fault details are to be entered here. This data is considered in || Bustme:

simulating arc fault studies for electromagnetic transient analysis. pre Lengh: 500 em

Arc length in cm, Arc current (peak) in Amps, Fault time in seconds || @& [0 2

Circuit breaker opening time, initial conductance in mho are the | FautTime B Sec

data required. v r—
Intial Conductance: |10 mho
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HVDC Elements
1.4.23 Converter

The HVDC transmission become more popular because of advancement in thyristor valve
converters and the ability to rapidly control the transmitted power. The easiest way to interconnect
large power systems which are already heavily loaded is to use HVDC links. Therefore, HVDC
systems have a significant impact on both steady state and stability of the associated ac power
systems. The AC-DC load flow analysis is to be conducted for the interconnected systems which are
having HVDC links. This can be performed using unified or sequential approach. In addition to these
two terminal dc systems, the multi terminal dc systems may be more attractive in many cases to
exploit the economical and technical advantages of HVDC technologies. So the analysis of HYDC
systems is very essential for planning and operation of the power systems. The representation of
simple monopolar link of a HYDC system is as shown below.

DC line

3Ph AC

s

3PhAC

e

Rectifier Inverter

Use menu option “Elements > HVDC Elements > Converter” to open converter form.
Converter type

Converter can be either rectifier or inverter. So, to specify whether the converter is a rectifier or
inverter select the options provided in converter type. This should be in sequence

Converter Bus

Converter Data
Fomba
Wt F FohComeamnr|  Meme [
—
o = SoTo Fhwas
G Pt N T
-
e ComeiwOCVolage 2117 Ll
Conligursion T Moreple Hurkesofidgen r
e
ConmiTe
[y me—— e
" Constaet Curerd Contel- Cunerd Ovdee [ L
 Camstant sty Conad. P i [0 s

Comntrs T 0
Wit e = Heaman Tag Pk

= —
TPy [T, MemnTsVame [ W
= b T
Tanduna ey [T W

e Msinn Tyl [ W
Convutnion Fascres [ - -

E [T AR ]

MnFes [ g Vi Evetonioge [T g
HorkwiErcion [ &9

Bt [T | Cotagn T e
S CotPrlian

Fhsmies Couasins | [0

This field to specify the bus number to which the converter is connected. The bus number can be
selected from the list box provided which displays all the buses presented in the database.

Converter DC voltage Vdc

This field is to specify the DC voltage rating of the converter/bridge, Vdc. For example A bipolar
HVDC link operates with +300 kV at inverter side and there are two series connected bridges per
pole, then the DC voltage or average DC voltage at each converter bridge is 150 kV.

No. of Bridges (nb)

This field is to specify no. of bridges in series. For six pulse converter number of bridges are one,
and for 12 pulse converter, number of bridges in series are 2.

No. of Poles (np)

This field is to specify no. of poles. This field is 1 for monopolor and 2 for bipolar links.
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Control Type

This field is to specify the control type of the converter. There are three types of the controls namely
constant voltage, constant current and constant power control. In a two terminals or multi terminal
converter group, at least one converter in the group should have the control type as constant
voltage.

Power Order in MW

This field is to enter the specified power in MW for power control. Specified power is positive for
rectifier and negative for inverter. Usually it is specified or it can be computed from Pdc=Vdc*Idc

Current Order in Amps

This field corresponds to specified current in Amps. If the control type is constant current, then the
value is taken from this field to maintain constant current in the DC link. For example a bipolar
HVDC link operates with +300 kV, 600 MW (rated voltage and power) then the current order is 1000
Amps.

Voltage Order in kV

This field corresponds to specified voltage in kV. If the control type is constant voltage, then the
value is taken from this field to maintain desired voltage at the converter side. It is for the entire
HVDC system. For example a bipolar HVYDC link operates with £300 kV, then the voltage order is
600 kV.

Converter transformer MVA rating

This field corresponds to transformer rating in MVA. The data is collected from manufacturer or from
the name plate details. The rating can be same for both rectifier and inverter or it can be different.
Generally it is calculated as MVA rating= (11/3*no load DC Voltage*DC current) MVA

Converter transformer Primary voltages

This field corresponds to the converter transformer primary side voltage in kV. It is the AC bus
voltage where the converter transformer primary is connected.

Converter transformer Secondary voltages

This field corresponds to the converter transformer secondary side voltage in kV. It is the converter
valve side voltage where the converter bridge is connected to converter transformer. The data is
collected from manufacturer or from the name plate details. The voltage can be same for both
rectifier and inverter side or it can be different.

Generally it is calculated as -
Converter transformer AC Valve side voltage = No load DC Voltage/1.3505
Example: 230 kV/126.8kV, 345kV/422.84 kV and 230 kV/132 kV

Here 230 kV, 345 kV are Converter transformer primary side voltage or AC bus voltage where it is
connected. Here 126.8 kV, 422.84 kV and 132 kV are Converter transformer secondary side
voltage or valve side AC voltage

Transformer Impedance

This field corresponds to the converter transformer impedance in p.u. on its own MVA rating. Usually
the transformer resistance is neglected. So this field is directly taken as leakage
reactance/commutation reactance in p.u. on its own MVA rating. For example the transformer
impedance is given as 12% means the value is 0.12 p.u. Commutation resistance (Rc) is calculated
using this Xc.

If it is given in ohms means it can be calculated as

Commutation reactance in p.u. = Commutation reactance in ohms*MVA rating/ (converter
transformer secondary side kV) 2

Minimum Tap Position Number
This field is to specify the minimum tap position number of the converter transformer.

Minimum Tap Voltage
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This field corresponding to the minimum voltage with respect to minimum tap value i.e. the tap
regulation is given -15% and voltage is 230 kV; the minimum tap voltage is 195.5 kV

Maximum Tap Position Number

This field is to specify the maximum tap position number of the converter transformer. Normally the
value is given as odd numbers. For example 17, 21, 29 etc. It decides the precision of the tap step.

Maximum Tap Voltage

This field corresponding to the maximum voltage with respect to maximum tap value i.e. the tap
regulation is given +15% and voltage is 230 kV, the maximum tap voltage is 241.5 kV

X to R ratio

This field is to specify the X/R ratio of the converter transformer. If resistance is neglected then X/R
ratio should be very high value. In this case only leakage reactance is considered.

Minimum Excitation Angle

If the converter type is inverter, this field is active to specify the minimum excitation angle in
degrees. Normally, minimum excitation angle ranges from 15 to 20 degrees.
Minimum firing Angle

If the converter type is rectifier, this field is active to specify the minimum control angle/firing angle in
degrees at which the conduction of the converter starts. Normally, minimum-firing angle ranges from
5to 7 degrees.

Minimum Extinction Angle

If the converter type is inverter, this field is active to specify minimum extinction angle in degrees.
Normally minimum extinction angle ranges from 15 to 20 degrees.

Current Margin

This field specifies the current margin of the converter in Amps. Current margin is required to avoid
the commutation failure while changing from one mode of operation to another mode of operation. It
is not used in LFA studies. Normally, it is 10% the DC current. For example DC current is 200 A; the
current margin is 20 A.

Control Block Name

This field specifies the control block name. Ensure that this FPB exists before executing transient
stability. HVDC controls can be edited in free programmable blocks editor and can be attached to
the converter in this field.

1.4.24DC Link

To open this form, use menu option “Elements > HVDC Elements > DC Link”. Then the form shown
below will appear.

DC Link Data

DC Link Nurmber Fetch DC Link >> Link Marme: Litk1 |
- - ‘
Fiom ComverterNa [T =] ‘ it Unit/km
Fiesistance lﬂ— Ohms lﬂ— Ohmylkm
ToComverter Mo [~ =
Inductance  [I1 Heny [0 Henup/km
Length
2 500 b Capacitance |1 Farads [0 Faradkm

Cost Per Unitin
= InService £ Dut of Service ‘[ o

From Converter

This field is to specify the From converter number to which the from side of the DC link is connected.
The converters available in the database are listed in the list box from which From converter can be
selected.

To Converter

This field is to specify the To converter number to which the To side of the DC link is connected. The
converters available in the database are listed in the list box from which To converter can be
selected.
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Length in Kms
This field is to specify the length of the DC link in kilometres.
Resistance

This field is to specify the resistance of the DC link in Ohms for one pole. For bipolar operation,
equivalent resistance is computed internally.

Inductance

This field is to specify the inductance of the DC link in Henry for one pole. For bipolar operation,
equivalent inductance is computed internally. This data is used in transient stability studies.

Capacitance

This field is to specify the capacitance of the DC link in Farad for one pole. For bipolar operation,
equivalent capacitance is computed internally. This data is used in transient stability studies

Relays
1.4.25 Overcurrent Relay

Use menu option “Elements > Relays > Overcurrent Relay” to open the over current relay data form.

Relay Name: Relay name size is 20 Characters

Over Current Relay Data
Partial Bus Bar Relay
& Overcurent

Maintenance

Relyphumber [T Feth» | RemyNawe BT

" Patial Bus Bar

Element Type
Generator -~

Relay Type
€ Direstional & Norrdiectional

Connestion Sense
¥ Looking Away fiom the Bus
€ Laoking Tawards the Bus
Phase Setting Options

[ Phase
[ Instataneous

Connected To

ElementID.

[secs 14t 23)

Load Curert [200 A
Dissrimination Time |0 i
Overload Factar |1
Urbalance Factor 0.3
Eaith Seting Options
[ Eath
[ Instantaneous

THS Seting  [Ciose in Opersing Tim =]
User Defined Plug Sefting |
User Defined Inst Setting |
Phase Curve
|EC Nommal Inverse: v
Phase Setting

PlugSeting [200 A

[ET Primary]
02

™S
Instfactor [
nstTime [ s
Relay Status

@ InSevice " Qutof Service

Element Type

TMS Seltng [ Close in Gperaing T~ |
User Defined Plug Setting |
User Defined Inst Setting [
Earth Curve.

IEC Nomal Inverse

Earth Setting
Plug Seting
CT Pimag] 1° “
TS 0.2
Inst Factar
Inst Time: s
Rlelay Trip Stalus

& InService:  Blocked

|

s N
- Fe Dalabose Number

& Ry |22 TBIEOONI ~

Rielay Database Library >
Apgend Rely Code
Global Change - Append Relay Codel

Curent Transformer Data (4]
Primary Rating 1
Primary Fating 2
Primary Rating 3

—
—
i
—

Primary Rating 4

1

Secondary Fating

CTRarg [Fabet x|

@ St (" Dela

1-CT1 )
10T v

Connectian

CTHa.

T Ho.

(" StandBy Earth fauk

Stand Bp Earth faul Relay

Stage

 OneSeclon " TwoSection
Stage 1 Tiip | Section]

Stage 2Trip  Othess  Transfomer

S‘lage\ Tiip (I Sestior) =1 =
Setings
Esisting Computed | Evisting Plug Seting
Phase Plug Setting [4) [230 200 @ Pimaty Referred
e o m € Secondary Refered
Phase Inst Setting (4] Phase Plug Setting (4)
Phase Inst Time (5] ’7 Eaith Plug Setting (3) ’7
Earth Plug Seting &) |20 0
Earth TMS 01 I
Eahineseing@ [ |
Earth Inst Tirne [s] ’7 ’7

Computed »> Existing Settings
Esisting >> Study Settings
Study Setings >> Exising

Select the element on which the relay is present. The elements displayed are

Two winding Transformer
Three winding Transformer
Transmission Line

Bus Coupler

Series Capacitor
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Series Reactor
Generator

Load

Motor

Shunt Capacitor
Shunt Reactor
Location

For a relay on the series element, the location of the relay should be selected. The relay is located
either from side or to side of the series element. For a transformer, the relay will be located at
primary, secondary or tertiary side.

The From and To side is decided by the way in which data is given for the series elements. For
example, consider a transmission line, whose from node is specified as 1 and to node as 2. If a relay
is connected at node 1, the selection should be FROM SIDE. If in the transmission line data the from
node is given as 2 and to node as 1 then for the same connection of the relay the selection should
be TO SIDE.

Element ID

Element identification number. The element number on which the relay is present is identified by this
Element ID. Select the element on which the relay is present.

Relay Type

The directional feature of the relay should be selected here. It can be either Directional or Non
directional relay

Current Transformer Data

Four fields are provided to specify different ratings of current transformer primary. In case of single
rating of the CT, all the fields should be given same value. In case of dual rating CT ratio say
400/200/5 amps, the data should be given as 400, 200, 200 and 200 amperes. For fuses, these
values are ignored.

One field is provided to give the CT secondary rating
Load Current

The maximum load current in amperes that will be carried by the element on which the relay is
located. The plug setting is selected such that it is greater than the maximum load current multiplied
by the overload factor.

Discrimination Time

Discrimination time in seconds is the time interval between the operation of this relay and the relay
for which this provides backup protection.

Over load factor

The relay should not operate for currents just above the maximum load current. Usually 30% of
overload is permitted beyond which the relay should operate. The typical value of overload factor is
1.3. If the element is already loaded to its rated capacitors, then over load factor should be unity.

Unbalance Factor

The earth fault relay should not operate for slight unbalance currents. Hence, certain percentage of
load current is given as tolerance. The earth relay plug setting is selected such that it is greater than
the maximum load current multiplied by the unbalance factor.

Direction Sense

The relay is looking away or towards the bus to which it is connected is given below.
Consider the following samples
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| I
CQ
| 1
Example 1
R, R .
g gy
| o) oy |
1 2
Example 2
R . R -
S aop; S,
1 2
— R p +—R
SO P SO

Example 1: Relay is looking away from the bus if the source is connected to bus 1 side.
Relay is looking towards the bus if the source is connected to bus 2 side.

Example 2: Relay R2 is looking away from the bus

Relay R3 is looking towards the bus

Example 3: Relay R4 and R6 are looking away from the bus

Relay R5 and R7 are looking away the bus

Instantaneous Setting factors

Phase instantaneous setting factor: This value is multiplied by the remote bus fault currents to obtain
phase instantaneous setting above, which the phase relay should operate instantaneously.

If the relay is present on the motor, this value corresponds to the starting current of the motor and
the instantaneous setting will be done such that the instantaneous setting is above the motor
starting current.

Earth instantaneous setting factor: This value is multiplied by the remote earth fault current to obtain
the earth instantaneous setting above, which the earth relay should operate instantaneously

If the relay is present on the motor, this value corresponds to the starting time in seconds of the
motor. The relay curve selection will be done such that the relay curve will be above this starting
time point.

Relay/Fuse Database

This is the relay / fuse manufacturer reference number. This identifies the type and characteristics of
the relay. The relay/fuse can be selected from the available relay and fuse manufacturer details.

Append Relay Code

In Relay Database (Relay Library) IEEE Code field is provided. User can enter the relay code in this
field. It is to be added or tagged to the relays in Over current Relay Data. Then Click on this button
to tag the relay code for the selected relay.

Global Change - Append Relay Code

In Relay Database (Relay Library) IEEE Code field is provided. User can enter the relay code in this
field. It is to be added or tagged to the relays in over current Relay Data. Then Click on this button to
tag the relay code for all the over current relays present in the database.

Phase Setting Options
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Phase: When this option is selected or checked phase setting fields will be enabled
TMS Setting: User has following three options.
Computed: With this option program will compute the TMS settings

User Defined TMS: User has to enter the TMS value and this will be considered for co-ordination
computation

Close in operating time: With this option user can set the operating time for the close in fault.
Phase curve: Selection of curve type for phase relay coordination
User Defined Plug setting:

If this option is selected or checked then user has to specify the plug setting of that relay and this
value will be considered for the co-ordination computation

User Defined Instantaneous setting:

If this option is selected or checked, user has to specify instantaneous factor and time.
Instantaneous factor multiplied by CT rating will be the instantaneous current setting of the relay.

If this option is not selected or unchecked and instantaneous factor is 1.3 then instantaneous current
setting of the relay is 1.3 times the remote bus fault current.

Earth Setting Options

Earth: When this option is selected or checked earth setting fields will be enabled.
TMS Setting: User has following three options.

Computed: With this option program will compute the TMS settings

User Defined TMS: User has to enter the TMS value and this will be considered for co-ordination
computation

Close in operating time: With this option user can set the operating time for the close in fault.
Earth curve: Selection of curve type for earth relay coordination
User Defined Plug setting:

If this option is selected or checked then user has to specify the plug setting of that relay and this
value will be considered for the co-ordination computation

User Defined Instantaneous setting:

If this option is selected or checked, user has to specify instantaneous factor and time.
Instantaneous factor multiplied by CT rating will be the instantaneous current setting of the relay.

If it is unchecked and instantaneous factor is 1.3 then the instantaneous current setting is 1.3 times
the remote bus fault current

Relay

User has to specify the type of relay. The options are
Over current

Partial bus bar

Stand by earth fault relay Partial Bus Bar Differential Relay

Partial Bus Bar Relay

Bus Mo |4TDU3225 [BHCENZ25] {11.000 ﬂ
Details: Click on this button to open the Partial Bus Bar
relay details “Incomer Relap
. . . . . 3001 xx34150510F LN 41003201 - 41003225 -
The partial differential busbar protection relay is | I 7| [Eete |

connected to the current transformers of the s

transformer incoming feeder and the bus coupler and & One ® om

measures the sum of both currents. Bus Coupler 1

In the stable condition, the measured current is the IEUS Couler 2 L
maximum bus section load current. In case of a busbar [ =l

fault the short circuit current will be measured and if no

~ Dutgoing Fesder Fslay

30071 xx347150570E LN 41003201 - 41003225

blocking signal is available from the outgoing feeders
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present, then the relay will trip the respective incoming transformer and the bus coupler.

In case of fault on outgoing feeders, a blocking signal will be sent to the partial bus bar relay and it
will not operate instantaneously for that fault.

Partial bus bar relay is also an over current relay which acts as a backup relay for all the outgoing
feeder relays.

Bus No.: Select the bus no from the drop down list.

Incoming Relay: Select the incoming relay from the drop down list.

CT Signal: Signal from one CT or two CTs are to be specified.

Bus Coupler 1 and 2: If CT signal is two then select the respective bus couplers 1 and 2.
Outgoing feeder relays: Select the outgoing feeders from the respective buses.

Relay Status: User has to specify whether the relay is in service or blocked. By default relay is in
service. The blocked relays do not appear in the analysis and simulation

Relay trip status: User has to specify whether the relay’s trip is in service or blocked. The blocked
relays do not appear in the analysis and simulation.

Stand By Earth Fault Relay

Standby Earth Fault relay is a back-up over current ground protection usually connected on the HV
side and its main purpose is to provide local back-up protection in case of a failure of main
protections of the LV feeder/line protections. bus protections and the transformer main protections.

The REF and SBEF are two separate protection functions. The REF will protect the transformer
winding and the cables to the breaker. SBEF is standby earth fault protection. It is backup protection
in case of uncleared faults out on the network, or earth faults outside the REF zone. Itmay also
protect the neutral earthing resistor if there is one, and may act as a cheap bus bar protection
system by tripping the LV bus section first and the transformer LV C/B second.

Stage 1: User has to select the section to be tripped in stage one.

Stage 1 Section 2: User has to select the second section to be tripped in stage one.
Stage 2 Trip: User has to select the transformer or other section to be tripped in stage two
Settings

The existing settings and computed settings are displayed here. This data will be used in the
analysis as well as during protection simulation.

Existing plug setting: Option to enter exeisting plug setting with reference to primar and seconday for
both phase and earth settings.

Existing: Existing setting details are displayed in these fields.

Computed: Settings obtained from the program after over current relay co-ordination execution will
be displayed in this table.

Computed > > Existing Settings: Click on this button to copy values from computed settings to
existing settings.

Existing > > Study Settings: Click on this button to copy values from existing to study settings i.e.
phase settings and earth settings fields which are considered for the study

Study Settings > > Existing Settings: Click on this button to copy values from study settings to
existing settings table.

CT Connection: CT connection can be set as Star or Delta. Default option is star.

1.4.26 Distance Relay

Use menu option “Elements > Relays > Distance Relay”. To open the distance relay form.
Number: Unique relay number is to be entered

Relay Name: Enter relay name with not more than 20 characters

Transmission Line ID: Select the transmission line and location where the distance relay is placed
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Zone2: Select zone2 element type and ID. This is user defined element for zone 2. By default the
program selects zone 2

Zone3: Select zone3 element type and ID. This is user defined element for zone 3. By default the
program selects zone 3.

Zonel Reach %: Percentage impedance to be considered for zonel setting. It is around 70% to
80% of the line impedance

Zone3 Reach % : 100% of the zonel element impedance plus 100% zone2 element impedance plus
percentage impedance of the element as entered by the user/selected by program, if zone2 and
zone3 elements are different. Otherwise it is 100% zonel element impedance plus percentage
impedance mentioned in the zone3 if zone2 and zone3 elements are same

Zone4 Reach%: Normally zone4 is reverse reach and it is the given percentage impedance of the
Zonel element impedance.

Distance Relay Data

User Defined Characteristic Library

Phase Eah B
o

Nurber |1 Fetoh »» Relay Name [Dr1 Maintenance [+ = J -
Connected To Digtance Relay Existing Settings (S econdary)
Transmissin Line [0 Localion Detsis »> PHASE EARTH
11.0000[12] - CROEI T [ n Fesistance  Reactance  Resistance  Reactance  Timefs)
S Zoned |0 0 0 0
one CTlow |5 A
@ Line " TwoWinding Transfomer  Three Winding Transfomner L ZoneZ [ 0 0 o 04
o. -
[51.000025) | o e e e T
FTHigh |132 K
Zone 3 Zone 4 [g 0 0 o 0
@ Line © TwoWindng Transformer Three Winding Transformer FTLow |10 v
‘31 000 [2:3] j YT Mo, = Computed 3> Exigting
Selected Characteristic Camputed Settings [seconday)
ZmelReach?) [ Ze2Tmelic 05 e (" Standad PHASE EARTH

* User Defined

Zong 2Reach (%) |40 Tere ITr= il ’wi = Impedance Calculation Method
Zone 3Resch (] 100 Zone 4 Time Disc. [1 so d

Felay Lirary
Zane 4Reach (41 [20
0[REDETL] v| || Zone3 g3 48

Zone 4 (105 015

Resistance  Reactance  Resistance  Reactance Tire (5]
Zone1 |019

Zane2 [12

=2
o
[

il
1977
1977
17

(] 2

Existing settings:Existing phase and earth settings are to be entered in these fields for zonel,
zone2, zone3 and zone4

Computed Settings: After the execution of distance relay co-ordination, these fields are populated by
the settings computed by the program.

Computed > > Existing: Click on this button to copy the computed settings to the existing settings..
The current transformer primary rating in amperes associated with the distance relay.

Zone2 Reach %: 100% of the zonel element impedance plus the percentage impedance of zone2
element as entered by the user/selected by program.

CT Low

The current transformer secondary rating in amperes associated with the distance relay.
PT High

The potential transformer primary rating in kilo volts associated with the distance relay
PT Low

The potential transformer secondary rating in volts associated with the distance relay.
Zone 2 Time Discrimination

Specify the minimum time discrimination of the second zone. Zone2 discrimination time corresponds
to the co-ordination interval between Zonel and Zone2 operating times.

Zone 3 Time Discrimination

Specify the minimum time discrimination of the third zone. Zone3 discrimination time corresponds to
the co-ordination interval between Zone2 and Zone3 operating times.
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Zone 4 Time Discrimination
Specify the minimum time discrimination of the third zone 4

Relay Library: User can select the existing relay libraries from the drop down list. Click on Library
button to view the selected relay libraries details.

Application of MiPContour in MiP-PSCT. Follow the steps

1. In Distance relay data form select User defined characteristics option and click on Create button
to get user defined characteristic library.

2. MiPContour application screen opens.

3. Click on Distance Relay characteristics menu option. Following dialog opens

Distance Relay Characteristics El

| &+ Create Mew © iew & Edit | |

MAKE
2 [SIEMENS] -

Libram Mo
’7 |5

Create | | Cancel |

4. New library can be created by selecting available Relay Make and Model or user defined relay
characteristics by using the options R-rectangle, S-square, C-circle, PG-user defined polygon or
PA-user defined Poly Arc.

5. Phase and earth characteristics can be entered separately. Save the libraries.

Close the application.

7. In Distance relay data form, these libraries for phase and earth are to be mapped for the relay
placed on the line. If the libraries are standard library characteristics then Phase and Earth relay
characteristics library should be same. If the characteristics libraries are user defined then Phase
and Earth libraries can be different.

8. After mapping select Solve->Transient stability Study.

9. Create a fault by providing disturbance information and then execute.

10. Click on Graph button and select Line MiPContour

o

" Machine

" Line

" FPB

" wind Generator
" Solar Model

Cancel |

11. MiPContour application opens. Select Line and Library number. Characteristics with R-X plot for
the line will be plotted.

Detailed procedure for drawing relay characteristics is provided in MiPContour user
manual.

Distance Relay Details

Click on details button in distance relay form in invoke distance relay details form
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Distance Relay Details

Relay Na IEEDW—‘ Power Swing Set Time ln— Sec ‘ Blocking Time lg— Sec Ideal Platsss
Z THETA PHI RF RE =T =B Displacement  Time Setting
Zohe Relay Type
wohm Dea Deg ohm ohm ohm ohm ohm Sec

Zonel Mha S X R 0 [o [o ] o [o

Lore2 Who - [pi [fs [0 [ [ [@ ] [ [
s Mho =] [ms [nsms o 0 Jo IE 0 0 [o1 ‘
Ps1

Mho hd IU [t} o o IU IU o il ‘
Pz Mho - ID 1} 0 0 ID ID a il
Starter Mho = I_U l_U l—U l—U I—U I—EI l—U l—U

Relay Type

Distance Relay Character’ *

Relay type can be selected from the drop down list
provided in Zonel, Zone2 and Zone3, PS1, PS2
and starter.

——
L

Ideal Plots
Click on this button will invoke the ideal plots for the '
different relay types. > =
Power swing set time /
] 9
Enter power swing set time for the particular relay = L= = e ; £
in seconds. Quadsilaterals Characterstics e S Elliptical Characteristics

Blocking time

Enter blocking time in seconds for the particular
relay

e
1

R Leatical Characteristics Oval Characteristics

R

Enter Resistance in ohm referred to C.T secondary.
X

Enter Reactance in ohm referred to C.T secondary
z

Enter impedance in ohm referred to C.T secondary.
Displacement

Enter displacement in ohm from the origin.

Theta

Enter angle in degrees.

Phi

Enter angle in degrees.

The ideal characteristic plots are as shown

1.4.27 Voltage Relay
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To open this form, use menu option “Elements >

Voltage Relay Data
Relays > Voltage Relay”. Then the form shown g Y
below will appear. Relay(D {1 Fetch 2> | Mame [WAT BuslD |1 [Bust] w| Mainterance
 Under C Over Coo/at

Voltage relays are provided with different voltage T
settings wherein the voltage should not fall below a
particular limit. The voltage relays are designed to ¥ Saling 1| 0900000 oz || 1Lt

have 4 voltage settings (voltage 1, voltage 2,

voltage 3 & voltage 4). If the voltage falls below the Ciseting2] oo |([~ 1| [ooomo |
setting 1, load is curtailed by the amount given by
percentage 1. Thus, if the specified load is 100 Csaigs) [0 | [ | o0
MW, voltage setting (voltage 1) is 0.85 p.u. and
the load setting factor i.e., percentage 1 is 0.25, Csating ) fogonn | | [ | oo
then if the system voltage falls below 0.85 p.u., the

—Volkage inpu— —dv/d

i

actual load considered is 75 MW only. Same
explanation holds good for other voltage settings
also.

Element st ElementIDs

[Bus2) -3 [Bus3]]
3 Line3 [3 (Busd] 4 [Busd]]
4 Lined 4 [Busd] 5 [Busd]]

Voltage 1

p.u voltage at which percentage 1 load is to be
shed.

Voltage 2

p.u voltage at which percentage 2 load is to be shed.
Voltage 3

p.u voltage at which percentage 3 load is to be shed.
Voltage 4

p.u voltage at which percentage 4 load is to be shed.
Percentage 1

Percentage (0.0-100) load to be shed at voltage 1. Percentage 1 corresponds to the percentage
load to be shed from the specified value.

Percentage 2

Percentage (0.0-100) load to be shed at voltage 2.
Percentage 3

Percentage (0.0-100) load to be shed at voltage 3.
Percentage 4

Percentage (0.0-100) load to be shed at voltage 4.
Delay 1

Time delay in seconds after which percentage 1 load is shed once the voltage is below voltage 1
Setting.

Delay 2

Time delay in seconds after which percentage 2 load is shed once the voltage is below voltage 2
Setting.

Delay 3

Time delay in seconds after which percentage 3 load is shed once the voltage is below voltage 3
Setting.

Delay 4

Time delay in seconds after which percentage 4 load is shed once the voltage is below voltage 4
Setting.

Select

When this is selected, all the elements are displayed in the list box type.
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Element Type

On selecting this option, a list of elements will be displayed, select the appropriate element type.
Double Click on the element to select.

To deselect the selected item double click on the selected element.

Under each section, options are provided for under voltage relay, over voltage relay and dv/dt type
of relays. Select the appropriate relay.

1.4.28 Frequency Relay

To open this form, use menu option “Elements > Relays > Frequency Relay”. Then the form shown
below will appear.

Frequency 1

Frequency at which percentage 1 load is to be shed. This field corresponds to frequency setting
where in the frequency should not fall below a set limit. The relays are modelled to have four
frequency settings (Frequency 1, Frequency 2, Frequency 3 and Frequency 4). If the frequency falls
below the setting 3, load is curtailed by the amount given by percentage-3. Thus, if the specified
load is 100MW, frequency setting-3 is 47 Hz., and the load shedding factor i.e. percentage-3 is 50,
then if the system frequency goes below 47 Hz., the actual load considered is 50 MW only. Similar
explanation holds good for the other three settings also.

Frequency 2
Frequency at which percentage 2 load is to be shed.
Frequency 3
Frequency at which percentage 3 load is to be shed.
Frequency 4

Frequency at which percentage 4 load is to be shed.

Frequency Relay Data

RelayID |1 Fetch >>| Name [FO1 BusID [3 [Lake] =l || Maintenance
Filay Typ
( & Under © Over o |
Frequency [Hz); — d/d: Delay (sec] Element % load

¢ Seting1 | [Goooooon. (| [0 | [orzo0ooo
@ Setting2 | [4a.500000 | [T | [oz00000 |
€ Seting3 | [Foooooo | || [F ||| [Eooooo
€ Setting 4 | [oooooon || [T || Jooooooo

Type Element
Generator 5] =] [2Load2 [z iLake ] #Load
Fator (b

4Loadd [5 (Elm] | :I [z0

Note
Far Under Frequency : Setting »Setting2 » Getting3 » Settings
For Dver Frequency : Settingl < Setting? < Getting3 < Setting#

20.0000

118

Percentage 1

Percentage (0.0-1.0) load to be shed at Frequency 1. Percentage 1 corresponds to the amount of
load to be shed from the specified value.

Percentage 2
Percentage (0.0-1.0) load to be shed at Frequency 2.
Percentage 3
Percentage (0.0-1.0) load to be shed at Frequency 3.

Percentage 4
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Percentage (0.0-1.0) load to be shed at Frequency 4.

Delay 1

Time delay in sec after which Percentage 1 load is shed once the frequency is below Frequency 1

setting.

Delay 2

Time delay in sec after which Percentage 2 load is shed once the frequency is below Frequency 2.

Delay 3

Time delay in sec after which Percentage 3 load is shed once the frequency is below Frequency 3.

Delay 4

Time delay in sec after which Percentage 4 load is shed once the frequency is below Frequency 4.

Select

When this is selected all the elements are
displayed in the list box type.

Element Type

On selecting this option, a list of elements
will be displayed. The user has to select the
appropriate element type. Under each
section, options are provided for under
frequency relay, over frequency relay and
df/dt. Double Click on the element to select.

The information regarding the type of relay
like under, over or df/dt relay can be
selected using the radio buttons.

Relay Information

Relay Data
Fielay Number [4 Feeder Mumber I
Tag Mumber  [Relay Switch Board
. Name
il St Serial Mumber
Function Ovwer Curent = CODE 50/51 -
Relay Type l— Y v
DMT l— CT/PT
~ Getting Ranges Semvice Settings—————————
ID
e~ l—n Curnent
THS o s o

To open this form, use menu option “Elements > Relays > > Relay Information”. Then the form

shown below will appear.

This is for relay information only. This data is not used in any of the MiP-PSCT Study

Tag number
Unigue number to identify the relay
Sub Station

Name of the substation in which this relay is located.

Function

Relay function can be any one of the following

Relay Type

The relay type should be mentioned here.
Ex : IDMT, Pre — trip alarm etc.

DMT
Definite minimum time in seconds
Feeder Number

The feeder number with which this relay is
associated

Switch Board Name

Relay function CODE
Over current 50/51
Earth fault 50/51 N
Stand by earth fault 51G
Under voltage 27
Restricted earth fault 64
Check synch 25
Motor protection 96
Lock out 86
Timer 2

Trip Circuit 95

The Switch Board Name with which this relay is associated

Serial Number
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A unique Serial number of the relay.

Auxiliary volt

Relay auxiliary voltage

CT/IPT

Reference number of the Current transformer / potential transformer
Setting ranges Current

Minimum and maximum current setting range

Setting ranges TMS

Minimum and maximum time multiplier setting range

1.4.29 Transformer Differential Relay

To open this form, use menu option Elements > Relays > > Transformer Differential. Then the
form shown below will appear.

Differential protection is a unit-type protection for a specified zone or piece of equipment. It is
based on the fact that it is only in the case of faults internal to the zone that the differential
current (difference between input and output currents) will be high. However, the differential
current can sometimes be of substantial magnitude even without an internal fault. This is due to
certain characteristics of current transformers (different saturation levels, nonlinearities)
measuring the input and output currents, and of the power transformer being protected. with the
exception of the inrush and over excitation currents, most of the other problems, can be solved
by means of the percentage differential relay, which adds to the normal differential relay two
restraining coils fed by the zone-through current, by proper choice of the resulting percentage
differential characteristic, and by proper connection of the current transformers on each side of
the power transformer.

Percentage restraint differential protective relays have been in service for many years [1]. Fig.
1 shows a typical differential relay connection diagram. Differential elements compare an
operating current with a restraining current. The operating current (also called differential
current), ld, can be obtained from the primary and secondary currents.

Id = Ile - w2| (l)
POWER TRANSFORMER
TCl TC2
Phise A —f e R -~
Phase B T ""’J T st N e . AP—}—
PhseCl A | . o SRS 'V
Pnmary L. Secondary
e e — ;
ha v
> Y — >
> ! |
|
b4 s s
$ S =
RELAY L L
- T

Figure 2: Typical transformer differential protection scheme

ld is proportional to the fault current for internal faults and approaches zero for any other
operating (ideal) conditions. There are different alternatives for obtaining the restraining
current (Ir). The most common ones include the following:

la = k(|Tur | = [lwz]) @
Tr = Max(|Tya], [Ta]) ®)
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Where, k is a compensation factor, usually it is taken as 1 or 0.5. The differential relay
generates a tripping signal if the differential current (Id) is greater than a percentage of the
restraining current, Ir:

14 > Slope * I (4)

Differential relays perform well for external faults, as long as the CTs reproduce the primary
currents correctly. When one or both of the CTs saturates at different levels, false operating
current appears in the differential relay and could cause relay mal-operation. Some
differential relays use the harmonics caused by CT saturation for added restraint and to
avoid mal-operations. In addition, the slope characteristic of the percentage differential relay
provides further security for external faults with CT saturation. A variable-percentage or
dual-slope characteristic as shown in Figure 2, further increases relay security for heavy CT
saturation.

Slope 2

lop (p.u)
(1)

No Trip

Minimum
Pickup

Ires (p.u)
()

Figure 3: Operating Characteristic of a dual-slope Differential Relay

For a reliable and correct operation of the protection relay the current transformers (CT) have to
be carefully chosen and the relay settings have to be calculated and selected with care.

Sources of Differential current

Certain phenomena can cause a substantial differential current to flow, when there is no fault,
and these differential currents are generally sufficient to cause a percentage differential relay to
trip. However, in these situations, the differential protection should not disconnect the system
because it is not a transformer internal fault. Such phenomena can be due to the nonlinearities
in the transformer core.

In applying the principles of differential protection to transformers, a variety of considerations
have to be taken into account. These include:
a) Correction for possible phase shift across the transformer windings (phase correction)
b) Effects of the variety of earthing and winding arrangements (filtering of zero sequence
currents)
c) Correction for possible unbalance of signals from current transformers on either side of
the windings (ratio correction)
d) Effect of magnetising inrush during initial energization
e) The possible occurrence of over fluxing

In traditional transformer differential schemes, the requirements for phase and ratio correction
were met by the application of external interposing current transformers (ICT’s), as a secondary
replica of the main winding connections, or by a delta connection of the main CT’s to provide
phase correction only. Digital/numerical relays implement ratio and phase correction in the
relay software instead, thus enabling most combinations of transformer winding arrangements
to be catered for, irrespective of the winding connections of the primary CT’s. This avoids the
additional space and cost requirements of hardware interposing CT’s.
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Line current Transformer current ratings

Line current transformers have primary ratings selected to be approximately equal to the rated
currents of the transformer windings to which they are applied. Primary ratings will usually be
limited to those of available standard ratio CT’s.

Phase Correction

Correct operation of transformer differential protection requires that the transformer primary and
secondary currents, as measured by the relay, are in phase. If the transformer is connected
delta/star, balanced three-phase through current suffers a phase change of 30°. If left
uncorrected, this phase difference would lead to the relay seeing through current as an
unbalanced fault current, and result in relay operation. Phase correction must be implemented.
With Dynll connection, the secondary voltages and current are displaced by +30° from
primary. Therefore the combination of primary, secondary and phase correction must provide a
phase shift of -30° of secondary quantities relative to primary.

Filtering of zero sequence currents

It is essential to provide some form of zero sequence filtering where a transformer winding can
pass zero sequence current to an external earth fault. This is to ensure that out-of-zone earth
faults are not seen by the transformer protection as an in-zone fault. This is achieved by use of
delta-connected line CTs or interposing CTs for older relays, and hence the winding connection
of the line and/or interposing CTs must take this into account, in addition to any phase
compensation necessary. For digital/numerical relays, the required filtering is applied in the
relay software. Tablel summarises the phase compensation and zero sequence filtering
requirements.

Ratio Correction

Correct operation of the differential element requires that currents in the differential element
balance under load and through fault conditions. As the primary and secondary line CT ratios
may not exactly match the transformer rated winding currents, digital/numerical relays are
provided with ratio correction factors for each of the CT inputs. The correction factors may be
calculated automatically by the relay from knowledge of the line CT ratios and the transformer
MVA rating. If the transformer is fitted with a tap changer, line CT ratios and correction factors
are normally chosen to achieve current balance at the mid tap of the transformer. It is
necessary to ensure that current mismatch due to off-nominal tap operation will not cause
spurious operation.

Transformer Differential Relay Data

Select the type of transformer 2winding unber EFecws | Neme [OFFALT || Maitenancs -
or3 Wlndlng @ Tt € Three Winding Transfarmer ecteriics

CT Enar Soo0000 5

Element Number [5 27522 25] ~
Element Number: Select the element ID | fas oo ¢ el
on which the transformer differential | v fosmesom < o | |, g, L
protection is provided ey T St Taearce Wit Foci [5000000

& InSer

 Dutof Sewice & InSenice ( Blacked 5 %

R’_elay _ Manufacturer: Select  the e T T T
differential relay library reference Secondsy [0 s [T a St [ A L[ &

number from the drop down list box. Tty [T A /[T A Temwir Ao .

. . i Pimay T [4-CT4 =] Secondary €T [3-CT3 -
Slope: It is a bias slope. Normally its ——-
range is 20% to 50%. & Tarstomer € Oths emert et Ll

CT Location (o ol
Current Transformers: Enter primary and Seconday O1
: 5 emerttumber [ ]

secondary CT and ICT (Inter posing € Tarstoner € Otes E'TL"N e
current transformer)

Seitng Type
© Esisting  Computed

Amps. If it is a 3 winding transformer

Computed Operating time

then tertiary CT and ICT data in Amps is wert [T A Ditenisl Curert [533 4 e s
to be entered. Wonser [T 4 High Set [5 A
BnilAmEn '7:/” ndHamonio [15 ©
If the transformer is a numerical relay, Sihttemenc | e el *
the ICT’s are disabled. St S | seersee o5 B
Szl O Slope1 ]
Slope-2 Start .= Skpe2Stat [ P
|
- | Slope-2 % Slope-2 oz
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Primary CT: Location of primary CT like element, Element no., From side or To side are to be
specified. By default the primary CT is on the primary side of the transformer to be protected.

Secondary CT: Location of secondary CT like element, Element no., from side or To side are to
bespecified. By default the secondary CT is on the secondary side of the transformer to be
protected.

Existing Settings: Existing setting details are to be entered

Computed: Program will give Transformer differential settings by considering the above data that will
be computed automatically.

Operating Time: This is the time taken by the differential relay to operate if a fault is within the zone.
CT Error : This is the sum of transformer primary side and secondary side CT Errors.

Drain Current : By default it is zero. User can define its own value

Equipment Error : It is relay accuracy. By default it is 5% .

Above three values are used to compute slopel setting for computed setting.

For existing setting user has to define the slopel settings.

High set Factor: It is used to calculate high set or instantaneous current. By default it is 8pu.
Sample Report

TRANSFORMER DIFFERENTIAL PROTECTION

PROTECTION : TRANSFORMER DIFFERENTIAL PROTECTION
TRANSFORMER NUMBER : 5

TRANSFORMER NAME 1 2T5

RELAY TYPE : 70T63

RELAY MAKE : SIEMENS

RELAY NUMBER HI)

RELAY NAME : DIFFRL1

INPUT DATA

TRANSFORMER DETAILS

TRANSFORMER MVA RATING : 100.000 MVA
PRIMARY VOLTAGE : 220.000 kv
SECONDARY VOLTAGE : 132.000 kv
PRIMARY WINDING : Star-Grounded
SECONDARY WINDING : Star-Grounded
IMPEDANCE : 0.080 PU
NUMBER OF TAPS : 17
MAXIMUM VOLTAGE : 5.000 %
MINIMUM VOLTAGE : -15.000 %

CT DETAILS

PRIMARY CT RATIO : 300//1
SECONDARY CT RATIO : 400//1

SCHEME : 1
OPERATING TIME : 0.01000 s
Idmin : 0.10000 PU

MID TAP VOLTAGE : =5.0000 %
PRIMARY CURRENT AT MID TAP VOLTAGE : 0.92 A
SECONDARY SIDE FULL LOAD CURRENT : 437.38657 A
SECONDARY SIDE FULL LOAD CURRENT

ON CT SECONDARY : 1.09347 A
PRIMARY SIDE FULL LOAD CURRENT

AT MAX TAP : 249.93518 A
PRIMARY SIDE FULL LOAD CURRENT

AT MAX TAP ON CT SECONDARY : 0.83312 A
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PRIMARY SIDE FULL LOAD CURRENT AT

MIN TAP 308.74
PRIMARY SIDE FULL LOAD CURRENT

AT MIN TAP ON CT SECONDARY 1.0291
DIFFERENTIAL CURRENY AT MIN TAP 0.1176
DIFFERENTIAL CURRENY AT MAX TAP 0.0952
BIAS CURRENT AT MIN TAP 0.9523
BIAS CURRENT AT MAX TAP 1.0588
SETTING ERROR AT MIN TAP 11.111
SETTING ERROR AT MAX TAP 10.000
MAXIMUM SETTING ERROR 11.111
PROGRAM COMPUTED RESULTS

PHASE ANGLE COMPENSATION 0 Degr
PRIMARY SIDE RATIO COMPENSATION 1.09
SECONDARY SIDE RATIO COMPENSATION 0.91
ZERO SEQUENCE COMPENSATION Primar
DESCRIPTION COMPUTED EXISTING
DIFFERENTIAL CURRENT 0.23 A
HIGH SET CURRENT 5.00 A
2nd HARMONIC RESTRAINT 15.00 %
5th HARMONIC RESTRAINT 30.00 %
SLOPE-1 START (M) 0.50 A
SLOPE-1 (ALPHA) 25.00 ¢
SLOPE-2 START (N) 2.00 A
SLOPE-2 (BETA) 75.00 %

1.4.30 Restricted Earth Fault Relay

To open this form, use menu option Elements > Relays
shown below will appear.

346 A

4 A

5 A

4 A

8 A

2 A

11 %

00 %

11 %

ess

vy and Secondary
0.20 A
3.00 A
50.00 %
25.00 %
0.00 A
0.00 %
0.00 A
0.00 %

> > Restricted Earth Fault. Then the form

Number |7 Fatch>

T Winding Transformer

" Thiee Yinding Transformer

Restricted Earth Fault Relay Data
Name [B7n1

Maintenance

Location
& Primary

Element Number

[FaT5122- 25

Relay

© Secondary
Py

=

Manufacturer Ref Mo, |1 REFT -]

Relay Status Trip Status

@ InService 7 Qutof Service

Transformer

Impedance Type

© High Impedance & Low Impedance

 In Service

= Ly

" Blocked

Negative Tolerance [g % Man Fault Curent |30 ke

GOTO >>

Restricted Earth Fault (REF) relay is used to protect transformer windings against earth faults. The REF
scheme protects one winding so two separate REF relays are required if both windings are to be
protected. The principal of operation of REF is shown in Figure 4 and Figure 5Error! Reference source
not found.The difference in the distribution of fault current for external and internal faults is shown in
Figure 4 and Figure 5 .This principle is made use of to isolate the transformers in case of internal faults

while leaving them uninterrupted for external faults.
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Figure 4. Current Distribution for an Internal Fault through Low Impedance REF

As the current sensed by the neutral and phase CTs are different in case of external and internal
faults, the REF protection utilizes this to provide selectivity. The current sensed along the neutral
terminal provides much more sensitive protection as compared to the transformer phase terminals.
The same is illustrated in Figure 5.

s
14
™.
12 || N
= N Neutral Current
z
s || ~. P
-4 ‘ 7
= 8 ~— . _—
[ | R ———
S [ e ———
e S
a _— Phase Current
2
10 20 30 40 50 60 70 80 90

Distance of fault from neutral (percent of winding)

Figure 5 Comparison of Neutral and Phase Currents for a Transformer Internal Fault

From Figure 5, it can be concluded that by monitoring the neutral of the transformer,
the insensitivity of the differential protection to faults close to the neutral can be overcome using REF
protection. The coverage offered by the differential protection depends on the bias settings. The
exact coverage offered by differential relays can be calculated using [2]:

CT Ratio
Max. Line — Ground Fault Current

Protected Winding% = 100% * jRelay Sensitivity *

Keeping in mind that differential relays do not offer complete winding coverage, the REF relays are
used to provide sensitive cover for ground faults.

There are two commonly used REF schemes, High impedance REF and Low impedance REF. The
schemes are depicted in Figure 4 and Figure 5 respectively. The advantage of using High Impedance
REF scheme is that it is stable for CT

saturation for external fault conditions. As a result, there will be no mal-operation of the relay for
external fault due to unfaithful reproduction of the primary quantities. However, to achieve this all
CTs used in the protection scheme need to be identical. This is avoided in the low impedance
scheme at the cost of secure operation for CT saturation.

1.5 High Impedance REF
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High Impedance Relay Data
REF Lib No |E
Current Transformer
MNumber of CT Talerance |5
Primary |00 Secondary |1
CT Resistance ohm  Lead Resistance ’1—
Knee Point Yoltage |320 Current at Wk |30
Fielay
Iinimumn Operating ’— Stabilizing 1.2
Current IRtz Factor
Sefting type Existing Settings
" Current
Frvolege | [20 3% Stab Res| 60 Ohm Time |0 s
Current Type Proposed Settings
[+ MNormal
r Sensitive |y 015000 % StabRes|0 Ohm Time |0 T
Save | Close |
The High-Impedance REF scheme is depicted in Figure 6. An external resistor is used

which limits the fault current through the relay. This provides stability in case of external faults even if
one CT output is saturated

Figure 6. Stability under CT Saturation for External Faults

The current through relay will be the mismatch between the residual current (sum of phase currents)
and the neutral current. Under normal conditions, this current is zero. When there is an internal fault

in the transformer, a current will flow through the relay causing tripping. The settings to be provided
by the program are:

1. Relay operating current/voltage — REF schemes may have a current or a voltage threshold.

Based on user selection, the appropriate setting is provided or the threshold value. Whenever
the threshold value is exceeded, the relay trips.

2. Value of external resistance — The value of stabilizing resistor to be added is calculated

3. Varistor Requirement — In order to limit the voltage appearing across the relay, varistors are
placed to protect the relays.

1.6 Low Impedance REF
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Modern numerical relays use low impedance protection for REF. The connections for this scheme
are shown in Figure 7

F

Lm

Figure 7 Low Impedance REF Connection Diagram

As the currents on the neutral and the phase are separately measured, the transformation
ratios of the phase and neutral CTs need not be identical. The measured currents are
compared in order to determine the Operating and Bias Current. The relay trips based on the
tripping characteristic depicted in Figure8[4]

The quantity along the X-axis is the Biasing Current and the Y-axis is the Operating or Differential
Current. The tripping characteristic can be divided into three parts:

. Unrestrained Portion
Il.  Slightly Restrained
I1l. Highly Restrained

The setting computation involves providing the slope and limits for each of the regions. As there is no
standard method for arriving at the settings, three approaches are proposed. The user can select
which approach is to be chosen. Each of the approaches will provide the following settings:

1. Threshold and limit for unrestrained part
2. Limit and slope for the slightly restrained portion
3. Slope for the highly restrained part of the characteristic.

An option is given to the user to choose scheme. Based on this choice, the settings are computed.

Sample REF Report in MiP-PSCT

TRANSFORMER NUMBER : 5

TRANSFORMER NAME : 2T5
TRANSFORMER MVA RATING : 100.00 MVA
PRIMARY VOLTAGE : 220.00 kv
SECONDARY VOLTAGE : 132.00 kv
PROTECTED WINDING : PRIMARY
PRIMARY WINDING : Star-Grounded
SECONDARY WINDING : Star-Grounded
IMPEDANCE H 0.08 pu
NEGATIVE SEQUENCE IMPEDANCE TOLERANCE : 8.00 %
DESIRED PRIMARY OPERATING CURRENT, IP (% of RATED) : 50.00 %

INPUT DATA-PROTECTION/RELAY

PROTECTION : RESTRICTED EARTH FAULT
HIGH IMPEDANCE

RELAY LOCATION : PRIMARY

RELAY TYPE : 7sJ6l
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RELAY MAKE : SIEMENS
RELAY NUMBER H
RELAY NAME : 87N1
SETTING TYPE : CURRENT
CT PRIMARY : 800 A
CT SECONDARY : 1A
CT RATIO : 800
CT RESISTANCE (RCT) : 5.00 ohm
LEAD RESISTANCE (RL) : 1.00 ohm
KNEE POINT VOLTAGE (Vk) : 320.00 v
CURRENT AT KNEE POINT VOLTAGE (Im) : 30.00 mA
NUMBER OF CTS USED HE
STABILIZING FACTOR (K) : 1.30
RELAY PEAK VOLTAGE LIMIT (V1limit) : 0.00V
RELAY BURDEN : 0.00 VA
MAXIMUM FAULT CURRENT : 30.00 kA
OUTPUT

TRANSFORMER IMPEDANCE CONSIDERED : 0.07 pu
TRANSFORMER RATED CURRENT : 262.43 A
MAXIMUM THROUGH FAULT CURRENT (Ikmax) : 3565.65 A
STABILISING VOLTAGE : 40.56 V
RELAY VOLTAGE SETTING (Vset) : 52.73 V
THE KNEE POINT VOLTAGE (Vk)OF CT CHOSEN IS : APPROPRIATE
DESIRED PRIMARY OPERATING CURRENT (Ip) B 131.22 A
RELAY CURRENT SETTING (Ir) : 0.15 A
THE RELAY CURRENT SETTING (Ir) IS : APPROPRIATE
STABILISING RESISTOR (Rs) H 270.40 ohm
EXTERNAL RESISTANCE : 270.40 ohm
SHORT TERM POWER : 6.08 W
FAULT VOLTAGE (Vf) : 10402.32 V
PEAK TRANSIENT VOLTAGE (Vp) : 5080.43 Vv

VARISTOR IS REQUIRED

1.6.1 Line Pilot Relay

To open this form, use menu option Elements-- > Relays-- > Line Pilot.

Then the form shown below will appear.

Line Pilot Relay Data

|Nmbu [EER Fw:h»l Name [3415087Fw/ Mmml ‘

CT ratio at both the ends P
e uner [105710 Lratos 101005201 11005225] |y [ ot

Mnaufachurer Number |1 [FEVADLLE - 50U =] Liagss | | Time [0 e

In Put Data

Ambient capacity of the cable

Length of the pilot wire Pict Wi
| Length [0 m Resistance  [154 ohm/km/ckt  Volkage | 5 00 ha IS ‘
Pilot wire cable resistance Locp Res Computed Setings

© Measured & Computed Loop Resistance IU ohm

. . . . Rp  [500 ohm
Pilot wire loop resistance (on site measured | issig enstome MoxFod Cunent )
value {r‘ Yes & No Tap [T pu { 16000 ==llo :
. Status
Calculation | & InSewice € Dutof Service |
r~ Cument
Primary [400 & Secondaw [1 4 Knee PointVolt [400 v
. | (T Resstance |3 ohm  Lead Resistance |2 ohm
Power Research and Development Consultants Pvt «[ = w[7 =] fmeComtan [0 =] fm[os =]
From CT
@ Thistine ¢ Others  EementNumber €l
CT Location & \rom L9 o
rTo CT
FoThslne e Comenthmee el
CT Location € From )
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Pilot wire loop resistance, RP= It is the measured on-site pilot wire resistance.

If Pilot loop resistance value is not given, RP = (Length of the pilot wire) x (pilot wire cable
resistance) x 2

Isolating transformer tap position:

If pilot wire resistance is lower than 440 OHM = > TAP T1

If pilot wire resistance is between 440 to 880 OHM = > TAP T2
If pilot wire resistance is between 880 to 1760 OHM = > TAP F2
Isolating transformer tap T

=1, if no isolating transformer fitted

= 1, for isolating transformer tapped at F2

= 0.5, for isolating transformer tapped at T2

= 0.25, for isolating transformer tapped at T1

Standard resistance value for TAP on transformer, RSV (Based on isolating transformer TAP)
Standard value of Pilot loop resistance

= 1000 (Solker R relay) if no isolating transformer fitted

= 2000 (SolkerRf relay) if no isolating transformer fitted

= 1760 (SolkerRf relay) for isolating transformer tapped at F2

= 880 (SolkerRf relay) for isolating transformer tapped at T2

= 440 (SolkerRf relay) for isolating transformer tapped at T1
Padding resistance = 0.5 X (RSV - RP)/T

Example

11 kV Cable Feeder CT: 300 A-400A/1A

Assumed cable type: 3 x 1C x 240 mm?2 Cu XLPE Cable
Assumed ampacity according to site condition = 525 A

Length of the pilot wire = 600 meters

Pilot wire cable resistance = 0.965 Ohm/ km

Pilot wire loop resistance, RP

= (Length of the pilot wire) x (pilot wire cable resistance) x 2

= [600/1000 x 0.965} x 2

=1.158 Ohm

Standard value of Pilot loop resistance

= 2000 (Solker Rf relay) if no isolating transformer fitted
Isolating transformer tap T

=1, if no isolating transformer fitted

*« Padding resistance = 0.5 x (RSV - RP)/T

= 0.5 x (2000-1.158)/1

=999.42 Ohm (Calculated setting based on assumed data for cable)
~ 990 Ohm (PRESENT SETTING)

Rp — Padding resistance: The purpose of padding resistance at each end is to bring the total pilot
loop resistance up to a standard value (Sv) (Note: It needs to be collected from the site.)

Pilot wire length is same as cable length.

Cable resistance is same as pilot wire resistance
e —————————————————
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Voltage: 5 or 15 kV pilot wires

Loop Resistance: For full pilot wire length resistance. = Cable resistance * Length of pilot wire * 2
Measured: from the site

Computed: From the length & cable resistance (approximate values)

Isolating Transformer: It is used to increase the insulation level of the pilot wire

Tap position: Isolating transformer tap position. (Depending on tap position of isolating transformer
used Sv is selected)

Maximum Fault current: Max. Fault current of the feeder used to check the CT ratio is appropriate or
not.

Knee point voltage: Existing knee point voltage needs to be compared with the calculated knee point
voltage using max.fault current, CT primary/secondary ratio, and lead resistance and CT resistance
as input.

Note: If the calculated value of Vk is less than the existing value of Vk CT is appropriate Otherwise
we need to change the CT.

Sample Line Pilot Protection Report from MiP-PSCT

PROTECTION : LINE PILOT PROTECTION
SUBSTATION CODE : xx3
SUBSTATION NAME : SS xx3

BAY NO : A150
LINE NUMBER : 105110
LINE NAME H

FROM BUS NO : 41003201

TO BUS NO : 41003225
LINE VOLTAGE H 11.00 kv
RELAY TYPE : SOLKAR R
RELAY MAKE : REYROLLE
RELAY NUMBER : 3030
RELAY NAME : xx3A15087PW
INPUT DATA

CT AT BOTH ENDS

CT PRIMARY 400 A

CT SECONDARY 1A
KNEE POINT VOLTAGE 400.00 Vv
CT RESISTANCE 3.00 ohm
LEAD RESISTANCE 2.00 ohm
PILOT LINE LENGTH 600.00 m
PILOT WIRE CABLE RESISTANCE 1.54 ohm/km/ckt
VOLTAGE RATING OF THE CABLE 5.00 kv
TAP POSITION 1.00 pu
MAXIMUM FAULT CURRENT 16000.00 A
STANDARD VALUE OF RESISTANCE 1000.00 ohm
COMPUTED LOOP RESISTANCE 1.85 ohm
MINIMUM KNEE POINT VOLTAGE 330.00 Vv
PADDING RESISTOR (COMPUTED) 499.08 ohm

PADDING RESISTOR : 500.00 ohm
EXISTING CT SATISFIES KNEE POINT VOLTAGE REQUIREMENTS

1.6.2 Bus Bar Differential Relay

To open this form, use menu option Elements-- > Relays-- > Bus Bar Differential. Relay
Bus Bar Protection

The general Principal of high impedance bus differential protection and the calculation for value of
stabilizing resistance is mentioned in this section.

General Philosophy:

System protection that includes over current or distance protection will inherently give protection
cover to the bus bars. Over current protection will only be applied to relatively simple distribution
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systems, or as a back-up protection, set to give a considerable time delay. Distance protection will
provide cover for bus bar faults with its second and possibly subsequent zones. In both cases the
bus bar protection obtained is slow and suitable only for limiting the consequential damage.

Bus bar protection is primarily concerned with speedy isolation of bus bar faults in less time than
could be achieved by back-up line protection, with the twin object of maintaining system stability and
limitation of consequential damage. Some early bus bar protection schemes used a low impedance
differential system having a relatively long operation time, of up to 0.5seconds. The basis of most
modern schemes is a differential system using either low impedance biased or high impedance
unbiased relays capable of operating in a time of the order of one cycle at a very moderate multiple
of fault setting. The application of the high impedance differential relay is based on all of the CT’s is
set to the same ratio.

High Impedance (Voltage operated) Differential Relay is applied on the assumption that the CT
associated with the faulted feeder (carrying the total fault current in case of through fault, refer fig.
3.1) saturates completely. The relay, which is connected across the junction point of the CT’s has an
impedance which is much greater than the total resistance of the CT circuit which is comprised of
the CT Resistance plus any lead resistance from the junction point to the relay. The voltage (Vr)
across the relay will then be equal to the drop in the resistance resulting from the total fault current
flowing through this resistance. Calculations are made for each CT circuit to determine the
maximum possible voltage that can be developed across the relay (assuming total saturation in
each circuit). The relay is than this voltage by a suitable margin.

[
2 If
— —_—
a RL
T .__J. Zr T .
o 1 = |f ><m=[1? )
B 5 o] | m 1

11 2 Rt =2*RL + Ret
9

‘High Impedance Bus differential protection

Assuming that the fault current 11 flows through the saturated CT, Voltage across the relay is given
by the equation Vr=I1 (2.RL+RCT). The Relay circuit impedance is then adjusted so that the
necessary voltage to operate the relay is greater than the voltage Vr.

Vs=Is.R

Where,

Vs=Relay circuit voltage setting
11=Fault current seen by the relay

Is=Relay current setting Bus Bar Differential Relay Data

FRelay Mumber |EEE

Fetch>> Rielay Name |«-38121878 H Maintenance

R= Relay Branch impedance

. Bus No (53008401 [AIRPS401] {66.000 he 6 [RXIG-22 - AXIG-22] - Library »»
RL=Ct lead resistance

Fielay Tin
|V & InService ' Dut of Service H @ InSenice ' Blocked ‘

RCT=CT secondary winding resistance

r~ Current Ti

In order to avoid relay operation for through faults, e ELE Secandany [1 o

Vs > Vr. For this, an additional resistor called Resitanca [ o LeadResisance [T ohm Clase [IF zEmor [T

stabilizing resistor Rst is used in series with relay e —— P —

coil resistance Rr. Masimum [0 Prn. Cunent [5000 Diferantisl Cieut [72

Thus R=Rst+Rr. Minimum  [F900 Time(ms)  [izion Stabiising Cirewt [T
Load Current in Amperes Ausilary CT Ratio Relay Safety Factor

To enable faster operation of relay, the CT should { Masinun - [750 { o ( i w

have a knee point voltage equal to at least twice | Comeu=dsaiing

the relay setting voltage Vs. WL # Stab, Faste (Selctive) LT —
L= 38 Giah Factor [check] o Diftplam [ sec
Volage v Stab Resistor chm  Time sec

| et &

Power Research and Development Consultants Pvt. L | &easet=
Pickup Curent [0 A Stab Factor (Selective] [q Diff Current [0 A
Time 07 see stbFalrlchesd [T piaem[0 s
Voltage [0 v Stab Resistor [0 ohm  Time 0 =
Current |0 S
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Knee point voltage for current transformers Vk 2 2 Vs implies Vs < Vk /2.

Further, the secondary effective setting (Is) is the sum of the minimum operating current and the
excitation losses in all parallel connected current transformers, whether carrying primary current or
not. This summation should strictly be vectorial, but is usually done arithmetically and is expressed
as:

Ir=CT ratio [Is +n X les]

Where,

Ir=Effective setting

Is= Relay current setting

les=CT excitation current at relay setting voltage
N= number of parallel connected CTs

It is desirable that the primary setting Ir should not exceed 30% of the prospective minimum fault
current.

Relay Number: Enter serial number of the relay
Relay Name: Enter relay name
Bus No: Select the bus number on which relay is placed from the drop down list.

Manufacturer: Select relay type from the drop down list. If relay type is not available enter a no. in
this field and click on Library button to enter the relay details.

Note: Depending on the relay type required fields will be enabled to enter the data
Current Transformer: Bus coupler current transformer Primary and secondary details to be entered

Knee Point Voltage: Existing knee point voltage needs to be compared with the calculated knee
point voltage using max. fault current, CT primary/secondary ratio, lead resistance and CT
resistance as input.

Note: If the calculated value of Vk is less than the existing value of Vk CT is appropriate Otherwise
we need to change the CT.

Fault Current in Amperes:
Variable resistor: Its value is in ohms. Typical value is 3000ohm, 6000 ohm and 9000 ohm

Differential Circuit resistance: It is a fixed quantity represented in ohms. For REB103 its value is 2.2
ohms

Stabilizing circuit resistance: It is a fixed quantity represented in ohms. For REB103 its value is 16
ohms

Load current in Amperes

AuxiliaryCT Ratio Auxiliary CT's are used for ratio correction and also for reducing the 1 amp and 5
amps rated current to 0.5 relay current. It is fixed quantity. For REB103 relay its value is 10

Relay Safety factor:

Computed settings: After the execution of busbar differential computed settings fields are populated
by the setting results.

Sample Bus Bar Differential Protection Report from MiP-PSCT

PROTECTION : BUS BAR DIFFERENTIAL PROTECTION
SUBSTATION CODE : xx8
SUBSTATION NAME : SS xx8
BAY NO : B121

BUS NUMBER : 63008401
BUS NAME : AIRPS401
RELAY TYPE : RXIG-22
RELAY NUMBER : 8251
RELAY NAME : xx8B12187B
INPUT DATA

BUSBAR VOLTAGE : 66.00 kv
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CT PRIMARY CURRRENT 2000.00 A
CT SECONDARY CURRENT 1.00 A
OUTPUT

MINIMUM PRIMARY OPERATING VALUE 6000.00
PICK UP TIME : 12100.00 ms

1.6.3 Line Cable Differential Relay

To open this form, use menu option Elements > Relays > > Line/Cable Differential. Relay

Line Number: Select the element number from the drop down list of the combo box

Manufacturer Number: Select the line differential relay library from the drop down list

Current Transformer: Primary and secondary ratings of
Current transformer in Amps

2nd Harmonic Restraint: To block the transformer
charging currents if the line is connected to a transformer.
Its range is 20% to 25% of fundamental current.

Proposed settings: From the entered data program will
compute the values for the proposed settings.

Existing settings: Existing field data for the line differential
relay is to be entered

From CT: Current transformer location like element,
element no and from side of the line are to be specified.
This data is considered for trip sequence simulation.

To CT: Current transformer location like element, element
no and To side of the line are to be specified. This data is
considered for trip sequence simulation.

Example:

CALCULATION FOR TYPICAL CABLE:
Line details and CT Details

Input Data:

Voltage level of the transmission Line/Cable.
Frequency of the system.

Length of the Line/Cable.

CT Ratio Connected for the protection.
Shunt capacitance of the line/Cable.
Calculations:

Rated voltage of the line “Un” = 400 kV
Frequency of the system “fn” = 50 Hz.
Line/Cable length “L” = 29.3 Km.

Line/cable Shunt capacitance “C” = 12.6 nF/km.
CT Ratio “CTr” = 2000/1.

Charging Current “Ic” = 3.63*Un*fn*C

=24.7163 A
Differential Current “Id” = 2.5%Ic
=61.7908 A

Line/Cable Differential Relay Data
Maintznance

Line Mumber |41 20 Lined120 [51001401 - 41003401] LI ‘

‘ Mnaufacturer Number  [11 [75D5 - SIEMENS] - Library > ‘

Relay Statu ‘

Humber Fetoh>> | Mame [w3B01187C1

£ In Service " Blocked

Trip Statu:
O lofen (@ e |

2nd Harmonic Restraint

1
High Set [0 & on O oOif

@ 0On  Off

Curnent T
’VFrlmary [408
~ Proposed Selting
1dif 02238393 A
SwitchOn [02717588
Time s
— Esisting Setting

it oA
Switch On |7
—

Time

A Secondam |1 A

Switch On High Set [0

HighSet [0 | & o0 oo
lu— @~ On C oOf
0

Switch On High Set

£ 2nd Harmonic Restraint

Element Number ¥

& Fiom (2 Fe

Element Number -

CT Location  Fom & To

~ From CT

& This Line  Others

LT Location

To CT
’V(‘ This Line £ Others

Differential current at ct secondarz =1d/CTr
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=0.0308 A
Set value of differential current = 1d/CTr + tolerance
=0.3.
Sample Line Differential Protection Report from MiP-PSCT

PROTECTION : CABLE DIFFERENTIAL PROTECTION
SUBSTATION CODE : xx3
SUBSTATION NAME 1SS xx3

BAY NO : BO11

LINE NUMBER : 4120

LINE NAME : Lined120

FROM BUS NO : 51001401

TO BUS NO : 41003401

RELAY TYPE :  SIEMENS

RELAY MAKE : 7SD5

RELAY NUMBER : 3401

RELAY NAME : xx3B01187C1

INPUT DATA

VOLTAGE LEVEL OF LINE//CABLE : 66.00 kv
SYSTEM FREQUENCY : 50.00 Hz
LENGTH OF LINE/CABLE : 2.19 Kms
SHUNT CAPACITANCE OF LINE//CABLE : 1.8260e-007 F/km
CT RATIO : 400//1 A
OUTPUT

CHARGING CURRENT : 4.7839 A
DIFFERENTIAL CURRENT : 11.9597 A
DIFFERENTIAL CURRENT (SECONDARY) : 0.0299 A
DIFFERENTIAL CURRENT SETTING : 0.23 A
VALUE UNDER SWITCH ON : 0.0718 A
SET VALUE UNDER SWITCH ON : 0.27 A
TOLERANCE : 0.20

1.6.4 Three Winding Transformer

To open this form, use menu option “Elements > Three Winding transformer”. Then the form shown
below will appear.

Type: Select the element type as 3 winding transformer or auto transformer.
Voltage Control Bus Number

This field is to specify the control bus number where voltages need to be controlled by the
transformer tap. This bus can be selected from the list box provided, which displays all the buses
present in the database. If the transformer library has OLTC and tap changing should be blocked
then select bus 0 as voltage controlled bus.
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Three Winding Transformer Data

Transfarmer Number

E Fetch Transformer »>| Name [ABUSM321 H Maintenance

| I~ ZiaZag Transfomer
Typ

M Ficl. Mumber  [3007 [SBUSM321 = ;
Nurber of Uris in Feralel |7 ! & 3 viinding Cantingenicy:
Transfomer Libray 33| || € Auto Transtomer Schedule <0
Valtage Contiol Bus 200028 [pELEA Y -
: Set Tap Postion  Compute] [7 2 Templuto T - CostPer Unitin
Contingency Weightags  [1 Nominal Tap P % Fused
p Position LsE
13 —
Phase Shift Angle 0 deg © Drawn Out
Primary Connestions Secondary Connections Testisty Connestions - Overcurent relay - Restricted E atth Fault
Bus No. [32600301 [3BUSA301) 7] | | Bus N =] || BusNo. [32800001 [2BUSMA2 =
I ! 11| | BusHo. [32e00281 pepuisazer =] | Bus o | ! I~ [eonar#00Ea (=] | [eoaion eoeor =]
De-Rated Mua 10 De-Rated M2 [10 De-Rated Mya |23
Felay >>| GoTor>» |
Breaker Rating Breaker Rating Breaker Rating
In bV 1500 Inhiia 350 In b {50 (- Differential Fielay
ke [26244 Inks  [ig3n Inksé  [5748 00151 S00B0T % GoTars
(Grounding Through Transtormer
& InSemvice Fiimary Ground Resistance [ ohms  Fiimany Ground Reactance [0 ohms | rimary Compute
 Dutof Semice Secondary Ground Resistance [7 ohms  Seconday Giound Reactance [0 obms | Secandary )
Tetaty Ground Resistance [0 g Tentiay Ground Fisactance [ ohms | Tetiay Compute

g
=

Nominal Tap position

This field is to specify the nominal tap position. This is the tap number at which study is to be carried
out.

Phase Shift Angle

Select this option to specify the Phase Shift angle in degrees between the primary and secondary
voltage of the transformer. This field is used only for phase shifting transformer.

In three winding transformers, tap is specified from the HT winding to a dummy node arising
because of the equivalent star connection representation. For other two branches (secondary and
tertiary) the nominal tap position is at rated kV. For phase shift Transformer, the phase shift being
represented in polar form, phase shift magnitude is given in nominal tap position and angle (in
degrees) in phase shift angle position.

Primary Grounding Resistance

This field is to specify the resistance between the star point of the primary coil of the transformer and
the ground. Primary Grounding Resistance value is given in ohms. 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 is to specify the resistance between the star point of the secondary coil of the transformer
and the ground. Secondary Grounding Resistance value is given in ohms. It is used only during zero

sequence network calculations. The values are applicable only for star with neutral grounded
transformers.

Tertiary Grounding Resistance

This field is to specify the resistance between the star point of the tertiary coil of the transformer and
the ground. Tertiary Grounding Resistance value is given in ohms. 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 is to specify the reactance between the star point of the primary coil of the transformer and
the ground. Primary Grounding Reactance value is given in ohms. It is used only during zero
sequence network calculations. The values are applicable only for star with neutral grounded
transformers.

Secondary Grounding Reactance
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This field is to specify the reactance between the star point of the secondary coil of the transformer
and the ground. Secondary Grounding Reactance value is given in ohms. It is used only during zero
sequence network calculations. The values are applicable only for star with neutral grounded
transformers.

Tertiary Grounding Reactance

This field is to specify the reactance between the star point of the tertiary coil of the transformer and
the ground. Tertiary Grounding Reactance value is given in ohms. It is used only during zero
sequence network calculations. The values are applicable only for star with neutral grounded
transformers.

Use compute (similar to two winding transformer) if the transformer is grounded through earthing
transformer.

Earthing Transformer: If it is checked / selected then the transformer is considered as earthing
transformer

Tertiary (Auto Tr): If the element type is Auto transformer, the tertiary winding is Drawn out or Fused
one can be specified. Selection can be viewed on SLD

Differential Relay: Unit protection differential relay present on the element is shown here. On click of
Go TO > > button opens the Differential relay data form

Restricted Earth Fault Relay: Unit protection restricted earth fault relay present on the element is
shown here. On click of Go TO > > button opens the restricted earth fault relay data form.

Over current Relay: Over current Relay present on the element is shown here. On click of Relay
button opens the Over current relay data form showing

the relay details. Current/Voltage Source Data

Saunce Number Fetch Souce >y | Saurce Name [CY31
1.6.5 Current or Voltage Source

Bushumber |2 [USERT] {0430 v | Manufacturer Ref. Mumber ,ﬁ

To open this form, use menu option “Elements > g, i — S
Current/Voltage Source”. Then the form shown below will |z o [l 0. # Lot A Ly

appear' € OutofService || Intantaneows | Yolage Instantaneous Library >

Source Quantity
Specify the source quantity here. It can be either Current or Voltage source

Source Type

The user also has the option to select nature of the ' Lightning Arrester Data
source, nhamely, RMS source and Instantaneous source.
y Anesterurber [T M Briester Mare [LaT _‘

1.6.6 Lightning Arrester WatatuaFel o [| 2T ]
Bus Number (NS N0EE)

To open this form, use menu option “Elements > s Bieaker Rty
Lightning Arrester”. Then the form shown below will {"“”ﬁew‘“ CloialSece (| InivA [1000 | Ik [12281]
appear.

1.6.7 Switch

To open this form, use menu option “Elements > Switch”. Then the form shown below will appear.
Line Number

This field is to specify the line number to which the switch is connected.

Line end

This specifies the switch position. The switch can be connected either on the From end or To end of
the line.

1.6.8 MOV
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Metal oxide varistor is used very similar to normal surge arresters. However, it is connected between
two buses in contrast to phase-to ground connection. The general application of MOV is used to
protect the series capacitors in power systems during faults.

To open this form, use menu option “Elements > ETA->MOV”. Then the form shown below will
appear.

Metal Oxide Varistor Data
MO Mo MOY Mame MOV Fetch
From Bus Mo |2 [Bus2] {400.000 - Manf Ref. Na |1 [MOW1] - Library

FromBreaker
ToBusNo |3 [Bus3] {400,000 «
Inhiv4 [15000 Inka, [21.651
Status To Breaker
* InService " Out of Service | | In MY |1 5000 In ki |21 .B51

This form requires the from bus and to bus numbers to which MOV is connected.

1.6.9 Spark Gap

The Spark Gap is very similar to voltage controlled switch, and is connected between two buses.
This gap model is normally self-triggered one based on voltage magnitude across the gap. However,
for special application to protect the series capacitor during system faults can be externally triggered
based on the external signal (for example the energy limit of MOV is used to trigger the Spark gap)

To open this form use menu option “Elements > ETA->Spark Gap”. Then the form shown below will
appear.

Spark Gap Data

Spark Gap Mo Spark Gap Mame SPARKT Fetch
From Bus Mo |2 [Bus2] {400.000 - I~ Self Triggred

Tofusto 3 pus3] t400.000 = BreakDown Voltage Kvp

FromEreaker

0.001
Inte 15000 Inka [21.851 B T s
To Breaker Damping Inductance  |0.00055 H
InMya  [15000 Inks [21.651 5
Damping Resistance Ohm
Sl Re-insertion Time |04 ]
& In Service " Out of Service

Spark Gap connection details are to be provided here.

Delay Time : is the time after receiving the command ex; 0.001 s

Damping Inductance : This is the discharge damping circuit inductance in Henry.
Damping Resistance : This is the discharge damping circuit Resistance in ohms

Re-insertion time : Re-insertion time for series capacitor to insert in the circuit after by pass (after
fault clearing time.

1.6.10 Shunt Resistor

Shunt Resistor Data

Shunt resistor is used in EMTP Elemertbo. [ Fetch»» Elemert Name [SPResT

simulations. For a double circuit line -
. A P P us Mo 7 [Bus7] {400.000 hd
if one circuit is open it is grounded Bush — =

through shunt resistor. If the fault MvA Ratin 100 K Raing 400
occurs on a line carrying current, a Breaker Rating Cost Per Uritin
| It [0 i R Cost 0 -
1 pu on its own rating Commission Status
Power Research and Development Consy ot o o |[ =t 6 Pt vex 80
Status
" InService 7 Dut of Service
Attachments Rermarks
3|

=T
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large current will flow through the conductor which is out of service due to mutual coupling.

To open this form use menu option “Elements > ETA->Shunt Resistor”. Then the form shown below
will appear.

Resistance value (pu on its own rating)in pu is considered for the studies.

1.6.11 Current Transformer

Option to enter entire CT Details — Database manager-CT Screen-Static screen Data entered is not
consider for analysis. Presently this is only for information. Rating1,2,3,4 can be specified in Amps
User selected rating of CT rating will appear on the SLD.CT Rating (primary and secondary), CT
burden, PF burden, R sec in ohms, Xsec in ohms, core loss component values will be considered in
EMTP study. Magnetization curve data i. e. rms values of current in Amps and voltage in Volts will
appear by default. User has an option to add and delete data with ADD and DELETE button

Current Transformer

CT Number [2a021 Fetchss | FeederNumber  [5o30
TegNumber [Crzazi SwichBoad [Boz0
Name.
SubStamion [DoHAes SerislNumber [
Make [REvROLLE e
Ratio  [400/1 CTBurden [25 A,
Knee point Voltage  |1.2 W PF [Burden]
Magnetizing Current 1 A RSec [o Dhriis
Humber of Cores Rsee [ owm
(i (R 0 & Themmal Current [T &
(P (T 2 A Sesondary Rating| A
Primary Rating 3 A Selected Rating
Primary Rating 4 A ’}‘ FRating1 ¢ Ratha2¢ Ratirg3 ¢ Rating 4
o of C
I Magnetisation Curve Curerdfms)  Yohage{ms)
inh in%/
. 85.000
Resistance
[Core Loss] ahms 105.00
3 140.00
150.00
160.00
175.00

Potential Transformer

Potential Transformer

FT Humber |1— Feeder Mumber I—
TagNumber [P SwichBoard [T
. Mame
S5 el Sernial Nurnber I
Make l— Class I—
R atio Burden IEI s
ve o e [
BL [0
Feeder Number : | Feeder number of the feeder on which potential transformer is
located
Tag Number . | Unigue alphanumeric tag nhumber
Switch Board Name
Sub Station . | Name of the sub-station to which this PT belongs to
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Serial Number . | Serial number of the PT

Make . | Potential transformer Make
Class . | Class of the current transformer
Ratio . | PT Ratio

VF

BIL . | Basic Insulation Level

Type

1.6.12 Ammeter

Ammeter
Ammeter Mo Ih— Feeder Mumber l—
Tag Mumber  [ap1 Switch Board l—
MName
S SR I Sernal Mumber
i ake l— Range l—
Class | Type
Feeder Number . | Feeder number of the feeder on which ammeter is located
Tag Number . | Unique alphanumeric tag number
Switch Board Name
Sub Station . | Name of the sub-station to which this Ammeter belongs to
Serial Number : | Serial number of the Ammeter
Make . | Ammeter Make
Class : | Class of the Ammeter
Range . | Range of the ammeter
CTR . | Current transformer reference
PTR . | Potential transformer reference
1.6.13 Voltmeter
Voltmeter
Yoltmeter Mo, |1— Feeder Number |—
TagMumber  [h41 Switch ENn:rfe |—
bl Serial Number
Make l— Range l—
Class Type
& ACVometer O DCVolmeter T I |
Feeder Number : | Feeder number of the feeder on which voltmeter is located
Tag Number : | Unique alphanumeric tag number
Switch Board Name
Sub Station : | Name of the sub-station to which this voltmeter belongs to
Serial Number : | Serial number of the voltmeter
Make : | Voltmeter Make
Class : | Class of the Voltmeter
Range : | Range of the Voltmeter
Type
AC/DC voltmeter
PTR : | Potential transformer reference
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Multimeter
Wumber [T Mame [MM1
cT FT
[ I~ [ =
I™ vakage 0 W
I Current -
I~ Real Powsr | Y
I Reaclive Power | O
I Power Factar |
B Feryeres (C—
Feeder Name Feeder number of the feeder on which Multimeter is
located
Tag Number Unique alphanumeric tag number
CT Associated Current transformer reference number
PT Associated Potential transformer reference number
Real Power Real Power in MW
Reactive Power Reactive power in Mvar
Power Factor Power factor
Frequency Frequency
1.6.15 Circuit Breaker
Circuit Breaker
TogHumber | Swich Board
SubSaon [ vl Nurmber
Vet i
Make RwedOurent ] A
RatedVotage [0 V  RaedFqengy |0 H
WGt [G T
wegt [0 [ Tew  [2000
o
froend T tovs O
o ot o oc 0 AC

1.6.16 Battery

Feeder Number Feeder number of the feeder on which CB is located
Tag Number Unique alphanumeric tag number

Switch Board Name

Sub Station Name of the sub-station to which this CB belongs to
Serial Number Serial number of the CB

Make CB Make

Type CB Type

Medium

Rated Voltage

Breaking Current

Making Current

Weight Weight of the CB

Rated Current

Rated Frequency

STC

Standard

Year Year of Manufacture
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Battery Data

Battery Mo |1
Battery Mame IBatteLl,l'I
Battery Fating I‘I

1.6.17 Battery Charger

Battery Charger Data

Battery Charger Na h
Eattery Charger Name Chargerl
Battery Charger Rating il

1.6.18 Measurement Data

Measurement Data

Meter Mo | Meter Mame ’Meter?—

Fieal Power Flow B4.82 [y Weightage 1

Fieactive Power Flow 743 M Weightags ,17
pu ‘Weightage

Voltage

W

Measurements

I¥ Power Flow Measurement r Global Change

Element Type Elemnent |0 Location
TwoWinding Transformer A |5 Line5 [2 to 5] ﬂ
Thiree ‘Wi Tranzformer 2 TOSIDE
T ine

State estimation processes a set of measurements to obtain the best estimate of the current state of
the power system according to some criteria. It is a mathematical tool which is based on the network
connectivity information, network parameters, the analog measurement which is redundant in
nature, estimates the state of the given power system i.e., computes the voltage magnitude and
angle at each and every bus. Usually, the process involves imperfect measurements that are
redundant and the process of estimating the system states is based on a statistical criterion that
estimates the true value of the state variables to minimize or maximize the selected criterion. A
commonly used and familiar criterion is that of minimizing the sum of the squares of the differences
between the estimated and “true” (i.e, measured) values of a function.

In a power system, the state variables are the voltage magnitudes and relative phase angles at the
system nodes/buses. Once the voltage magnitude and angles are known, power flow can be
computed.

Measurements are required in order to estimate the system performance in real time for both
system security control and constraints on economic dispatch. The inputs to an estimator are
imperfect power system measurements of voltages, power, VAR, or ampere-flow quantities. The
estimator is designed to produce the “best estimate” of the system voltage and phase angles,
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recognizing that there are errors in the measured quantities and that there may be redundant
measurements. The output data are then used in system control centres in the implementation of
the security — constrained dispatch and control of the system.

Real Power Flow : Active power flow measurement data at from or to side of the
element

Reactive power flow : Reactive power flow measurement data at from or to side of the element
Weightage : Meter weightage factor based on the meter accuracy

Element type : Select the type of element where RTU or meter is located.

Element ID : Select the element ID from drop down list.

Location: Select meter location whether at “From side” or “To side”

Voltage : Voltage measurement at bus.

Global Change : User can select different scenarios by using the menu called “Global change” as

shown below 8
Measurement Data - Global Change §|

+ Consider All Measurements [Fram, ta and Bus Injechion}

" Caonsider Onlp From Flow Measurement
™ Consider Only Tao Flow Measurement

" Consider Only Bus |njection

Cancel

1.6.19 Low Voltage
Power Circuit
Breaker

The low-voltage power circuit breaker (LVPCB) may be found in two general varieties,
those with electromechanical trip devices and those with electronic trip devices. Each has
some combination of long-time delay, short-time delay, and instantaneous and ground-
fault trip elements. ANSI C37.17-1997 defines those characteristics and their limits. Dual
trip devices have long-time and instantaneous elements. Selective trip devices have long-
time and short-time elements. Triple selective devices have long-time, short-time, and
instantaneous elements [1]. The typical characteristic curve of low voltage power circuit
breaker consisting of long (overload), short and instantaneous elements is shown in Figure

1 LONG-TIME CURRENT PICKUP
1000 —
MAXIMUM CLEARING TIME
LONG-TIME TIME DELAY
100 |~
w3 10 — MINIMUM z
= CLEARING F
8 TIME
SHORT-TIME CURRENT PICKUP
0 %
=
w
£ -
= 1
w
g SHORT-TIME TIME DELAY
7z
=~
S d INSTANTANEOUS
/] z / CURRENT
7% L1
INVERSE It 4
OR 17t r
FUNCTION j
01 = T
1 1 1
1 10 100

MULTIFLES OF RATED CURRENT
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Fig 1: Characteristic of a typical low voltage power circuit breaker

The characteristic time current curve has a band of operating area. The upper limit of the
band represents the maximum total clearing time for the circuit breaker. The lower limit of
the band shows the maximum resettable delay, i.e., the maximum time that a given
amount of through current (e.g., a fault or overload) may persist and then subside without
tripping the circuit breaker.

The overload delay is a constant 1%t inverse time characteristic to simulate the conductor
and load equipment heating. Its pickup should be set for conductor and equipment
overload protection as called for in the National Electrical Code® (NEC®) (NFPA 70-
2005). Its delay should be set as low as possible, but coordinated with load-side devices.
The pickup setting is usually some multiple of the unit’s plug rating.

The short-time delay element provides a definite time delay. Adjustment allows selectivit%/
with load-side instantaneous or faster short-time trip elements. Some devices offer an It
pickup, which provides an inverse characteristic between the pickup current and the fixed
time delay (see Figure 2.1). This characteristic may provide an opportunity to better
coordinate with load-side fuses. The short-time and instantaneous pickup currents are set
above normal operating conditions (i.e., motor starting, transformer inrush, etc.).

Sensitive ground-fault protection is generally accomplished using the sum of the three
phase currents and adding the neutral current of four-wire systems. The resultant is the
ground-fault current. Pickup currents are limited to 1200 A maximum to be consistent with
the NEC. However, pickup settings are normally set more sensitive than 1200 A to reduce
equipment damage and other hazards of arcing ground faults. For electronic trip units, the
ground current characteristic time delay settings are similar to the phase current
characteristic short-time delay settings. As with short-time delay, the ground-fault trip
characteristic may have the option of 1°t pickup.

Low Voltage Power Circuit Breaker

Circuit Breaker

LWFCE No Fetch>> | LYPCEMame [LVPCB1 Tk
Element Typs Localion
ing Transformer PN (Etemaet [ T PRIMART
Thise Winding Transtomer 82T4[32t0 33]
Transmission Line | 3 PRIMARY NELTRAI
Series Reactor 4 SECONDARY NEUT
Series Canaritnn ¥
Connection Sense Ralings Library No
% Looking Away fiom the Bus Nominal Curent{ln) Breaking Capacity 1[CB1] -
® (i e e B [1eon0oooo0 -] & [somoooon < kA
Over Load Protection Shart Time Short Circuit Protection
Status Status
Curve Type | Curve Typs P2 =

Current Fickup(l) |0.800000 = %ln A Current Fickuplls) |2.000000 = %l &
Time Setting(tr) 2000000 v & @ wlr Time Setting(ts) 0100000 «| = @ #ls

Instantaneous Shert Circuit Pratection Graund Faul Protection

Status Statuz

Current Fickupll] [10.000000 = | xIn I Curve Type Definite Tz =
Time: Settinglt) Cumert Pickuplig) | 100.0000( ~

Time Settingltg) 0100000 «| =

The functionality of section “relay name”, “relay number”, “element type”, “connected to”,
“location”, “connection sense” and “library” is same as that of existing over current relay.
Nominal current range entered in library will appear in the drop down box of “Nominal
Current”. User can select the required nominal current value.

List of currents entered in the breaking capacity range of library will appear in the
“Breaking Capacity” drop down box. The user can select the required nominal current
value.

1.6.20 Mutual Coupling Data

Protection of multi circuit lines has always been of great interest to protection engineers.
Presence of zero sequence mutual coupling affects the operation of ground distance relays. The
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voltage, and therefore the current, measured at the relaying end are not only influenced by the
positive and zero sequence impedances of the line itself, but also upon the mutual impedance
between the parallel lines.

The zero sequence impedance is either entered in ohm/km or p.u. as per the PU choice in the
database.

A Go To>> option in Line/ Cable Data is also provided. Also validation is given which will give
warning if the line is deleted when mutual coupling is present.

Mutual Coupling Data
Humber Fetch > Mame  [MP1 [¥ Double Circuit Lock.

From Bus TaoBug Line Length
Line 1 |1 [LineT] || | | i
Line 2 |2 [Line2] =l | | ki
ROm  (0.053 ohm/km  Xim (1429 chmkm  Blm/2 IW mhaskm

Status

@+ InService (" Outof Service

Valid Topologies
1. Mutual coupling between lines connected to same buses

Bus1 [400kV] Bus2 [400kV]

Line 2 f\l

-]

Mutual Coupling

2. Mutual coupling between lines of different buses

Bus3 [400kV] Bus#4 [400kV]

Line 2

Bus5 [400kV] Busé [400kV]
Line 1

Mutual Coupling

3. Mutual coupling among lines of different voltages
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Bus7 [400kV] Bus8 [400kV]

Line 3 A

Bus9 [230kV] Bus10 [230kV]

Line 2

Mutual Coupling

Bus'1 [220kV] Bus12 [220kV)

Line 1

Mutual Coupling

4. Multi-Circuits: In cases where parallel lines are modelled using the no of circuits in the
Line/Cable data, it's the users responsibility to give the compensated zero sequence impedance
in the line library

5. Mutual among Multi-Circuits: In cases where there is a mutual coupling between lines having
more than one circuits, MiP-PSCT will consider it as two equivalent single circuit lines with
mutual coupling between them. If individual contribution is to be seen then the circuits have to be
modelled as independent lines.

6. Different Lengths: In cases where the lines are of different length, the mutual coupling will be
taken with respect to the smallest line.

7. Dot Convention: The mutual coupling convention will be taken with respect to the From and To
buses of the lines.

8. Per-Unitization: Mutual coupling will be Per-Unitized with respect to Linel voltage and the
smallest line length of the two.

9. Line Earthing: When the line is kept “Out of Service” then the “Maintenance” option, from the To
and From Side open group, will be used to determine whether the line is earthed or not. If other
option of the group is selected, then the line will be treated as open and not earthed.

Double circuit lock: This option is used in EMTP studies for double circuit line simulation and
observe the effect of mutual coupling in different operational scenarios. For this line lengths of double
circuit lines should be same. This considers the susceptance value (BOm/2) of mutual coupling.

1.7 Library Menu

Series Elements

1.7.1 Two Winding Transformer

To open this form, use menu option “Libraries > Series Elements > Two-winding transformer”. Then
the form shown below will appear.

Primary Voltage

This field is to specify the Primary side voltage of the transformer in kV.
Secondary Voltage

This field is to specify the Secondary side voltage of the transformer in kV.
Tap

Two options are provided to modify the transformer tap position setting to improve the voltage at the
desired bus. Fixed Tap, where in transformer tap is fixed and On Line Tap Change (OLTC) where in
the transformer tap can be changed in steps according to the load variation. The user can select any
of these options.
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Minimum Tap Number Two Winding Transformer Library

This field is _to specify the minimum tap ardctae i pacnys et [ Tyt P
number existing on the transformer.

Minimum Tap Voltage e e Y e 2 Y
. . . i e . inimum T af ' TapStep Maximum Tay B
This field is for specifying the voltage in |t =T 5| Pl vk LI =
kV corresponding to the minimum tap | |VRer™ [ e comws | C ovisnncwes | YRR = W Compue]
pOSitiO n. pu on its Own Raling Transfomer losses Winding Cenfiguration
i = Z.XR R Y \ﬁ N
Maximum Tap Number Fos sea mpesance [008 | Nooa[T W iy & r
. . . . . Pos. Seq X to R Ratio [20 Copper [ || Secondany C o -
This field is for specifying the maximum | cuce msesmce o o e [CEE
tap number existing on the transformer. Zeoseq KoRRdo [ ]
Maximum Tap V0|tage Magnetizalion Curve Daka i pu on ts Qwn Rating Thermal Curve
™ Magretization Curve & o Thermab>
This field is for specifying the voltage in Resetel us W s CostPor Uniin
kV corresponding to the maximum tap Prased [I o
position. If a transformer has tap Phsie B et e
variation from 85% to 105%, with step of iz C Dy @ Ligid

2.5%, then the minimum tap number is 1,
maximum tap number is 9. If the primary voltage is 220 kV, the minimum tap voltage is 187 kV and
maximum tap voltage is 231 kV.

Positive Sequence X to R Ratio

This field is for specifying the positive sequence X/R ratio of the transformer. Generally, the
transformer positive sequence X to R ratio will be 20.

Zero Sequence X to R ratio

This field is for specifying the zero sequence X/R ratio of the transformer. In generally the zero
sequence, X to R ratio will be equal to that of Positive sequence X by R ratio.

Winding Configuration

The user has three options for each winding connection. User can select any option according to his
requirement. Winding configuration options are Star Connected with isolated neutral, Star connected
with grounded neutral and Delta Connected. Phase shift between windings can be mentioned using
the option provided.

No load Loss: These are mainly corresponding to core loss and iron loss. This is considered in
electromagnetic transient analysis

Copper Loss: These are related to 12 R losses. If no load loss and copper losses are available X to
R ratio can be computed.

Magnetization Curve Data:Modelled in Electro Magnetic Transient analysis)
Magnetization curve can be represented on primary or secondary.
On selection of magnetization curve the values appear by default.

Residual Flux: The residual flux for phase A, B and C should be entered in pu. Sum of residual flux
in phase A, phase B and phase C is equal to be zero. Ex: Phase A = 0.5 pu, Phase B=--25 and
phase C =-0.25 pu.

|-V Characteristics: Non —linear magnetization branch can be represented with piece wise linear
approximation with finite number of 1-V samples. Current in % of transformer rated current and
voltage in pu are to be entered in the list box. Standard data records are available. Additional
records can be added by ADD button. Select the record and use Delete button to remove the data.

Thermal Curve:

Transformers may be classified into liquid and dry types based on the cooling methods
employed. For liquid type and dry type transformer, the thermal limits are based on IEEE
C57.109-1993 [2] and IEEE C57.12.59-2001 [3] respectively. The user has to select “dry type”
and “liquid type” as transformer type in transformer library window to differentiate between the
two.

Liquid type Transformer
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Liquid type transformers may be divided into Categories I, II, lll, and IV based on their rated
power as per IEEE standard C57.12.00-2000 [4]. All four categories are modelled in MiP-PSCT
Table 1 depicts how the transformers are segregated.

Table 1: Transformer Category as per IEEE C57.12.00-2000

Three phase
(kVA)

| 15 to 500

1l 501 to 5000

I} 5001 to 30000
[\ Above 30000

Category

Short-time thermal load capability of oil-immersed transformers is summarized in Table 2.

Table 2: Transformer short-time thermal load capability as per IEEE C57.109-1993

Time (s) Times rated current (pu)
2 25
10 11.3
30 6.3
60 4.75
300 3
1800 2

For Categories I, only thermal curves are sufficient for coordinating the protective relays
owing to their small capacities. Category IV transformers mechanical damage
considerations are taken into account while designing the withstand curve.

For Categories Il and Il transformers, the mechanical damage curve may be considered or
neglected. This depends upon the number of fault occurrences in the transformer’s lifetime
and fault currents seen.

Dry type Transformer

The dry-type transformers designated as Category | and Category Il in IEEE Std. C57.12.01-
1998 [5]. Category Il transformers have not been included since these are not commonly
manufactured and may require special consideration depending on the manufacturer's
recommendations.

Category | and Category Il transformers as defined in IEEE Std. C57.12.01-1998 and
adopted in Table 3. In MiP-PSCT Category 1 and category 2 are modelled.

Table 3: Transformer Category as per IEEE C57.12.01-1998

Category Three phase (kVA)
| 15 to 500
Il 501 to 5000

The short-time thermal load capability of dry type transformers is summarized in Table 4.

Table 4: Transformer short-time thermal load capability as per IEEE C57.12.59-2001

Time Times rated current

Transformer categor
gory (sec) (pu)
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1.7.2 Transmission Line L= i) sl L

Stucture
. N Number 3301 Mame |33 0OH_m Fetchss
To open this form, use menu option [ l o |
“Libraries > Series Elements > Suge Imped
L. ., Positive Sequence Resistance [o16s | ohmanickt
Transmission Line”. Then the form 2 [%40%E52 | Ohms

Paositive Sequence Reactance 0.403 ohmkm/ckt

shown below will appear. Posiv Seerce Suscepance (52) [TE25995 o v [Z39E 71942 | sdsee

Positive Sequence Half Line Charging || ZeoSeauence fiesisance D521 ohmikmdckt (Eopie B2
Susceptance (B / 2) o S RECRTE 477 ohmdkmickt

. . . . - Zero Sequence Susceptance (B/2) 5 Be-007 mhakmickt
This field is for specifying the positive Thermal Rating — T
sequence half  line _ c_harg_lng Live Harmenic Moot e s
_Susceptance of the transm|ssu_)n line N [ GoPatin
in mho per km length or in p.u — —
according to the configuration. =

=

Zero Sequence Half Line Charging Susceptance Current Rating. [100 Amperes
This field is to specify the zero sequence half line charging Line Yoltage [400 Ky
susceptance of the transmission line in mho per km length
or p.u as the case may be according to the configuration. oK | R— |

Thermal Rating

The current carrying capacity of the transmission line in MVA. This is the thermal rating or surge
impedance loading depending on the value to be considered. When a study is conducted, loading
on individual lines will be displayed according to this rating in the report with different attributes.

Line Harmonic Number

This field is for specifying the library reference, where the line data in 3 phase form for harmonic
analysis or 3 phase load flow analysis is specified.

Compute

The thermal rating of the line can be computed. Click on compute the dialog box appears enter
current rating and line voltage. Click OK to accept the computed MVA rating.

Surge Impedance: The surge impedance loading is the loading capability of the line. Usually short
lines are loaded above SIL and long lines lower than SIL because of the stability limitations. These

values are displayed by
default depending Series Reactor Library on the line
parameters pu on its Own A ating
Manutacturer Ref. Mumber I1 Fetch Reactar |
1 7 3 Reactor M anutacture Name |SeFH

Cost Per Unit in
i i Fiating |1E|E| ki Rating |E| I—D X
To open this form, ‘ { use menu option

“Libraries > Series rositive!?equenc Elements >

Reactor”. Then the IFizeiHliies o pu  Reactance [g B form shown below

will appear Zem Sequenc
’7 Resistance Ig pu Reactance IU L ‘
— Magnetization Curve Data
| Knee Paint Flus 1 IU Knee Paint Flux 2 IEI |
i Positive Sequence Saturation Data |
1 Resistance A1 ID pu  Feactance 1 ID PU | ——
Power Research and Dev Resistance R2 IU pu  Feactance X2 ID pu Page 91

—Zem Sequence Saturation Data |

Reszistance R1 IU pu  Reactance X1 IEI pu |
Fesistance A2 In— pu Feactance =2 ID— pL
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Magnetising Curve Data (Used only in Electro Magnetic Transient Analysis)
Knee Point Flux 1

The series reactor knee point flux in p.u volts before saturation.

Knee Point Flux 2

Knee point flux of series reactor in p.u volts after saturation.

Positive Sequence Saturation Data

Resistance R1

Positive sequence resistance of the series reactor in p.u on its own base before saturation in the
piece wise linearized saturation curve representation of the magnetizing flux.

Resistance R2

Positive sequence resistance of the series reactor in p.u on its own base after saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Reactance X1

Positive sequence reactance of the series reactor in p.u on its own base before saturation in the
piece wise linearized saturation curve representation of the magnetizing flux.

Reactance X2

Positive sequence reactance of the series reactor in p.u on its own base after saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Zero Sequence Saturation Data
Resistance R1

Zero sequence resistance of the series reactor in p.u on its own base before saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Resistance R2

Zero sequence resistance of the series reactor in p.u on its own base after saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Reactance X1

Zero sequence reactance of the series reactor in p.u on its own base before saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Reactance X2

Zero sequence reactance of the series reactor in p.u on its own base after saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Power Research and Development Consultants Pvt. Ltd. Page 92



MiP-PSCT Database Manager User Manual

1.7.4 Capacitor

To open this form, use menu option “Libraries > Series Elements > Capacitor”. Then the form shown
below will appear.

Switched Capacitor Details

Switched Capacitor
Enter capacitor bank details in this for switched capacitor I

Shunt Elements
1.7.5 Reactor

To open this form, use menu option “Libraries >
Shunt Elements > Reactor”. Then the form shown
below will appear.

kV rating

Generally the shunt reactor voltage rating is slightly
higher than the nominal base voltage. A 400 kV
shunt reactor is rated at 420kV and reactance
value is specified corresponding to 420kV.

Magnetizing Curve Data (Used only in
Electromagnetic Transient Analysis)

Knee Point Flux 1

The series reactor knee point flux in p.u volts
before saturation.

Knee Point Flux 2

Knee point flux of series reactor in p.u volts after saturation.
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Positive Sequence Saturation Data
Resistance R1

Positive sequence resistance of the series reactor in p.u on its own base before saturation in the
piece wise linearized saturation curve representation of the magnetizing flux.

Resistance R2

Positive sequence resistance of the series reactor in p.u on its own base after saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Reactance X1

Positive sequence reactance of the series reactor in p.u on its own base before saturation in the
piece wise linearized saturation curve representation of the magnetizing flux.

Reactance X2

Positive sequence reactance of the series reactor in p.u on its own base after saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Zero Sequence Saturation Data
Resistance R1

Zero sequence resistance of the series reactor in p.u on its own base before saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Resistance R2

Zero sequence resistance of the series reactor in p.u on its own base after saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Reactance X1

Zero sequence reactance of the series reactor in p.u on its own base before saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Reactance X2

Zero sequence reactance of the series reactor in p.u on its own base after saturation in the piece
wise linearized saturation curve representation of the magnetizing flux.

Neutral grounding resistance and reactance

Neutral grounding resistance in pu and reactance in pu on 100 MVA base is required to be entered.
This is considered in electromagnetic transient analysis.

1.7.6 Capacitor Shunt Capecitr Library

unkOuafiy

— lclge
To open this form, use menu option “Libraries > Shunt Elements :""’"“’f ot | e
it~ o = = |
> Capacitor”.

7"&"@ v G =
Then the form shown below will appear e P e O
kV Rating The 11kV capacitor is generally rated at 12.5kV and 0 S J

B EEE— il
66kV capacitor bank is generally rated at 72kV. e e

1.7.7 Generator j

To open this form, use menu option “Libraries > Shunt Elements > Generator”. Then the form shown
below will appear.

MW Rating

Specify the real power rating of the generator in MW in this field.
kV Rating

Specify the voltage rating of the generator in kV in this field.
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Armature resistance (Ra)

Specify armature resistance of the generator in p.u on its own rating in this field.

Direct axis reactance (Xd)

Specify the steady state direct axis reactance of the generator in p.u in this field.
Quadrature axis reactance (Xq)

Specify the steady state quadrature axis reactance of the generator in p.u on its own rating.
Negative sequence reactance (Xn)

Specify the negative sequence reactance of the generator in p.u in this field. If the negative
sequence reactance entries are zero, then the .
values are computed from the positive | Generator Library

sequence values using the multiplication
a 9 p Ref. Humber Fetch Generator Manu!anluvevNaMEIW |

factor.

Zero sequence reactance (X0) \ WARshg  [TE | pfang [0 1/Raing 1 Carple (440 |
P Rating

Specify the zero sequence reactance of the  “=efess=fl b ¢t fisfecserd E—

DieothuisPeactarcs(4d)  [2 P4 DisotAvs Tranist Resctance (¥d) .
Quadiahae A Reacance (41 2 P4 Queditue s Transent Recctance ) fr
Negate Seg Reschres (i) 02 B0 DiecthSubTandent Resctance 009 02 pu
Zoofeq ReacoroaBlol [12 P DushotsedbisSub st Rescirce W) 12

generator in p.u in this field. If the zero
sequence reactance entries are zero, then the
values are computed from the positive
sequence values using the multiplication

factor. vt s Open Dot A Open
et R vt A T e
. (T*da] [T"do]
Potier reactance (Xp) Qe s e Dot [~ Qe s Cper it Damping Factor
TransentTine Constart (7o) SubTransiet T Constant T'g0) 112 -
Specify the potier reactance of the generator T | —
in p.u in this field. Potier reactance Xp is sum e et »» ,n_
of the armature reactance and the leakage Y Y& ne T waa S
reactance. L o ek || Thema Cues
. . . y ’ Themaly>
Direct axis transient reactance (Xd) siiress o [ Boie | owe | { —ﬂ
Specify the direct axis transient reactance of 5l
the generator in p.u in this field. ’ E

Quadrature axis transient reactance (Xq’)
Specify the quadrature axis transient reactance of the generator in p.u in this field.

Direct axis sub transient reactance (Xd”)

Specify the direct axis sub transient reactance of the generator in p.u in this field.
Quadrature axis sub transient reactance (Xq”)

Specify the quadrature axis sub transient reactance of the generator in p.u in this field.
Direct axis open circuit transient time constant (Td0’)

Specify the direct axis open circuit transient time constant of the generator in this field.
Quadrature axis open circuit transient time constant (Tq0’)

Specify the quadrature axis open circuit transient time constant of the generator in this field.
Direct axis open circuit sub transient time constant (Td0”)

Specify the direct axis open circuit sub transient time constant of the generator in this field.
Quadrature axis open circuit sub transient time constant (Tq0")

Specify the quadrature axis open circuit sub transient time constant of the generator in this field. The
equations below show how the parameters are used in different modelling.
The infinite bus modelling (model type 1) is done considering the above two equations. This

Ea-V, =R, - X1, @)
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Model is a constant voltage magnitude behind d-axis transient reactance (Xd’). The phasor diagram
is shown below.The transient modelling (Model type 2) is done using the equations 1, 2, 3 &

. (2)

4 above.This phasor diagram is shown below:

Ea—V, =R, I,+X_I

d a d

RQuadrature
Ef = El L7 axis
IgXagy

I;{Xad

The transient modeling (Model type 2) is done using the equations 1, 2, 3 & 4 above.
This phasor diagram is shown below:

PE . =(Ef —E VT =(Ef + (X, =X N, —E VT, 3)

- X N —E )T 4)

PE = —E,/To=(-(x

d

Quadrature
__-F axis

—V, =R 1, =X 1, (5)
V,=Ral X1 (6)
pEJ:(E'+(x;_x;)|d_E;)/ng (7)
PE, =(Eq (X, =X )1, ~Eg )T (8)

The phasor diagram for sub-transient modelling is shown below:

Ei Ill Xll Puadrature

“Taxis
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Inertia in MJ/MVA
Specify the Inertia of the generator in mega Joules/MVA (H) on its own rating in this field.
Winding Connection

There are three options for winding connection namely Star Connected (S) with isolated neutral,
Star connected with grounded neutral (G) and Delta Connected (D). Select any option according to
the available data.

Mass Details (This data is used particularly in sub-synchronous resonance studies)
Mass Number

Specify the mass number of the generator. This is a user-defined number and should be unique for
each generator data.

Inertia in MJ/MVA
Specify Inertia of the generator (M) in this field.
Damping Factor

Specify the damping factor of the generator in pu on its own rating in this field. Damping factor
specified here is used in the swing equation.

Stiffness Coefficient

Specify the shaft stiffness constant in p.u.

Thermal Curves : In MiP-PSCT the thermal limit is modelled based on user given data &
standard library based on IEEE standard. For generator rating of 10MVA and above, the
thermal limit would be based on IEEE C50.13-2014 [1]. Below 10MVA generator rating, thermal
limit would be user defined and IEEE C50.13-2014 would be disabled in thermal limit window.
When user selects on IEEE C50.13-2014 the data must be updated with that in Table 1. In
table 1, the current value is given in pu. However, in window the value must be entered in A.
The base current should be the generator rated current obtained from MVA and kV rating in
library.

Thermal Curve Data

™ User Defined r+ JEEE CAG 133018

Units
Humber | Element Type | Voltage [ Ry = Actual  Loglag

Sino Current () [ Time ¢s) |
1 12071869141 120
2 13331 542969 0 e
3 15745.316016 30 £
4 22894,064453 10 8
|El
o
&
&
Current in Amperes

Table 1: Generator thermal limit as per IEEE C50.13-2014

Current (pu) Current (A) Time (s)
1.15 1.15 pu *rated current 120
1.27 1.27 pu *rated current 60
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1.50 1.5 pu *rated current 30
2.18 2.18 pu *rated current 10
1.7.8 Motor

To open this form, use menu option “Libraries > Shunt Elements > Motor”. Then the form shown

below will appear

MW Rating

Specify the real power rating of the motor in MW in this field.

Stator Resistance

Specify the stator resistance of the motor in p.u on its own rating in this field.
Rotor Resistance at slip = 1

Specify the rotor resistance of the motor in p.u on its own rating in this field.

Stator Reactance

Motor Library

Manufacturer Ref. Mumber Fetch>s | Motor Mame [ponl

MVARating  [46875 Rated Speed a00 P

1o/ Rrating 65993939026 % Efficiency at Full Load |35 939357854

M Rating [35° Compute| LockedRotorCurert  [1545.2244873 Amps
Inertia Constant [1"4881488084

Model Cast Per Unit in

& Parameter P - O [Characteristic] [i]

pu on its Own Rating

Stator Resistance  |0.0058077385 pu Stator Reactance 01111111193 pu
Rotor Resistance 3 0256530659 Rotor Reactance

at Slip=1 00258330858 pu DS OT11193 pu
Rotor Resistance 10265530658 pu Riator Reactance [aT111111133 pu
at Slip=0 at Slip=0

Parameters Compute >> Magnetizing Reactance  |3.9893836975  pu
Thermsl Curve _Cald &Hot>> | || Starting Eulvel Start Motor | Report | gt |

Specify the stator reactance of the motor in PU on its own rating in this field.
Rotor Reactance at slip = 1

Specify the rotor reactance of the motor in PU on its own rating in this field.

Rotor Resistance at slip =0

Specify the rotor resistance of the motor in p.u on its own rating in this field.
Rotor Reactance at slip =0

Specify the rotor reactance of the motor in PU on its own rating in this field.

Magnetizing Reactance

Specify the magnetizing reactance of the motor in p.u on its own rating in this field.

Rated Speed

Specify the Rated speed of the motor in rpm in this field. This finds its importance in calculating slip

at different intervals and the torque.
Efficiency at Full speed
Specify the efficiency of the motor at full speed in percentage in this field.

Locked Rotor Current

Specify the starting current which is in multiples of rated current in this field. It is usually 6 times the

rated current.
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Inertia Constant

Specify the Inertia constant (KWsec/KVA) of the motor on its own rating in this field.

Model

Parameter model or P-Q characteristic model can be selected. When circuit model is selected the
parameters R1, R2, X1, X2 and Xm will be considered for the motor modelling. If characteristics
model is to be considered time Vs real and reactive power in pu should be given

Add/Edit Characteristics

Click on Add/Edit Characteristics,
the following form appears. Enter
Real Power and reactive power in
pu against time in seconds.

Compute

m Mipower Database - [E:\Transmission:[Motor Characteristic Datal] =10 x|
%% Fle Edit View Elements Libraries Record Opfions Solve Tools UnitProfection Import Window

telp =l8] x|

-

Motor Mumber

—

Time 0.1 Secs

Feal Fower

Fieactive Power

B
2| | »

Click on compute, to calculate the motor parameters. On click the following dialog box appears.

Enter the following —
Rated MVA

Rated Voltage in kV
Synchronous speed in rpm
Motor inertia

DC Test

Vdc in volts

Idc in amperes

For OC Test and SC Test
Voltage

Current

Real Power

Frequency

Y |

Thermal Curve Data

Urits
~ Actual Loglog

Number Element Type Vokage [ K
SiMo | Current (8) | Time (s) [Hot Tme )|
E
=+
&
==
o
g
&
Current in Amperes
Cleardl

Click Ok to accept the computed parameters.

Hot/cold Curve

Click on this to enter the hot and cold thermal curve for the motor. Enter the voltage at which the
data is given. Enter Hot time and Cold time in seconds against current in amperes. The units can be

either Actual or Log-Log

peorsiirg ]

Start motor Senbicn

Fudled [0 [y T b =
Click here to simulate motor starting. On click the following W | e e
dialog box appears. Enter the following data oo =

X ks T Towe Gt T d

Source  fault level, source voltage connecting e e upl —
transformer/cable details et % oGt

5 L — - Propoonalto Speed C2 b
Resistance il
Reactance e |
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Susceptance

Simulation time in secs

Time step in secs

If Starting on load

Torque constant

C1, C2 and C3 constants

Starting Curve :

IEEE Standard C37.96-2012, Guide for AC Motor Protection recommends the use of
overcurrent relays for overload and locked rotor protection. In these applications, setting the

overcurrent inverse time-current characteristic to coordinate with the motor thermal limit curves
provides protection.

The motor's starting time is also referred to the acceleration time. This time is important
because it determines the length of time the motor must withstand stator current that exceeds
its continuous rating.

NEMA Standard: To find the inrush current as per the NEMA (National Electrical Manufacturers’
Association) standard, the name plate on every motor contains a code letter indicating kVA/HP
starting load rating of the motor. A table of these code letters and their meanings in approximate
kVA and horse power is shown in the table 1.

Motor Starting Curve E‘

Motor Starting Curve Data

Curve Type Units
" User Defined & NEMA @ Actual  © Loglog
Humbsr
o
Woltage [EE00000 kv Power [3600.0 Full Load Speed {835.0 pm  Full Load Curent [343 6
| | “Hp A
~ kgm'2
Load Inettia [38277.0 Rotor Inertia [g433.0 g
Codeletter [ || Value [529 Lookup Table: a0 Lheft"2
Compute:

BN « 100%Y Ry 10
SlNo, | Current () Time (5) =
1 496 4802792
H 541525122 4,802792 + D ey e e e
3 734050244 4802792 B ——B0%Y
4 926,275365 4,802792 T

- = ——100%V
5 1115500457 4802792 £ —
& 1310,725609 4802792 110%Y
7 1502950731 4802792
s 1695175852 4,802792
3 1887 400574 4802792 a

~
10 Current (log) 100

Table 2: kVA per HP as per NEMAJ/IEC standard

Code Letter on motor kVA per HP with locked rotor
name plate
Minimum Maximum
A 0 3.14
B 3.15 3.54
C 3.55 3.99
D 4 4.49
E 4.5 4.99
F 5 5.59
G 5.6 6.29
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H 6.3 7.09
J 7.1 7.99
K 8 8.99
L 9 9.99
M 10 11.19
N 11.2 12.49
P 12.5 13.99
R 14 15.99
S 16 17.99
T 18 19.99
U 20 22.39
\ 22.4 No limit

Using these values, the inrush current for a specific motor can be calculated.

It is required that the time-current accelerating (starting) curve be plotted on the same graph as the
thermal limit curves for at least 80% and 110% voltage [8]. If a reduced voltage starting method is
used to start the motor, less current will flow during locked rotor condition, less torque will develop,
therefore more time should be allowed for acceleration. For example, if the voltage dipped to 90%
the torque delivered to the load would be 0.92 or 0.81 of the rated voltage. The inrush current for the
motor varies proportionately with the applied voltage.

In the motor starting curve dialog, once the user selects ‘User defined’ radio button, user can
enter values for current and time by clicking on ‘+’ button and can delete using ‘-* button. User
can enter the values for 80%, 100% and 110% rated voltage. The fields where user can enter
data at the top are disabled.

When the user selects ‘NEMA’, radio button for curve type, the fields to enter the data for the
fields shown in the top part of motor starting curve data will be enabled and the buttons ‘+’ and
-* to enter user defined curve data will be disabled. Using Look up table (as shown in table 1),
the user can enter kVA/HP rating of the motor for the code letter. A maximum value is selected
as default value for all codes letters from A to U. User should be able to edit the value also. For
the code letter V, the minimum value is entered.

The motor starting curve showing the acceleration time and the starting current are to be
incorporated in thermal limit curve of motor protection. The overload curve, the locked rotor hot
and cold curves comes above the motor starting current curve.

Report

Click on report to view the motor starting study report

Graph

Click on graph to view the graphical output of the motor starting study.

1.7.9 Cyclic Load

To open this form, use menu option “Libraries > Shunt

Elements > Cyclic load”. Then the form shown below will Cyc"c Load L|brary

appear.

Time Period fenelieg Fetch Cyclic Load >>|
) . o . . Time: Period Ig

Time period is in seconds, after which the cyclic load pattern

repeats. For example, consider a cyclic load at bus say 10, Tine RedFower  Fescive Pouer

which repeats after every 10 seconds. The cyclic load [Seconds) [Hw) [MVAR) M

variation is as follows: The load remains constant at 10 MW o o [o Counter 1

in the interval 0.0-4.0 seconds. It remains constant at 20 MW

in the interval 4.02-7.0 seconds. It is again 16 MW in the M ﬂl

interval 7.02-9.98 seconds. Reactive power demand is 50%
of real power demand. For this case, the data is prepared as follows.

SINo | Time in|P in|Q in

Sec MwW Mvar
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1 0.00 10.0 [ 5.0
2 4.00 10.0 | 5.0
3 4.02 20.0 | 10.0
4 7.00 20.0 | 10.0
5 7.02 16.0 | 8.0
6 9.98 16.0 | 8.0

Time in sec
Specify the discrete time interval here.
Real Power in MW

The real power load corresponding to the above time period is to specify in this field.

Reactive Power in MVAR

The reactive power load corresponding to the above time period is to be specified in this field.

1.7.10 Static VAR Compensator

To open this form, use menu option “Libraries > Shunt Elements > Static VAR compensator”. Then
the form shown below will appear.

Static Var Compensator Library

SWE Number ([ SVC Name B ‘
Cost Per Unit in
| FatchSvC | Control Block schematic| ‘ [ o
T1 — BMax a
e | C— BMin a
0
T2 E— Alphad
0
- C—— | Rating
Inductive k¥ Rating |0
15 o
Inductive Rating o
Bo 0
Cap k¥ Rating o
KL 0
Cap Rating 0
o
K Trans My Rating |0
o
B Trans Reactance o
0
K Trans Pri kY a

1.7.11 User defined filter

To open this form, use menu option ‘Libraries > Shunt Elements > User defined filter”. Then the

form shown below will appear.
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User Defined Filter Library
Filter Murnber |1 Fetch > | Filter Marne IUDF'I

Cost Per Uit in
i Design Filter I ’7 IU

From Mode

| ToMode

[ Tupe [walue Units

1
2
3

2
3
o

Fiesistance |7 2.041875e+000 | ohms
Inductance LI B8.665986e-002  Henry
Capacitance LI 1.299093e-005 | Farads

Add

Dielete |

Filter Representation

For each filter, the bus number to which the filter is connected and the number of branch elements
(Resistance, Inductance, and Capacitor) that constitute the complete filter are given along with their
actual values. Filter nodes are numbered in the order considering the reference node (ground) as 0
and the bus to which the filter is connected as 1. From & to filter nodes refer to the node numbers of
the filter, between which the different types of basic filter elements are connected.

From node

Specify the From node number of the element in this field.
To node

Specify the To node number of the element in this field.

The user is provided with following options for selecting the filter data (filter elements). The elements

given are:

Resistance

Inductance €L N A L
Capacitance —g ] El_g
Element Value = i

If the selected element is: ‘F

Resistance, then the value is entered in Ohms, L]

_L_
Inductance, then the value is entered in Henry, -

Capacitance, then the value is entered in Farad

Example for a Filter data

Bus = 8 [ Filter Branch Elements = 15 |
Branch From To Branch element type | Active Value
node node
1 1 2 3 000.417e-6
2 2 3 2 000.974
3 3 0 1 037.000
4 1 4 3 000.417e-6
5 4 5 2 000.497
6 5 0 1 026.600
7 1 6 3 000.417e-6
8 6 7 2 000.201
9 7 0 1 016.900
10 1 8 3 000.417e-6
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11 8 9 2 000.145

12 9 0 1 014.400

13 1 10 3 000.417e-6

14 10 0 2 000.00

15 10 0 1 452.00
Only values need to be entered

Design Filter

This invokes the following screen where harmonic number, Voltage Mvar and Q factor values can be
entered. Ok button updates the resistance, reactance and capacitance values as per the designed

data

Filter Design X

Harmaric o, |Wokage (4| bhar |oFactar ]
3 & 10
Deele

Cancel

o
=

1.7.12 Capacitive Voltage Transformer

Capacitve Voltage Transformer Library

Marufactuer Ref. Mo [1
RT@ o F2 [0 omm T O
@ ofo Feed @ [P Fawd te [0 [ Herw m [@ | Henm
Fee [0 om R [0 obm Ref [0 om RE [0 ohm
e [0 Heny e [0 Hem G0 Fwad U [0 Hey
RE [P o om0 [0 o TR [0 kv
RO [0 Ohm W [0 he MSec [0k

CVT Element for EMTP
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Above Figure shows the detailed model of capacitive voltage transformer where, C1 and C2 are

High
Voltage

R Intermediate
! / Voltage Ferroresonance
| . Low
on
R R !

Voltage

Series
R, Inductance

L PT
(o} '
“Capacitive Intermediate Potential Burden
Divider Transtformer (Load)

capacitance potential divider to step down voltage, RLE and LLE are resistance and inductance of
tuned reactor, RPE and LPE, RSE and LSE, RM and LM are the resistance and inductance of
intermediate potential transformer primary winding, secondary winding and magnetizing branch
respectively, RCF,CF, RLF,LF and RF are resistance, inductance and capacitance of Ferro
resonance suppression filter components and RO, RLO and LO are resistance and inductance of
burden connected across the intermediate voltage transformer.

1.7.13 Current / Voltage Source

RMS Source

To open this form, use menu option “Libraries > current /  RMS Source
voltage sources > RMS”. Then the form shown below will

appear. Harudectu Honbet Felh e |
Curentin

Harmonic number e e
This corresponds to harmonic order i.e., fundamental/ [
2nd/5th/7th etc. Prass A dnge

EXT >
Current: Current can be entered in Ampere or pu or ki [10 Ll .
percentage. e T
Phase A *5 | 0 B
A - Amp: Magnitude of the A phase current in Amps (RMS L) '
value). Bl o Cénde |12 o
A - Angle: Phase angle of the A-phase current in degrees.
Phase B

B - Amp: Magnitude of the B phase current in Amps (RMS value).
B - Angle: Phase angle of the B-phase current in degrees.
Phase C

C - Amp: Magnitude of the C phase current in Amps (RMs  Instantaneous Source Library

value).

Manufacturer Number i Fetch Record...

C - Angle: Phase angle of the C-phase current in degrees.

- Cumentin

Instantaneous Source @ Ampere % of Fundamental Fundamertal [0 Amp
To open this form, use menu option “Libraries > current /
voltage sources > Instantaneous”. Then the form shown Next 5
below will appeatr. Phased - Mag Phase B - Mag Phase C - Mag

ID |D |D Counler 1
Phase A Amp

Delete <« Back

Instantaneous value of the A-phase current in Amps.
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Phase B Amp
Instantaneous value of the B phase current in Amps (Instantaneous value).
Phase C Amp
Instantaneous value of the C phase current in Amps (Instantaneous value).

Generator Accessories

1.7.14 Turbine governor

To open this form, use menu option “Libraries > Generator Accessories > Turbine Governor”. Then
the form shown below will appear.

Three types of turbine governors are encapsulated in the package namely steam (Type 1), Hydro

(Type 2) and Gas (Type 3).
Turbine Govemnor Library

The form shown is for hydro turbine governor type. The

fields are dynamically changed according to the type of ' T I r

the turbine governor and its data requirements. | | [Emm]
l;e"‘”i"" TpelSiean =] | K5
Boder No. ’u— I3

Control block schematic g ocs “
GlhDmm 1z | K

This option is to view the control block schematic ]
considered in the package. On clicking this button, a = #af=
control block schematic is displayed depending upon the
type of the turbine governor specified. The data, which is
to be entered in the form, are highlighted in different ©
colour. u

1]

=
8
&

T

?

Turbine Governor Models available in MiP-PSCT

S| No. Model Type

1 Type 1 Steam

2 Type 2 Hydro

3 Type 3 Gas

4 Type 101 Hydro IEEE 1973
5 Type 102 Hydro

6 Type 103 Hydro IEEE 1992
7 Type 104 Hydro IEEE 1992
8 Type 105 Hydro

9 Type 201 Gas

10 Type 202 Gas

11 Type 203 Gas

12 Type 301 Diesel

13 Type 302 Diesel

14 Type 401 Thermal

15 Type 402 Thermal

16 Type 403 Thermal

17 Type 404 Thermal

18 Type 405 Thermal

19 Type 406 Thermal

20 Type 407Thermal
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1.7.15 AVR

To open this form, use menu option “Libraries > Generator Accessories > AVR”. Then the form
shown below will appear.

All [EEE prescribed AVR types are encapsulated in the package namely IEEE Type 1, IEEE Type 2
and IEEE Type 3, IEEE Type 4 & IEEE Type 5.

The form shown is for IEEE type2. The fields are dynamically changed according to the type of the
AVR and its data requirements.

AVR Library

ManufactuerHunoer [T AR Type [TypeOne j|

Cortrol Black Schemaics 2 | FechdVR > | Psslbay s | ‘

AR Name [T T

PsSMunber o Vsel

Tree WY5e2

Ka Vima

Wimin
Ta
Ye B Efdmax

Efdriry
Te

1117
1T

Ksg
ki 0.05

Compute Yimas and Yimin Vimay = 0.675000

Wi = -0.000000

Other available AVR models in MiP-PSCT

SI No Model Type

1 Type 101 IEEE 1968 Type 1

2 Type 102 IEEE 1968 Type 1s

3 Type 201 IEEE 1968 Type 2

4 Type 301

5 Type 401

6 Type 402 |IEEE 1968 Type 4

7 Type 502 BHEL Digital AVR

8 Type 601 IEEE 1992 Type DC1A
9 Type 602 IEEE 1992 Type DC2A
10 Type 603 IEEE 1992 Type DC3A
11 Type 701 IEEE 1992 Type AC1A
12 Type 702 IEEE 1992 Type AC2A
13 Type 703 IEEE 1992 Type AC3A
14 Type 704 IEEE 1992 Type AC4A
15 Type 705 IEEE 1992 Type AC5A
16 Type 706 IEEE 1992 Type AC6A
17 Type 801 IEEE 1992 Type ST1A
18 Type 802 IEEE 1992 Type ST2A
19 Type 803 IEEE 1992 Type ST3A
20 Type 804 IEEE 1968 Type 3

21 Type 707

22 Type 901

23 Type 902

Control block schematic
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This option is to view the control block schematic considered in the package. On clicking this button,
a control block schematic is displayed depending upon the type of the AVR specified. The data,
which is to be entered in the form, are highlighted in different color.

1.7.16 PSS

To open this form, use menu option “Libraries > Generator Power System Stabilizer

Accessories > PSS”. Then the form shown below will appear. ContolBlock Schemaiis.. | Marufacture Murker [T FetchPsS

One PSS is accommodated in the package namely PSS
?fsa PSS TypeOne ¥

Type 1.
The form shown is for PSS typel. The fields are dynamically ™= ™"
changed according to the type of the PSS and its data ® "
requirements. we o
Control block schematic " E
Ty
This option is to view the control block schematic considered |,
in the package. On clicking this button, a control block | =~ ——
schematic is displayed depending upon the type of the PSS o
specified. The data which is to be entered in the form are |
highlighted in different colour.
Other PSS models available in MiP-PSCT
1.7.17 Boiler
Boiler Library
Boiero [ BalerName oL SI. No Model Type
Contrl Block Schermatics | Fetoh Boier | 1 Type 101
Boier Time [Type (EEE 199117] | K C— 2 Type 102
e 0 3 Type 103
Te2 o
o a— 4 Type 104 IEEE 1992 Type
" Co— PSS1A
Al | EO— 5 Type 105 PSS Type 2A
2 0 6 Type 106 BHEL
Tur o
o C— 7 Type 107
Csh o

To open this form, use menu option “Libraries > Generator Accessories > Boiler”. Then the form
shown below will appear.

One boiler is accommodated in the package namely Boiler Type 1.

The form shown is for Boiler IEEE 1991 typel. The fields are dynamically changed according to the
type of the Boiler and its data requirements.

Control block schematic

This option is to view the control block schematic considered in the package. On clicking this button,
a control block schematic is displayed depending upon the type of the Boiler specified. The data
which is to be entered in the form are highlighted in different colour.
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Multiplication Factor Library

FaCt ors Refeiencebumber ]| FetchMFT ‘
i i i Circuit
1.7.18 Multiplication factor e e |
[~ Transmission Li
Vohags Levels  [am0om0 =] [bsugd [2500000
To open this form, use menu option “Libraries > Factors > Zoncenmee o

Multiplication factor”. Then the form shown below will appear.
ik T e
In power system modelling, if exact values of certain I
parameters of the power system are not known, some |

approximate values can be considered by use of multiplication {Nggmamm

factors. e

ZeroSequenceNF [75 ‘

"
Zero Sequence ]
(\muedance MF. &  to Rt Ralio ]

Series Reactor Zero St FeostorZer 55—
Sequence Sequence =
Admitance MF

The multiplication factors are different for different power
system components.

10}

Circuit Breaker

Two techniques are used to model the circuit breaker or switch in closed position. One technique is
to merge buses connected between the circuit breakers and treat the buses as single bus for all
computation purposes. Other technique is to consider the circuit breaker as a low impedance path.
Later technique is used in the modelling of circuit breakers in MiP-PSCT package. In this model the
resistance value of the circuit breaker is zero and the reactance value is 0.0001 p.u. But if the
impedances of the other elements are relatively large, then the circuit breaker impedance can also
be of higher value. Typical values are 0.0 and 0.0001 p.u. respectively for circuit breaker resistance
and reactance.

The data to be entered with respect to circuit breaker are as given below
Resistance

Circuit breaker (bus coupler) resistance in p.u on common MVA base. The typical value considered
is 0.000.

Reactance

Circuit breaker (bus coupler) reactance in p.u on common MVA base. The typical value considered
is 0.0001.

Transmission Line

In case of transmission lines, zero sequence multiplication factors depend on the transmission line
voltage level. Hence for each voltage level, separate multiplication factors are defined. Transmission
line negative sequence impedance is same as positive sequence impedance. Zero sequence
impedance of the transmission lines depend on the ground wires and earth resistivity. Normally the
zero sequence impedance is 2.5 to 3 times the positive sequence impedance. If the zero sequence
resistance and reactance of the transmission line are 0.0, then values are computed by multiplying
the positive sequence values by factor called transmission line zero sequence impedance
multiplication factor. Typical value for this multiplication factor is 2.5.

Zero sequence susceptance of the transmission line is much lesser compared to positive sequence
susceptance. It is normally 0.6 to 0.8 times the positive sequence susceptance. If the zero sequence
susceptance entry is zero, then the value is computed by multiplying a factor called as transmission
line zero sequence admittance multiplication factor. Typical value for this multiplication factor is 0.75.

The above stated multiplication factor is different for different voltage levels. The various
multiplication factors as referred to transmission lines are as given below.
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Voltage levels
On selecting this field, a list of voltage levels will be displayed. Select the required voltage level.
Zero Sequence Impedance MF

Enter Transmission line zero sequence impedance factor. This represents the ratio of zero
sequence impedance and positive sequence impedance of the transmission line.

Zero Sequence Susceptance MF Reduction Factor Library
Enter Transmission line zero sequence susceptance Feference Number |1 _FenArT | |
factor. This represents the ratio of zero sequence Zone Nurber [ Tow =
susceptance and positive sequence susceptance of Fieal Poer E—— ——
the transmission line. Load R Generation R RF

I 1 [
Generator HS;.;@;; Pawer Ezﬁ;:g‘iz%&. a };unl Capacitor
In general, for rotating machines, negative sequence i [ h
reactance differs from the positive sequence e I

reactance. In case of generators, negative sequence - Zane wi :
reactance is approxi natel equal to sub-transient Iﬁea‘!maﬁ v R
- e Load Itwvarl Factor
y Compute Power l—ﬂ

reactance. However, negative sequence resistance g o

is same as positive sequence resistance. The Compute Factor [o o

multiplication factors namely, generator negative

sequence resistance multiplication factor and | """ | & oltage | e
generator negative sequence reactance Compute Current from Pawer | Compute Pawer from Current |

multiplication factor are respectively used for
computing negative sequence resistance and
L If tactors for global zone are greater than 0. then individual 2onal multiplication
reactance from the positive sequence values. A factors are naglectsd
typical value for this multiplication factor is 1.0. To consider individual zonal multipication Factars, set global mubiplication

factars ta 0

Zone Number 0 refers to Global Zone.

Similarly, generator zero sequence resistance factor
and generator zero sequence reactance factor are respectively used to compute zero sequence
resistance and reactance

values of the generator. A typical value for this multiplication factor is 1.0. The various multiplication
factors used with generators are as given below.

Negative Sequence Resistance MF

Generator negative sequence resistance multiplication factor. This represents the ratio of negative
sequence resistance and positive sequence resistance of the generator.

Negative Sequence Reactance MF

Generator negative sequence reactance multiplication factor. This represents the ratio of negative
sequence reactance and positive sequence reactance of the generator.

Zero Sequence Resistance MF

Generator zero sequence resistance factor. This represents the ratio of zero sequence resistance
and positive sequence resistance of the generator.

Zero Sequence Reactance MF

Generator zero sequence reactance factor. This represents the ratio of zero sequence susceptance
and positive sequence susceptance of the generator.

Load
Negative Sequence MF

This represents the ratio of the load negative sequence impedance and positive sequence
impedance.

Zero Sequence MF
This represents the ratio of the load Zero sequence impedance and positive sequence impedance.
Transformer

Zero Sequence Impedance MF
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This represents the ratio of transformer zero sequence impedance and positive sequence
impedance. This value is normally 1.0.

X to R ratio

Reactance to resistance ratio. The normal value for power transformer is 20.
Series Reactor

Zero Sequence Impedance MF

This represents the ratio of the series reactor zero sequence impedance and positive sequence
impedance.

Shunt Reactor
Zero Sequence Admittance MF

This represents the ratio of the shunt reactor zero sequence admittance and positive sequence
admittance.

1.7.19 Reduction Factor

To open this form, use menu option “Libraries > Factors > Reduction factor”. Then the form shown
below will appear.

The reduction factors are used while executing load flow and transient stability study. If the loads in
some of the zones should be reduced or increased the reduction factors can be used.

Zone Number
Enter the zone number for which the reduction factor is to be considered.
Real Power Load RF

Multiplication factor for the real power of the load. The real power of the load will be multiplied by
this factor while performing load flow or transient stability

Reactive Power Load RF

Multiplication factor for the reactive power of the load. The reactive power of the load will be
multiplied by this factor while performing load flow or transient stability

Real Power Generation RF

Multiplication factor for the real power generation. The real power generation will be multiplied by
this factor while performing load flow or transient stability

Reactive Power Generation Load RF

Multiplication factor for the reactive power generation. The real power generation will be multiplied
by this factor while performing load flow or transient stability

Shunt Reactor RF

Multiplication factor for the reactance value for the shunt reactor. The reactance of the Shunt reactor
will be multiplied by this factor while performing load flow or transient stability

Shunt Capacitor RF

Multiplication factor for the capacitance value for the shunt capacitor. The capacitance of the Shunt
capacitor will be multiplied by this factor while performing load flow or transient stability

Compute current and power buttons

In Reduction factor library

The following features are implemented,

Button: Compute Power from Current

Give ampere, voltage and the PF, the real and reactive power can be computed
From the computed power the factors can be updated

Button: Compute Current from Power
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The other feature is in the selected zone, by giving the Voltage, the ampere will be computed

Protection

1.7.20 Relay Database

To open this form, use menu option “Libraries > Protection > Relay Database”. Then the form shown
below will appear.

Overcurrent Relay Library
IEEE Code Relay Characteristis Curve
Humber [252 Relay Name [7SJB00[NT] Fetch Relay cl c2 5]
Relay CLrve T a c2 cz
Setting Curent Setting elay cue Tvpe e
[ 3 5econd curve 3,000000 0.000000 0.000000
Overcurrent Masimum Minimum Raled r .
& Phase 1.3 Second Curve 1.300000 0.000000 0.000000 Delete
2 O Amps [0.05 A i Amps Neatr>
 Ealh " e s e | [ teC Normal Inverse 0,140000 0.020000 0.000000
9 Vaialion Gl Equations
" Cortinuous i
Instantaneous
T Phase & Uniform Uriform Step  [0.05
Back<t
 Phase Time P sauk|
 Shart Time Pickup jscrete Delete
" Shot Time Delay
P-4 Phase Setling Range
Eath 5INo. Masimum  Minmum  Rated  Varalion
 Eath Time
Time Dial
s~ Uset Defined Curve [None ~|
Flelay Type [Not Motor Frotection ~]  HetTs Cold Ratio (R METEI EpE=Y
100
Saturation [PSM]
E

The relay manufacturer specification details should be given here. This is accessible only to the
administrator. The other users can view this but cannot modify any fields. Standard relays are
already available as library in the Package.

Setting

Select the variation quantity here. Phase, earth and phase fault option can be selected here.
Depending on the selected option following details can be incorporated.

Instantaneous

Phase Instantaneous setting — this selection implies that the minimum, maximum and rated value
specified in the adjacent current setting group corresponds to the phase instantaneous setting range

Phase Instantaneous setting time — this selection implies that the minimum, maximum and rated
value specified in the adjacent current setting group corresponds to the phase instantaneous
operating time range.

Short time pickup — this selection implies that the minimum, maximum and rated value specified in
the adjacent current setting group corresponds to the short circuit setting range.

Short time delay — this selection implies that the minimum, maximum and rated value specified in
the adjacent current setting group corresponds to the short circuit operating time range.

Time Dial Setting

Selection of this implies that the minimum, maximum and step value specified in the adjacent
current setting box corresponds to time dial setting range

An option to specify the units of time is provided. Usually for motor protection relays the units will be
in seconds. If the manufacturer specification is given as "X seconds at 5 times | thermal, then all
the X values should be given as discrete step values. While giving the step values note that value 1
(unity) should be given as the first step value even if it is not available in the manufacturer
specification. This is to set the discrete steps for the other values.

Current Setting/Time setting

The maximum, minimum and rated/step values of the current or time setting is given here. The type
depends on the selection made. It can be any one of the below

Phase idmt setting - Current settings in amperes

Earth idmt setting - Current settings in amperes
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Phase fault setting - Current settings in amperes (This is only for voltage controlled relay i.e., when
the reference number is greater than 2000)

Phase Instantaneous setting — Current multiplication factors

Phase Time — Instantaneous operating time

Earth Instantaneous setting — Current multiplication factors

Time dial setting — Time multiplier setting

Variation

The type of variation of the given data can be continuous, uniform or discrete.

If continuous, the quantity (plug setting, time dial setting or instantaneous setting) varies
continuously between the minimum and maximum limits.

If uniform, the data varies continuously between two limits with a uniform step. The uniform step
value should be given in the edit box provided next to the uniform radio button.

If discrete, the data varies between the two limits in discrete steps. The discrete step values should
be given by clicking on the Discrete Steps button. Save the setting record before clicking on the
discrete step. Maximum number of 16 discrete steps can be given.

Note:
Give all the _relevant_ data and click on ‘_Next b_utton to fave iy T s e e s g]
the current/time settings. A message will be displayed “Add -
new Record ?”, if any more data is to be added select ‘yes’
N . | Ma. | Relay Curve Type |
else select ‘No’. The present record will be stored.
v 1 3 Second Curve
For releases (Ex. L&T DN1) the instantaneous setting rating v |2 1.3 Second Curve
for different taps is different. In such cases user should give v |3 IEC Mormal Inverse
the maximum and minimum values by selecting Next and the [ 4 IEC Very Inverse
selection in setting should be phase instantaneous setting [ s IEC Extremely Inverse
. fined
Relay Characteristics P & EeCeeibeing
7 IEEE Moderate Inverse
Standard IEC and IEEE curves are modelled. Selected curve E IEEE Very Inverse
constants will appear in the C1, C2 and C3 fields. [ 9 IEEE Extremely Irverse
) . - [ 10 IEEE User Defined
Add: Click on this button opens the Relay Characteristic i I"Z*tzzrrv: =
curves dialog as shown. ~
12 Curve Type 3
Characteristic Curve Name: Provision to select the
characteristics curve like LI,SI,VI,EIl etc. and user friendly
curves which appear on the over current Relay Library YR | ==y |
window.

The relay time current characteristics specification is selected here. Relay's time current
characteristics can be stored as x and y co-ordinates or by curve fitting formula. The different types
of curves supported by Relay co-ordination module of MiP-PSCT are as shown in Relay
characteristics window —

Characteristic represented by formula
t=__c1 ;atunity time dial setting.

Log (M)

Where, t is the operating time in seconds and M is the multiple of plug setting. Multiple of plug
setting is computed as

M = fault current in amperes
relay plug setting in amperes

The relay characteristics are determined by the value of the constant. For example if the constant
C1lis 3, the relay is a 3 seconds relay. For a plug setting multiplier of 10 the operating time is 3
seconds at unity TDS. Hence it is known as 3 seconds relay. 1.3 seconds relay can be simulated by
making the constant C1 as 1.3

The empirical formulae for different types of relay characteristics at unity time dial setting are given

by
I ——
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Where, t is operating time in seconds and M is the multiple of plug setting.

C,

t = ———
M 2z -1

The characteristics which can be simulated with this formula is

Normal inverse characteristic i.e.

0.14
Where C1 =0.14, C2 =0.02 t=—0c
M > -1
Very inverse characteristic i.e.
13.5
= = t =
Where C1=13.5,C2=1.0 M -1
. o 80
Extremely inverse characteristic i.e. t=—
M -1

Where C1=80,C2=2.0

Long-time standby earth fault relay i.e. t =
Where C1 =120,C2=1.0

RI-Curve characteristic relay i.e.t =
C

Where C1 = 0.339, C2 =0.236

Where t is operating time in seconds and M is the multiple of plug setting.

Characteristics where the value 12t is constant. This type of characteristic is best suited for fuses.
L. S

2
I

Where C1 is the constant |2t

Different types of relay Time — Current characteristics as per the curve data are as given below.
Here the user is provided with four options. Anyone can be selected.

This curve type indicates that the relay characteristic is plotted, taking multiples of plug setting along
X-axis and time in seconds along Y-axis.

This curve type indicates that the relay characteristic is plotted, taking log of multiples of plug setting
(to the base 10) along X-axis and log of time in seconds (to the base 10) along Y -axis.

This curve type indicates that the relay characteristic is plotted, taking current in amperes along X-
axis and time in seconds along Y-axis.

This curve type indicates that the relay characteristic is plotted, taking log of current in amperes (to
the base 10) along X-axis and log of time in seconds (to the base 10) along Y-axis.

Maximum of 50 X-Y co-ordinate points of the relay characteristic curve can be entered. Further, if
any of the above four curve types is selected, plot information (plot points) for the curve should be
given.

Plot Info

Click this to specify X-axis and Y-axis co-ordinates. Maximum of 50 co-ordinates can be entered. To
enter the next point on the curve click on NEXT button and to trace back the curve, click on the
BACK button.

Type of Relay
Select this option to Indicate whether the relay is a motor protection relay or not.
Hot to Cold Ratio
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Enter the Relay hot to cold ratio here. While selecting the relay curve for the motor, the relay cold
curve will be compared with the motor cold curve and relay hot curve will be compared with the
motor hot curve.

Relay thermal Capacity
The relays withstand capacity. Normally 100 times rated current for 1 second is considered.

Provision to select the characteristics curve like LI,SI,VI,El etc. and user friendly curves which
appear on the Relay database window. Depending on the curve selection constants (C1 and C2) will
appear.

Fuse

To open this form, use menu option “Libraries > Protection  Fuse Library

> Fuse”. Then the form shown below will r.
use e e 1o sho beo appea Haiaeumeba,'_ Feith Fuse »» FuseMame [Fs1

Fuse Rating
. . i 3 FuseRaing 3 g
The current rating of the fuse in amperes. Fuse carries this
. . A ~Fuss Characieish Typs
current safely and if the current exceeds this, depending
on the fuse time current characteristics, the fuse blows off. L e

- Flotted Curve: Oy

Fuse Characteristic Type
(" Seais 20 PSH and V-2 22 Te i Seconds

Fuse time Current characteristic can be specified either by | sais xS fheBase 1) nd i e T Seca [oeBeoe 1] Pl
curve fitting formula or by taking intermediate X & Y CO- || i foert ndmpandass as ToeinSesocs
ordinates. Select the required curve 1 e s Cometin Aot Base 10 and Y- as Time n S [ he Baee 1)

Fuse time -Current characteristics as per the curve fitting
formula is given by:

Where the value 12t is constant C1.
If this option is selected then enter the constant C1.

Different types of fuse time-Current characteristics as per the curve data can be selected using the
radio buttons in Plotted curve options.

This curve type indicates that the relay characteristic is plotted, taking multiples of plug setting along
X-axis and time in seconds along Y-axis.

This curve type indicates that the relay characteristic is plotted, taking log of multiples of plug setting
(to the base 10) along X-axis and log of time in seconds (to the base 10) along Y-axis.

This curve type indicates that the relay characteristic is plotted, taking current in amperes along X-
axis and time in seconds along Y-axis.

This curve type indicates that the relay characteristic is plotted, taking log of current in amperes (to
the base 10) along X-axis and log of time in seconds (to the base 10) along Y-axis.

When fuse characteristics is stored as co-ordinates, maximum of 50 points can be entered. Further,
if any of the above four curve types is selected, then plot info for the curve should be given.

Plot Info

Click this to specify X-axis and Y-axis co-ordinates. Maximum of 50 co-ordinates can be entered. To
enter the next point on the curve click on NEXT button and to trace back the curve, click on the
BACK button.
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1.7.21 Low Voltage Power Circuit Breaker (LVPCB)

Seting
 Raing
© Dverlosd

 ShorTime

and discrete

" Instankanecus

 GroundFauk

Low Voltage Power Circuit Breaker Library

Lirary Number [T Feich>>

LixayName  [C81

Naninal Cunrert (In]

Clear &l Save

ET

1600.000000

[=]
=]

Carcel

Bieaking Capacily

Sito. | Current (ka)

1

50000000

[=]
=]

Clear Al Save Cancel

Rating: Rating window is shown below. List of Nominal current ratings and Breaking capacity are to
be entered here.

Over Load Protection: Over load protection window is as shown below.
Current setting data and pick up tolerance are to be entered. User has the choice to enter uniform

values.

Status ON and OFF will enable and disable the over load protection. Depending on the status

Selting
" Raling

* Overload

ShonTine

* Instantaneaus

 Giound Faull

Low Voltage Power Circuit Breaker Library
aghunbe [ Fechor

1

Uy Name (€61
Staus

“am o

Curent Setings (11 =x )

M Mainun

[0460000 Factor  [1.000000 Factor
@ Unfom  Step [0900000 Factor
 Discrete |

Inveree Characteisi Setings

Iy

it Solling

Minimun Mainum Aated @

¢ step | &

verse Charactaric §ellngs

W oren

Sty

M Masinum Rated @
[LO0000 o 30000005 & [500000
 Unfom Step [ 00000 .

" Discisle |

Pickup Tolsrance
Minirunn Mainum
10000000 % [10000000 %

Operating Time Tolerance

@ik € insac
Minimun Mainum
10000000 10000000

| Operating Tie Tolerance
@ik  insne
Minimun Mamuim

corresponding fields enable and disable in the LVPCB data form.
Inverse characteristic setting ranges and operating time tolerance are to be entered

—
Power Res

Low Voltage Power Circuit Breaker Library
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Satng
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& Shotlme
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Short Time Protection

Short Time protection window is as shown below.

Current setting data and pick up tolerance are to be entered. User has the choice to enter uniform
and discrete values.

Status ON and OFF will enable and disable the over load protection. Depending on the status
corresponding fields enable and disable in the LVPCB data form.

Inverse characteristics setting ranges and operating time tolerance in % or in sec can be entered.
Instantaneous Short Circuit Protection

Instantaneous protection window is as shown below.

Current setting data and pick up tolerance are to be entered. User has the choice to enter uniform
and discrete values.

Status ON and OFF will enable and disable the over load protection. Depending on the status
corresponding fields enable and disable in the LVPCB data form.

Low Voltage Power Circuit Breaker Library

Library Number |1 Felchs> Libary Name~ [CB1

Selting Status

" Rating « i  OFF
 OverLoad Cunert Setings (i =1 n) Pickup Tolerance,

Minimum Masimum Seling Type || Minimum Masimum
 ShorTime 2000000 Faror  [12000000 Factor [i=xin ] | [700000m % [10000000 %
@ Instantansous

& Uniom  grep [1.000000 Rz
€ Ground Fault

" Discrete

Defiite Time Seting 1] Oiperaing Time Teletance

Mirimum & ing € insee

00500 Q8 Miimum Masimum

A0.000000 10000000

Definite time setting and operating time tolerance in % or in sec can be entered.

Ground Fault Protection

Ground Fault protection window is as shown below.

Current setting data and pick up tolerance are to be entered. User has the choice to enter uniform
and discrete values.

Status ON and OFF will enable and disable the over load protection. Depending on the status
corresponding fields enable and disable in the LVPCB data form.

Inverse characteristic setting ranges and operating time tolerance in % or in sec can be entered.

1.7.22 Transformer Differential Relay

To open this form, use menu option Libraries -> Protection [Transformer Differential Relay Library

>> Transformer Differential Relay Then the form shown

below will appear. Relay Nurber [10 Manutacturer Name  [SIEMENS
RelspTyne  [7UT63  Fewche> | coge BT

Relay Type: Relay type is to be entered ex: 7UT61X

Code: Enter ANSI / IEC Code for Transformer differential | ™™= " % [t 7 etotiecrcs

protection Ex:87T oSmn (R
Ranges in %

Rated Current: Rated secondary current of CT in Amperes. Diffrente St () ;Sng& Mz# SE.‘D:

Option to specify Numerical / Electro Mechanical :Ig:it[:] g ? ?
Slope-1 Start (pu) o [ o
Slope-2 3] o e
Slope-2 Start [pu] L fo o

| 2 Harmonic Restraint (%] fw o [

5th Hamonic Restraint (%] fu—— @ [
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There are two schemes for TDR. The relay library is common for both schemes of TDR. This is
shown in Figure. All the setting ranges are to be entered here. Based on the schemes chosen, the
respective fields will be enabled.

Low Voltage Power Circuit Breaker Library
Lbayhumber 1 Fetch s> Library Name ~ [CB1
Seting Status.
" Rating i OFF
 Overload Curent Seltings lg) Pickup Tolerance
Miimum Masinum Selting Type | | Minimum Masimum
" ShotTime 100000000 A 120000000 A [mpere ~| || [10 000000 % [10000000 %
" Instantansous
@ Uniom  Slep [100000000 A
* Ground Fault
" Discrete
Definite Time Setting Operating Time T olerance
Mirimum Finx Cinses
0100000 s Miimum Masitnun
10.000000 10.000000
Inverse Characteistic Seltings Operaing Time Tolerance:
I~ 2% £z  insec
tg Setting Minimur Masirnum
Minirnum: Maximum Rated @ 0.000000 10.000000
s | | 9
c Step s
ovsts [ |

1.7.23 Restricted Earth Fault

Modern numerical relays use low impedance protection for REF. The connections for this scheme
are shown in Figure.

fng
Figure RF-1: Low Impedance REF Connection Diagram

As the currents on the neutral and the phase are separately measured, the transformation ratios of
the phase and neutral CTs need not be identical. The measured currents are compared in order to
determine the Operating and Bias Current. The relay trips based on the tripping characteristic
depicted in Figure RF-2
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ld1
ldo i i

Figure RF-2 Tripping Characteristics of a Low Impedance REF Relay

The quantity along the X-axis is the Biasing Current and the Y-axis is the Operating or Differential
Current. The tripping characteristic can be divided into three parts:

e Unrestrained Portion
e Slightly Restrained
e Highly Restrained

The setting computation involves providing the slope and limits for each of the regions. As there is no
standard method for arriving at the settings, three approaches are proposed. The user can select
which approach is to be chosen. Each of the approaches will provide the following settings:

e Threshold and limit for unrestrained part
e Limit and slope for the slightly restrained portion
e Slope for the highly restrained part of the characteristic.

An option is given to the user to choose scheme. Based on this choice, the settings are
computed.

To open this form, use menu option Libraries > Protection > > Restricted Earth Fault Then the form shown
below will appear.

Restricted Earth Fault Relay Library

Relay Hurnber |1 Mantactus: Nama ~[REFT

Aol Type— [750610 Fatohys | FolayCode (70

Masimen [0.1 Step [001

VA PeakVotage [0 Vo e o

Vollage Saiting Voltags Selling Vallation
@ € Uniform € Discrote

Voltags

Hax LA

Dolts |

Screen Details:

Relay number: Serial number of the relay
Manufacturer Name: Enter manufacturer name
Relay Type: Enter relay Type.

Relay Code: Give relay code

High Impedance

Power Research and Development Consultants Pvt. Ltd. Page 119



MiP-PSCT Database Manager User Manual

Relay setting type: user has the choice to select Current or voltage setting

Current setting type: User has to enter the current setting range details like minimum, Maximum and
step Sensitive or Normal selection will be from the REF data.

Voltage setting: If the relay setting type is voltage, user can enter the voltage setting details in % or
volts. Voltage setting variation option may be continuous, uniform or discrete. If the voltage setting
type is % then variation will be continuous or uniform.

Add & Delete: To add and delete voltage setting records.
Low Impedance

Three schemes are provided. User can select any one scheme. Based on the scheme the settings
are computed.

1.7.24 Line Pilot

Line Pilot Relay Library

To open this form, use menu option Libraries >

Protection > > Line Pilot Then the form shown | Retume [i ek Hane eV € Type1
i © Type2
below will appear. Fielay Type  |MECI Bt a7P Felchs> © Type3

Relay type: Type of the relay used Ex: Solkar-R,

MBCI, etc. n\/nuage[wﬁl‘a"f:;[uu} Resistance ((hms St Vaues e )
) ) ) ] |5— l“— W zﬂe;\star\ce

Code: 87PW (87 -differential PW-Pilot wire) F 1000

. . . 0 0 . 1200
Type 1: 5 kV without any isolating transformer IE— T i 1500

2500
Type2: 5 / 15 kV with and without isolating Padding Resistanc Yarilion
Transformer. (r-* Urifom  Discrcte
Padding Resistance Data

Type 3: Standard values for Type 3 MBCI relay i Maximum |Step

. ) . 500.000000 50.000000
Sv — Standard Value of resistance, (Pilot wire
loop resistance)

It is relay specific. Ex: for Solkar relay type:
Sv: Standard Value
= 1000 ohm for Solkar R mode (T=1)

= 2000 ohm for 5kV Solkar Rf mode (without transformers) (T=1)

= 1760 ohm for Solkar Rf with 15kV transformers using tap 1 (T=1)
=880 ohm for Solkar Rf with 15kV transformers using tap 0.5 (T=0.5)

= 440 ohm for Solkar Rf with 15kV transformers using tap 0.25 (T=0.25)

The pilot resistance is used in conjunction with settable padding resistance to achieve the stability
biasing of the relay. The padding resistance must be set in series with the pilot resistance to achieve
a standard value.

1.7.25 Bus Bar Differential Relay

To open this form, use menu option Libraries > Bus Bar Differential Relay Library
Protection > > Bus Bar Differential Relay. Then the
form shown below will appear. Relay Hurber |1 Relay Hame  [RERS00

. . . Relay Make B Concl Fetchy>
Relay Number: Give the serial no of the relay library whse [ 3] G [ _Fai |

~Diferential Aelay Seftings—————— ~Variable Resistor - ohms

Relay Name: Enter relay name Hinimun — Masinam Step

Curent % [0 [o [z Mininum |7

Relay Make: Select the relay from the drop down list

of the combo box sz [5 [Fo [ Maiman |7
N L3 2 s |0 s |l s | |Step [0
ote:

Pickup CF

Minimum Marimum Step

Depending on the relay make respective fields will be P i i

enabled Dvercurent Selting (%)
Stobizing focto (Selective] |07 Jus [os

Code: Enter the code

T | 52N factor (Check Zone) P P I
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Differential Relay Settings: Enter the relay details like max, min and step values. Time and alarm
details to be entered

Variable resistor Values: Enter Minimum, Maximum and step values

Pick up Characteristics: Depending on the relay make respective fields will be enabled. Enter the
data for minimum, maximum and step details for over current setting in %, Stabilizing factor
(selective), stabilizing factor (check zone) and Time in ms.

1.7.26 Line/Cable Differential Relay

To open this form, use menu option Libraries > Protection > > Line/Cable

Line/Cable Differential Relay Library

RelyMNo [T RelayMame |REDEMD
Fiely Make [4BB = Relay Code [87  Fetchos |
~ Sefting ronges %

Mirirmurm M aximum Step

Differential Set IU-2 I2 IEI i3]

Switchon |01 [20 [o.m

High Set |1 I5U IU-W
2nd Harmaonic Rest |5 |1UD IU

Differential Relay. Then the form shown below will appear.

Relay Make: Relay Make is to be entered Ex: SIEMENS

Code: Enter ANSI / IEC Code for Line differential protection Ex:87L

Setting Ranges in %: For the line differential relay enter the setting ranges for the
Following fields

Differential Set

Switch on

High Set

2nd Harmonic Restraint
1.7.27 Three Winding Transformer
To open this form, use menu option “Libraries > Three Winding Transformer”. Then the form shown

below will appear.
Three Winding Transformer Library

Primary Voltage
Flef, Number [001 | Fetch s> R T — |
This field is to specify the Primary side voltage ||maram o T 2 e
of the transformer in kV. Secondy MvARatng [0 . acment
TeusyMvaRaing  [33 i’t““” : ; ; EE |
-
Secondary Voltage PimayVotage  [F kv
SecondaryVokage  [11 kW
This field is to specify the Secondary side || Tassveue 3w

voltage of the transformer in kV.

 OftLoad Tap Change
€ OrlLoad Top Change

Masinum Tap Number [17 =)

Marimum Tap Voltage [34.65

K Compute

pu on Pimary Fisting Theimal Curve

Pasiive Sequen

Tertiary Voltage ) HERE e HsmRn Themab» | ‘
. . . . . . Zps  [oimm
This field is to specify the Tertiary side voltage |z frae— [ S oo Uk
of the transformer in kV. 2zt [omes 5 poww [ P |
Tap [ i T S p— ——
Residula Flux in PU 14 Characteiistics

Two options are provided to modify the e 1D u
transformer tap position setting to improve the o ,”_ [EEH
voltage at the desired bus. Fixed Tap, where in
transformer tap is fixed and On Line Tap [ F v
Change (OLTC) where in the transformer tap | - i

|
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can be changed in steps according to the load variation. The user can select any of these options.
Minimum Tap Number

This field is to specify the minimum tap number existing on the transformer.

Minimum Tap Voltage

This field is for specifying the voltage in kV corresponding to the minimum tap position.

Maximum Tap Number

This field is for specifying the maximum tap number existing on the transformer.

Maximum Tap Voltage

This field is for specifying the voltage in kV corresponding to the maximum tap position.

Positive Sequence X to R Ratio

This field is for specifying the positive sequence X/R ratio of the transformer. Generally for power
transformers positive sequence X to R ratio will be 20.

Zero Sequence X to R ratio

This field is for specifying the zero sequence X/R ratio of the transformer. In general the transformer
zero sequence X to R ratio will be equal to that of Positive sequence X by R ratio.

Winding Configuration

The user has three options for each winding connection; Primary, Secondary and tertiary. User can
select any option according to his requirement. Winding configuration options are Star Connected
with isolated neutral, Star connected with grounded neutral and Delta Connected. Phase shift
between windings can be mentioned using the option provided. This phase shift is considered in
short circuit studies.

Magnetization Curve Data (used only during Electro Magnetic  Load Characteristics Library
Transient analysis)

Residual Flux: Sum of residual flux in phase A, phase B and =t B
phase C is equal to zero CondaniPorsCacfiit  [16 | Cortrt PoCocicert 11

|-V Characteristics: Current in % and voltage in pu are to be
entered in the list box. Standard data records are available. ° ! Bl A

Additional records can be added by ADD button. Select the ™™= F rpgue  F
record and use Delete button to remove the data.

ExseRedPowr 1000 M ez Rescive P [1000

Load Characteristics Fovebbn [ Wi FemPowCwp [ M
Compule Freqency Coefiiert

To open this form, use menu option “Libraries>Load
characteristics” Then the form shown below will appear.

Loads are modelled as a constant power load or constant current load or constant impedance load
or as a combination of all, including the frequency dependency. Modelling of the load is determined
by the load characteristic number. If the load characteristic number is zero, then the loads are
modelled as constant power type. At any bus I, the expressions for loads are given by -

For Load char. Number <= 50 For Load char. Number > 50

PL':Pto (1+cp'fAf)(cp'p+cpi'v'+cp;V'VI pLi: pLiO(lJrcpi'*Af)(cpip(vl)”’i)
i i i i iy iy i
QL=Quo (+cay Af)(cq,+cq;V +cq,V V) Q =Q' (1+cq *a f)(cq'p(Vl )5

where,
PLi . Actual real power at the bus QiL . Actual reactive power at the bus i in PU.
iin PU.
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P, : Scheduled real power at the Q,, : Scheduled reactive power at the bus i in
busiin PU. PU.

cpi' :Coeff. of frequency cq " : Coeff. of frequency dependence for Q at
dependence for P at bus i bus i.

cpip : Constant power fraction cqip : Constant power fraction for Q at bus i.
for P at bus i.

cp,i . Constant current fraction cq,i ;. Constant current fraction for Q at bus i.
for P atbusi.

cp; : Constant impedance cql : Constant impedance fraction for Q at bus

fraction for P at bus i. i

v Magnitude of the voltage at

busiin p.u.

NOTE :

For Const. P Load -Cp =1, Ci = For Const. P Load - Cp =1, Ci = 0, Cz = Not
0,Cz=0 Used

For Const. I Load -Cp =0, Ci=1, For Const. | Load - Cp = 1, Ci = 1, Cz = Not
Cz=0 Used

For Const. Z Load - Cp =0, Ci = For Const. Z Load - Cp = 1, Ci = 2, Cz = Not
0,Cz=1 Used

(cp; + cpii + cpi ) =1.0

(cqip +cqii +cq;)=1.0

Const. Z Const. | N
P
1.0 Const. P 0
P in Pu w
e p,
r >
frequency
0 fO
—» VinPu
Variation of Real Power with Voltage Va”atlon Of P Wlth Fl’equenCy

In order to get a load characteristic, following procedure is used at the sub-station.
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132/110 kV

P g

Switched
Capacitor Load 11 kv Load

Vary the tap.

Switch on the capacitor.

Determine the response (change) in load.

Compute the parameters.

P=PO(CP+Cl.V+CZ.V2) (1+Kf. )

P varies with time, voltage and frequency.

PO varies with time - can be constant at a given time of a day.

CP, CI, CZ &Kf are constants.

V & f are known at any time instant.

P is known from measurements.

Solve the non-linear problem over a set of measurements.

Examples:

Let the load be 10,000 MW. i.e. PO = 10,000

Let for 1 Hz change in frequency, let the load change be 700 MW.

P, xAfx C, P=— 700 (decrease inload ) Af = (f - f )= -1Hz
- 700 , 700

P,C = =700 power number C,'= = 7%
-1 10,000

7
- £100_ 35
y
50
What it implies:
Initial load 10,000 MW.
Loss of generation 700 MW (Increase in load 700 MW)

c®

Frequency 49 Hz.

For example the following coefficient values denote
For example the following coefficient values denote

Cpr =25 = Real power changes by 5% for 1 Hz. change in frequency

Cpp=0.5 = 50% of the load is constant power

Cpi=0.3 = 30% of the load is constant current

Cp;=0.2 = 20% of load is constant impedance

NOTE : If the voltage at a bus goes below the specified value, then the load

model for that bus can be switched from the given model to constant
impedance model.
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Voltage at | Frequency | Scheduled | Actual Real Power Actual Real Power

Load in Hz Power in | Load char. <=50in MW [ Load char. > 50 in

Terminals MW C,=0.5, Ci=0.3, C,=0.2, | MW

in pu Cpi=25 Cp=1, Ci=2, C,= Not
Used, Cyi = 2.5

0.8 50 100 86.80 64.00

1.0 50 100 100.00 100.00

1.1 50 100 107.20 121.00

1.0 48 100 90.00 90.00

1.0 52 100 110.00 110.00

Load model Parameters

Load model parameters

Measurement based approach

l

Component based approach

*  Input: Connected load *  Industrial

* Measurement: P,V, f over a period * Commercial

* Out put: Load modelling Parameters  * Residential

*  Agricultural
[ Component | power factor [opiov [ oqiov | opier B

Air conditioner 0.90 0.088 25 0.98 -1.3
3 ph central heating
Arc furnace 0.70 2.30 1.6 -1.0 -1.0
Industrial Motors 0.88 0.07 0.5 25 1.2
Agri.Pumps 0.85 1.40 1.4 5.0 4.0
Residential
Summer 0.90 1.20 2.9 0.8 -2.2
winter 0.99 1.50 3.2 1.0 -1.5
Commercial
summer 0.85 0.99 3.5 1.2 -1.6
winter 0.90 1.30 3.1 15 -1.1
Industrial 0.85 0.18 6.0 2.6 1.6
Power plant 0.80 0.10 1.6 2.9 1.8

1.7.28 Generator Capability Curve

To open this form, use menu option

“Libraries > Capability curve”. Then the

form shown below will appear.
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Real power in pu
The real power in pu for the capability curve.
Minimum Reactive Power

Minimum reactive power limit specifies minimum reactive power generation limit in p.u
corresponding to the above real power.

Maximum Reactive Power

Maximum reactive power limit specifies maximum reactive power generation limit in p.u
corresponding to the above real power.

1.7.29 Lightning Arrester
To open this form, use menu option “Libraries > Lightning Arrester”. Then the form shown below will
appear.

Lightning Arrester Library

=l Charactenisitc

Marufacturer Ref, Number [1 Fetch Lightning Anester ¥ Win Pur o Common My bass
Manufacture Name LA1 | inkd [peak] ¥ ascrest Vokagein pu

on Anester rating (ms)

Add

Lightring Arrester Made! Typ: 5e 114
’V(' Parameters I Characteritics ‘ 5.00e-2 1.5000
Delete
0.1 1,583

Yoltags Magnitude 1 Multplication Co-efficient 2 ID— 0.5 1.872

Power Co-sficient 1 Vollage Magritudz 3 0 Ky 1 1922
2z 1.978

0 M

0

r K
[ w
Mulplication Ca-efficient 1 lu— Pawer Co-efficient 3
L K
[ ww

3 2014
5 2114
10 2.200

Yoltage Magnitude 2 Mukplication Co-efficient 3

Pawer Co-efficient 2

The non-linear characteristic of the lightning arrester is divided into three zones as shown below.

Here the Lightning arrester characteristic is modelled as a combination of 3 discrete intervals. Each
discrete interval is represented in terms of the following expression -

I(t) = av(t)°
where,

I(t) is the current drawn by the lightning arrester.

region 3
region 2
current
1
/’—> region 1
—_—————
voltage
v

V(t) is the voltage at the bus.
a is the multiplication constant.
b is the power constant.

Represent the constants in all the 3 regions with the voltage limit. Depending on the voltage,
characteristic region is selected

For each region voltage, current, multiplication coefficient and the power coefficient are computed.
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For example, for region-1 power coefficient 1, multiplication coefficient 1 and voltage magnitude
same constants are computed for other regions also. Depending on the voltage, characteristic
region is selected.

Power Coefficient 1of the lightning Arrester characteristic corresponding to region-1
Power Coefficient 2 of the lightning Arrester characteristic corresponding to region-2
Power Coefficient 3 of the lightning Arrester characteristic corresponding to region-3
Multiple Coefficient 1 of the lightning Arrester characteristic corresponding to region-1
Multiple Coefficient 2 of the lightning Arrester characteristic corresponding to region-2
Multiple Coefficient 3 of the lightning Arrester characteristic corresponding to region-3
Voltage Magnitude 1 of the lightning Arrester characteristic corresponding to region-1
Voltage Magnitude 2 of the lightning Arrester characteristic corresponding to region-2
Voltage Magnitude 3 of the lightning Arrester characteristic corresponding to region-3

VI Characteristics: The surge arrester non —linear V-1 characteristics should represented with
piecewise linear approximation with finite no. of V-1 samples. Voltage in pu is based on surge
arrester rating and current in actual kA as per the data sheet of surge arresters.

Add: Adds a record in the list box

Delete: Deletes the record from the list box.

1.7.30 Line Harmonic Info

To open this form, use menu option “Libraries > Line harmonic info”. Then the form shown below will
appear. When resistance is selected, the resistance part of 3x3 complex impedance matrix is given.
When reactance is selected, the reactance part of 3x3 complex impedance matrix is entered.
similarly for the line charging admittance, conductance and susceptance values are entered

Line Harmonic Information
Fieference Mumber |1 Harmonic Mame I ‘

Harmanic Mumber 1 Fetch Line >> |

% Resistance ¢ Reactance { Conductance © Susceptance

Next >>

Counter
ba [ bb [0 be {000 1

o3 [0 o [o.om oe [oao ¢ Back
Delete |

2a [0 ab [nom 2 [nom

Motor Load Library

1.7.31 Motor Load Characteristic data

Murmber |1 Mame: IMotLoadW Fatch 3

Taorque Component:

Enter the values for constants C1, C2 and C3 such that
the sum of these three values must be equal to 1. ConstantToraus Companent (1) J0.8

Tarque Companent
Propotional to Speed [C2) IU.T

Tarque Compahent Propotianal
ta Square of Speed [C3] [

1.8 Record Menu
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1.8.1 Add

Use “Record > Add” menu option or click ‘ﬂJl button to add a record in the current opened
form. After selecting the required form, to enter new data, select this option. Before

entering, any new data is sure to choose ‘Add’ option for proper updating of data.

If records have already been entered earlier and the user selects this option, all the data except the
Identification number and name of add record will be changed. Identification number is generated
using the last record number in the particular table. This number is attached to name of the record.
This is to simplify the user’s task of entering data. In case the user wants to freshly enter all the
fields, 'Clear Fields' option could be used.

1.8.2 Delete

e
Use “Record > Delete” menu option or click I—l button to delete a record in the currently
opened form. The record is permanently deleted from database.

1.8.3 Save Record

Use “Record > Save Record” menu option or click button El to save a record in the currently
opened form. A record is saved automatically while going to the next record or traversing back to the
previous record.

1.8.4 Cancel Changes
w

Use “Record > Cancel Changes” menu option or click button to cancel changes made to a
record in the currently opened form since last save command.

1.8.5 First Record

Use “Record > First Record” menu option or click E button to scroll to first record of the currently
selected form. The currently selected record is saved automatically.

1.8.6 Previous Record

Use “Record > Previous Record” menu option or click E button to scroll to previous record
of the currently selected form. The currently selected record is saved automatically

1.8.7 Next Record

Use “Record > Next Record” menu option or click El button to scroll to Next record of the currently
selected form. The currently selected record is saved automatically.

1.8.8 Last Record

Use “Record > Last Record” menu option or click @ button to scroll to Last record of the currently
selected form. The currently selected record is saved automatically.
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1.8.9 View All Records

) ) ) | . .
Use “Record > View All Records” menu option or click button to view all the records in the
currently opened form in grid format.

1.8.10 View In Detail

Use “Record > View in Detail” menu option or click %l button to view all the related library
records of the currently viewed form. For example, while viewing a transformer field (element)
record, view the related transformer library record also.

1.8.11 Clear Fields

Use “Record > Clear Fields” menu option or |ﬂ| click button to clear the fields of all edit
boxes in the editor to enter data freshly. This is a flag which gets checked and unchecked at each
selection. This option if unchecked, allows the user to retain the earlier value.

1.8.12 Copy

Use “Record > Copy Data” menu option or click %l button to copy the fields of all edit boxes. This
copies the data without the selection of bus numbers

1.8.13 Paste

Use “Record > Paste Data” menu option or click ———button to paste the data of all edit boxes. This
pastes the data without pasting of bus numbers

1.9 Options Menu

The Options menu offers following commands

1.9.1 Configuration .

Volige Leves | Eetial . Carency fomion| Breake s |

Use “Options > Configuration” menu option or
Configure button on the Configure & Contingency bl [EE
toolbar. On using this option, the Configuration form is
opened to enter relevant data.

3 B W el I
ez 13 W led0 B W leel® I W
levdd [55 W Ledfl [0 W Leeld I W
Voltage Levels et 05 W led2 2 W led®d I W

The user can configure up to 24 voltage levels in MiP- s R ledB o W leel2 kY
PSCT. The user can edit the twenty four voltage levels leels [675 W Lledld [0 W el )W

using the below dialog box. el [ W L5 [0 W leed P W
Electrical Information Leeld  [i5 Wooledts 123 W Ll K

The electrical information includes,

the base MVA to be considered for PU calculations

oK Crd | ep | W |

The nominal frequency of the system.
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A flag stating whether PU is TRUE or FALSE. If TRUE, the impedance values mentioned are
assumed to be on common MVA base. if FALSE, the impedance values are assumed to be given on
rated MVA of the equipment. In this case, the transmission line parameters are given in ohms/km.

On clicking OK button, all the changes made are accepted. If Cancel button is chosen, changes are
ignored.

Breaker Ratings

Against each voltage level configured, enter the default breaker ratings. Whenever a bus is selected
while entering the element data the breaker ratings corresponding to the bus voltages are updated
in the breaker rating fields.

1.9.2 Contingency

Use “Options > Contingency” from the menu option or “Contingency” button on the Configure &
Contingency toolbar. On selecting this option, a dialog box is popped up in which contingency
number and name should be given.

Configuration Information

Vckage Levels | Eecica Conency femaion Eveaker s |
A Inkh KA ok kA Ik
LU - g FEEER O ET T b B
CN e N o e e
O ) e o e e
TN o N O
N e N o o
wm w o e @ [0 o [ o
o feo o om0 o [ o
B0 [ [ o [ =55 gom i o

oy A Bk Fings |

®_ | Gl | | e |

After entering the name and number of the contingency, click
OK to pop up contingency dialog to create contingency.

When the user selects the element type, then all the CONTIGENCY NUMBER
elements of that type present in the database are listed
under “SymbolNos”. If the user wants to include any of
these elements in the contingency case, then double click
on the element under “SymbolNos”. The selected element

appears in “Selected”. ~ To remove an element from the | Cantigency Number | 1 'l Cancel |

contingency list, double click on the element in “Selected”

Cantigency Mame |Line ulage

column. In case of transmission line, user has to mention
whether the line has to be opened on FROM side, TO side or both the sides.

User can prepare as many contingency cases as desired. To select a particular contingency case
for conducting a study, use “Options > Schedule and Contingency” command. A contingency
change is always from the base case. Use base case copy option to copy a particular contingency
selection to current contingency.
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Schedule [ x}

—&dd
Add

Nurnber [1 Copy From IOSchedulen v

Nare  [Schedulet

~ Modify Name

Add | Modify | Delete

Copying Contingency

Any contingency in the database can be copied using the “COPY” button. On clicking this button, a
dialog box is popped up displaying the list of the contingencies in the database. Select one of the
desired contingencies and click OK to copy the selected contingency. Otherwise click “Cancel” to
avoid copying.

Contingency -Line outage
X Seral Tor
@ Tramsmission Lind £ S Rt Elmerts Cometed ToBus
 ZundgTranstomer " Shunt Capacior
 WndgTransformer € Genersor o
1 Series Reastar 5 ffotar
) Beries Bapaiton  Load ﬂl m‘
) Bz Courlen 1 Syitch
Selected SymbolNos
Ul (720000 4 [BUSd] Z2000]
C Fiom ' To 20000 4 [BUS4) 22000
& Boh 3 (BUS3) (220000 10 [BUS 00
3 (BUS3) (2200000 10 [BUS [T}
it @ (BUSe)  (20000): 5 (BLISH) 22000
| (BUS4)  (220000): 5 (BLISH) 22000
Database Existing 5 [BUSS) (220000): 10 [BUS10) 220.00) -
[E(BUSE) (132000 &  (BUSA) 13200]
I i 6 (BUSE) (132000 8  [BUSH) 13200]
[ [BUSE)  (132000): 9 (BUSY) 13200]
Change Circuits [ (BUSE] (132000 9 [BUSY) 13200 j
8 [RIISR] 1132000 9 [RIISS1 132 NN
NOTE : Toselect FROM/TO/BOTH ends, the element has to be selected in "Selected" list
B Dekls il
1.9.3 Schedule
Use “Options > Schedule™to add/modify or delete a schedule.
Click on Add to add a schedule. Enter the schedule number, Al India Database =
schedule name and the base schedule
Select a schedule to change the name. Enter the new name =

Click on Modify to change the name of the schedule. Select
the schedule for deleting. Click on delete to delete the
schedule.

Cancel I

1.9.4 Configure > Database Description

Give Database details in this database description option
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1.9.5 Schedule and Contingency

Use “Options > Schedule and Contingency” or “Select” button on the Configure & Contingency
toolbar. On selecting this option, a dialog box is popped up in which contingency and schedule

number can be selected.

The selected contingency name and schedule number appears in the 2 & 3 panes of the status bar.

Cunent Schedule And Contingency
Contingency Scheduls
Mame  [5-enace Mame 50 le
Humber I [ j Number ID j
Cancel |

1.9.6 Database - Copy Libraries

The Option is available at “Options > Database > Copy Libraries’to copy libraries from one database
to another database. Open any *.mdb file and select this option. Following dialog will open

Copy Records Between Two Libraries

Seleet Datahas

Source Datahase IE iPower\MIPOWER MDB

Biowse.

Destination Datah: IE\M\P

EEr
EE}

{ARMD  Browse.

Sowce Table Library

Destination Table Library

[ Library Table Names

[ LN LbMane

| LbNe  LbMare

Zindg Transfomer [Library] 1 D2MVAIRGMN.433) N
IwindaT ransfomer (Liary] 2 04MVA[RGI.433) =
dwindg Transformer [Library] 3 0BMVA[EGM.A33)
VR, Ly 1 MVARE/D 4TS
Bus B Difererlial el Livay 5 1EHVAREALT]
Capabilty curve (Library) B 1.25MVA[11/6.9]
Cyclic load (Library) 7 LISMVA[I14S]
ibrary 8 1BMVA[1057)
Geresaar ibray) 9 1EHVA[I 2288
Instataneaws (Library) 10 1EMVA[33/0.433]
Lightning Arrester [Library) 11 MVA[IEE]
Line Cable Differential Relay Library 12 83.3MVAI20/56]
Line Differential Relay Library 13 37 5MVA[22012)
Line Hamorics Library 14 140MVA[235/105] ||
Load Characteristic (Liary) 15 100MVA[220132)
Motar Libiary) 16 240MVALZ20/15.75)]
Piat Relay Discrete Value Data j 17 20MVA[220/33] j
PSS 1 hranl 18 ATKAVATAM/T]

I~ MewList

Select Al
De Select Al

T 0.2MVALG 6/0.433)
2 D4MVA 60433
3 0BMVAB6/I.43Y
4 IMVA[E /0415

Source Database: Browse the database file from which library records are to be copied.

Destination Database: Browse the database file to which library records are to be copied.

Library Table Names: All library table names displayed in
the list box

Source Table Library: Only Source Database file library
records (Lib. No and Lib. Name) displayed in the list box.

Destination Table Library: Only Destination Database file
library records (Lib. No and Lib. Name) displayed in the
list box

Select All: Selects all the listed items in the

Duplicate Record

Record Already Exists |1 Thermall 20M

New |

Orver Write: |

Cancel Al

{Cancel Capy]

Source Table Librarz list box.
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De-select All: Deselects all the listed items in the Source Table Library list box.

Copy: This button will copy the selected items of the Source

Table Library list box to Destination Table Library list box. Copied
records will be displayed in the Destination Table Library list box.

If selected library records of source database are already present

in the destination database file, then Duplicate Record dialog will Mew Library List Starting Mo [100

pop up.
Cancel

Over Write: Record already exist will be over write.

New: Opens the Duplicate Record dialog with new record
number. User can give new number to that duplicate record and then click OK. Record with user
given number will be copied to the destination database.

Cancel Copy: Copying of current record will be cancelled.
Cancel All: Copying of further records will be cancelled.

New List: When copy button is pressed with new list check option then New Library List box dialog
will open. Give the new library list starting number

]
1.9.7 To Network

Click Start To Update

Click on “To Network” to activate the power system network
editor. This is applicable only in the integrated mode.

Start

1.9.8 Update Network

Use “Options > Update Network” to associate an existing network with an existing database or to
update the network data in power system network editor.

Rules:

The bus numbers in the single line diagram should be proper. Check the bus numbers associated
with each bus.

The elements should be actually connected between the two buses. (There is a possibility that only
representation is done without actually connecting it to the buses). If not connected, the element ID
will be set to 0.

Steps:
Open the single line diagram

Configure the database, by selecting the existing database. This will automatically connect to the
database.

In Database Manager, select Options > Update Network from the main menu. The following dialog
box appears. Click on start to update the network, OK to close the dialog box. When updating is
completed a message appears. Click Ok. Now check the elements for the element ID’s. All elements
ID’s will be updated

1.9.9 Create Sub Database

This option is provided to get the sub database for a sub-network associated with the central (Main)
database. This option can be used when user wants to create individual database for each sub-
network, which was associated with centralized database.

The database retaining only the specified buses (i.e., the buses available in the network) is
generated. Close the database. This database can be used for analysing the sub network.
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This option is provided view the Name of the Area in the Bus data form. In the Area form enter the

area number and Area name.

1.9.11 Zone

This option is provided view the Name of the Zone in the Bus data form. In the zone form enter the

zone number and Zone name.

1.9.12 Owner

This option is provided view the Name of the Owner in the Bus data form. In the Owner form enter

the Owner number and Owner name.

1.9.13 Output configuration

Use “Options > Output Configuration” to define the format (eg.
MS Word, WordPad, notepad ...) in which the output report

€ Notepad (o

generated by different studies should be opened. On selection

the following dialog appears. If “others” option is selected the
file path of the exe file used to open the output file must be

selected

Make appropriate selection and click Ok.

selected application.

1.9.14 Sub Station

For this database
whenever a study is done the output is always opened with the

File Path

Ouptut File Configuration | x|

 LotusWordpro © Others

1 Windows Word

I

Cancel I

This option is provided to enter the substation Name
and code. Other details as given in the form can be
stored. When unit protection reports are generated
the substation code and name appears in the report.

To get substation tag for bus numbers in GUI follow
the steps

In GUI create a GUI file and save it with substation
name

In database create substation names as shown.
Save it.

In GUI select menu option Set > Substation Code

Then draw buses in GUI. Bus numbers will appear
with substation code tag.

1.10Solve Menu

The Solve menu offers following commands
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hurnber

SubStationCode 123

Sub Station Name
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1.10.1 Load flow analysis

Use “Solve > Load Flow Analysis” menu Rl
Option or click LFA button on the I’Ight hand Contingency Rianking Analysis | Awailabilty Transfer Capabliy | SubStatiort/ise LFA |
side toolbar. General Frequency dependent Load Flow | Optimal Load Flow

- Techniqu
Load flow Analysis is designed to perform the € Gauss - Siedel Method Fpneleratior Faotn I‘HS_

€ Newton Fiaphson Method

steady state load flow analysis for the given ¥ For Do Lol DO Load o

system. Fast-decoupled load flow algorithm is

d t | th li fl rLoad Flow Type—————————— | Freaeey Denendzrt RS Optiarns
use 0 solve € noniinear PPW9f _OW ' Slack Bus Concept LFA (et Tie e oo
problem. Sparse storage and matrix ordering " Frequency Dependent LFA 0 Fiet Fremuency Coel
techniques are used in the program to reduce  Dptinal Load Flow Anass )l T i Fres ey Bjas Gt
the memory requirements. Fast computational ;gﬁ“”ﬁmﬁ‘”s‘s - "IEDtim\zatmnDDliuns -

: ; hezlin B .
methods are made used to speed up the _Smlahw” B & Eoenone Ja HP Opizetn T1)0-phizeon
execution. Generation and load regulation I Eltasipis AT F":f:mim‘  paing! © Rangl
characteristics are considered in the model to ™ Substalion e LFA
determine the new system steady state P Tobtarea [0 000 Neteolloaims [T
;rrequglr;cnycsé which the loads and generation 0. Tokrree 1001 e

' Slack Bus |1 [Bus1) = Load Model Yaoltage 075

The data required for Load flow are distributed Fe—

among four categories - TS [Dstaand et | Tephtode ool lan &

Genera| L\Srvalnleml MW & Mvar j‘ Multplication Facter |1 I~
’V ™ Show Summany After Execution ‘ Reduction Factar |1 -

Frequency Based Load Flow

Optimal Load Flow

’TI Cancel | Aply |

Contingency Analysis

GENERAL
Load flow technique

Select a load flow technique from the list. For example for all type of load flow, fast- decoupled Load
flow technique is the only common technique popularly used. The Gauss-Siedel and Newton-
Raphson Methods are the optional techniques for only slack bus concept of Load flow analysis.

Load Flow Type

Load flow analysis has additional features like Real power optimization, Reactive power optimization
and Contingency Analysis.

Choose any one of the following —

e Slack Bus Concept LFA, Only Load flow analysis
e Frequency Dependent Load flow analysis.

e Optimal Load flow analysis.

e Contingency Analysis

e B-Coefficient & Economic Dispatch

e Dc Load flow: Direct Current Load Flow (DCLF) gives estimations of lines power flows on AC
power systems. DCLF looks only at active power flows and neglects reactive power flows. This
method is non-iterative and absolutely convergent but less accurate than AC Load Flow (ACLF)
solutions. DCLF is used wherever repetitive and fast load flow estimations are required.

e Feed current Simulation: Works for the radial system. By considering the feed current value in
feeder data, feed current simulation can be executed. On selection of this option, depending on
the type of load flow (Gauss Siedel or Newton Raphson or Fast decoupled) and tolerance this
simulation will be executed and report will be generated.

e Substation wise LFA: It is useful for the utility studies to analyze peak load condition for all
individual substations of same voltage level simultaneously.
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x

General | Frequency dependent Load Flow | Dptimal Load Flow |
Conlingeney Aanking Analysie Avvailability Transfer Capability SucStationwisalLiA

Voltage Level  [220 000 ~

Bus Numbers Selected Nos.

3
4

Select All Delete All
Cof ] coel | eoow |

Available transfer capability (ATC): To compute available transfer capability between two buses or
two areas including transmission reliability margin (TRM) and capacity benefit margin (CBM)
considering all (n-1) or specified set of contingencies.

Show summary after execution: With this option Summary window will be opened showing total
load, generation and losses.

If Slack Bus Concept LFA Option is selected, only load flow analysis is performed.
In Frequency based load flow type, one of the three options has to be checked.
Flat tie line control

Flat Frequency control.

Flat Tie-line Frequency Bias control.

Optimization Options

In optimal load flow type, either real power or reactive power optimization or both can be checked.If
Real Power Optimization Option is selected, load flow with economic analysis is done. In real power
optimization, the cost curve for all the generators are calculated based on the cost coefficients as
mentioned under Generator Data. The total generation is distributed among all the generators in
such a way that the total cost of generation and the real power loss is minimized.

If Reactive Power Optimization Option is selected, load flow with reactive power optimization is
done. The program determines the amount of compensation to be provided at low voltage buses
based on the minimum and maximum compensation limits as entered in Load Data. The program
limits the voltage at all the buses within operating limits as mentioned under bus data by providing
compensation in steps iteratively. The maximum number of compensation iterations is equal to the
maximum number of load flow iterations as mentioned under Number of Iterations. If compensation
is given, then the total cost of providing compensation is mentioned in the detailed report. The
savings in cost are also mentioned in the report.

If both Real and Reactive Power Optimization Options are selected, first reactive power optimization
and then real power optimization are performed.

Contingency ranking analysis

If contingency ranking analysis option is selected, Contingency Analysis is performed. Load flow
analysis performs static security analysis for a given system so that the system is operated
defensively. Due to contingency, the system may enter an emergency state, wherein the operator
has to take fast actions to restore the system back to normal. Here the status of all the elements
selected as contingency cases under Contingency Analysis section are made O (i.e. not connected
to the system) and outage study is performed. The output of the program alarms the user of any
potential overloads or out of limit voltages.

P-Tolerance

It is the Real Power Tolerance in PU on the given base. This is used to check the real power
convergence of fast-decoupled load flow. During each iteration of load flow, maximum real power
mismatch at all the buses is computed. When real power mismatch is less than the real power
tolerance and the maximum reactive power mismatch is less than the reactive power tolerance,

convergence is achieved. On a 100 MVA base 0.001 PU is generallz an acceBtabIe value for
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tolerance. This results in 0.1 MW real power error. If the load values are relatively large, then the
tolerance value can be as high as 0.1 PU on 100 MVA base.

Q-Tolerance

It is the Reactive Power Tolerance in PU on the given base. This is used to check the reactive
power convergence of fast-decoupled load flow. During each iteration of load flow, maximum
reactive power mismatch at all the buses is computed. On a 100 MVA base 0.001 PU is generally
an acceptable value for tolerance, this results in 0.1 Mvar reactive power error. If the load values are
relatively large, then the tolerance value can be as high as 0.1 PU on 100 MVA base.

Load Model Voltage

If the voltage at a particular bus goes below a specified value, the load model is gradually changed
from the given type to impedance type (i.e. the impedance factor in the load characteristic is varied
linearly from the given value to unity) as the voltage magnitude varies from a specified value to zero.
This specified value is the Load model voltage which is entered in PU.

If a load modelled as constant power load and if the voltage at that bus is more than or equal to the
load model voltage then, the load characteristic coefficients,

cp=1; ci=cz=0

If V1 is the load model voltages specified and if the voltage at the load bus goes below V1 (say V2)
then at that voltage, the constant power fraction (cp) of load decreases to zero and the constant
impedance fraction (cz) increases to unity. At any voltage, the sum of constant impedance fraction,
constant current fraction and constant power fraction is unity.

Therefore at V2, the real power load characteristic will be defined by -
P = cp2 + ci2V2 + cz2(V2)

where,
cp2 Constant power fraction at voltage V2.
ci2 Constant current fraction at voltage V2.
cz2 Constant impedance fraction at voltage V2.

Number of Iterations

Maximum number of iterations refers to the iteration number after which the load flow iteration is
terminated. It is usually given in the range 15-20. In the case of reactive power optimization, a value
of 100 can be entered.

Q Check Limit

It is the iteration number after which the generators are checked for Q-limit violations. Normal value
is 4. A value less than 4 usually results in oscillations during solution and a value greater than 4
results in more iteration to get the solution. In order to disable Q checking, this limit should be
greater than the maximum number of iterations specified.

Slack Bus Number

Slack bus is the bus selected to supply the additional real and reactive power to accommodate the
losses in the network, since these are unknown until the final solution is obtained. The voltage is
maintained at specified PU at this bus. In case the user does not select any bus, Load flow analysis
will select the maximum generation bus as the slack bus.

Feed Current Simulation: Simulation can be done by using feed current and is used in distribution
studies

Show summary after execution: Load flow summery window will appear after execution.
Print Options

The user is provided with six options —

No output No printing of data and results in the
detailed output file

Data only Printing Data only

Results only Printing Results only
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Data and results Printing Both data and results

Detailed results with data Printing of data and results with Y-bus
details

Bus wise Line flows & losses The flows are printed in the ascending

order of Bus Identification numbers.

Tap Mode
Transformer tap control option.
Use Set Tap: User defined tap setting is considered for analysis

Optimize only OLTC - On load Transformer tap control. If this is selected tap is adjusted during load
flow solution to realize the desired voltage at the control bus. The minimum, maximum and step
values for tap change are as specified under transformer data.

Optimize all Taps - If this is selected, all taps are adjusted during load flow solution to realize the
desired voltage at the control bus. The minimum, maximum and step values for tap change are as
specified under transformer data

Use Nominal Tap: With this option, program considers mid tap or nominal taps of all transformers for
computation of load flow analysis

Reduction Factor

This is cross-reference between relevant menu and the reduction factor Library. To conduct a study
for a particular system by simulating a condition where the load/generation at a particular zone is
increased/decreased, do so by giving some factors for load/generation in Reduction factor library.
There is no need to change the value of loads and generation in that zone to carry out the study.

Multiplication Factor

This is cross-reference between relevant menu and the multiplication factor Library. The zone wise
multiplication factors are specified in the Multiplication factor library.

Feed Current Simulation:With this option feed current simulation can be executed with the available
feed data provided in the transmission / Cable data form.

Load flow summary window: With this selection load flow summary window will appear after
execution of load flow. This window shows the load flow summary and the violated voltage buses.

Frequency Based Load Flow

The three options available in Frequency Based Load Flow are AL I —
Flat tie line control load flow. Ry Dy [ 2 lunte

Tiedine Flow Schedule n MW 0 b

Flat frequency control load flow.
TieLine Flow Tdesance. i

Flat Tie-line frequency bias control

If Flat tie-line control option is selected, tie-line powers are [Coc ot | 2 |
considered to be fixed. Here the difference between actual and
scheduled interchanges to zero, or within the Tie line flow tolerance mentioned. Frequency in the
area is no longer a constant and the new system frequency is the point at which the load and
generation characteristics intersect.

In case Flat frequency control option is selected, the system is operated at the nominal frequency
mentioned by the user. Tie-line exchange changes depending on the tie-line participation factor.

Flat tie line frequency bias control is de-activated at present.
Frequency Deviation from Base Frequency

It is possible to obtain the solution at a frequency other than the base frequency in Load flow
analysis. Frequency deviation should be entered in Hertz. If the base
frequency is 50 Hz. and the frequency is desired at 48 Hz. then a

oo AR, L) —
————
s | 1 Rt E—
- | romtastram E—
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value of -2 should be entered in this field. If study at a frequency of 52 Hz. is desired enter 2 in this
field.

Tie-line Zone Number

This is the zone number from which the net tie-line interchange to other areas is specified. In an
interconnected system, for load changes in the internal area, generators in that area should act to
control the frequency and tie line interchange.

Tie-line Schedule in MW

Net tie-line schedule is the scheduled total real power exchange from the above area to all the other
areas. The schedule is given in MW. The schedule power is positive if the above area is exporting
power to other areas and it is negative, if the above area is importing power from other areas. If the
net tie-line interchange deviates from the schedule, generators patrticipating in the secondary control
act to bring the net tie-line interchange to the scheduled value.

Tie-line flow Tolerance
Error tolerance is used to terminate the iterative technique of controlling the tie-line interchange.
Optimal Load Flow

Cost per Mvar in lakhs.

This is required for the reactive power
optimization. If compensation is given, then the Gl Fensns b LosiFios| O Losirin |Corinsres ki s |
total cost of providing compensation is mentioned e ¢ st Contgee) Nunbes
in the detailed report. The savings in cost is also o C Losd ,"i
. . . GrdaTranstonme: »

mentioned in the report of Optimal Load flow D AL

! £ Hotor
analysis © Suih e

Delete

%0Operation and maintenance charges:
Selected SymbolNos

%Interest Charges 1
(BUS11)]

Loss load factor

The value usually varies from 0.3 to 0.4.

Life of equipment in Years: This refers to the life of ED___ [ _BUSH: 1B |
capacitor bank in years. Note: The Elemertspresert nth refwork st highlghted
Energy charges /kWH

o 9 Gl ||| b7

Contingency ranking analysis

For the contingency ranking analysis, all the power system elements can be considered. The
element whose state is to be altered is selected by radio button. The element identification number
is selected from the list box. The selected elements are displayed in the adjacent list box. Any
combination of the elements also can be selected for the contingency analysis.

To add different contingencies follow the steps:-

e Enter new contingency number in the New edit box and click ADD button to add this number to
the contingency number list. Repeat this operation depending on the no. of contingencies
required.

e Then select the contingency number from the contingency number list and click on the any of
the element radio button the corresponding list is filled in the symbol No.s list box.

e To select from element list, double click in the symbol No.s, then the number of the element to
be outaged under this contingency appears.

« Different elements can be outaged under one contingency number.
B Coefficient & Economic Dispatch

By selecting this option, penalty factors and minute-minute generating schedule is worked out to
minimize the total cost. Select B-Coefficient & Economic Dispatch from the study information screen
of load flow analysis. It needs the values of Co, C1 and C2 in Generator Data Form.

Available Transfer Capability
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ATC is defined as a measure of the transfer capability, or available room in the physical
transmission network, for transfers of power for further commercial activity, over and above already
committed uses. According to the NERC definition, ATC is determined as a function of increases in
power transfers between different systems through prescribed interfaces. As the transfers increase,
the flows in transmission lines increase. The Total Transfer Capability (TTC) is the largest flow in the
selected interface for which there are no thermal overloads, voltage limit violations, voltage collapse
and/or any other system security problems such as transient stability. The TTC minus the base case
flow and appropriate transmission margin is the ATC for the selected interface. The need for
transmission margin and the definition of its components: transmission reliability margin (TRM) and
capacity benefit margin (CBM) is well documented in the literature.

e This Module calculates the total transfer capability and available transfer capability between two
areas or two buses namely given as source and sink considering transmission reliability margin.
There will be a provision in order to incorporate capacity benefit margin (CBM) while calculating
ATC. Only N-1 contingencies are considered while calculating TRM.

¢ The software will take source, sink, area/bus type and increment type data from the user and
gives the result in LFA report. The data to be fed for the module are given below.

o Carcal P

ATC - This field says whether ATC is to be computed or not.
Type — This field specifies whether ATC is to be calculated between two Areas or two buses.

Source — This field is used to specify the source bus number/area number for which ATC is to be
calculated.

Sink — This field is used to specify the sink bus number/ area number for which ATC is to be
calculated.

Load type — This field specifies whether load increment in sink is either constant power factor type or
constant reactive power type.

Report type - This field is used to specify whether detailed report or customized report is to be
printed in output report file.

Generation Increment type- This field is used to specify whether increase in generation is to be
equal at all generators in source area or depends on their ratings and loading conditions.

Load increment type - This field specifies whether loads in the sink area are incremented at equal
percentage or unequal percentage.

Load Increment location - This field specifies whether all loads in sink area are to be incremented or only
selected loads to be incremented.

CBM - It is defined as that amount of transmission transfer capability reserved by load serving
entities to ensure access to generation from interconnected system to meet generation reliability
requirements.

This field is used to specify whether Capacity benefit margin is to be considered or not while
calculating ATC between two areas. It has no significance when ATC is calculated between two
buses.

Load Details button will be disabled by default. It gets enabled based on the other inputs selected
as:

Load Increment type is selected as equal and load increment location is selected as specific buses.

Load increment type is unequal.
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Contingency type — This field specifies whether all N-1 contingencies are to be considered or only
specified contingencies are to be selected for computation of ATC.

If specified contingencies option in contingency type is selected, then select all and delete all
buttons will be enabled.

For the Availability Transfer Capability calculation, contingencies to be considered are to be
specified. The element whose state is to be altered is selected by radio button. The element
identification number is selected from the list box. The selected elements are displayed in the
adjacent left list box. Any combination of the elements also can be selected.

Select all button will select all the elements of the element type which is selected to consider as
contingency cases.

Delete all button will delete all the elements of the element type which is selected from the selected
list of contingency cases.

B Load Flow Analysis Custom Report
To add different contingencies follow the steps:- okt |
e Click on the any of the element radio button opuerie: [o o
the corresponding list is filled in the symbol [

From Bus ki ToBus kv Area Owner

No.s list box. TS
11,000 11.000
e To select from element list, double click in

the symbol No.s, then the number of the

element to be outage appears in left box. - eteain o

Max ry % Loading Max. [10p

e Load Buses List box: Displays all load buses S
in sink area. g |

I Min<=y<=tax [~ ¥<Min

™ Al Taps I~ AiGenerators [ AllLoads
s . I Mncet<amse T e [ Lot )
e Selected No’s: Displays the selected loads e S P s s s
. . . ™ Min<=Q<=Max [~ Q<Mn I~ QaMax N
for increment during computation of ATC. I A ffrr o From A To s ot || i | neie | T Ematingat

. ower Flow in Lines and Transformers.
Load (MW): Displays the current load at the Fr e e ppae [ N G
selected bus in MW.

Bus number ,— Addss User Given Bus Numbers
Increment Percentage: User has to enter the S ] o
percentage of load to be incremented during ] = o

computation of ATC for the first step of increment.
From the second step onwards, 10 percent
increment is considered by default.

Customized Report for Load Flow Studies:

Input file: Specifies the file considered to generate the customized report. The file name depends on
the currently active contingency and case.

Output file: Text file into which the report is written.

Bus kV: If the value is zero, all the buses are listed. If the value is other than zero, only specified
voltage level buses are listed.

From Bus kV: If the value is zero, all the buses are listed. If the value is other than zero, only
specified from bus voltage level buses are listed.

To Bus kV: If the value is zero, all the buses are listed. If the value is other than zero, only specified t
bus voltage level buses are listed.

Min Voltage: Minimum voltage in pu for the checking purpose. If both the minimum and the
maximum voltage values are zero, then the checking is done with respect to minimum and
maximum values defined in the database.

Max Voltage: Maximum voltage in pu for checking purpose.
% Min Loading: Minimum loading limit for checking purpose.
% Max Loading: Maximum loading limit for checking purpose.

Report options: Report is generated only for the checked items. For example, to get the report of
buses exceeding minimum voltage limit, lines exceeding maximum loading limit and generators
violating reactive power limits, check V<Min, L > Max, Q<Min and Q > Max.

General report options:
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Zone no: If zero, report is generated for all the zones. If other than zero, corresponding zone wise
report is generated.

All taps: Lists the transformer taps.

All generators: Lists all the generator buses.

All loads: Lists all the load buses.

Lines open: Lists all the series elements kept open under this study.

Summary: Gives the summary of generation, load and loss

Zone wise: Gives the summary of generation, load and loss zone wise.

Import/Export: Gives the summary of import/export from one zone to other.

Circuits Change: Lists the elements with change in number of circuits

Zone wise Flow Report: Gives the flow through transformer and transmission line zone wise
Report Losses: Gives the summery of losses

Power Flow in Lines & Transformers: Depending on the rating power flow in lines & transformers will
be reported

Buswise Flow: For the selected buses, Buswise flow will be listed in the report. Selected buses will
be stored.

1.10.2 Short Circuit Study

Use “Solve > Short circuit Analysis” menu option or click SCS button on the right hand side toolbar.

Short circuit calculations provide currents and voltages on a power system during fault calculations.
The currents and voltages resulting from various types of faults occurring at many locations
throughout the power systems must be calculated to provide sufficient data to develop an efficient
relaying and switching system. If currents due to a fault are excessively high, accompanying
electromagnetic forces could destroy equipment or fuse together the contacts of protective circuit
breakers, thereby spreading the damage to many system components.

The aim of short circuit analysis is to compute the fault currents and voltages for the determination
of circuit breaker capacity and protective relay performance. Fault studies are performed normally.

on systems reasonably well balanced at either the operational or the planning stage. Short circuit
analysis program is designed to perform the short circuit study for the given system. Sparse storage
and matrix ordering techniques are used in the program to reduce the memory requirements. Fast
computational methods are employed to speed up the execution

Short Circuit Studies x|

Shert Circuit Data | Short Cireuit Oukput Options | Iterative SC Data |
Fault Typ

& FaitenBus Es number Bus name

Options

+ Faul Impedance

Faut Resistancs | o | |MBuses 7
Find Bus
FaukReactance |7 o I_

Giound Resistance |1 pu
De Select Buses
Ground Reactance |01

@ Tiansient Rieactance (X'd ) pul | FaultonLine
€ Sub Transient Reactance [X'd)

Pre-Fault Voltages | Flat Start B
Flat Start ¥ge. Value |1

Multiplication Factor Number LA

G

ansider
Iv - Motor Contiibution

¥ Cable/Shurt Capacitance

Cancel farly
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Study Info

Here the various control options for short circuit analysis are to be entered. It is differentiated as
Short Circuit Data and Short Circuit Output Options.

Short Circuit Data
Fault Type

Short circuit study is designed to perform different types of faults that are commonly observed in the
power system. Select required fault type for the analysis. The various fault types provided in short
circuit study module are —

Three phase to ground fault.

Single line to ground fault at R phase.

Line to line fault between Y and B phase.
Double line (Y and B phase) to ground fault.
Opening in one line (R phase)

Opening in two lines (Y and B phases)
Fault Impedance

Fault impedance values are in PU on a common MVA and voltage base. For fault types involving
ground, ground resistance and ground reactance need to be specified in PU. Thus, the information
to be provided for different faults is —

Fault Resistance

Fault Reactance

Ground Resistance

Ground Reactance

Fault location option

Fault can be created either on bus or on line. Accordingly, select the option.
Fault on Bus

Fault on Line

Fault on Bus

In short circuit study, it is possible to consider the fault at different buses, one at a time, in single
short circuit study execution. For fault on buses, select any one of the following options.

All buses
Select bus
Voltage levels

If “All Buses” option is selected, then all the buses present in the system are displayed in the list box
and by default all the buses are selected.

If “Select Bus” option is selected, then all the buses present in the system are displayed in the list
box. To select a particular bus, click on the bus of interest. To deselect an already selected bus,
double click on the selection.

If “Voltage level” option is selected, then all the voltage levels present in the system are displayed in
the list box. With this option, user can consider e

o
a fault at buses of specified voltage level. To
select a particular voltage level, click on the  ShotGicutDda Shontimilﬂulwlﬂnlbm]
desired voltage level. To deselect an already
selected voltage level, double click on it.

Output Prnt Options [T e
Find Bus: If system is very big with thousands ;
. Lo Output Plot Op
of buses then this option is helpful to select the AU IPhaSEAFau"MVALM[ [
bus for short circuit studies Post Flow Options lFauIt Colbuton o A ar Newt A Buses e Cor ¥
Post Fault Vokages lNut Computed j
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Find Bus:

Type the required bus no in this field. Selected bus appears in the fault bus number list box.
De-SelectBuses:

This option de selects the buses appear in fault bus numbers list box.

Fault on Line

It is possible to create the fault at specified distance from the sending end of a transmission line. For
fault on transmission line, select a line where travelling shunt fault has to be created. Specify the
distance at which it is to be created in terms of percentage from sending end (“From end”). If the
percentage distance is not within the limits, then this option

is ignored. To consider the travelling shunt fault, it is required to give the data independently for
each circuit. Thus if there are three circuits between two nodes, then data for each circuit it to be
given distinctly or equivalent data for two circuits are given together and per circuit data for the other
line is given separately.

Generator Modeling Type

Use transient or sub transient reactance for the fault calculation. Generally sub transient
reactance is selected.

Pre-Fault Voltage Option

When a fault occurs in a system, the fault current depends on the location of the fault and the pre-
fault voltages in the system. In Short circuit study, two options are provided to select the pre-fault
voltage option. User can select the desired option.

Flat Voltage Start
Input from Load Flow.

If the user selects the Flat Start Voltage option, then the voltage magnitude considered at all the
buses in PU are to be entered. Normally, a value of 1.0 PU is considered. In case the user selects
Input from Load Flow, pre-fault voltages are computed by performing load flow analysis for the
system under consideration.

Multiplication Factor No
Here the reference number of the multiplication factor record to be considered is to be entered.
Consider:

Motor Contribution: This option is used to select/deselect motor contribution for fault calculation. If
the option is selected motor contribution is considered for the fault calculation else motor
contribution is not considered.

Cable/shunt Capacitance: This option is used to select/deselect cable/shunt capacitance for fault
calculation. If the option is selected cable/shunt capacitance is considered for the fault calculation
else cable/shunt capacitance is not considered.

Short Circuit Output Options

The various output options provided in Short circuit study are as given below. User has the choice to
select any of the option.

Output print option

Output plot option

Post flow option

Post fault Voltage option

Output print option

Following print options are provided in Short circuit study. User can select the desired option.
No printing of data or results

Data printing only

Results printing only
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Both data and result printing

Detailed printing of data and results

Data & Results [Polar & Cartesian Coordinates]

Output plot option

Following plot options are provided in Short circuit study. User can select the desired option.
No plot file is generated

Plot file outputs are for phase A, magnitude in amperes and angle in degrees

Plot file outputs are for phase B, magnitude in amperes and E<=S

angle in degrees Sho ok S DOt eSO |

Plot file outputs are for phase C, magnitude in amperes and T

angle in degrees Tt |
MaiHodlieaions "

Plot file outputs are for positive sequence, magnitude in
amperes and angle in degrees

Plot file outputs are for negative sequence, magnitude in
amperes and angle in degrees

Plot file outputs are for neutral current, magnitude in
amperes and angle in degrees

Plot file outputs are for phase A, magnitude in MVA and
angle in degrees

Plot file outputs are for phase B, magnitude in MVA and
angle in degrees

Plot file outputs are for phase C, magnitude in MVA and angle in degrees

Plot file outputs are for positive sequence, magnitude in MVA and angle in degrees
Plot file outputs are for negative sequence, magnitude in MVA and angle in degrees
Plot file outputs are for zero sequence, magnitude in MVA and angle in degrees
Post fault flow option

Following post fault flow options are provided in Short circuit study. User can select the desired
option.

Fault contributions to faulted bus from lines are not computed

Fault contributions are computed from adjacent buses

Fault contributions are computed from adjacent buses and next adjacent buses
Fault contributions are computed from all buses

Post fault volt option

Following post fault volt options are provided in Short circuit study. User can select the desired
option.

Post fault bus voltages are not computed

Post fault bus voltages are computed

Iterative SC Data

This data is required for the short circuit studies with wind generator. Short circuit computation is by

iterative method

2 Short Circuit Study Custom Report

Note:

Input File  [DATESTCASE 54Maithan\SCS \mathan-finals. ntd

Custom i S ed re p ort Output File. [DATE STCASES\M aithan\SCS\ mathandinalls rsp

Excesding L
From kv Toky Faul Mul. Factor

for Short Circuit studies is shown in the below form. Fs e P
General Report Options: Bus wise, All generators, All Motors
and Fault type options can be selected by the user to get

customized report

Gieneral Report Options Feport Opt

Bus Faulk Level
™ Bus Wiss ’717 > From Breaker raing [ » To Breaker rating

I Al Generators

Net Fault Level
™ &l Motors ’7 I™ > From Breaker rating [~ > To Breaker rating
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Report Options:

Bus Fault level: For the selected Voltage level, Effective fault level which is obtained by bus fault
level multiplied by fault multiplication factor. Effective fault level exceeding the from breaker rating
and to breaker rating will be listed in the report.

Net Fault Level: For the selected voltage level, net fault level is the product of from fault level of the
series element and the fault multiplication factor. Net fault level exceeding from breaker rating and to
breaker rating will be listed in the report.

Save and Quit: Selected options will be saved and closes the dialog

Report: With the selected option report will be opened.

1.10.3 Overcurrent Relay Co-ordination

Use “Solve > Overcurrent Relay co-ordination” menu option or click ORCD button on the right hand
side toolbar.

Here the various control options for Over Current Relay Co-ordination analysis are to be entered.
Simulation Option
The different simulation options are -

Only co-ordination and relay setting (Computed): Where fault is created at all the buses one at a
time, the time dial setting and plug setting of each relay is determined.

Setting Verification (User given settings): Where the user defined plug setting and time dial setting
is used to determine the operating time of all the relays.

Co-ordination and simulation (Computed): Where initially co-ordination of all the relays is done.
Fault is created at the user-defined location. The operating time of each relay is determined. Setting
verification with simulation (User given settings):

Where fault is created at user defined location. EEENEILINEEENEINLE]]
Operating time of each relay is determined. The T 0y Cocodinalion and R na [Compuled)

time dial setting and the plug setting are to be
given by the user.

Fauk Type [T1ee Phase to Ground Fe x| Pint Optians [Both data and resuls printn 7]

- Fault Impedan

Co-ordination, simulation with tripping FaukResitence | Faulezctance |
(Computed): Where co-ordination of all the relays Ground Resistance. [0 Grourd Fesctance [0
is done to determine the time dial setting and the
. ' Faul on Bus 1 Fault on Line

plug setting. For each selected fault at the user ErdELs
defined location, the operating time of each relay Bus Numbers
is calculated and the sequence of relay operation
is displayed until the fault is completely isolated.

Setting Verification, Simulation with tripping (user 20 =
given settings): Where for each selected fault at De SeletBuees |
the user defined location, the operating time of all & Volage Intaizstion by Fla: Stat & Transient Reactance [%d]
the relays is calculated, where the plug setting and © Vokags Intiafzstion by Losd Flow © Sub Transient Resotancs f<'d)
time dial setting are user specified. Multpication Factor Nuber [T ‘ 7 Dutput Graphs
The sequence of relay operation is displayed until (C rsider
¥ Motor Contibution ¥ Cable/Shurt Capaciance ‘

the fault is completely isolated.

Co-ordination verification (Existing settings): The [ ]

coordination, verification is with “Existing settings”
provided in the database

Setting verification with simulation (Existing settings): The coordination, verification and simulation of
fault is with “Existing settings” provided in the database

Fault Type

The types of fault supported by the package are -
Three phase fault.

Single line to ground fault at R phase.

Line to line fault between Y and B phases.

Double line (Y and B phases) to ground fault.
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Print Option

These options are provided for result file print. The user can select any of the following options —
e No Printing of data and results

e Data printing only

e Results printing only

e Both Data and results print

e Detailed print of data and results

Fault Impedance

Fault impedance values are in PU on a common MVA and voltage base. Thus, the information to be
provided for different faults is

e Fault Resistance and Fault Reactance
e Ground Resistance and Reactance
A fault can be created either on bus or on the transmission line. Accordingly, select an option.
e Fault on Bus
e Faulton Line
Bus Numbers

In Overcurrent Relay co-ordination simulation, it is possible to consider the fault at different buses,
one at a time, in single execution. All the buses present in the system are displayed in the list box. In
order to select the fault bus numbers, click on the bus/buses of interest. To deselect an already
selected bus, double click on the selection.

In Overcurrent Relay co-ordination simulation, it is possible to consider the fault at different buses,
one at a time, in single execution. All the buses present in the system are displayed in the list box. In
order to select the fault bus numbers, click on the bus/buses of interest. To deselect an already
selected bus, double click on the selection.

De select Buses
Click this button to de select buses from bus numbers list box
Fault on Line

In Overcurrent Relay co-ordination, it is possible to create the fault at specified distance from the
sending end of a transmission line. For fault on line, select a line from Line Numbers list box
wheretravelling shunt fault has to be created. Specify the distance at which it is to be created in
terms of percentage from sending end (“From end”) in % Distance box. If the percentage distance is
not within the limits, then this option is ignored. To consider the travelling shunt fault, it is required to
give the data independently for each circuit. Thus if there are three circuits between two nodes, then
data for each circuit it to be given distinctly or equivalent data for two circuits are given together and
per circuit data for the other line is given separately.

Pre-Fault Voltage Option

When a fault occurs in a system, the fault current depends on the location of the fault and the pre-
fault voltages in the system. In Overcurrent Relay co-ordination, two options are provided to select
the pre-fault voltage option. User can select the desired option.

Voltage Initialization by Flat Start
Voltage Initialization by Load Flow

If selection is Voltage Initialization by Flat Start option, then the voltage magnitude considered at all
the buses in PU are to be entered. Normally, a value of 1.0 PU is considered. In case the selection
is Voltage Initialization by Load Flow, pre-fault voltages are computed by performing load flow
analysis for the system under consideration.

Generator Modeling

The machine data used for modelling depends on the type of model. To specify which type of
modelling is preferred for the study, select any one of the radio buttons.
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Transient Reactance (Xd’)
Sub Transient Reactance (XD”)
Multiplication Factor Number

Here the reference number of the multiplication factor record to be considered is to be entered. This
is the reference number of the multiplication table data library which is used to write the sequence
data of the elements used in the study whose zero sequence data is zero. The zero seq value will
be calculated by positive sequence data.

For more details, refer Multiplication Factor

Output Graphs

An option to prepare output graphs. If this box is checked then graph files are generated.
Earth Fault Factor

Normally, as there is unbalance in the system, a fraction of the load current is allowed to pass
through the neutral. If this is about 10% of the load current, then the earth fault factor will be 0.1.

Over Load Factor

The CT primary rating is selected such that it is greater than the maximum load current multiplied by
a factor namely overload factor, which is usually in the range 1.0 to 1.3.

1.10.4 Distance Relay Co-ordination

Use “Solve > Distance Relay Co-ordination ”

menu option or click DRCD button on the right
hand side toolbar.

Simulation Optian [Zonel, Zone? [y Length |

Fault Type Thiee Phase to Ground Fault | |

Here the various control options for distance e
relay co-ordination are to be entered. Fault Resisiance |0 Fault Rezctance |7
Simulation Opt|0n Ground Resistance |0 Ground Reactance |0
The various simulation options provided are - Gratmbe ® Falimnliz
. 1 BUS1 -
Zonel zone2 zone3 settings by length : Short 2 BUS2
line for zone2 is selected on length of the line 3 Buss |
and setting is considered by length DegeestBues |
. . . . (O] ializati o '
Fault creation and Impedance determlnatlon Vo\tage\mt!ahzat!onbyFIatStarl Trans\enlﬁeaclan:e[}(d]“
( 2 3) | d d t R t d © Yoltage Initialization by Load Flow  Sub Transient Reactance (<'d)
zone2 zone3d) : Impedance determination an

fault simulation by considering length of the
lines

Mulliphication Factor Mumber |1 ‘

Zonel zone2 zone3 settings by impedance : Discininaton Tire 1.4 PPt Dpion [Tt rd Fes.bs =] ‘
short line for zone2 is considered on impedance o |
of the line andsettings calculated by the
program on considering impedance of the lines

Cancel |

Fault creation and impedance determination(Zone2 Zone3): Impedance determination and fault
simulation by considering impedance of the lines

Zone2 zone3 settings(User selected element): Zone2 zone3 settings by considering the lines
selected by the user

Zone2 zone3 user given element and fault simulation : Zone2 zone3 settings and fault simulation by
considering the user selected element.

Fault Type

The types of fault supported by the package are -
Three phase fault.

Single line to ground fault at R phase.

Line to line fault between Y and B phases.

Double line (Y and B phases) to ground fault.
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Print Option

These options are provided for formatting the report file. Select the desired option from the list -
No Printing of data and results

Data printing only.

Results printing only.

Both Data and results print.

Detailed print of data and results.

Fault Impedance

Fault impedance values are in PU on a common MVA base and voltage base. Thus, the information
to be provided for different faults is

Fault Resistance

Fault Reactance

Ground Resistance

Ground Reactance

A fault can be created either on bus or on the line. Accordingly, select the desired option.
Fault on Bus

Fault on Line

Fault on bus

In Distance Relay co-ordination, it is possible to consider the fault at different buses, one at a time,
in single execution. All the buses present in the system are displayed in the list box. In order to
select the fault bus numbers, click on the bus/buses of interest. To deselect an already selected bus,
double click on the selection.

De-Select Buses
This button is used to de select the fault bus numbers appear in the bus number list box
Fault on Line

In Distance Relay co-ordination, it is possible to create the fault at specified distance from the
sending end of a transmission line. For fault on line, select a line from Line Numbers list box where
travelling shunt fault has to be created. Specify the distance at which it is to be created in terms of
percentage from sending end (“From end”) in % Distance box. If the percentage distance is not
within the limits, then this option is ignored. To consider the travelling shunt fault, it is required to
give the data independently for each circuit. Thus if there are three circuits between two nodes, then
data for each circuit is to be given distinctly or equivalent data for two circuits are given together and
per circuit data for the other line is given separately.

Pre-Fault Voltage Option

When a fault occurs in a system, the fault current depends on the location of the fault and also the
pre-fault voltages in the system. In Distance Relay co-ordination, two options are provided to select
the pre-fault voltage option. User can select the desired option.

Voltage Initialization by Flat Start
Voltage Initialization by Load Flow

If the user selects the Voltage Initialization by Flat Start option, then the voltage magnitude
considered at all the buses in p.u are to be entered. Normally, a value of 1.0 PU is considered. In
case the user selects Voltage Initialization by Load Flow, pre-fault voltages are computed by
performing load flow analysis for the system under consideration.

Generator Modeling

The machine data used for modelling depends on the type of model. The user has to specify which
type of modelling is preferred for the study by selecting the radio button.

Transient Reactance (Xd’)

Sub Transient Reactance (Xd”)
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Multiplication Factor Number

Here the reference number of the multiplication factor record to be considered is to be entered. This
is the reference number of the multiplication table data library, which is used to write the sequence
data of the elements used in the study whose zero sequence data is zero. The zero seq value will
be calculated by positive sequence data.

For more details refer Multiplication Factor
Discrimination Time

Discrimination time has to be entered in seconds for co-ordination interval between two distance
relays.

1.10.5 Transient Stability Analysis

Use “Solve > Transient Stability Analysis” menu option or click TRS button on the right hand side

toolbar to invoke conduct transient stability
studies. TRANSIENT STABILITY STUDIES

SwinaBus [1 Gerd (1 (Bust ] B
¥ Load Flow Print Dption ‘ LoadFlow Case |1 B

Load Typs | EEETES

POWERTRS is designed to perform the
transient stability analysis for the given power

Type

Multplcation Factor Number

system. The transient behaviour of a power Snisenlre 5o Tok o s
. - h || LostLosdrn i
system, resulting from major disturbances such I 0| ooz | | ReslPoverfiia) Heraons
1 H H 0.001

as a fault followed by switching operations, (VIZ0eion GEE] Pirt Step Opton 1|

Lo . N g Real Power FostDist)  [001 | | Daka Fink Opion
sudden rejection of load or generation, etc., is S o |
referred as Transient Stability. Transient s v o

Listof distuban

s1Ma] Distubarce [vesio |
1 3Phto GND Feut atBusnal fiom 1.000s 1o 11005 [
2 Changein Line Parameters 1 at 11005 ~

stability solution is obtained in time domain.
Transient stability simulation studies are
carried out to study these phenomena and the
results enable to plan and coordinate the
protection and control schemes efficiently.
Critical clearing times of circuit breakers can be
computed and protection zones of distance
relays during transient swings can be adjusted.

Machine Typr
L’ ConstantYokage behind ‘

Disturbances [Change i Transmission Line Parameter] ¥ | Distubance nfo

Proper restoration / islanding schemes can be [HMTTQR s ettt R T o ‘
suitably designed. Compared to load flow and : 7 5
short circuit studies, transient stability studies _ Gl |

are more complex since they involve the
electromechanical dynamics of rotating machines and their associated controls viz., excitation and
governor systems. The period of investigation varies from fraction of a second. When first swing
stability is being determined, to over several seconds when multiple swing stability is to be examined

The program requires the base case load flow solution to establish the initial conditions. The
program uses fast-decoupled load flow method for the network solution, and implicit trapezoidal rule
of integration method for the solution of differential equation representing the dynamics of machines,
controllers, etc.

Study Info

On pressing study info button, a dialog box is displayed with various control options for transient
stability analysis.

Load Type

This is type of load modelling during post disturbance. It can be Impedance type of load or as per
the load model specified in the load characteristic. For load change disturbances, the loads should
be modelled as user defined type.

Swing Bus

This is the generator bus number. The swing of any other generator is calculated with reference to
this generator bus.

Multiplication Number

This the reference number of the multiplication table data library, which is used to write the
sequence data of the elements, used in stability whose zero sequence data is zero. The zero
sequence value will be calculated by positive sequence data.

Simulation Time
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This is the time duration for transient stability analysis. This is split into 4 zones, each having start
time, end time and time step. It is assumed that the end of each time intervals is in the increasing
order. Normal value for maximum simulation time is 3 seconds, and the time step is 0.025 seconds.

Currently the starting time and the end of simulation time are active.
Tolerances

The real and reactive power tolerances for both initial and post disturbances are to be specified in
Pu on the given base...

These values are used to check the convergence of fast-decoupled load flow. During each iteration,
maximum real and reactive power mismatch at all buses are computed. When maximum real power
mismatch is less than the real power tolerance and the maximum reactive power mismatch is less
than the reactive power tolerance, convergence is achieved. On 100 MVA base 0.001 PU is
generally an acceptable value for tolerance, which results in 0.1 MW real power error. If all the load
values are relatively large, then tolerance value can be as high as 0.1 PU on 100 MVA base.
Tolerance values for pre-disturbance and post disturbance are given separately. The values can be
same for both the cases.

V-1-Z-Bus data

Bus numbers corresponding to V-I-Z-S (Voltage-Current-Impedance-Power) print are selected from
this list box. The graph information of the corresponding buses is prepared while executing transient
stability.

Load Flow Case

For the selected load flow case transient stability can be executed.
Print Step Option

Specify the print step for V-I-Z-S plot information.

Load flow print Option

This is to have the option as whether to print the load flow results in the report or not. If the
checkbox is selected, the same will be printed otherwise not.

Data Print option

If the data print option is checked, then the input data will be printed to the output file otherwise it will
not.

Voltage and Current Option

If this checkbox is selected, then voltage at bus, current in a line, and impedance seen by the
distance relay are written to the transient stability output file.

Disturbances

Following are the disturbances, which can be simulated, in the transient stability.
Disturbances

e Change in transformer parameters

e Change in transmission line parameters

e Change in shunt impedance

e Change in real and reactive power of loads

e Three Phase to ground fault creation at a bus
¢ Change in number of generator sets at a bus
e Total generation outage at a bus

e Simulation of single line to ground fault

e Loss of excitation at a generator

e Change in Load Model
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e  Motor Start / Stop
CHANGE IN TRANSFORMER PARAMETERS

e Loss of Turbine input Celect Transiamer
e Change in AVR Voltage Reference “ STHVDRD (3 8US3) 1 1US6T) | ‘
For each of these faults except change in shunt ‘ R < Bak | Nest »
impedance, Disturbance information has to be Couter 1
entered in a separate popup. 1+ Pastive Sequen Actual Faramelers
P popup Resistance |0 pu
Fil - 2 397006003 pu
Reactance [0 pu
. ~ZeMn Sequence Al - 4794011002 pu
Disturbances Resistance [0 Ul RO 22970068003 pu
Change in transformer parameters Fieactance |1 | 47940002 pu
Selecting this disturbance type to open or close New Tap Posiion [0 Naminel Tap pastion
transformer. After selecting this option, click on T8 =i)
the Disturbance Information button. No. of Ckts H2

Ok | Eance\l Delelel 'Coﬁi‘ﬁ'ule‘l

The following dialog is popped-up.

Transformer Number

The identification number of the transformer should be selected from the list box for which
parameter has to be changed.

Disturbance Starting Time

Disturbance time is the time at which the disturbance is applied. The time is measured from the start
of the simulation time i.e., 0.0 seconds. If no disturbance is to be considered, then this time should
be larger than the maximum simulation time.

Positive sequence resistance and reactance

. . Parameter Calculation
The changed value of the positive sequence resistance and . o
reactance has to be given in the edit box. Esisting Number of Circuits [
Zero sequence resistance and reactance New Number of Cireits [0

The changed value of the zero sequence resistance and
reactance has to be given in the edit box.

Cancel |

New Tap Position
User can change the nominal tap position.

User can change the parameter of any number of transformers. For that NEXT button can be clicked
so that another transformer modified data can be given. Each time, number of transformers whose
data are changed is recorded in the counter automatically. The BACK button is used to go back to
the already edited data.

After editing all the data, click ‘OK ‘ to update EHALRGENELEHITITFZGECIA 2
the data changes or ‘CANCEL’ to ignore the - Select Line Nest 3>

3G [3 U
changes. - < Back
Compute: No. of circuits can be changed by Disturbance Starting Tire 025 Seos Caunter 1

using this option. Click ‘OK’ to update

Actual Parameters

i X s A - Postive Sequence—————————————
parameter calculation or ‘CANCEL’ to ignore Resistance [0 | P —
Rl 5 1.2375008-002 pu
the changes.
Reactance [333.9 pu| %1 51949382002 pu
Change in Line parameters
g p Suceptance (8/2) |0 pu| B1/2- 52054206002 pu
Selecting this disturbance type to open or ZenSemence
close transmission line or cable. After selecting Resistance {0 pu | RO 30937502002 pu
this option, click on the_ Dlstl_eranqe Restace [F35  py | X0 | S4ETIGR001
Information button. The following dialog is s (TR
- Suceptance (B/2) o pu R4 6002 pu
popped-up. Mo of Ckts #1
Transmission Line Number Ok | Cancel | Delete | Eomputel

The identification number of the line in which
fault has to be initiated. The list box displays the line numbers and line of interest can be selected.

Disturbance Starting Time

Parameter Calculation
Eisting Mumber of Circuits IU—
Power Research and Development Consultants Pvt. Ltd. NewNumber of Cicuits [0

Cancel |




MiP-PSCT Database Manager User Manual

Disturbance time is the time at which the disturbance is applied. The time is measured from the start
of the simulation time i.e., 0.0 seconds. If no disturbance is to be considered, then this time should
be larger than the maximum simulation time.

Positive sequence resistance, reactance and susceptance

The changed value of the positive sequence resistance, reactance and susceptance has to be given
in the edit box.

:

Zero sequence resistance, reactance and susceptance e =
 Capacitor & Reactor

The changed value of the zero sequence resistance, reactance | Ziutne [ N e

1 SPRT (14 (BUSTE) Counter 1

and susceptance (B/2) in pu has to be given in the edit box.
Hence to consider the opening of a line, resistance of the line is Distabence tating Tine [0 polle——
given as 0.0 PU, reactance as 999.0 PU and susceptance as [ a6 0m0meoms

0.0 PU for both positive and zero sequence values. | Supecerce [7 | T OO0

G0
B0 > -1.000000e+001 pu

Reactor's

Conductance [0 i

Suspectance [§ o

Cancel Delte

User can change the parameter of any number of lines. For that
NEXT button can be clicked so that modified data of another
line can be given. Each time, number of lines whose data are
changed is recorded in the counter automatically. The

BACK button is used to go back to the already edited data.
After editing all the data, click ‘OK" to update the data changes or ‘CANCEL’ to ignore the changes.

Compute: No. of circuits can be changed by using this option. Click ‘OK’ to update parameter
calculation or ‘CANCEL’ to ignore the changes.

Change in Shunt Impedance
Select this disturbance type to open or close or change shunt impedance.
Change in Load data

Select this disturbance type to change load at a particular bus. After selecting this option, click on
the Disturbance Information button. The dialog is popped-up as shown in figure.

Load Number

The identification number of the load whose values are to be
i i Pl ————
changed is selected from the list box. e — | << Back| et 5>
. . ) | "
DlStUrbanCe Startlng Time Disturbance Starting Time [0.1 Secs. kon

. . . . . . . Actual Load
Disturbance time is the time at which the disturbance is T _

i H H H 5 35.0000 Mw

applied. The time is measured from the start of the simulation
time i.e., 0.0 seconds. If no disturbance is to be considered, New Rieactive Power in MVAR [15 15,0000 MVAR
then this time should be larger than the maximum simulation
time New Compensation in MR |0 0.0000 MYAR
New real, reactive and compensation in Mvar _Jta"“" Dt |

For change in load data, new real power load in MW, new
reactive power load in MVAR and new compensating MVAR at the bus are given in corresponding
edit boxes.

User can change the parameter of any number of loads. For that, NEXT button can be clicked so
that another load’s modified data can be given. Each time number of loads whose data are changed
is recorded in the counter automatically. The BACK button is used to go back to the already edited
data.

After editing all the data, click ‘OK * to update the
data changes or ‘CANCEL’ to ignore the changes.

THREE PHASE TO GROUND FAULT E‘
Three phase to ground fault Whs @ TTEee
Select an Element
Select this disturbance type to create a three phase fault |9Lin=3 23 (005} 15 st 5) =
at a particular bus or line. After selecting this option, Distubance Stating Time  [i Secs [ ]
click on the Disturbance Information button. The Distubance Clearing Tme (1 ¢ Seos Dekte
following dialog is popped-up. Fautlocaton (50 %
Bus Number Fault Impedance E?unter
Fault Resistance o pu
——————————————— | = < Back|
Power Research and Development Consultants Pvt. Ltd. Pole Regiosue Opton o Feclosu
Reclosure Time ’— Secs
Cancel
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The bus number at which fault has to be initiated is selected from the list box.
Disturbance starting time

Disturbance time is the time at which the disturbance is applied. The time is measured from the start
of the simulation time i.e., 0.0 seconds. If no disturbance is to be considered, then this time should
be larger than the maximum simulation time.

Disturbance clearing time

Disturbance clearing time is the time at which the disturbance is taken out. If disturbance clearing is
not to be considered, then this time should be larger than the maximum simulation time.

Fault Location

This field is enabled when fault on line is selected. User has the chice to enter location of the fault by
giving percentage. If it is 50% then fault on line is created at 50% (Middle) of the line. Program
creates a dummy bus at fault location and executes the program..

Pole reclosure option

This option is to specify whether the system should come back to normal position or not. User can
select one among the two options

e No reclosure
e Pole reclosed

In case of pole reclosed after clearing of fault, the pole will be closed to achieve the normal
behaviour.

After editing all the data, click ‘OK ‘to update the data changes or ‘CANCEL’ to ignore the changes.
Fault Impedance

The fault can be through impedance. For that the fault resistance and reactance has to be given.
At a time only at one bus, 3 phase fault is simulated.

After editing all the data, click ‘OK ‘to update the data changes or ‘CANCEL’ to ignore the changes.

Change in No. of generator sets

Select this disturbance type to change no. of CHANGE IN NUMBER:OF GENERATOR'SETS X

generator sets at a particular bus. After selecting this TN

option, click on the Disturbance Information button. || e s
The following dialog is popped-up. }—J—l
Sec‘ Counter 1

Generator Number ‘ Distwibance Starting Time!0

. Actual No. of Sets
The identification number of the generator whose ‘ Number of New Sets 0 | — 5
number of sets has to be changed is selected from the :

list box. 0k | Cancel | Delelel

Disturbance starting time

Disturbance time is the time at which the disturbance
is applied. The time is measured from the start of the simulation time i.e., 0.0 seconds. If no
disturbance is to be considered, then this time should be larger than the maximum simulation time.

Number of New sets
As a change in number of generator sets the new number of sets is to be specified in the edit box.

The multiple fault simulation is recorded for each NEXT button click in the counter automatically.
The BACK button is used to go back to the already edited data.

After editing all the data, click ‘OK ‘to update the data changes or ‘CANCEL’ to ignore the changes.

Total Generator Outage
Select this distgrbance type to create a t_otal generator [ Distabence Stating Tine [0 Sm‘ T
outage at a particular bus. After selecting this option, click L

on the Disturbance Information button. The following dialog il Deele

is popped-up.

Counter
1

[TI Cancel I < Back |

Generator Number
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The identification number of the generator,

which will be outaged, is selected from the list box.

Disturbance starting time

Disturbance time is the time at which the disturbance is [ EFITE P ETEERPEs X
applied. The time is measured from the start of the
simulation time i.e., 0.0 seconds. If no disturbance is to be

" OnBus * DOn Transmission Line

Select an Element

considered, then this time should be larger than the 10 Line"0 (22 (9008)-16 (B8] Bl
maximum simulation time.

Disturbance Starting Time |1 Secs et >
After editing all the data, click ‘OK ‘to update the data Disturbance Clearing Time |11 Secs

Delste
changes or ‘CANCEL’ to ignore the changes. Fauk Location |50 %
Single line to ground fault at a bus Faul mpecance Counict
9 9 Fault Resistarice: 0 Py 1

Select this disturbance type to create a single line to Fault Resctance [o.0001 pu
ground fault at a particular bus. After selecting this option,
click on the Disturbance Information button. The following PokReckoaaeOtan oo -] [we ]
dialog is popped-up. Fieclosure Time [ sem
Bus Number oK Concel |

The bus number at which fault has to be initiated is

selected from the list box.
Disturbance starting time

Disturbance time is the time at which the disturbance is applied. The time is measured from the start
of the simulation time i.e., 0.0 seconds. If no disturbance is to be considered, then this time should
be larger than the maximum simulation time.

Disturbance clearing time

Disturbance clearing time is the time at which the disturbance is taken out. If disturbance clearing is
not to be considered, then this time should be larger than the maximum simulation time.

Location
User has the choice to enter percentage for fault location when the fault is on transmission line

Fault Impedance

The fault can be through impedance. For that the

fault resistance and reactance has to be given.

‘ Disturbance Starting Time {0 Secs ._JNext L2
Pole reclosure option
P [~ Select Delete ]

This option is to specify whether the system should oA,
L : Counter
come back to normal position or not. User can 1

select one among the two options
o | Concel | < Back]

e No reclosure

e Pole reclosure

In case of pole reclosed after clearing of SLG fault, the pole will be closed to achieve the normal
behaviour. Only one single line to ground fault is simulated at a time.

After editing all the data, click ‘OK" to update the data changes or ‘CANCEL’ to ignore the changes.
Loss of excitation at a generator

Select this disturbance type to remove excitation of a generator at a particular bus. After selecting
this option, click on the Disturbance Information button. The following dialog is popped-up.

Generator Number

The identification number of the generator for which excitation will be lost is selected from the list
box.

Disturbance starting time
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Disturbance time is the time at which the disturbance is
applied. The time is measured from the start of the simulation P —— T
time i.e., 0.0 seconds. If no disturbance is to be considered, e g . 7

then this time should be larger than the maximum simulation [
time.

Distubance Stating Time [0 Secs Actual values

Change in Real Power Component
Const. Power Coeff. [0 050

Const. Cunent Coeff. [0 030

For multiple disturbance creation, the NEXT button can be
clicked. Each time faults count is recorded in the counter PO = o
automatically. The BACK button is used to go back to the e -
already edited data. Const PoerCoef [0 050

. . Const. Cunent Coeft. |0 030
After editing all the data, click ‘OK' to update the data e i

changes or ‘CANCEL’ to ignore the changes. e o
Change in Load Model

Select this disturbance type to change the load characteristic model for loads. After selecting this
option, click on the Disturbance Information button. The following dialog is popped-up.

Load Characteristic Number

The identification number of the load characteristic that will be changed is selected from the list box.
Disturbance starting time

Disturbance time is the time at which the disturbance is applied.

Change in Real Power Constants

The constant power, constant current and constant impedance coefficients for the real power should
be given here.

Change in Reactive Power Constants

The constant power, constant current and constant impedance coefficients for the reactive power
should be given here.

Motor Start/Stop

The motor starting and sequential starting with time even
identification can be done.
Disturbance starting time

. . . . . . . & Stat € Stop —|« LEE
Disturbance time is the time at which the disturbance is e | —_
applied. |
Type of Disturbance O | _Corcdl | _Dekee |
Select either motor start or stop.
Loss of Turbine Input LOSS OF TURBINE INPLT
Effect of loss of turbine input for a generator can be Distubance StarinaTine [T s New 7>
studied. s Deets

Counter
1

0K Cercel | < Back |

Disturbance time is the time at which the disturbance is
applied.

Select Generator

Select the generator at which disturbance is applied

Change in AVR Voltage Reference

) CHANGE IN AVR VOLTAGE REFERENCE
By changing the avr voltage reference for a generator Generator Number

can be studied. [T ent [12 (Bus12) ] ]| || < Back | Mo >>
Generator Number Disturbance Statting Time |1 s Counter 1
. . . . Ch VA Voltage Ref 2 %
Select the generator to which the disturbance is applied enas AT ¥eleee e 3
Disturbance starting time is the time at which the ol Cancel | Dekete

disturbance is applied.

Change in AVR Voltage reference in percentage is to be given here.
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1.10.6 Voltage Instability Analysis

Use “Solve > Voltage instability analysis” menu option or click VIA button on the right hand side
toolbar to conduct voltage instability analysis.

VOLTAGE INSTABILITY
Select a Load
1 L0111

 Change in Real Power
Minimum Real Power in My |0

Maximurm Real Power in M/ 500

Select B f Interest——
elect Buses of Interes Actual Lasd

Step in Wi o 35,0000 M

 Change in Reactive Power
Mirimumn Reactive Powerin |30
MWAR

15,0000 MYAR

Maximum Reactive Powerin - [0
AR

Step in MVAR

Multiplication Factor

JUTT

19 BUS19 =l

0K | Cancel | Help DeSickct Buses |

Due to various techno/ economic reasons, current day power systems are operated in inter
connection. It is required to transfer bulk power from generating sources to load points, which are far
apart. The consequent higher loading on the transmission network has added to the reactive power
demands on the interconnected EHV grids, thereby compounding the difficulties of voltage control.
Power system voltage stability is characterized as being capable of maintaining load voltage
magnitudes within specified operating limits under steady state conditions.

With the increased loading and exploitation of the power transmission system and with the improved
optimized operation of the system, the voltage instability problem arises. The problem of voltage
collapse may be explained as the inability of the power system to supply the reactive power or as an
excessive absorption of reactive power by the system itself. Hence, it is strongly affected by the load
behaviour. The voltage instability program is designed to assess the risk of voltage instability and
margin of instability during sudden disturbances, under steady state conditions. The program ranks
the load buses based on the L-index value and the highest L-index indicates the system collapse
point. The value of L-index is zero at no load and 1 at the verge of collapsing point.

Study Info

On pressing study info button, a dialog box is displayed with various control options for voltage
instability analysis.

Load Number

The list of loads present in the network is listed in this field. Select the load on which the load
change in power has to be applied.

Change in real power

In the maximum real power in MW field, mention the maximum value of the real power to which load
has to be increased. In the minimum real power in MW field mention the

minimum value of the real power from which load variation has to be started. In the Steps in MW
field, mention the step of the real power by which load should be varied from minimum value to
maximum.

Change in reactive power

In the maximum reactive power in MVAR field, mention the maximum value of the reactive power to
which load has to be increased. In the minimum reactive power in MVAR field, mention the minimum
value of the reactive power from which load variation has to be started. In the Steps in MVAR field,
mention the step of the reactive power by which load should be varied from minimum value to
maximum.

Multiplication factor
In this field, mention the multiplication factor library reference number to be referred for this case.

Select Buses of Interest
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The buses present in the network are listed in this list box to select the plot monitoring buses. The
selected buses graphical information is written into the bin file generated by the voltage instability
program.

De Select Buses
Use this button to de select buses of interest

After editing all the data, click ‘OK" to update the data changes or ‘CANCEL’ to ignore the changes.

1.10.7 Dynamic Stability Analysis

Use “Solve > Dynamic stability analysis” menu option or click DYS button on the right hand side
toolbar to invoke and conduct dynamic stability analysis.

This module is designed to perform the dynamic stability analysis for the given power system in both
frequency domain (Eigen value analysis) and time domain.

Power system stability studies can be separated into two distinct problems, transient (short-term)
problem and the dynamic (long-term) problems. In the transient stability analysis, the performance of
the power system when subjected to sudden severe impacts, resulting from disturbances such as a
fault followed by switching operations, sudden rejection of load or generation, etc., is studied. The
concern is whether the system is able to maintain synchronism during disturbances and following
these disturbances. The period of interest is relatively short (a few seconds), with the first swing
being of primary importance. The stability depends strongly upon the magnitude and location of the
disturbance and to a lesser extent upon the initial state or operating condition of the system. In
contrast to transient stability, dynamic stability tends to be a property of the state of the system.
Dynamic stability indicates the ability of all machines in a system to adjust to small load changes or
impacts. The concern is whether the system has growing oscillation phenomena or damping. As
modern power systems become equipped with extremely fast and complicated control system,
dynamic stability becomes more important. The stability strongly depends on the initial state or
operating condition of the system.

The purpose of a dynamic stability study is -

To reproduce or predict the potential oscillation phenomena of the system through computer
simulation, To identify the mode of oscillation and examine the most effective control location, To
adjust system control parameters or design compensation equipment to improve system damping,

DYNAMIC STABILITY STUDIES x|

Select Reference Genarator

; Simulation Time |30 w0
Select Disturbance Generator Time Step [0.005 sec
2 get2AT1[1 (BUST) =

Plot Interval |10
Print Options cHens

IData and Results j

 Disturbance Select Generators of Interest

Change of Ref Angle ID— deg 1 Tii [ i
Change of Ref Yoltage W pu
pu

pu.

Chanage of Ref Power 0
Change of SYC Ref [

Ok

Cancel |

To install these equipment, at appropriate locations and perform fine tuning.
Study Info

On pressing study info button, a dialog box is displayed with various control options for dynamic
stability analysis.

Simulation Time
]
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This is the time duration for dynamic stability analysis. Total simulation time in seconds is usually in
the range 5 to 10 seconds. Time step for dynamic stability study is usually in the range 0.005 to
0.025 seconds.

Plot Interval

While conducting the study for larger duration, it is not necessary to print or plot the values at each
time interval. Hence, facility is given in terms of print interval time step to control the printing. If the
simulation time step is 0.005 seconds, and the plot interval time step is 10, then at every 0.05
seconds the printing of results is done.

Print Option

Data output option is interpreted as —

e Data &results: Results with Eigen values in the report

o Detailed results with data: Eigen values and patrticipation factors in the report
Reference generator number

When basecase load flow is done, one of the generator buses is considered as the reference node.
The bus, which is considered as the reference node in the reduced system, is to be selected from
the list of the generators displayed in the list box.

Reference generator number

When basecase load flow is done, one of the generator buses is considered as the reference node.
The bus, which is considered as the reference node in the reduced system, is to be selected from
the list of the generators displayed in the list box.

Disturbance generator number

The generator number is to be selected from the list box, which is to be considered for the
disturbance. Disturbance types are as follows

e Change of reference angle,

e Change of reference Power,
¢ Change of reference Voltage,
e Change of SVC reference.
Generators of Interest

The generator numbers for which plotting is required should be selected from the list to analyse the
effect of disturbance.

After editing all the data, click ‘OK" to update the data changes or ‘CANCEL’ to ignore the changes.

1.10.8 Sub - Synchronous Resonance

Use “Solve > Sub-synchronous resonance” menu option  prrmrrrrrrymr=rrrrs

or click SSR button on the right hand side toolbar to

invoke and conduct dynamic stability analysis. -
Cancel
Hel

modelled by a number of synchronous machines and an eyl LI

extensive series compensated transmission network.

The method allows the simultaneous detailed modelling of all machine shafts and control loops, and

hence permits investigation of possible interaction in the sub-synchronous resonance frequency
band between machines in different plants.

tor of Interest

This module is designed to perform the sub-synchronous T

resonance study on the given power system. Frequency :

response method is used for analysing the stability of Y A 100 Ha
1

Iinimum Frequency

sub-synchronous resonance in power systems, as

Series capacitors in power transmission systems give rise to current, voltage and generator torque
oscillations at sub-synchronous frequencies. These oscillations can pose major problems in both
electrical system and generator mechanical design. There is a strong need for accurate and
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comprehensive analysis of system dynamic behaviour in the frequency band associated with sub-
synchronous frequencies. Sub-synchronous resonance is of electrical origin, although they may be
aggravated by the effects of torsional vibrations of generator shafts.

Study Info

On pressing study info button, a dialog box is displayed with various control options for sub-
synchronous resonance study.

Generator Bus of Interest

The generators present in the network are shown in the list box. Select from the list the generator
bus number on which the frequency variation has to be performed.

Frequency variations

Specify minimum and maximum frequency limits in the respective fields. Variations from minimum to
maximum limit are in steps and hence specify the step at which frequency should be varied in the
respective boxes provided on the dialog.

1.10.9 Harmonic Analysis

Use “Solve > Harmonic analysis” menu option HARMONIC ANALYSIS x]
or click HAR button on the right hand side Consider

toolbar to invoke and conduct harmonic | I” Wolktage Initiaization Ciption fiom Load Flow ‘ ’V [¥ Cable/Shunt Capaciance ‘
analysis. Select Harmonic| Select Buses of rterest

Piri Option

Data and Resuls %

Mo.s of Interest
This module is designed to perform the
harmonic study for the given system. The
program is capable of performing three-phase
harmonic load flow to compute harmonic
distortion factors, calculates harmonic transfer
and driving point impedances for both

Plat Option

Plot VHD and THD

De Select Buses

transmission and distribution power systems. [ oziModsoton
The algorithm provides facility to model ILUEdSE!EHUlCUHS\dEIEdﬂ[HarmUﬂiCFlEqEnC\EsfoLUddF\UW j
harmonic current and voltage generation
sources, power system elements up to a

. Cance
frequency range of 5 kHz. The algorithm also ﬂl

has facility to model low pass, high pass,
double tuned and user-defined filters.

Study Info

On pressing study info button, a dialog box is displayed with various control options for harmonic
analysis study.

Voltage initialization option from load flow
If the option is checked, the initial condition is considered from the load flow of that particular case.
Harmonic numbers

Select the harmonic numbers for which harmonic analysis are to be done. 1 refer to fundamental
component, 2 refers to 2nd harmonic component and so on.

Print option

Following are the print options available. Depending upon the selection, the output file is formatted.
No printing

Data only

Results only

Data and Results

Detailed Print of Data and Results

Plot options:
e —————————————————
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Following are the plot options available. Depending upon the selection, the output graph file is
generated.

Plot HDF (Harmonic Distortion Factor) at selected buses.

Plot HDF (Average A phase, B phase, and C phase).

Plot of harmonic voltages for all harmonics.

Plot of harmonic voltages for all harmonics in p.u (Average A phase, B phase, and C phase).
Buses of interest

The buses are present in the network are listed in this list box. Select the plot monitoring buses
from this list. The selected buses from this list graphical information are written into the bin file
generated by the harmonic analysis program.

De-select Buses
Use this button to de select buses of interest.
Load model option

The following are load model option available. Depending upon the selection, the load modelling is
done while conducting the study.

Loads are not considered at harmonic frequencies.

Modeled as parallel combination of resistance and inductive reactance.

Frequency dependent reactance and constant resistance (parallel combination).

By measurements on medium voltage load, using Audio Frequency Ripple Control Generator.
Load impedance at base frequency is constant for all frequencies.

Modeled as series combination of resistance and inductive reactance.

After editing all the data, click ‘OK" to update the data changes or ‘CANCEL’ to ignore the changes.

1.10.10 Network reduction
an alys I S NETWORK REDUCTIDIN
 Zone Reduction  Bus Reduction
Use “Solve > Network reduction analysis” menu | | Z1ENemesl  Geay  Sekecdzones Bus umbets obe retaed

option or click YBR button on the right hand side Tl —
toolbar to invoke and conduct Network reduction > 2 §
analysis. !

Network reduction module is designed to provide
the static and dynamic equivalents for the power

system. In case of static equivalent, program 2Bus Print Option (/N ) ¥ .
determines the bus admittance matrix (YbuS) as Print Option [543 and Resuls - Bus Mames marked with * are generator buses.
These buses must be selected if it is Bus

seen from the desired nodes by eliminating the Reduced Network Name ~ [REDZ1 Reduction
rest of the nodes. In case of dynamic equivalent, & | igicsion Fctor el -

single machine equivalent circuit is determined. It
is often necessary to obtain network equivalents _Cored |

for proper representation in various analyses such
as transient and dynamic stability analysis.

The methodology is an extension of the Thevenin theorem to electro-mechanical circuits. Here
sparse storage and matrix ordering techniques are used to reduce the memory requirements.

The methodology used for static equivalent, wherein all the generator buses in the system are
retained consists of -

Formation of positive sequence sparse Ybus for the given power system.

In the Ybus formation, shunt elements at the buses, which are to be retained, will not be added to
the corresponding diagonal elements.

Finding the columns of the positive sequence Zbus for the nodes to be retained.

Assembling the Zbus for the reduced system from the above columns of Zbus.
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Inverting the Zbus to find the positive sequence Ybus for the reduced system.
Above analysis are done for negative and zero sequence networks.
In case of dynamic equivalent, the procedure involved is -

Internal system is identified. All the buses, which are external to the area of interest, and connected
directly to the internal system nodes, are identified. These are the nodes to be retained.

An equivalent generator is considered, connected to the retained nodes in the external system.
Generators in the external system are replaced by the single machine electromechanical circuit.

Study Info

On pressing study info button, a dialog box is displayed with various control options for network
reduction study.

Reduction type

Network reduction can be done by either Zone wise or Bus wise.

Zone wise reduction

If Zone wise reduction is selected, following data is required to be entered.

Zone number to be reduced

This list box contains all the zone number present in the network. Select zones to be reduced.
Selected zone generator

The generators present in the selected zone are listed in this list box. Select the generator, which
has to be retained and double click on it. If bus wise reduction is selected, following data is required
to be entered.

Selected generator
The reference generator in the deduced network is displayed here
Buses to be retained

The buses present in the network are listed in the list box. Select the buses to be retained in the
reduced network. This is valid, if the bus wise reduction is checked. If any generator is present at
buses, which are not retained, change it as load with negative real and reactive power before
executing the network reduction.

Print option

The following are print option available. Depending upon the selection, the output file is formatted.
No printing

Data only

Results only

Data and Results

Detailed Print of Data and Results

Reduced network name

The reduced network is stored as new database file with the specified reduced network name. This
database is stored in the directory named YBR, which is created after execution of the network
reduction program in the source database directory.

Z Bus print option

If this is selected, the Z-bus is printed in the output file.

Multiplication factor

In this field, mention the multiplication factor library reference number to be referred for this case.

After editing all the data, click ‘OK * to update the data changes or ‘CANCEL’ to ignore the changes.
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1.10.11 Electromagnetic transient analysis

Use “Solve > Electromagnetic transient analysis” menu option or click ETA button on the right hand
side toolbar to invoke and conduct electromagnetic transient analysis.

Electromagnetic analysis study module is designed to perform both transient and dynamic over
voltage studies. The objective of the study is to determine the highest discharge currents and energy
stresses for the protective equipment and to co-ordinate them with withstand levels of the protected
equipment. The program module is able to calculate over voltages, which are caused due to
energization of lines, transformers and shunt elements, during fault inception and on clearing of
faults.

Study Info

On pressing study info button, a dialog box is displayed with various control options for
electromagnetic transient analysis.

The EMTP study menu has data input option for control data and output options. Under control data
menu, following information should be given.

Over Voltage Studies gl
Electromagnetic Transient Analysis I Output Dplions}

Consider Magnetizing data for

Switching Info. [ Transtormer

Switch Data

Pre-insertion Resistor Y alue ,=1[|[|— p.u

Res. value when switch opened 39999 pu

Res. value when switch closed W o

Swiliching and Fre-insertion Timings List of disturbances
Phase & Closing with Resistor W 5 Sl Mo | Disturbance ‘ ‘es/No |
Phasze B Closing with Resistor W 3

Phasze C Closing with Resistor ’W 3

Ph & Pre-insert. Res. Shorting ’T 3

Ph B Pre-insert. Res. Shorting ’W E3

PhCPreinset Res Shoting 0014 %

Disturbance: o Ground Fault Disturbance Info

oK Cancel

Disturbance

The following are the fault types available in the module.
No fault

Phase A to ground fault
Phase B to ground fault
Phase C to ground fault
Phase AB to Ground Fault
Phase BC to Ground Fault
Phase CA to Ground Fault
Phase ABC to Ground Fault
Impulse

Disturbance Info
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Phase to ground fault will have disturbance information screen as shown below.

Phase ABC to Ground Fault E|
* OnBus (" OnTransmission Line
Bus
-
Disubance Statrg Time — [3 ¢ ezt 52
Distubancs Olsarmg Time g
- Delete
Neutral to Ground Resistance [0 pu ot
aLinter

Phase to Neutial Resistance  [0.00m puu 1
Fault Inception Angle o deg

E— << Back

oK, Cancel |

Option to create Fault on bus or Transmission line is provided. For fault on transmission line user
has the option to provide fault location percentage.

For disturbance as Impulse

Impulse E

* Yoltage Impulse " Current Impulse

Distubance Starting Time  |5e-005 s
Disturbance Clearing Time ’D— S

Bus Mumber -
Amplitude |1 pu

Frort Time | 1.2e-008 ug
Tail Time Se-005 ug

Disturbance info of impulse is shown here.
;|Option to enter Voltage impulse or current impulse details
like Amplitude in p.u., Front time and Tail time in microseconds are to be entered

Fault Bus number: The buses present in the network are listed in the list box from which a fault bus
can be selected.

Switch Data

Pre Insertion Resistor Value: this field is to specify the pre-insertion resistance of the circuit breaker.
The importance of this is as follows. In EHV systems (400 kV and above), the transmission line
circuit breakers are closed with pre-insertion resistors to minimize the switching surges. Pre-
insertion conductance value of 4 pu implies 400 ohms on 100 MVA base for 400 kV voltage level.

Resistance value when switch is opened: When the switch is opened, the resistance across the
switch is very high. Hence, resistance value is given very high say, 1.0e9 pu.

Resistance value when switch is closed: When the switch is closed, the resistance across the switch
is negligible. Hence, resistance value is given very low say, 0.0002pu.

Switching & Pre-Insertion Timings

These fields are to enter the switching and pre-insertion resistor timing sequences.
Phase A closing with resistor
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Initially the circuit breaker is in open position, which is equivalent to having a high resistor connected
between the two ends of each pole. When the switching is initiated, this field is to specify the time at
which pole A should close with resistor after zero crossing of the voltage. This time is usually 0.0
seconds.

Phase B closing with resistor

This field is to specify the time in seconds at which pole B should close with pre-insertion resistor,
from the start of closing operation. This time is usually two milliseconds

Phase C closing with resistor

This field is to specify the time in seconds at which pole C should close with pre-insertion resistor,
from the start of closing operation. This time is usually four milliseconds.

Phase A pre-insertion resistor shorting

This field is to specify the time in seconds at which pole A pre-insertion should be shorted. This is
usually 8 milliseconds from the start of closing operation.

Phase B pre-insertion resistor shorting

This field is to specify the time in seconds at which pole B pre-insertion resistor should be shorted.
This is usually 10 milliseconds

Phase C pre-insertion resistor shorting

This field is to specify the time in seconds at which pole C pre-insertion resistor should be shorted.
This is usually 12 milliseconds.

Note:

If no pre-insertion resistors are present, then this value should be given same as resistance value
when closed.

Switch closing times refer to the moment, at which the switching operation is initiated and not from
the beginning of the simulation. For example, simulation starts from 0.0 sec., however switching may
be initiated after 0.5 second. Under this condition phase A closing with resistor is 0.002 second,
means (0.5+0.002) seconds is the phase A closing time. These timings should be given in sequence
and in increasing order.

Switching Info. Switching Infarmation E|
This button invokes the fO”OWing screen. B No-Name ‘Frnm—Tn ‘Current Status‘swwtthinu |C\nsinq Titne: |Onamnn T\m5|
Enter the switching details of the bus coupler. LBCt 12 v ~lommn 000000

282 34 v ~[0oom0n | 0.000000
Time between switching 3803 55 2 ~loooon |0,0000m0

This field is to specify the time between the
selected switching sequences.

Line number

This list box contains list of all series
elements present in the network. Select the
series element from the list on which
switching sequence has to be performed.

Cancel

Simulation time
SmiscaTime  [15  Secx  TimeStep 7% ses

This field is to specify the total duration over which S et [

simulation has to done. Maximum duration of = =

simulation, normally 1 to 2 seconds will be enough to o f— o

study the transient behaviour. C m

Time Step L

This field is to specify the time step at which the =

simulation time has to be increased. The simulation ¥ Connhass Dt speckeaz [T =

time step is important which depends on the type of O o P
I — u
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study. Usually it will be in terms of microseconds. Typical values are 1u sec, 10 p sec and 50 p
SEcs.

Fault starting time

Fault initiation time is measured from the beginning of the simulation i.e., t = 0.0 seconds. It is the
time at which fault is applied.

Fault clearing time

Fault clearing time is measured from the beginning of the simulation i.e., t = 0.0 seconds. It is the
time at which fault is cleared.

Plot steps

This field is to specify the plot steps required in the graph file generated. If the simulation time step
is 50Msec and the plot step is 10, then at each 500Msec interval, the results are generated in the
graph file.

Plot start time

This field is to specify the plot starting time. From the specified plot start time, the graph file is
generated during the study.

Plot end time

This field is to specify the plot end time. From the specified plot end time, the results writing into
graph file is terminated.

Plot Buses

The buses present in the network are listed in this list box to select the plot monitoring buses. The
selected buses graphical information is written into the bin file generated by the electromagnetic
transient program.

After editing all the data, click ‘OK * to update the data changes or ‘CANCEL’ to ignore the changes.

Comtrade output options: With this option EMTP study report will be generated in IEEE standard
comtrade format for specified CT and CVT at primary or secondary side. The “.cfg” file will be
generated in the executed ETA folder. This cfg file can be opened in comtrade viewer.

1.10.12 Three Phase Load flow Analysis

Use “Solve -> Three phase load flow analysis” menu option or click 3PH button on the right hand
side toolbar to invoke and conduct Three phase unbalanced load flow analysis. This module is
designed to perform the unbalanced load flow analysis for the given system. Sparse storage and
matrix ordering techniques are used in the program to reduce the memory requirements. Fast
computational methods are employed to speed up the execution. Program performs the 3 phase
load flow analysis to compute the unbalance in the [TESTEEETFSTyH
system.

Study Info P-Tolerance 7y No of terations 15

On pressing study info button, a dialog box is »
displayed with control options for three phase load 0-Tolrance (30 0 CheckLimk [
flow analysis study.

P-Tolerance

. . . Print 0pti v| | | Muliplication Fact v
It is the Real Power Tolerance in PU on the given ISP |Ddis and el T i

base. This is used to check the real power :
convergence of three phase load flow. During each 3P LodFon Ptegln [N 0 e 7]
iteration of load flow, maximum real power
mismatch at all the buses is computed. When real
power mismatch is less than the real power
tolerance and the maximum reactive power

Cancel |

mismatch is less than the reactive power tolerance,
convergence is achieved. On a 100 MVA base 0.001 PU is generally an acceptable value for
tolerance. This results in 0.1 MW real power error. If the load values are relatively large, then the
tolerance value can be as high as 0.1 PU on 100 MVA base.
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Q-Tolerance

It is the Reactive Power Tolerance in PU on the given base. This is used to check the reactive
power convergence of fast-decoupled load flow. During each iteration of load flow, maximum
reactive power mismatch at all the buses is computed. On a 100 MVA base 0.001 PU is generally
an acceptable value for tolerance, this results in 0.1 Mvar reactive power error. If the load values are
relatively large, then the tolerance value can be as high as 0.1 PU on 100 MVA base.

Number of Iterations

Maximum number of iterations refers to the iteration number after which the load flow iteration is
terminated. It is usually given in the range 15-20. In the case of reactive power optimization, a value
of 100 can be entered.

Q Check Limit

It is the iteration number after which the generators are checked for Q-limit violations. Normal value
is 4. A value less than 4 usually results in oscillations during solution and a value greater than 4
results in more iteration to get the solution. In order to disable Q checking, this limit should be
greater than the maximum number of iterations specified.

Slack Bus Number

Slack bus is the bus selected to supply the additional real and reactive power to accommodate the
losses in the network, since these are unknown until the final solution is obtained. The voltage is
maintained at specified PU at this bus. In case the user does not select any bus, Load flow analysis
will select the maximum generation bus as the slack bus.

Print Options

The user is provided with three options —

Results only . Printing Results only
Data and results : Printing Both data and results
Detailed results with data . Printing of data and results with Y-bus details

Reduction Factor

This is cross-reference between relevant menu and the reduction factor Library. To conduct a study
for a particular system by simulating a condition where the load/generation at a particular zone is
increased/decreased, do so by giving some factors for load/generation in Reduction factor library.
There is no need to change the value of loads and generation in that zone to carry out the study.

Multiplication Factor
This is cross-reference between relevant menu and the multiplication factor Library. The

zone wise multiplication factors are specified in the Multiplication factor library.

1.10.13 Reliability Indices

Use “Solve > Reliability Indices” menu option or click RID button on the right hand side toolbar to
invoke and conduct Reliability Indices. This module deals in quantifying the availability of the given
system based on the failure rate and repair time of each and every equipment associated.

Interruption: The loss of service to one or more customers or other facilities and is the result of one
or more component outages, depending on system configuration.

System interruption frequency index : The average number of interruptions per customer served per
unit time.

= (Accumulated number of customer interruptions during the unit time) / (number of customers
served)

Customer interruption frequency index : The average number of interruptions experienced per
customer affected per unit time.

= (Number of customer interruptions during the unit time) / (number of customers affected)
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Load interruption index: The average KVA of the connected load interrupted per unit time per unit of
connected load served.

= (Annual load interruption) / (Connected load)

Customer curtailment index: The kVA-minutes of connected load interrupted per affected customer
per year.

Digtribution System Reliability Indices 1. Select any one of the

ME0 System Prediction and System Perfomance

Grtemedietion—— System Performanice 2. If Selected enter
all the fields in the
" Drly Main Circuit Breker Trips " Elfect of Intermuption in & gven calendar year
€ Lateral Distrbution Protection Int

4. If selected enter data
corresponding to this 'l
" Effect of protection Failure

Probabilty of Fusegear IDS— Duration of Intermuption : Ig

" Effect of disconnect [Manual Sectionalizing) L

Effect of Transtering load (Mo Restriction) A | Famave | Remaye Al |
Effect of Transfering load [With Restriction) 1 3 > oo
Probabilty of being IU.B 2 5 1.000000
able to ansfer load 2 § £.000000
3 ] 2000000

3. If selected enter on data |

corresponding to first group
Cancel |

= (Total annual curtailment) / (Number of customers affected per year)
Study Info

On pressing study info button, a dialog box is displayed with control options for Reliability Indices is
displaye

Enter Interruption case no, load point affected and Duration of interruption.

ADD: Use this button to add case to the list box

Remove: Use this button to remove a case from the list box

Remove All: use this button to remove all the cases from the list box with single click.
How to conduct a study

Invoke MiP-PSCT by double-clicking the MiP-PSCT icon on the desktop.

On the MiP-PSCT main screen double-click on the icon Database Manager.
Database Manager menu appears.

To create new database please refer topic 3.2.1

To configure the database please refer topic 3.7.1

To add/edit/modify/delete any record please refer topic 3.6

Click OK button to save the entries of the dialog and close the dialog.

Click Cancel to ignore the entries and close the dialog.

Then execute Reliability Indices and the following indices will be listed in the report.

System average interruption frequency index (SAIFI)
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System average interruption duration index (SAIDI)

Customer average interruption duration index (CAIDI)

Average service availability index (ASAI)

Average service unavailability index (ASUI)

Energy not supplied index (ENS)

Average energy not supplied index

(AENS)

Sample Plot for reliability Indices is given below.

Lwerage Anmual Ouage Time (hoursfyr)

Load Point Relibility Indices

s

Bus Humber

1.10.14

Observability Analysis

Use “Solve > Observability Analysis” menu option or click OBS button on the right hand side toolbar
to invoke and conduct Obdervability Analysis.

Steps to do the study

1. Configure all measurements in database at all locations

2. Run load flow study. Import load flow results to meter data by using Import option and this will
fill all the meters measurements from load flow results

3. User can select different scenarios by using the menu called ‘Global Change’

Run observability Analysis and check the report

Sample Report with “All measurements” data

NUMBER OF OBSERVAELE ISLANDS
NUMBER. OF OBSERVAELE LINES

ISLAND ASSIGNMENT TO

BUSNO

INDIVIDUAL BUSES
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FOR A LIME

INDEX

- unobservable
- oObservable

OBSERVAELE LIMNE INDICES

LINENO INDEX

From the results it is observed that with provided meter locations, all buses belongs to single island

and all line are observable.

1.10.15

State Estimation

Use “Solve > State Estimation” menu option or click SEM button on the right hand side toolbar to
invoke and conduct State Estimation Analysis.

Steps to do the study

1. Configure all measurements in database at all locations

2. Run load flow study. Import load flow results to meter data by using Import option and this

will fill all the meters measurements from load flow results.

User can select different scenarios by using the menu called ‘Global Change’

4. Run State Estimation and check the report

BUS WOLTAGES AND POWERS

NODE FROM
NO MAME

1 Busl

2 Bus2

3 Bus3

4 Busd

3 BuUs3

3] Bus6

7 Bus?

8 BusE

9 BuUs9

10 Bus10
11 Busll
12 Busl2
13 Busl3
I 14 BUE]-“'

Power Rese:

V-MAG

P.U.

AMNGLE
DEGREE

-12.
-10.

.16
.04

M

INJECTED

INJE

-16.
-5.
-1.
-1.
-3.
-5,

MWVAR
CTED
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Sample Report with “All measurements” data

LINE FLOWS AND LIME LOSSES

S5L.NO FROM FROM TO TO FORWARD LOSS

MODE NAME  NODE NAME M MVAR M MVAR

1 5 BUSS 6 BUSEH 44,07 12.903 0. 0004 4.4347

2 4 Bus4 7 Bus7 28.088 -9.303 0. 0002 1.687
3 4 Bus4 9 BUs9 16.07 -0.498 0.0001 1.3038
4 1 Busl 2 Bus2 156.823 -20.387 4,2943 7.2618
5 2 Bus2 3 BUs3 73.185 3. 568 2.3200 5.1487
6 2 Bus2 4 Bus4 56.137 -2.286 1.677 1.1060
7 1 Busl 5 BUSS 75.551 3.516 2.7637 6.0843
8 2 Bus2 5 BusS 41.516 0.77 0.9025 -0.B8705
9 3 BUs3 4 Bus4 -23.331 2. 807 0.3713 -2.6121
10 4 Bus4 5 BusS -61.194 15.715 0.5163 0.2984
11 7 Bus? 8 BUSE 0.000 -16.921 0. 0000 0.4473
12 7 Bus? 9 Bus9 28.088 5.936 0. 0000 0. 8040
13 9 BUs9 10 Bus10 5.228 4,27 0.0130 0.0345
14 4] Bus6 11 Busll 7.350 3.502 0.0550 0.1151
15 6 BUSEG 12 Busl2 7.785 2.496 0.0718 0.1493

16 3] Bus6 13 Busl3 17.748 7.189 0.2118 0.417

7 9 BUs9 14 Busl4 9.432 3.647 0.1165 0.247
18 10 Busl10 11 Busll -3.782 -1.560 0.0124 0.0291
19 12 Busl2 13 Busl3 1.613 0.747 0.0063 0.0057
20 13 Busl3 14 Busl4 5.640 1.712 0.0538 0.1096

From the results, it is observed that, the state estimation program has provided the results which are
in line with load flow results. Also the voltage angles

calculated by state estimation are in line with load [ sTATe EsTimATION =]
flow results.
i i i Bad Data
i‘t;;\'éit?ggmatlon with Bad Data T A —
—_— Tolerence ’Wpu
Steps to do the study
e Inject the bad data at meter locations RAsference Bus |1 Bust -
e Select Solve- > State estimation - > Study oK | Cancel |
info
e Change the no. of bad data and tolerance for * -
detecting bad data
e  Sample report is shown below
max_error 0.253443 max_meas 31
Mw Flow Measurement 31 at Buse [6] - Busl3 [13] Hs bad ............ [1]
max_error 0.130352 max_meas 33
MW Flow Measurement 33 at Bus9 [9] - Busld [14] dis bad ............ [2]
max_error 0.129545% max_meas B9
MW Injection Measurement 9 at bus Bus5 [5] is bad ............ [3]
max_error 0.102434 max_meas 32
MVAR Flow Measurement 32 at Bus6 [6] - Busl3 [13] is bad ............ [4]
max_error 0.050872 max_meas 34
MVAR Flow Measurement 34 at Bus9 [9] - Busld [14] s bad ............ [5]
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1.10.16 Arc Flash Analysis

Use “Solve > Arc Flash Analysis” menu option or click AFS
button on the right hand side toolbar to invoke and conduct
Arc Flash Analysis.

Steps to do the study

5. Enter network data and protective device data in the
database manager

6. Enter Arc flash data in Bus details form
7. Enter the required data in study info of Arc Flash.

8. Execute and check the report.

 [EEE 150000,
B N

Busrunber Bus e
 WRATEAZ
= 3 B3
e e
 Thee PhaseFads

" Sige Preee o e P

DtFrilke [lsasiiests 3]

Spmbardy [ronit 1]
Lo |

Study Info
Select the type of method as IEEE 1584-2002a and fault type is

three phase to ground fault

Select the system grounding is grounded and selects the bus where the Arc Flash Analysis to be

done. Click on Ok button to save the control options.

Note: Run the short circuit study for the same bus prior to the arc flash analysis

ExecuteArc Flash Analysis and click on Report
Sample report

ARC FLASH STUDIES RESULT:

BUS-ID Nominal-Voltage EquipmentType BUS-GAP Working-Dist X-
FACTOR BUS-BoltedFaultCurrent BUS-ArcCurrent
(kV) (mm) (mm)
(k&) (k&)
PD-ID PD-ArcCurrent PD-OperatingTime
IncidentEnergy ArcFlashBoundary HazardRiskCategory
(kA) (sec)
(Cal/cm2) (feet)
3 0.480 1 32.000
610.000 1.473 37.771 19.113
3 19.113 0.371
15.733 11.516 003
1.11Tools Menu
1.11.1 Present worth Analysis e
In the power system analysis viability of any project meeshelT % BT % Pomllie [0 vess
depends on both technical and commercial
feasibility. Whil Is like | flow analysi it il
eas_b ty e tools e _(?ad oW analysis Pk Load Power Saving 175 b
decides the technical feasibility, present worth [ e |
analysis can be used to decide the economic fostfoctr & g
viability of the project. Given the data, present worth sl Erpses 77000 Fs LossLoadFactar o422 L
analysis is done to determine the feasibility, net UniEregy Chages [z s
. ) . A FiesentWathof {52586 R
cash inflow and Benefit to investment ratio.On Amualeiperes smilSaiginEoe [EEE] koh
selecting this option the following dialog box
Costof Energy Saving  [37B432 Rs
appears, et N
e 1213623+006 Rs
| (12C e
1.08567¢+008 R 1.98567e+006 R
Power Research and Development Consultants Pvt. Lt( | "= T Hetbe : ‘
Benefitto Investment Ratio  |2.2063 Faashilty Featble

SaveardCpen | Bil
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The data required for performing the present worth are as follows —

General Interest rate in percentage
overhead and maintenance charges in percentage
Project life in years

Investment Capital investment in Rupees
Savings Peak Load power saving in MW,
Unit energy charges in Rupees
Loss Load | Enter loss load factor otherwise use Cal button to obtain the loss
factor load factor

Click on Compute to check the feasibility. The project feasibility block displays the net present worth,
benefit to investment ratio and the feasibility.

Procedure
Cash outflow
Annual Expenses = Investment* (O&M charges/100);

Cn Present worth of annual expenses = Annual expenses *
_@+i) —1 Annuity factor

Annuity factor
i@a+i)"

Where n = number of project life in years
i = interest rate
Present worth of cash out flow = Investment + Present worth of annual expenses;

Cash Inflow (savings)

Load factor = Average power/ Maximum demand

Loss load factor = 0.3*Load factor+0.7*(Load factor)2

Energy Saved = Peak load power saving in MW*1000*8760*Loss Load factor
Cost of Energy saving = Energy Saved * Unit of Energy

Present worth of net cash inflow = Cost of Energy saving * annuity factor

Net Present Worth = Present worth of net cash inflow - Present worth of cash out flow

Net Benefit = ( Net Present worth + Investment )

Benefit to Investment ratio = ( Net Benefit / Investment )

If the net present worth is positive, the project is feasible.

Click on Save and Open to save the present worth analysis feasibility report.
The report consists of

Data

Interest Charges in percentage, O and M Charges in percentage, Project Life in Years, Capital
Investment in rupees, Peak Load Power Saving in MW, Loss Load Factor, Unit Charge Rupees/kwh

Output

Annual expenses in rupees

Present worth of annual expenses in rupees
Present worth of cash outflow in rupees
Annual saving in energy in kWh

Cost of energy saving in rupees
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Present worth of cash Inflow in rupees

Net Present Worth in rupees

Benefit to Investment Ratio

Whether the project is feasible or not

Sample Case study

Present worth analysis feasibility report
FEASIBILITY STUDY USING PRESENT WORTH CALCULATION

Interest Charges

O and M Charges
Project Life

Capital Investment
Peak Load Power Saving
Loss Load Factor

Unit Charge

Annual Expenses

Present Worth of Annual Expenses

Present Worth of Cash Outflow

Annual Saving in Energy
Cost of energy saving

Present Worth of Cash Inflow

Net Present Worth

Benefit to Investment Ratio

Project is Feasible

135000
762780

1662780
189216
378432

2138225
475445

1.528

Rs
Rs

Rs
kwh
Rs
Rs
Rs

1.11.2 Cost Analysis

One of the methods to do feasibility study for any
equipment to be installed is Cost analysis. Two
contingencies can be compared each other by
selecting them by Option 1 and Option 2. Different
cases and schedules can also be selected here.
Option 2 will always be the base case and Option 1
will be any of the contingencies whose feasibility is to

be checked.

General: Interest rate in percentage, overhead and
maintenance charges in percentage, Project life in

years.

Load Factor and Loss Load Factor:

Load factor and Loss load factor can be calculated by

o
"Enrmi:gaw 1 Doukle CF m' | Schedie Humber

5chedie ¥

Contingensy
Humbar

[

Case
Mamper [| =] Scheddellumber [ (Schodis

Iiziest Rale12 % DM Chaes [3 kS

Pt T

LoadFacter o8 = o
Loes LoadFacir oz =

g [0 R prouaiSaiginErey [PTEHEE oy
Present ot of R Dot of ey 5 A
e E=Ts EneSaing  [5FEiclls | fe
Prsstathol  [25saes | PeeiWothd  [mmeedn | R
el | . iy s ety
i

Het Prssert Woth PEEAT B Netbent B As
Benefttolnwestment o [135164 Feastily Feasble

= o

using the “Cal” button given in the window. For Load
factor enter Energy input, Max generation and Duration in hours and press “OK”, it will calculate
Load factor and for Loss load factor enter constant A and programme will calculate Loss load factor.
Load factor can be entered directly also. The window for the calculation of LF and LLF are as

below.

Load factor (LF) = Energy input/(Max generation*Duration in hours)

Loss load factor = A* LF + (1-A)*LF?

Load Factor B

Energy Input

bz Generation

o

Duration in hours I

o |

Cancel |

Kah
ID b
24

Loss Load Factor E

| Load Factor :0.E000

|Loss Load Factor =4L F+[1-A]*L.F*L.F

T

Cancel |

Constant &
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Unit Energy Charges: Enter the charges for unit energy in Rupees.
Procedure:

Cash outflow:

Annual Expenses = Investment* (Interest + O&M charges)/100;

Present worth of annual expenses = Annual expenses * Annuity factor
Annuity Factor = [(1+i)"n-1]/(i(1+i)"n);

Where n = number of project life in years

i = interest rate

Present worth of cash out flow = Investment + Present worth of annual  expenses;
Cash Inflow (savings)

Energy Saved = Peak load power saving in MW*1000*8760*Loss Load factor
Cost of Energy saving = Energy Saved * Unit of Energy

Present worth of net cash inflow = Cost of Energy saving * Annuity factor.

Net Present Worth = Present worth of net cash inflow - Present worth of cash  out flow.
Benefit to Investment ratio = (Net Present Worth)/Investment.

If the Net present worth is positive the project is feasible.

Output:

Annual expenses in rupees

Present worth of annual expenses in rupees

Present worth of cash outflow in rupees

Annual saving in energy in kWhr

Cost of energy saving in rupees

Present worth of cash Inflow in rupees

Net Present Worth in rupees

Benefit to Investment Ratio

Whether the project is feasible or not.

Sample:

Present worth analysis feasibility report

FEASIBILITY STUDY USING PRESENT WORTH CALCULATION

Interest Charges : 12.0 %

O and M Charges : 3.0 %
Project Life : 10 Years
Capital Investment : 1572864 Rs
Peak Load Power Saving : 0.760 MW
Loss Load Factor : 0.432

Unit Charge : 2.00 Rs/kwh
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Annual Expenses : 235930 Rs

Present Worth of Annual Expenses : 1333050 Rs

Present Worth of Cash Outflow : 2905920 Rs

Annual Saving in Energy : 2876140 kWh
Cost of energy saving : 5752270 Rs

Present Worth of Cash Inflow : 32501600 Rs

Net Present Worth : 29595700 Rs

Net Benefit : 31168600 Rs

Benefit to Investment Ratio : 19.816

Project is Feasible

1.11.3 Management Information System (MIS)

Select this menu option "Tools > MIS" to obtain a brief summary about the power system under
study. On selection, save as dialog box appears. In the File name box, type the text file name. Click
OK.

After the process is completed, the text file is opened.

The output file contains the following details

Bus Data

The number lines of output are equal to the different voltage levels used in the system.
Each line consists of voltage in kV and the number of buses with that voltage.

Two Winding Transformer Data

The number lines of output are equal to the number of different Primary/Secondary voltage ratings in
the system.

Each line consists of primary voltage, secondary voltage in kV and total installed capacity in MVA
Transmission Line/Cable Data

The number lines of output are equal to the number of different transmission line voltage levels in
the system.

Each line consists of transmission line voltage level, total circuit length in kilometers
Generator Data

Total installed generation capacity in MW in the system

Load Data

Total real power and reactive power in the system

Sample Management Information System output file
Management Information

11.000 646
15.750 2
400.000 6
220.000 63
110.000 200
66.000 344
10.500 1
33.000 396

Voltage Rating Total Installed
Primary Secondary Capacity

(kV) (kV) (MVA)
400.000/ 15.750 387.000
400.000/ 220.000 774.000
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220.000/ 11.000 3483.000
220.000/ 15.750 387.000
220.000/ 110.000 5289.000
220.000/ 66.000 6063.000
220.000/ 10.500 258.000
110.000/ 11.000 28122.000
110.000/ 66.000 1548.000
110.000/ 33.000 16383.000

66.000/ 11.000 59211.000

66.000/ 33.000 1935.000

33.000/ 11.000 44634.000

Voltage Total Circuit Length
(kV) (kilometers)
400.000 1151.000
220.000 7750.900
110.000 5241.299

Total Installed Generation Capacity: 6667.000 MW

Real Power Reactive Power
(MW) (Mvar)

3.950 4025.3
1.11.4 Batch Mode

Load flow Analysis for different contingencies can be done at

a time by using this option.
Select Tools > Batch Mode
A dialog box appears,

The existing contingencies along with the names appear in
the dialog box. Select the contingencies for

which the study is to be done or customised report is to be
generated.

Select -

Standard - To generate the standard report

ExecungTof 1

~Repat Opsions -

Gilmda\i € Custom Combined  Fie Name.

T Custom indvidual Jr Delete

Sekect SchedieNumber | 0 5chediel v|  SeectCaseMumder |1 =]

Custom Individual - To generate individual custom report for each selected contingency.

Custom Combined - To generate a combined report for all the selected contingencies. (It appends to

a user-defined file). Give the file name in the adjacent edit box.

Click on

Add : To add a contingency to the selected contingency list box

Add All : To add all the contingencies to the selected contingency list box
Remove : To remove a selected contingency.

Remove All : To remove all the contingencies from the selected contingency list box

Custom options: To modify the custom report options

Update Custom Report: This option can be used only after the selected contingency is executedat
least once. This option helps to generate customised report for different custom report options.

Execute . To execute and generate the reports for the selected contingencies.
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Delete Contingency: To delete the selected contingency

Open : To open the combined customised report. The report will be generated in the Ifa
directory.
Close : To close the dialog box

1.11.5 Batch Mode Contingency Creation

Select this option to create the contingencies. The different options provided by are —

Remove a contingency from the selected contingencies

Botch Hode Coningeney Ciealion

Add contingency to selected contingency

Create New contingencies by removing/and adding contingency Fena s s A e |

Create Transmission line outage contingency

) I Tlre aize

Create Transformer outage contingency i

AGen ctaged Adidl
Remove Contingency o
Select the contingencies from which a contingency has to be ot
removed. Select a contingency from

) ) ) Vo Baeloierey [ Tleosor ] AclewBae

the combo box to be removed from the selected contingencies. Click VoDt i
on Remove. b oo ettty
Contingency Number = Old Contingency Number Bl [leahe o] Ceskl

Contingency Name = Old Contingency Name

Contingency Contents = Old Contingency - Remove Base ol

Old Contingency is the selected contingencies in the selected list box;

Add New Base Contingency

Select the contingencies to which a new base contingency is to be
added. Select a contingency from the combo box to be added to the selected contingencies. Click
on Add New Base. The new base contingency is added to the selected contingencies.

Contingency Number = Old Contingency Number

Contingency Name = Old Contingency Name

Contingency Contents = Old Contingency + New Base

Old Contingency is the selected contingencies in the selected list box;
Create New contingency

New contingencies can be created by adding or removing contingencies. Select the contingencies

from which new contingency is to be created, from
the remove base contingency select a contingency to

=D

be removed (if nothing is selected no contingency is Conlingenzy Nuber
removed), from the add new base contingency & bay [ ocowr- i |
combo box select a contingency to be added. Enter . IS;“““‘EN““E' = -
the offset number and the prefix for the newly created ——— EUU————
contingency. Click on Create New Contingency, the Ofeer [1 =Hoh =
new contingencies will be created with the following et Dot Fram
details ’V £ Redustion Factar Library € Input Dita File |
Contingency Number = Old Contingency Number + gie owso | Ean |
Offset _
View Data| |2
Contingency Name = Prefix + Old Contingency Name
| Cumulative Loss [Energy] [ 725 55 kit
Power Research and Development Consultants Pvt. Ltd. | cunisiveseneaionneay FFE—— ken

Cumulative Load [Energy] [57055 4 kesh

Percentage Loss (] [11 2550 %

Eremic Giaph | Report | Done
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Contingency Contents = OIld contingency — Remove Base Contingency + Add New Base
Contingency

Old Contingency is the selected contingencies in the selected list box;
Create Contingency

Select this option to create single line outage and transformer outage depending on the selected
from and/or to Voltage.

Transmission Line Outage

Select Transmission line from the combo box only the From bus is activated. Select the voltage
level. If all the lines are to be opened one at a time then select voltage as 0.0. Click on Create
Contingency. Contingencies are created in a sequence starting from the number entered in the
starting number edit box.

The contingency name is generated depending on the from bus and to bus numbers.
Transformer Outage

Select transformer from the combo box. Select the From voltage and To voltage level. If all the
transformers are to be opened one at a time then select from and to voltage as 0.0. Click on Create
Contingency. Contingencies are created in a sequence starting from the number entered in the
starting number edit box.

The contingency name is generated depending on the from bus and To bus numbers. Three winding
transformer outage can also be done.

1.11.6 Batch Mode for Load Curves

Load curve is very useful for financial studies of the stations. The daily load curve shows the load
demand during the 24 hours of the day as a plot of load against the time at which it occurs.
Throughout the year there is a variation of load demand, from day to day and the daily load curves
are not alike. The load curve in summer would be different from that in the winter. There might be
development of load during the year, so that demand on the station might increase during the year.
To obtain a correct indication of the financial aspects and working of the station, it is necessary to
estimate the consumption of energy during the whole year as well as the annual load factor, annual
capacity factor and annual use factor.

Maximum Demand: Maximum of all generation

Load Factor: Cumulative Generation / (peak demand x time duration in hrs x 1000)
Loss Load Factor: Total loss / (no. of intervals x peak power loss)

Percentage loss = (Total loss / Total generation) x 100

Select this option to create day or month or annual load curves. Select menu option Tools > Batch
Mode for Load Curves.

Duration: Select the duration option
Contingency Number: Select the contingency case for which load curve is to be plotted.
Schedule Number: Select the schedule number for which load curve is to be plotted.

Reduction Factor Start: Select the reduction factor from which case load curve computation is to be
started

Reduction Factor End: Select the reduction factor to which case load curve computation is to be
ended

Execute: Click this execute button to run the load curve program. During execution, Cumulative loss
in kWh, Cumulative generation in kWh, Cumulative load in kWh and percentage loss for each
reduction factor (interval) will be displayed.

Report: Click this button to store computed results in a user defined file.

Graph: Click this button to invoke MiGraph. Load curves can be plotted taking Duration as fraction of
a Day or Month or Year along X-axis and Real power load in MW, Real power generation in MW,
Real power loss in MW, Load in kWh, Generated energy in kWh, Energy loss in KWh along Y-axis.
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This option can be used to conduct repetitive load flow analysis from the periodic readings
available.

File Format: If this button is clicked, it shows the file format. Sample format is as given below.

Load Curve

7

Duration as fraction of a Day

Real Power Load in MW

Real Power Generation in MW

Real Power Loss in MW

Load in kWh

Generated Energy kWh

Energy Loss in kWh

Duration as a fraction of a Day

Power in MW

Power in MW

Power in MW

Energy in kWh

Energy in kWh

Energy in kWh

0.000000 9.08278 9.14000 0.0572200 217987. 219360. 1373.28
1.00000 9.08278 9.14000 0.0572200 217987. 219360. 1373.28

This can be conducted in two methods.
From reduction factor library
Taking data from the data file.

For method one create the reduction factor library by giving real and reactive power reduction
factors in reduction factor library, create as many reduction factors as the number of readings
consecutively. Select

the starting and ending reduction factor number, select proper duration, schedule, and case number.
Select reduction factor library radio button options from get data and click on execute button.

For method two create a text file with .lcd extension in the following format. For example if 3
readings are available per day.

3

11.02010

21012211

31.022513

Where

First line is the number of readings available.

For each reading serial number, voltage in per unit, real power in MW and reactive power in MVAR
are to be entered.

Select input data file radio button and browse the above created file name from browse button
option, give tolerance values for real and reactive power and then click on execute button.

The program is going to calculate the reductions factors for each reading by conducting repetitive
load flow.

Once execution is completed click on graph button to view load curve graph for duration as a
fraction of duration versus

Real power load in MW

Real power generation in MW
Real power loss in MW

Load in Kwh

Generated energy in Kwh
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Energy loss in Kwh

On click of report button, the program will ask for the location and file name for the report file. Give
the proper file name and location. The report file contains

Maximum of all generation in MW

Average generation in MW.

Load factor

Loss load factor

Loss Load Factor from Empirical Formula 0.3*Load Factor+0.7*Load Factor *Load factor
Cumulative Energy Loss

Cumulative Energy Generation

Cumulative Energy Load and

Percentage Energy Loss

Sample Out Put File

Batch Mode Load Flow For Load Curves

Maximum Generation : 2.71700 MW

Average Generation : 2.71700 Mw

Load Factor : 1.00000

Loss Load Factor : 1.00000

L.L.F from Empirical Formula 0.3*L.F+0.7*L.F*L.F : 1.00000
L.L.F from Empirical Formula 0.2*L.F+0.8*L.F*L.F : 1.00000
Cumulative Energy Loss : 7339.58 kWh

Cumulative Energy Generation : 65208.0 kWh

Cumulative Energy Load : 57868.4 kWh

Percentage Energy Loss ¢ 11.2556 %

1.11.7 Advanced Contingency Creation

Load flow analysis for different contingencies & for both lines & transformers can be done by using
this option

Base Contingency: Select the contingency from the combo box for base contingency.
Zone No: Select the required zone number

Area number: Select the required area number

Owner number: Select the required owner number

Voltage: Select the required voltage level from the combo box.

Outage: Enter no of outages.

Lines: Select this if only line outage is required. If outage is 1 then program will do analysis for 1
outage. If outage is 2, program performs outages with combinations.

Transformer: Check this if only transformer outage is required. If outage is 1 then program will do
analysis for 1 outage. If outage is 2, program performs outages with combinations.

Check both if line & transformer outage is required. If outage is 2 and line and transformer are
selected then program will perform load flow analysis with line and transformer outage
combinations.
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Show Records: Displays lines & transformers depending upon the selection of area, zone, owner &
voltage.

Custom Options: To modify the Advanced Contingency Creation

custom report options. Use this

option before load flow analysis Hunter Nanie [ore it coen Minber ol oudeges [T
. Base Contingency [1] = IV Transformer

Load Flow Analysis: Load flow ! 1w i

analysis is performed with the ZoneHunter T [1 | Owetens [ [ ]

contingencies. festnte T[T | [T 5] Yo P o [moon o]
Custom Report: Select this Anahyis Opfin
button to view the load flow ‘ Sho Fecards | ( LoadFlow Anpsis | | Custom Opons |~ [estomiep Custon Fepor ‘

analysis report for the different

COQtIngenCles with  customised || illLineNo| sLinehame iUFromBiushla] UToBusNo| | | i#wndgTransho| s2wndgTranshlame | illFromBushlol iLToBusNol
options. 131 Line31 173 17 120 KAVODR 100 MVA 174] 362

L 132|Line132 173 174 121[KAVOOR 75 v 174 32
|| 158 Line150 174 134
153 Line153 134 17 -

4 |L|J/

Transmission Lines Transfamers

1.11.8 Distribution Analysis

This tool can be extensively used for transmission/distribution system analysis .This option can be
selected from the main menu Tools > Distribution Analysis. Different options such as Add express
feeder, Change line/cable library, Add a source point and Open Line-Cable can be done On
selecting this option following dialog appears.

Study Information : In this contingency no and case no have to be selected. If add express feeder
check box is checked then Express feeder details have to be given.

Change Line - Cable Library.: If line cable library is to be changed then this option is selected. All
lines libraries can be changed or selected cable library can be changed

. . I
Add Source Point: To add new source point. L .
. . . Distribution Analysis
Existing buses in the system will be

Shudy Information
displayed in the window. Double click on [Emmgm Cate ‘
K 0 BaseC: - 1 ~| W addE Feed
the bus to which the new source to be | [Mum=  [exets o 1 2] il
- . . Change Line-Cable Libran
adde(_i Source b_uses will be displayed in [me [1 1poG] =] To [1om (esemsquniz kv 7] [Chengs i | Sslected
the window Bus with Source Connected.
rAdd source point
Express feeder details: These f|e|d5 were Buges in the System Bus With source connected
hidden. If express feeder check box is 3 el B[R
checked then only they will be seen. Select 3 fBusd] =l
From Bus and To Bus, where the express ~Express Feeder Detal
feeder is to be connected. Give the Line FomBus [T puer] | Tebus [3 ped =
Length in km and library reference number :
can be given in Lib Num. lnetehfos | kn LbHn
r Open Line-Cabh
H . ot Lines-Cables in the System Lines-Cables Opened
Qpen Lme_ or Ca_ble' A”_ the e’?'St'ng 1 [Linel]From 170 2 2 [Lne2] From 3 Ta 4
line/cable will be displayed in the window 2 [LineZ]Fiam 3To 4 Erecutz| Done
Lines-Cables in the System. Double click
:
on the line/cable to be opened. Opened

line/cable will be displayed in the window
Lines-Cables Opened

Execute: To do the analysis click this button

Done: Click Done to finish the study and to exit from Distribution analysis. To accept the changes
made on the database click Yes on the message popping up on the Distribution Analysis window.

If YES is clicked changes made were store in the database. If NO is clicked changes will not be
saved

MiDbase

‘_‘.':J (D e et s e e e e o s
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1.11.9 Energy Loss Computation

This option is used mainly for distribution system. This option can be selected from the main menu

Database Manager User Manual

Tools > Energy loss Computation. The selection opens the following form.

Energy Loss Computation B
- Studyl  Duraton in
Corkingency [ it cog =] Case [y - & Dap Mote-Execute Load
Nurber ey flow fr carrespondrg
T T— | © Horth case contingency and
Nurber schedls belore
Consider Gieneration and loss deta € Yo Rl
the opton i from load
& FromLoad flow € User defined flow
Enery Input 00 Khe Generatian 2017 M
No of Duration [ I"2R loss 0308 b
Constant A TE—— Moloadloss 0000 W
Load Factor 000153 TolelI'2R Loss 33 Kt
Loss load factor e TolNoloadLose [Goon  Kuh
TolelEnergyLoss [ 3,389 Kt
Note:- Loss Load Factor=trL F+[1 AFLFLF
Energy Loss 3389 %

Repat Done

If the generation and loss data is from load flow, then the values will be computed for other fields. If the
option for generation and loss data is User defined then the fields Generation, no load loss and I*I*R loss
will be activated and the user should provide the data. Total energy losses will be computed by the

program.

Sample report is given below

ENERGY LOSS COMPUTATION
CASE NO: 1 CONTINGENCY: 1 SCHEDULE NO: 0
CONTINGENCY NAME: dog

Maximum generation : 2.71700 MW
Total I”2R loss : 0.305816 MW
Total no load loss : 0.000000 w
Load factor : 0.00153355

Loss load factor from empirical

Formula (0.300000*L.F+0.700000*L.F*L.F):0.000461713

Total I2R energy loss : 3.38878 kWh
Total no load energy loss : 0.000000 kWh
Total energy loss : 3.38878 kWh
Percentage energy loss : 3.38878 %
1.11.10 Update Breaker Ratings

The breaker ratings for the equipment can be modified.
For each voltage level change the breaker ratings and
select this option to update all the breaker ratings

1.11.11 Update De-rated MVA Rating

Use this option to update the De-rated MVA as MVA

rating from corresponding library. Select the element and click modify button to update the MVA

Update Derated MYA from Element Library

Update De rated M4 as My rating in

Conesponding Library

¥ {Transmission Line
™ Gererator
™ 2Winding Transformer

I= | Series Rearton

I=| Series Capacitar

= Gl acton
= it
I 3winding Transformer

™ Shunt Capacitor

Madify I Close

Maote:-Only Elements Present in Database are enabled

ratings in element data from the corresponding library. Then click Close button.
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1.11.12 Update Real Time Data

The following dialog box appears when a real time data is to

be updated in the database manager
Select the real time data file. On OK, the file is read and a ~Real Time Data Fle
contingency with the given number and name is generated. A | | Browse
schedule with the given number and name is generated.
S

The new contingency and schedule is selected as current Number Name
contingency and schedule. [100 =] JrekFsof
The file format for the real time data is as follows. The data = [ ‘=%

hould be separated at least by one blank o i
s : |1 j lSchedule]
System specification data e

Number of elements with change in status.

Number of Generators

Number of Loads

Element details

For each element status changed the following data is required
Type of Element

Element Identification number

Status

SINo | Type Description
19 Three Winding transformer
20 Four Winding transformer
21 Two winding transformer
22 Transmission line
23 Series Resistor
24 Series Reactor
25 Series Capacitor
26 Bus Coupler Open
27 Bus Coupler Closed,
28 Vacuum CB Open,
29 Vacuum CB Closed,
30 Isolator Open
31 Isolator Closed
32 Shunt Resistor,
33 Shunt Reactor
34 Shunt Capacitor
35 Generator
36 Motor
37 Load
38 Cyclic Load
39 INST Current Source
40 IMP Current Source
41 RMS Current Source
42 INST Voltage Source
43 IMP Voltage Source
44 RMS Voltage Source
45 Lightning Arrester
46 Static VAR Comp
47 Delta Load
48 Filter
49 HVDC Inverter
50 HVDC Converter
51 DC Link
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The element identification number is the element ID from the MiP-PSCT - Database.
Status:

0 — open on either side

1 — Open on from side (for transmission lines only)

2 — Open on to side (for transmission lines only)

Generator data:

For each generator,

Generator ID, specified voltage, real power, reactive power limits (Qmin and Qmax) and
Load data:

Load ID, real power, and reactive power

Sample File
// 2 elements open, 2 generators and 4 loads
22 4
// Elements| Comment [A1]: No report format
22 1 1 insert snapshot
22 2 0

// Generator data
1 1.06 90 0 60

2 1.00 40 30 30
// Load data

1 20 10

2 45 15

3 40 5

4 60 10

1.11.13 Transformer Check

Use “Tools > Transformer Check > > Library” to list the Transformers whose Primary Voltage and
the secondary voltage does not match with the associated Library ratings.The file with the listing is
opened. It contains the following details.

Element Number

From Bus Number

To Bus Number

From Bus voltage in kV

To Bus voltage in kV

Primary Voltage from Library in kV
Secondary Voltage from Library in kV

Use “Tools > Transformer Check > > Taps” to list the parallel Transformers with different taps. The
file with the listing is opened. It contains the following details.

Element Number
From Bus Number

To Bus Number
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Tap Position

Use “Tools > Transformer Check > > Data” to list if more than one transformer. is connected to
same Bus for which the from bus is different. The file contains the following details

Element Number
From Bus Number
From bus voltage
To Bus Number

To Bus Voltage

1.11.14 View — Delete Log

Use “View > Delete log” to open the delete log file. All the elements deleted in the database are
logged to a file. The file consists of the following details

Table Name from which the data was deleted
Element Id

Date and time of deletion

1.11.15 Edit Bus Data
To modify the old bus data with new bus data [N ES
this option is used. Bus data file format is as
given below 2 2 File Mame IE:\MiPower\Samples\DatabaseManager\Slagg\H Browse

15 Busl Bus5 T
210 Bus2 Busl0 o

Store this file format and open this file with
Edit Bus data option as shown below.

Modify: Changes the old bus no, old bus name with new bus number, new bus name

Ok: Closes the dialog

1.11.16 Report Writer
A.1 Introduction
Report writer module generates the information, formatted and Sl ol o/l =R :
organized according to user defined specification from any j

Microsoft jet database. The report writer module reads from a
database file i.e., from Microsoft jet database .mdb files and
displays the tables. only required tables can be selected for the
report purpose. Required fields or all fields in the selected tables |, ' .
can be selected. Report can be sorted based on any report field
in any order like ascending, descending or original order. Any
field can be selected for finding Sum / Avg. / Max / Min / Count. Reports can be displayed based on
the query, which is set by the user. Reports format can be specified by the user like, Tabular format
or columnar format.

Figure 1: Main screen

A.2 Features

Developed for Windows 95/98/NT/2000 operating systems
User friendly self - explanatory selection buttons

Optional Tables selection and Field selection

Sorting of the report
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Calculation of Sum / Avg. / Max / Min / Count of any field
Output format Tabular or Columnar

Print support of results

Save / Open option of report template

A.3 Main Screen

In the Database Manager Screen, select Tools- > Report Writer The screen as shown in figure 1
appears which is the main working screen.

A.4 File Menu

File menu offers the following options

New

Open

Save

Save As

Exit

A. 4.1 Creating a new report

Use “File > New” to create a new report. Report writer screen appears as shown in

Figure 2.

St Taer |2 Ptk ] 350t 4 Tt 5 St & Bt i

Dt ] o
S5t oo D b 08
Azl Sekd Tt

| ]
J =

e |
T N |

Figure 2: Report writer selection/preview main

Step 1: Tables

Report Wiites Selection/Preview Screen 3 [ Report Wiiter Selection/Preview Scieen ]
Step: Tables | 2 Fisds | 3 Sart] 4: Total| 5 Seloct]| 6 ReptView| Stept: Tables 2 Fiekds | 3:Sot | 4 Total| 5: Slest| 6 Fepart View|
Dabse Painf0 epTestiYeard b Step2: Select fisds to include in report
Step! - Seleck the e from Datebase o fom ODBC
Dasabase Fiekds Fieport Fields
Al Tables Selected Tables
5[] BusDala Bus Data lBustlo
2windg Transiome: Data E UBusNo g:z g::: L%zs:vaurl::ga
3wndgTransiome: (Lbras) sBushlame
SuindgTransiome: Data BT oo add 5| [BsDatelaciional) BusDescrpton
DataFie | [#wndg Teensiome [Livan] & Zoeh

 $windg Transfoeme: Data Crieo!
Ammetec L (Contweightage AL >
| rea EL BaseVoltage
[4VR [Lbea]
[Bus Coupler data E mm\/u\lage
Eorping adokage
Bus Data [Addkicnal) L ibngleRefBus

Goe C. e (Lbrary L thngleDif

= [ Bus Data (Addtional) M
- s BT Uustio
L sBusDesciiption <« Removedl
oK | Fiz I oK I

Click on “Data file” button to select the Access database (mdb) file, for report generation.

The database with its path is displayed in database path edit box.
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All the tables in the database are displayed.
Select the required tables for report generation.

Select the table and click on “Add” to add to the selected list box or double click on the required
table in the All table list box, refer figure 3.

Click on “Next > > ” button or tab control “Fields” to go to next screen.
Step 2: Fields

Based on the tables selected in Step 1 (refer figure 3), table names with associated fields is
displayed in database fields list box. Select required fields for the report generation, by double
clicking on the item to be added or by clicking on the item and then click on “Add > > " button. All
fields can be added by clicking on the “Add All > > " button. Fields selected will be displayed in the
Report Fields list box, Refer figure 4. To remove any report field double click the field to be deleted
or click on the field and then click on “<< Remove” button. To remove all the fields in the report fields
list box, click on “<< Remove All” button”. Click on “Next > > button or tab control “Sort” to go to
next screen.

Figure 2: Report writer Fields selection screen
Step 3: Sort

Based on the report fields selected in Step 2 (refer figure 4), table name with selected fields will be
displayed in the report fields list box. Only selected field/s can be selected for the sorting purpose,
double click on the field or click on the field then click “Add > > ” button. Fields to be sorted will be
added to Sort fields list box. For each sort field selected order should be set. Supported orders are
Ascending, Descending and Original order. To set the order for the selected item, click on the sort
field and then select the order to set from the combo box, refer figure 5. To remove any sort field
double click on the item or click on the item and then click on “<< Remove” button. Click on “Next >
> " button or tab control “Total” to go to next screen.

Figure 3: Report writer sort selection screen
Step 4: Total

Based on the report fields selected in Step 2 (refer figure 4), table name with selected fields will be
displayed in the report fields list box. Only selected field/s can be selected for the sum/max/min etc.,
double click on the field or click on the field then click “Add > > ” button. Fields to be sum/max/min
etc. to be set will be added to Total fields list box. For each field selected sum/max/min etc., should
be set. Supported types are sum, max, min, count and avg. To set type for the selected item, click
on

the field and then select the required item from the combo box, refer figure 6. To remove any field
double click on the item or click on the item and then click on“<< Remove” button. Click on “Next >
> " button or tab control “Select” to go to next screen.

Figure 4: Report writer sort selection screen
Step 5: Select

In this screen user can set the report filter criteria and also set relation between more than one table.

Table 1: Busdata

If report is

Report Writer Selection/Preview Screen

Table 2: Busdata (Additional)

Fields

enerated for
Fields d

Stepl: Tables | 2 Fields 3 Sott | 4: Total | 5 Select | 6: Repart View |

. 2 one table no

1 iUBusNo 1 iUBusNo relation setting is Step3 : Select fields on which report to be sorted
sBusName 2 sBusDescription required.  Only Repat Fikds Son Fikds
iAreaNo filter  condition B Do Basovsge PRI

Bus Data.sBusName
Bus Data (Additonal). sBusDescription

can be used. To

2.
3
4 iZoneNo
5

fContWeightage

set the condition
in the SQL

6 fBaseVoltage

Statement,

7 fMinVoltage

double click on

8 fMaxVoltage

the field, select

9 iAngleRefBus

the equation in

10 fAngleDiff

the combo box,

and enter the

i . Ascendin i
value depending on the equation set. <

<< Back TNy ’| oK I Pre

To generate report for more than one table,
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Stap: Tables | 2 Fiekds | 3 Soa| 4 Total| 5 Select & RepatView |

. . tag6 Give eport e and ] s "r'ﬂ‘;:;:':
relation field between tables should be set. Oneor . :
eport The + [Buscta Aepart © Cobrmns

more condition can be set using AND between two e P
conditions. ]

Figure 5: Report writer select selection screen

Example to set the SQL Statement:

To take report from both the tables the matching field
between two tables should be setin this example
BusNo is the matching criteria, this field should be sk
equated as below, [Bus Data].iUBusNo = [Bus Data
(Additional)].iUBusNo

To add one or more criteria AND condition should be set between two equations as below,

[Bus Data].iUBusNo = [Bus Data (Additional)].iUBusNo AND [Bus Data].iUBusNo > 20 like this OR
and BETWEEN also be used in the matching condition.

Step 6: Report View

In this screen, main report title can be entered in report title edit box. By default report field names
will be taken as report titles. User can change the names by clicking on the required report title, the
same will be enabled under column heading edit box. enter the required title.

Report Type to be generated can be set, depending on the requirement. Supported types are
Tabular and Columnar

Figure 6: Report writer Report view selection screen

Click on “Preview Report” button to generate the report.

Click on “OK” button to close the Report writer selection/preview screen.
Open Report

Use “File > Open” menu option, to open an existing rep file. (rep file is the file extension name of
the report already saved).

After opening the report file all the tables, fields set will be loaded. User has to select the required
database file to query the report.

Save Report

Use “File > Save” to save the report to its current name and directory. When you save the report for
the first time, Report writer displays the Save As dialog box so as name your report. If you want to
change the name and directory of an existing project before you save it, choose the Save As option.

Save As Report

Use “File > Save As” to save and name the current report or save the copy of the same report. To
save a report with its existing name and directory, use Save option.

Exit

Use “File > Exit”, to end your Report writer. Report writer main screen prompts you to save project
with unsaved changes.

View Menu
The view menu offers the following options.

Toolbar

D& 2]

Use “View > Toolbar’ to show or hide the general-purpose toolbar. This option will be either
ON/OFF. If this option is ON, the toolbar is shown at the top by default 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

New Opens a New report
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Open Opens an existing report

Save Save current report
About Shows the about dialog box
Statusbar

Use “View > Status bar” to show or hide the status bar. This option will be either ON/OFF. If the
option is ON, the status bar is shown at the bottom by default. Else the status bar is hidden. The
status bar is non-dockable, i.e., it can’t be moved. The information shown on the toll bar is Menu
options/toolbars status and other status information

Sample Reports

The two types of sample reports are supported and generated in the report writer.
Example of Tabular Report type

Busdata Report

Sl.noBus No  BuskV Bus Name Bus Description
1 1 11.000000 SVP--GEN SHARAVATHY GEN
2 2 15.750000 RTP2-GEN RTPS 11/220
3 3 15.750000 RTP4-GEN RTPS 110/400
4 4 11.000000 KALI-GEN KALI
5 5 11.000000 VRHI-GEN VARAHI

Example of Columnar Report type

Bus data Report

Bus No 1 2 3 4 5
Bus kV 11.000000 15.750000 15.750000 11.000000  11.000000
BusName SVP--GEN RTP2-GEN RTP4-GEN  KALI-GEN
VRHI-GEN
Bus- SHARAVATHY GEN RTPS 11/220 RTPS 110/400 KALI Stept: Tobles | 2: Fekds| 3 S0t | 4 Total 5 Select | & RepattView|
VARAHI Steps: Choose fields to select (ar fier] records in repart
Description Report Fields Equation
oo Dot Bavovage I |
Bus Data.sBusName
Bus Data [Additional).sBusDescription
1.11.17 Line Outage Distribution Factor
Bus Data.ilUBusNo -
o
LODF: This calculates the impact of opening (outaging) a T -
transmission branch on all the other branches in the case. St
B DA el tage =
Line Outage Distribution Factor = (Change in Flow through the line) / SO Statement
(B ase F| OW) EAS DataliUBusNo = [Bus Data (Additional)) iUBusNo
, 2
Procedure :

<¢Back. Ne#t 5> oK Preview Report
e Execute load flow for the base case and note down the flows on ] | |
]
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the lines

e Create a contingency case for the system and execute load flow and note down the flow on the
lines in the system

e  Select menu option Tools- > Line outage Distribution Factor
¢ In the following dialog select the contingency case

Execute and open the report

Line Dutage Distribution Factor x|

Optiar
’7 Select Schedule Mumber 0 Scheduled ~|  Select Case Number |1 =

Contingency Numbers and Hames Selected Contingsrcies

OCONT-
1 Line 1-3 open ﬂ

OCONT-
1 Line 1-3 open

Remaove
Femove Al

Execute | Repart | Cloze

Schedule Number : Lists the number of schedules in the system

Select Case Number :From drop down list box select the case number

Contingency number and Name : List box showing contingency cases present in the database
Selected contingencies: Lists the selected contingency case

Add: Copy the contingency case to selected contingency list box

ADD All : Copy all contingency cases to selected contingency list box

Remove : Deletes / removes the case from selected contingency list box

Remove All: : Deletes / Removes all contingency cases from the selected contingency list box
Execute: Executes Line outage distribution factor program for the selected contingency case.
Report: Opens the report

Close : Closes the dialog

Sample report

-loix
File Edit Format Wew Help
LINE OUTAGE DISTRIEUTION FACTOR d
LINE OUT : 1 - 3 (North - Lake)
EASE FLOW : 40.7233
FROM NAME TO HAME C& BASE FLOW CONTINGENCY LODF
1 North 2 South 1 88.8670 131.7581 1.054z2
1 North 3 Lake 1 40,7233 0.0000 -1.0000
2 South 3 Lake 1 24,6936 43,3175 0.4573
2 South 4 Main 1 27,9355 42,9085 0.3877
2 South 5 Elm 1 54.8221 62,4667 0.1877
3 Lake 4 Main 1 18.8742 -2.7871 -0.531%
4 Main 5 Elm 1 6.3331 -0.9561 -0.1790
L1 oy
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1.11.18

It is the ratio of change in power flow for specified line to change in generation

Generation Shift Factor

Generator Shift factor = (Change in power flow for specified line) / (Change in Generation)

Select Contingency Number :

= (New flow — Base Flow) / (New Generation — Base Generation)

Optian:
’7 Select Contingency Mumber| (1 COMT- 'I Select Cage Number |1 'l
Schedule Mumbers and Names Selected Schedules
0 Scheduled Add 0 Scheduled
1 Schedulel _I 1 Schedulsl

CAdd Al

Remove |
Remave All |

Execute |

Feport

| Close

x|

contingency

Select Case Number :From drop down list box select the case number

Lists the number of contingencies in the Database and select a

Schedule number and Name : List box showing schedule cases present in the database

Selected schedules: Lists the selected schedule case

Add: Copy the schedule case to selected schedule list box

ADD All : Copy all schedule cases to selected schedule list box

Remove : Deletes / removes the case from selected schedule list box

Remove All: : Deletes / Removes all contingency cases from the selected schedule list box

Execute: Executes Generator shift factor program for the selected schedule case.

Report: Opens the report

Close : Closes the dialog

Power Re

E‘. 1stagg.gsf - Notepad

File Edt Format VYiew Help

GENRATOR SHIFT FACTOR

CHANGE IN GENERATOR SCHEDULE OF 11 (North)

BASE GEMERATION : 129.5902

NEW GEMERATION : 150.3253

FROM NAME TQ HAME C8 BASE FLOW MEW FLOW GEF
1 North 2 South 1 88.8670 106.3123 0.8413
1 North 3 Lake 1 40,7233 44.0130 0.1587
2 South 3 Lake 1 24.6%36 23,2589 -0.0691
2 South 4 Main 1 27.9355 26,7862 -0.0554
2 South 5 Elm 1  54.8221 54,2486 -0.0277
3 Lake 4 Main 1 18.8742 20.5636 0.0815
4 Main 5 Elm 1 6.3331 6. 5981 0.0272

14

Sample
Report
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1.11.19 Generation Scheduling

Cluster of buses assigned to a group and display of generation, load and

losses of that group and Slack bus generation and total losses.

3
Load Flow Case [1 GroupMumber [T Bt Boles

- Benerators Selected for scheduling

[ sen no. [Genmame  [Busmo [ min [P max [P scheduled

1 Genl 1 0.000000 £0.000000 £0.000000
Genz z 0.000000 40,000000 40000000

- Bus Grouping Output

Delete Bus | T Fehesh DU ]
Bus No. BushMame | Group Mo Description [ e
! Morth 1 Group 1 Gen 129 6047
2 South 2 Group 1 Load 85_0000
3 Lake 1 Group 1 Loss 2 6695
+ Main 1
Max Generation 129 6047
s Elm |
Total Loss 4.5867
< 1>

save | Execute | Standerd Report | Custom Repon Hiew Bus ok |

Configure Generators

Select Generators to be considered for scheduling in this
window.

Generators selected for scheduling appear on the screen as R T T

shown above. Generators Bus No. name, Pmin and Pmax are ; 25”; ; v
. . .pe N

not editable. Pscheduled field can be modified.

Save: Saves generator schedule window values such as
Modified group numbers and scheduled powers etc.

Execute: Load flow can be executed with the modified scheduled
power.

Cancel

Standard Report: Load flow report along with data and results.

Custom Report: Customized report for new scheduled power.
For details refer section 3.8.1.

View Bus: Bus display with voltages and power flows after lad flow execution.
Bus Grouping: Display of bus numbers with name. Group no is user defined.

Out Put: As per the selected group number, total gen, load and loss of that group, slack bus
generation and total losses will be displayed here.

Refresh Output: elect the group number and then click this button which displays the selected group
number results.
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1.11.20 Automatic Normal opening Point
Creation

Select this option to create Normal Opening point. Give From bus no,
To bus no and on which side NOP to be created is to be given by the

user. Click on Create button to generate NOPs in the database

1.11.21 Update NOP

This opens the dialog to select a file (xxx.csv) having line details.
File format is as below. On selection of file this updates NOPs

FromBus ToBus Status
1 2 1
2 3 0

Note: 1 > Closed (No NOP)
> Open (NOP present From End)

Automatic NOP Creation

1
B
NOP
[ & From 7o

Static

Creale

From Bus Na

ToBus No

Update NOP %]
5V Fie: [DTEGTCASES\EhattsgaiiBook] cov Browss
BusNo.
( FomDigt [z Tobat [ |

ToDigt [0

Number [0
Update |

Durmmy B
( FromDigt [0

|

1.11.22 GPS Data

This option opens the dialog box for GPS file selection. With the fil

e selection GPS data is updated

in the database (records updated in Bus- > GPS- > GPS Co-ordinates). Sample GPS file format is

given below.
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
51000034 N27°18'31.2"" E094°05'12.9"" 1 711.7
51001031 N26°45'41.7"" E092°45'37.4"" 1 709.8
51004011 N26°49'21.5"" E092°46'52.3"" 1 706.9
51004012 N26°52'25.7"" E092°46'25.5"" 1 699.2
51004013 N26°16'29.0"" E092°30'20.0"" 1 700.9
51005021 N26°44'20.0"" E093°08'14.5"" 1 694.7
1.12 Unit Protection Menu
Transformer Differential Protection &3]
Study of following Unit protection
Ak " Sub Station 7 Range g

reports can be generated:
Transformer differential Protection| Ragae Ogtan | |

* Detal  © Summary [ r
Restricted earth fault protection stat  End

Sub Station Code ’17 ’37
Line pilot protection foestenCede s L
Bus bar differential protection
. . . . Ercoute | Report | Cancel
Line / cable differential protection| 1

___________|

Protection Report

On selection of respective study, differential protection window will open. Following is the

Transformer Differential protection dialog.

B011: Fourth digit to seventh digit represents location code
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Depending on Substation code and location code reports will be generated

All: For report generation considers all elements present in the database.

Substation : Substation code is to be entered and report will be generated for that substation
Range : Substation code Range (From code and To Code) is to be entered to get the report.

Detail: Detailed report for existing settings or proposed settings will be generated on selection of the
same

Summary: In this only relay settings will be listed out.

Substation wise reports can also be generated by specifying substation code.
Report: To open the unit protection report

Execute: To run the unit protection program

Cancel : Unit protection execution and report generation will be cancelled.

Restricted Earth Fault Protection

Restricted Earth Fault Protection X
oAl * Sub Station " Range " Transbormer
Transtormer Details
o ElelD[Name] Location Ele Type
Fieport Optior
Dt Summay - I
Start End

Sub Station Code: ’17 ’3_
Location Code: ’47 ’77

Mate:

Exzoute Repart Cancel Logation:- 0-Primary. 1-G econdary, 2T erisry
‘ | Ele Type:- 0 24/nd Tif, 1- Fwnd i
Graph

In this form Transformer option is provided. User can select the two winding and 3 winding
transformers to which REF relay settings are to be computed.
Graph : Modern numerical relays use low impedance protection for REF. Tripping

characteristics of low impedance relay can be plotted on the graph. The quantity along the X-
axis is the Biasing Current and the Y-axis is the Operating or Differential Current. The tripping
characteristic can be divided into three parts as shown in the figure:

la1
fdo I !

IV. Unrestrained Portion

V. Slightly Restrained

VI. Highly Restrained

Protection Report

Consolidated report with all unit protection relays

All: Consolidated unit protection report with all substations will be generated.
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Individual Substation: Consolidated - &
Unit protection Substation wise [abic —
reports can be generated by Fiepoit Generation is in progress,

specifying substation code. ReportName | B
Range: Substation code _ Range o R

(From code and To Code) is to be Start End

Iv Owver Current Relay

Sub Station Code 4 ,37
Location Code ,4— ,7—

entered to get the report.

<l

Transfarmer Differential

<l

Generate report: With user defined
selections unit protection report will
be generated

Restricted E arth Fault
Line Pilat

<l

Al ¢ Individual Substation  Range

<l

Line/Cable Differential

Bus Bar Differential Code

Distance

<l

View Report: Opens the report

<l

Relays: User has the choice to select
dlﬁerentlal relays and fOr those oK I Gsneraleﬂspuﬂ‘ Wiew Report ‘ Cancel Report
selected relays report can be
generated. Distance relay is also
considered in this selection

OK: Close the window
Cancel Report: Report generation execution process will be cancelled.

Sample Consolidated Protection report for Substation 701

PHASE OVER CURRENT RELAY SETTINGS FOR SS 701 (701)

Sl. No. RELAY NAME LOCATION CT PRIMARY CT SECONDARY RELAY TYPE CURVE TYPE
EXISTING SETTINGS PROPOSED SETTINGS

Ip > Ip > > Ip > Ip > >

Tp > Tp > > Tp > Tp > >

1 701A190510E A190 400 1 REX521 NI Ip
> = 1.00 Ip > > = 0.00 Ip > = 1.00 -
Tp > = 0.37 Tp > > = 0.00 Tp > = 0.40 --

2 701A170510E A170 400 1 REX521 NI Ip
> = 1.00 Ip > > = 0.00 Ip > = 1.00 -
Tp > = 0.37 Tp > > = 0.00 Tp > = 0.40 --

3 701A150510E A150 400 1 REX521

EARTH RELAY SETTINGS FOR SS 701 (701)

S1. No. RELAY NAME LOCATION CT PRIMARY CT SECONDARY RELAY TYPE CURVE TYPE
EXISTING SETTINGS PROPOSED SETTINGS
I0
> I0 > > I0 > 10 > >
TO
> T0O > > TO > TO > >
1 701A190510E A190 400 1 REX521 NI 1I0
> = 0.30 I0 > > = 0.00 I0 > = 0.20 -
TO
> = 0.40 TO > > = 0.00 TO > = 0.40 -
2 701A170510E Al70 400 1 REX521 NI 1I0
> = 0.30 I0 > > = 0.00 I0 > = 0.20 .
TO
> = 0.40 TO > > = 0.00 TO > = 0.40 -
NI 10 > 0.00 I0 > > = 0.00 10 > = 0.19 -

S1. No. RELAY NAME LOCATION CT PRIMARY CT SECONDARY RELAY TYPE CURVE TYPE
EXISTING SETTINGS PROPOSED SETTINGS
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1 701A018PBBP AQ018 4000 1 REX521 NI Ip
> = 1.10 Ip > > = 2.10 Ie > = 0.10 Ie > > = 0.10 Ip > = 1.10
Ip > > = 2.11 Ie > = 0.20 Ie > > = 0.09
Tp > = 0.12 Tp > > = 0.10 Te > = 0.46 Te > > = 0.10 Tp > =
0.27 Tp > > = 0.10 Te > = 0.10 Te > > = 0.10

2 701A028PBBP AQ028 4000 1 REX521 NI 1Ip
> = 1.10 Ip > > = 2.10 Ie > = 0.10 Ie > > = 0.10 Ip > = 1.10
Ip > > = 2.11 Ie > = 0.20 Ie > > = 0.25
Tp > = 0.12 Tp > > = 0.10 Te > = 0.46 Te > > = 0.10 Tp > =
0.27 Tp > > = 0.10 Te > = 0.10 Te > > = 0.10

SBEF RELAY SETTINGS FOR SS 701 (701)

S1. No. RELAY NAME LOCATION CT PRIMARY CT SECONDARY RELAY TYPE CURVE TYPE
EXISTING SETTINGS PROPOSED SETTINGS
PSM STAGE 1 STAGE 2 PSM STAGE 1 STAGE 2
OP. TIME OP. TIME OP. TIME OP. TIME

1 701AE1851G AE18 750 1 REX521_ SBEF DT
0.20 3.50 4.50 0.20 3.50 4.50

2 701AE2851G AE28 750 1 REX521 SBEF DT
0.20 3.50 4.50 0.20 3.50 4.50
3 701C01851G co18 1500 1 REX521 SBEF DT 0.20
3.50 4.50 0.20 3.50 4.50

4 701C02851G €028 1500 1 REX521 SBEF DT
0.20 3.50 4.50 0.20 3.50 4.50

5 701C03851G Cc038 1500 1 REX521_ SBEF DT
0.20 3.50 4.50 0.20 3.50 4.50

6 701D01851G D018 2000 1 REX521_ SBEF DT
0.20 3.50 4.50 0.20 3.50 4.50

7 701D02851G D028 2000 1 REX521 SBEF DT
0.20 3.50 4.50 0.20 3.50 4.50

TRANSFORMER DIFFERENTIAL PROTECTION RELAY SETTINGS FOR SS 701 (701) SUBSTATION

SL.NO. RELAY NAME LOCATION RELAY MAKE RELAY TYPE PRIMARY CT SECONDARY
CT ICT EXISTING SETTING PROPOSED SETTING REMARKS
PRIMARY SECONDARY PRIMARY
SECONDARY PRIMARY SECONDARY ID I> > 2nd 5th 1ID I> > 2nd 5th
1 701C01187T1 co11 SIEMENS TUT61X 400 1 4000
1 0.00/0.00 0.00/0.00 0.00 0.00 0.00 0.00 0.19 4.50 10.00 25.00 NUMERICAL
2 701C01187T2 co011 ABB RET670 400 1 4000

10.00/0.00 0.00/0.00 0.20 7.50 15.00 30.00 0.19 5.00 10.00 25.00 NUMERICAL

3 701C02187T1 co021 SIEMENS 70T61X 400 1 4000
1 0.00/0.00 0.00/0.00 0.00 0.00 0.00 0.00 0.19 4.50 10.00 25.00 NUMERICAL

4 701C02187T2 c021 ABB RET670 400 1 4000
10.00/0.00 0.00/0.00 0.20 7.50 15.00 30.00 0.19 5.00 10.00 25.00 NUMERICAL

5 701D01187T1 D011 ABB RET670 1500

REF PROTECTION RELAY SETTINGS FOR SS 701 (701) SUBSTATION

SL.NO. RELAY NAME LOCATION RELAY MAKE RELAY TYPE CT SETTING
REMARKS
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PRIMARY SECONDARY EXISTING
PROPOSED
()
1 701C01187NH co1l ABB SPAJ115 400 1 40
14.00 CURRENT (%)
2 701C02187NH co21 ABB SPAJ115 400 1 40
14.00 CURRENT (%)
3 701A01887NL 2018 ABB SPAJ115 4000 1 40
15.00 CURRENT (%)
4 701A02887NL 2028 ABB SPAJ115 4000 1 40
15.00 CURRENT (%)
5 701AE1887NH AE18 ABB SPAJ115 100 1 40
19.00 CURRENT (%)
6 701AE2887NH AE28 ABB SPAJ115 100 1 40
19.00 CURRENT (%)
7 701AE1887NL AE18 ABB SPAJ115 2500 1 40
18.00 CURRENT (%)
8 701AE2887NL AE28 ABB SPAJ115 2500 1 40
18.00 CURRENT (%)
LINE/CABLE PILOT PROTECTION RELAY SETTINGS FOR SS 701 (701) SUBSTATION
SL.NO RELAY NAME LOCATION RELAY MAKE RELAY TYPE cT SETTING
REMARKS
PRIMARY SECONDARY EXISTING
PROPOSED
(A) (ohm)
(ohm)
1 701A19087PW A190 REYROLLERf SOLKARRE 400 1 990
890.00
2 701A17087PW A170 REYROLLERf SOLKARRE 400 1 990
890.00
3 701A15087PW A150 REYROLLERf SOLKARRE 400 1 990
890.00
4 701A13087PW A130 REYROLLERf SOLKARRE 400 1 990
890.00
5 701A11087PW A110 REYROLLERf SOLKARRE 400 1 990
890.00
6 701A09087PW A090 REYROLLERf SOLKARRE 400 1 990
890.00
LINE/CABLE DIFFERENTIAL PROTECTION RELAY SETTINGS FOR SS 701 (701) SUBSTATION
SL.NO. RELAY NAME LOCATION RELAY MAKE RELAY TYPE cT
SETTING REMARKS
PRIMARY SECONDARY
EXISTING PROPOSED
DIFF  HIGHSET  SWON  SWON-HIGHSET 2nd HARM. DIFF  HIGHSET SWON SWON-HIGHSET 2nd
HARM.
() () (A)
(A) (%) (A) () (%)
1 701G09087L1 G090 REL551 ABB 2000 1 0.200
0.000 0.000 0.000 0.000 0.233 0.280 0.000
2 701G09087L2 G090 7SD52 SIEMENS 2000 1 0.200
1.200 0.200 0.200 0.150 0.233 0.280 0.000
3 701G01087L1 G010 REL551 ABB 2000 1 0.200
0.000 0.000 0.000 0.000 0.233 0.280 0.000
4 701G01087L2 G010 7SD52 SIEMENS 2000 1 0.200
1.200 0.200 0.200 0.150 0.233 0.280 0.000
5 701G02087L1 G020 REL551 ABB 2000 1 0.200
0.000 0.000 0.000 0.000 0.233 0.280 0.000
BUS BAR DIFFERENTIAL PROTECTION RELAY SETTINGS FOR SS 701 (701) SUBSTATION
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SL.NO. RELAY NAME LOCATION RELAY MAKE RELAY TYPE CT PICK UP
PICK UP DIFF CUR DIFF TIME STABILISING STABILISING VOLTAGE CURRENT PHASE SLOPE
CIRCUITRY FAULT REMARKS

PRIMARY  SECONDARY CUR

TIME FACTOR RESISTOR SLOPE
ALARM

1 701G12187B G121 REB500 REB500 4000 1 0.10
5.00 0.70

2 701D12187B D121 REB500 REB500 4000 1 0.10
5.00 0.70
DISTANCE RELAY SETTINGS FOR SS 701 (701) SUBSTATION
SL.NO. RELAY NAME LOCATION RELAY MAKE RELAY TYPE cT PT
SETTING
REMARKS

PRIMARY  SECONDARY  PRIMARY

SECONDARY EXISTING
PROPOSED
(n) (n) (kV) (V) PH ZONE1 PH ZONE 2 PH ZONE 3
PH ZONE 4 ER ZONEL ER ZONE 2 ER ZONE 3 ER ZONE 4 PH ZONEL
PH ZONE 2 PH ZONE 3 PH ZONE 4 ER ZONE1 ER ZONE 2 ER
ZONE 3 ER ZONE 4
REACH TIME REACH TIME REACH TIME REACH TIME REACH
REACHREACHREACHREACH TIME REACH TIME REACH TIME REACH
TIME REACH REACHREACHREACH
(S) (S) (S) (S)
(S) (S) (s) (s)

1 701G09021M1 G090 RED670 R-X 1500 1 400

110.00 0.00\ 0.00 0.00 0.00\ 0.00 0.40 0.00\ 0.00 0.40 0.00\ 0.00 0.00
0.00\ 0.00 0.00\ 0.00 0.00\ 0.00 0.00\ ©0.00 0.00\ 0.00 0.00 0.00\ 0.00
0.50 0.00\ 0.00 0.50 0.00\ 0.00 0.00 0.00\ 0.00 0.00\ 0.00 0.00\ 0.00
0.00\ 0.00

2 701G09021M2 G090 RED670 R-X 1500 1 400
110.00 0.00\ 0.00 0.00 0.00\ 0.00 0.40 0.00\ 0.00 0.40 0.00\ 0.00 0.00
0.00\ 0.00 0.00\ 0.00 0.00\ 0.00 0.00\ ©0.00 0.00\ 0.00 0.00 0.00\ 0.00
0.50 0.00\ 0.00 0.50 0.00\ 0.00 0.00 0.00\ 0.00 0.00\ 0.00 0.00\ 0.00
0.00\ 0.00

3 701G01021M1 G010 RED670 R-X 1500
0.00 0.00\ 0.00 0.00 0.00\ 0.00 0.50 0.00\ 0.00 0.50 0.00\ 0.00 0.00 0.00\
0.00 0.00\ 0.00 0.00\ 0.00 0.00\ 0.00

9 701D03021M1 D030 RED670 R-X 1500

1.13 Import Menu

Fault Levels: There are situations where transmission and distribution system study is executed
separately. It is required to import fault level from the transmission system to the distribution system
at the common points. Then this option can be used.

Execute short circuit studies with Fault at all Buses and Fault type as 3 phase and SLG fault one
after another option for a transmission database. XXX.flt file will be generated in SCS folder. This file
can be accessed from the distribution database from menu option Import- > Fault level to obtain
same impedance at generator of distribution system provided the buses in both the databases
should have same bus no.s.

1.14 Window Menu

The Window menu offers the following commands, which enable you to arrange multiple views of
multiple documents in the application window:

Cascade command

Use “Window > Cascade” command to arrange multiple opened windows in an overlapped fashion.
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Tile Horizontal

Use “Window > Tile Horizontal” command to vertically arrange multiple opened windows in a non-
overlapped fashion.

Tile Vertical

Use “Window > Tile Vertical” command to arrange multiple opened windows side by side.
Close All

Use this command to close all the windows.

Window 1, 2,

Database Manager displays a list of currently open document windows at the bottom of the Window
menu. A check mark appears in front of the document name of the active window. Choose a
document from this list to make its window active
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