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MiP-PSCT How to solve LFA

1. How to solve Load Flow

Figure shows a single line diagram of a 5 bus system with two generating units, seven

lines. Per-unit transmission line series impedances and shunt susceptances are given on

100 MVA base in table 1.1. Real power generation, real and reactive power loads in MW

and MVAR are given in table 1.2.

With bus 1 as slack, use the following methods to obtain a load flow solution:

(@ Gauss-Siedel using Y-bus, with acceleration factors of 1.4 and tolerances of 0.0001
and 0.0001 per unit for the real and imaginary components ofvoltage.

(b Newton-Raphson using Ybus, with tolerance of 0.01 per unit for the real and

reactive bus powers.
C A A

North [1] Lake [3] Main [4]

Elm [5]

South [2]

Assume the base voltage for the bus as 220 kV and system frequency as 60 Hz.

Impedances and line charging for the sample system.

|
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Table: 1.1

Bus code Impedance Line charging

From - To R+jXin pu B/2in pu
1-2 0.02+j0.06 0.0+j0.030
1-3 0.08+j0.24 0.0+j0.025
2-3 0.06+j0.18 0.0+j0.02
2-4 0.06+j0.18 0.0+j0.02
2-5 0.04+j0.12 0.0+j0.015
3-4 0.01+j0.03 0.0+j0.010
4-5 0.08+j0.24 0.0+j0.025

Generation, loads and bus voltages for sample system

Table: 1.2
Bus Bus Voltage | Generation | Generation | Load Load
No MW MVAR MW MVAR
1 1.06+j0.0 0 0 0
2 1.00+j0.0 40 20 10
3 1.00+j0.0 0 45 15
4 1.00+j0.0 0 40 5
5 1.00+j0.0 0 60 10

Procedure to enter the data for performing studies using MiP-PSCT.

MiP-PSCT - Database Configuration

Open Power System Network Editor. Select menu option Database — Configure.
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Configure Database dialog is popped up as shown below. Click Browse button. Open
dialog box is popped up as shown below, where you are going to browse the desired
directory and specify the name of the database to be associated with the single

line
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diagram. Click Open button after entering the desired database name. Configure
Database dialog will appear with path chosen.

x|
Look\_n:l ) study j . ek BB~ onfigure Database x|
MName =+ k | +| Date modified | <[ Type
Mo itemsYatch your search, D atabaze Mame IE:\slud_l,l\stagg.mdb
Select the folder and | Connect

give the database

name and Open Cancel | CIearPith | Brawse |
1] / | ﬂ \ \

4
File name: |stagg_mdb K Open Click OK
Files of type: | Databass Files “mdb | Cancel Click to clearthe
! _l database path
[~ Open as read-only
2
Note: Do not work in the MiP-PSCT directory.
Conlfiguration Information
Click OK button on the Conflg ure Database General Information |Vullaga Levelsl E\E:tn:a\&Culr&mw\nlurmahuﬂl Breakelﬂalmgsl

dialog. The dialog as shown appears.

Uncheck the Power System Libraries and e |
Standard Relay Libraries. For this example these

standard libraries are not needed, because all the
data is given on Pu for power system libraries
(like transformer, line\cable, generator), and relay Network Tt
libraries are required only for relay co-ordination
studies. If Libraries are selected, standard
libraries will be loaded along with the database.
Click Electrical Informationtab. = =%

Since the impedances are given on 100 MVA base, ST
check the pu status.

ID: st mdb

First Power System Nehwork

Ok I Cancel | Al | Help |

Enter the Base MVA and Base frequency as shown below. Click on Breaker Ratings button to give breaker
ratings. Click OK button to create the database to return to Network Editor.
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Configuration Information
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Bus Base Voltage Configuration

In the network editor, configure the base voltages for the single line diagram. Select
menu option Configure—»Base voltage. The dialog shown below appears. If necessary
change the Base-voltages, color, Bus width and click OK.

=
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1.1 Procedure to Draw First Element -Bus

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID and Bus Name. Click OK. Database manager with
corresponding Bus Data form will appear. Modify the Area number, Zone number and
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Contingency Weightage data if it is other than the default values. If this data is not
furnished, keep the default values. Usually the minimum and maximum voltage ratings
are + 5% of the rated voltage. If these ratings are other than this, modify these fields.
Otherwise keep the default values.

Bus description field can be effectively used if the bus name is more than 8 characters. If
bus name is more than 8 characters, then a short name is given in the bus name field
and the bus description field can be used to abbreviate the bus nhame. For example let us
say the bus name is Northeast, then bus name can be given as NE and the bus
description field can be North East.
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After entering data click save @l this invokes Network Editor. Follow the same procedure
for remaining buses. Following table gives the data for other buses.

Bus Bus Nominal
Number Name Voltage(kV)
2 South 220
3 Lake 220
4 Main 220
5 Elm 220

Note: Since the voltages are mentioned in pu, any kV can be assumed. So the base
voltage is chosen as 220 kV.

1.2 Procedure to Draw Transmission Line

Click on Transmission Line icon provided on power system toolbar. To draw the line
click in between two buses and to connect to
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the from bus double clicking LMB (Left Mouse f o
DaREieal e pyIEsTasEEM Jvf:

B
M
7

Button) on the

From Bus and join it to another bus by double
clicking the mouse button on the T o Bus. Element
ID dialog will appear.
Enter Element ID number and click OK. Database
manager with corresponding Line\Cable Data form
will be open. Enter the details of that line as shown
below. Enter Structure Ref No.as 3001 and click
on Transmission Line Library >> button.
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[2Bus2) | | _I 0 Breaker
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Contingency Weightage [1 5 TR " From Side
J I I  TaSide

it Cammission Status
@ InSemice  FomEndOpen ¢ ToEndOpen  Dutof Service HG Evisting ¢ Proposed  Year |0

Line & Cable Library form will appear. Enter Transmission line library data in the form
as shown below for Linel-2.

Line and Cable Library
Structure
’V Mumber 3001 Mame |[Linet-2 Fetch »»

Suge Impedance
Pasiive Sequence Resistance oz 2 fromm—

1.000000 Ohms
Fosiive Sequence Reactance [

pu
pu
Fostive Sequence Susceplance B/2) [T08 g Y 6285714280 Kkms/sec
U
pu

Zeto Sequence Resistance I _Compute KL B2
Zera Sequence Reactance —

Zero Sequence Susceplance B2 [ pu

Thermal Rating [0 MvA  Compue

Line Harmonic Number [ HamonoLibay »

Cost per km o Cast Per Unitin Thermal Curves >
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After entering data Save Gand Close. Line\Cable Data form will appear. Click Save&,
which invokes Network Editor to update next element. Data for remaining elements given
in the following table.

Transmission Line Element Data

Line From No. Of | Structure
No Bus To Bus circuits Ref. No.
2 1 3 1 2
3 2 3 1 3
4 2 4 1 3
5 2 5 1 4
6 3 4 1 5
7 4 5 1 2
Transmission Line Library Data
Structure Ref | Structure Ref | Resistance | Reactance | Line charging ;zrgt(iarrg?rlw
No Name In pu pu B/2in pu MVA
1 Line 1-2 0.02 0.06 0.03 100
2 Linel-3 & 4-5 0.08 0.24 0.025 100
3 Line2-3 & 2-4 0.06 0.18 0.02 100
4 Line2-5 0.04 0.12 0.015 100
5 Line3-4 0.01 0.03 0.01 100

1.3 Procedure to Draw Generator

Click on Generator icon provided on power system tool bar. Connect it to bus 1 by
clicking the LMB on Bus 1. The Element ID dialog will appear. Enter ID number and
click OK. Database with corresponding Generator Data form will appear. Enter details
as shown below.

1o et e (gl

o e e E I E = RO e RS =

3 3] 3 o e e I B =3 K 3] L= ] s N e

Mool Tupm
L ——

Generator Data

o Thoough Tombores _ Caeuinn

AV Pt

© 81 Toansers Masateg (74 0]

Power Research and Development Consultants Pvt. Ltd.

Page 7




MiP-PSCT How to solve LFA

Since the specified voltage is given as 1.06 pu, enter the value. Voltage will be
calculated and appear in the specified voltage field in kV

Since generator at bus 1 is mention as slack bus, only specified voltage will have
importance.

Note: At slack bus, only voltage and angle are mentioned. Scheduled power, real power
minimum and maximum constraints do not have much importance.

If the bus is a PV bus (like bus 2), then scheduled power, specified voltage, minimum
and maximum real and reactive power data is must.

Enter Manufacturer Ref. No.as 1 and click on Generator Library button. Generator
library form will appear.

Generator Library

‘ Ref. Number  [20 Fetch Generalor Marufsctuerame [Gond ‘
‘ MVARating 100 Mot Riaing |20 4/ Rting [220 Compute Hd."d.n.0
pu onits Dwn Rating
Amaturs Riesistancs (Ra] o Pu  Polier Reactancs (¥p) —
Direct Avis Feactance (<d] [0 PU  Direct s Transient Reaclance (<] o pu
Quadrature A Reactance [q) [0 PU Quadistue ds Transient Reactance (0] [ pu
Negalive Seq Reactancs (xnl [0 PU  DirectAxis SubTransient Reactance <'d) |0 u
Zero $eq. Reactancs (Xo) 0 PU Quadiaturs Axis Sub-Transient Reactancs (<'g) [ pu
Direct &xiz Open Circuit Direct &xis Open Circuit Inertia in M08
Transient Time Constant 715 Sub-Transient Time Constant 0.033
(T'do) (T'da) 331
Quackatus pvis Open Cieut 75— Quadiature Asi Open Creuit Damping Facter
Transicnt Tme Canctart Taz) 122 Sub-Transient Time Constant (T"qe) 1219 | —

~Winding Cornections— -~ Mass Detal st Per Unitin
Next
Mass Number e | |-
Y Y& | et v Courter
(e CI o Damping Factor << Back Thermal Curves:
Thermnal>>
pu targue/
Elec. Rad LiElEe

!

Stiffness Co-efficient

11

After entering data Save and close. In Generator Data form click Save. Network
Editor Screen will be invoked. Similarly connect generator 2 at bus 2. Enter its details
as given in the following table.

Generator 2 Element Data
Manufacturer Ref.No 2
No. of Units parallel 1
Specified voltage 220
Derated MVA 50
Scheduled Power 40
Real Power Min. 0
Real Power Max. 40
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Reactive Power Min 30
Reactive Power Max 30

Note: Since in the data at bus 2, it is mentioned the Q generation as 30 MVAR. It means
that generator has to generate 30 MVAR compulsorily. So mention Q min and Q max
data as same (30) for this particular case. Thus bus has become PQ bus.

Generator 2 Library Data
MVA Rating 50
MW rating 40
kV rating 220
Manufacturer Name Gen2

1.4 Procedure to Enter Load Data

Click on Load icon provided on power system tool bar. Connect load 1 at BUS2 by
clicking the LMB on Bus 2. Element ID dialog will appear. Give ID No as 1 and say OK.
Load Data form will appear. Enter load details as shown below. Then click save button,
which invokes Network Editor.

E

3¢ LoadData
Tlalainfe sl B | womoies

M [ Fochlosi| N B | | Schedieba]l 3 ’__I

SEalEss FeEzIELE AN

B e R o i e e = W = = ] ST

i3 1l Balinter [T s] OO | A Cperion
el 5:“: ¥ [ —— |— Hrmn Conpeesion A8 |0 CoPaliin—
e =y |n- ——| o —
ie | <[] | Reacive Powerin 1 N o O
Hiw e
o |#|0|e T
i | EE afiam eseer Lot | ittt ] 7
HE = Fbo [ 3
H 3 L ltrcedlo——————— Ly
oz =T L ﬂ"ﬁ Load Chacteicics b
2 ] § MoaloadPeomiap——— | Urbaendloadlese | AD—
o iE e o Bt Cherge
T e == : :
15 [ [ Sietetin
e Mt oo
# nSens £ T
L } AE[@|=={m] il = okt [0
U -
[t [omer [eeereroos e [FITREITREW Tomwara ool Bl
i ey LONEN TN YD m) F]‘]Pd’l | Bowsz

Connect other loads to buses 3, 4 and 5. Enter other load details as given in the
following table.

Load Details
Load No Bus No MW MVAR
2 5 60 10
3 3 45 15
4 4 40 5
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1.5 Solve Load Flow Analysis
Select Menu option Solve—Load Flow Analysis. Following dialog will appear.

x
1. Click on

Case [ v \Study\nfo. |
% Execute After Input File Creation
Delete |
" Dnly Input File Creation
/Becute.. |
| —

| 2. After giving
Required
~res|  Information

Nelwork...l Heport.4 Wiew Bus.. | Graph . |
|

3. After executing click here to —‘

When Study Info button is clicked, following dialog will open. Select Gauss-Siedel
Method and enter acceleration factor as 1.4 and P-Tolerance and Q-Tolerance as
0.0001. Click OK.

Cortingency Ranking Analysis | Available Transfer Capabilty | SubStatoriwiseLFa |
Genersl Frequency deperdert Load Flow | Optimal Load Flow |
Technique
* {auss - Sladel Maihod Aoceleration Factor |14
7 Newton Fiaphson Method
" Fast Decoupled LoadFlow " DC Load Flow
Load Flow Type
1+ Slack Bus Concept LFA »
) )
L r
-
cC u n
Simulstion Ratings
[ Feed Cunent Simulation [~ ATC

~ Meminal  { Rafingl ¢ Ratingll
[~ Substalion wise LF&

V- Tolerance [0.0001 Murber of lterations i
D -Tolerance 00001 O Chesklmt & [0
Slack Bus |0 [Max Gereration Bus) ~ (e et il 0.75

Pt Ons [Dots and Restte ) TepHode [TzasaTon <]
Cine Fiau Hit] My & bvar = Muliplication Factar |1 -
S on Summary After Exscution ReductionFactar [1 |

ok | caneel | |
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Execute load flow analysis and click on Report in load flow analysis dialog to view
report. Repeat the procedure with P and Q tolerances as 0.01 for Newton Raphson
Method.

Report

LOAD FLOW BY GAUSS-SIEDEL METHOD
CASENO: 1 CONTINGENCY :0 SCHEDULE NO:0
CONTINGENCY NAME : Base Case RATING CONSIDERED : NOMINAL

VERSION NUMBER : 8.2
%%

Largest Bus Number Used 5

Actual Number of Buses 5

Number of 2 Wind. Transformers : 0 Number of 3 Wind. Transformers: 0
Number of Transmission Lines :7 Number of Series Reactors .0
Number of Series Capacitors : 0 Number of Circuit Breakers : 0
Number of Shunt Reactors :0 Number of Shunt Capacitors : 0
Number of Shunt Impedances :0 Number of Generators D2
Number of Loads :4  Number of Load Characteristics: 0
Number of Under Frequency Relay: 0 Number of Gen.Capability Curves: 0
Number of Filters :0  Number of Tie Line Schedules : 0
Number of Convertors :0  Number of dc Links 00
Number of Shunt Connected Facts: 0 PowerForced Lines 00
Number of TCSC Connected :0  Number of SPS Connected 0
Number of UPFC Connected :0 Number of Wind Generators : 0
Number of wtg Curves :0  Number of wtg Detailed Curves : 0
Number of solar plants 0

Load Flow With Gauss Seidel Method 5

Number of Zones 1

Print Option . 3-Both Data and ResultsPrint

Plot Option :1- Plotting with p.u. Voltage

No Frequency Dependent Load Flow, Control Option: 0

Base MVA : 100.0

Nominal System Frequency (Hz) : 60.0

Frequency Deviation (Hz) ;0.0

Flows in MW and MVAr, Option .0

Slack Bus : 0 (Max. Generation Bus)
Transformer Tap Control Option .0

Q Checking Limit (Enabled) .0

Real Power Tolerance (p.u.) :0.00010

Reactive Power Tolerance (p.u.) :0.00010

Maximum Number of Iterations . 15

Bus Voltage Below Which Load Model is Changed : 0.75000

Circuit Breaker Resistance (p.u.) :0.00000

Circuit Breaker Reactance (p.u.) :0.00010

Transformer R/X Ratio :0.05000

Annual Percentage Interest Charges : 15.000
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Annual Percent Operation & Maintenance Charges : 4.000

Life of EQuipment in Years : 20.000

Energy Unit Charge (KWH) . 2.500Rs
Loss Load Factor : 0.300

Cost Per MVAr in Lakhs . 5.000 Rs

ZONE WISE MULTIPLICATION FACTORS
ZONE PLOAD QLOAD PGEN QGENSHREACT SHCAP CLOAD

0 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000

BUS DATA

BUS NO. AREA ZONE BUS kV VMINCp.u.) VMAX(p.u.) NAME
1 1 1 220.000 0.980 1.080 North
2 1 1 220.000 0.980 1.080 South
3 1 1 220.000 0.980 1.080 Lake
4 1 1 220.000 0.980 1.080 Main
5 1 1 220.000 0.980 1.080 Elm

TRANSMISSION LINE DATA

STA CKT FROM FROM TO TO LINE PARAMETER RATING KMS
NODE NAME* NODE NAME* R(p.u.)  X(p.u.) B/2(p.u.) MVA

South 0.02000 0.06000 0.03000 100 1.00

3 1 1 North 2
3 1 1 North 3 Lake 0.08000 0.24000 0.02500 100 1.00
3 1 2 South 3 Lake 0.06000 0.18000 0.02000 100 1.00
3 1 2 South 4 Main 0.06000 0.18000 0.02000 100 1.00
3 1 2 South 5 Elm 0.04000 0.12000 0.01500 100 1.00
3 1 3 Lake 4 Main 0.01000 0.03000 0.01000 100 1.00
3 1 4 Main 5 Elm 0.08000 0.24000 0.02500 100 1.00
Total Line Charging Susceptance (in p.u.) H 0.29000
Total Line Charging MVAr at 1 p.u. Voltage H 29.000
Number of Lines Opened on Both the Ends : 0
Total Line Charging susceptance of Existing Lines (in p.u.) : 0.29000
Total Line Charging MVAr at 1 p.u. Voltage of Existing Lines : 29.000
Total Capacitive Susceptance H 0.00000 p.u. - 0.000 MVAr
Total Inductive Susceptance H 0.00000 p.u. - 0.000 MVAr
GENERATOR DATA
SI1.No* FROM FROM REAL Q-MIN Q-MAX V-SPEC CAP. MVA STAT
NODE NAME*POWER (MW) MVAr MVAr p-u. CURV RATING
1 1 North 80.0000 0.0000 60.0000 1.0600 O 100.00 3
2 2 South 40.0000 30.0000 30.0000 1.0000 O 50.00 3

|
Power Research and Development Consultants Pvt. Ltd. Page 12



MiP-PSCT How to solve LFA

LOAD DATA
Slno. FROM FROM  REAL REACTIVE COMP COMPENSATING MVAR VALUE ~CHAR F/V
NODE NAME MW MVAr MVAr MIN MAX STEP NO. NO.
STAT
1 2 South 20000 10.000 0.000 0.000 0.000 0.000 0 O
30
2 3 Lake 45.000 15.000 0.000 0.000 0.000 0.000 0 O
3 0
3 4 Main 40.000 5.000 0.000 0.000 0.000 0.000 0 O
30
4 5 Elm 60.000 10.000 0.000 0.000 0.000 0.000 0 O
3 0
Total Specified MW Generation : 120.00000

Total Minimum MVAr Limit of Generator : 30.00000
TOTAL Maximum MVAr Limit of Generator : 90.00000

Total Specified MW Load : 165.00000 Changed to 165.00000
Total Specified MVAr Load : 40.00000 Changedto 40.00000
Total Specified MVAr Compensation :0.00000 Changed to 0.00000

TOTAL (Including Out of Service Units)

Total Specified MW Generation : 120.00000
TOTAL Minimum MVAr Limit of Generator : 30.00000
Total Maximum MVAr Limit of Generator : 90.00000

Total Specified MW Load : 165.00000 Changed to 165.00000
Total Specified MVAr Load : 40.00000 Changedto 40.00000
Total Specified MVAr Compensation :0.00000 Changed to 0.00000

GENERATOR DATA FOR FREQUENCY DEPENDENT LOAD FLOW

SLNO* FROM FROM P-RATE P-MIN P-MAX %DROOP PARTICI BIAS
NODE NAME* MW MW Mw FACTOR SETTING
Cco Ci1 c2

1 1 North 80.000 0.0000 80.0000 4.0000 0.0000 0.0000
1.0000 0.1000 0.0100

2 2 South 80.000 0.0000 40.0000 4.0000 0.0000 0.0000
1.0000 0.1000 0.0100

Acceleration factor : 1.40

Slack bus angle (degrees) : 0.00

TOTAL NUMBER OF ISLANDS IN THE GIVEN SYSTEM 1
TOTAL NUMBER OF ISLANDS HAVING ATLEAST ONE GENERATOR : 1
SLACK BUSES CONSIDERED FOR THE STUDY

ISLAND NO. SLACK BUS NAME  SPECIFIED MW

1 1 North 80.000

Iteration count = 1 Error = 0.052538 Bus = 2
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Iteration count= 2 Error= 0.015724Bus= 5

[¢)]

Iteration count = 3 Error = 0.007669 Bus =
Iteration count= 4 Error = 0.002768 Bus =

N

Iteration count= 5 Error = 0.002594 Bus= 5
Iteration count= 6 Error = 0.001050 Bus = 4
Iteration count = 7 Error= 0.000867 Bus= 3
Iteration count = 8 Error = 0.000394 Bus = 2
Iteration count= 9 Error = 0.000217 Bus= 3
Iteration count = 10 Error = 0.000117 Bus= 3

Iteration count = 11 Error = 0.000044 Bus= 2

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW  MVAr MW  MVAr MVAr
NO. NAME p.u. DEGREE GEN GEN LOAD LOAD COMP
1 North 1.0600 0.00 129.535 -7.468 0.000 0.000 0.000<
2 South 1.0475 -2.81 40.000 30.000 20.000 10.000 0.000
3 Lake 1.0242-5.00 0.000 0.000 45.000 15.000 0.000
4
5

Main 1.0236-5.33  0.000 0.000 40.000 5.000 0.000
Elm 1.0180-6.15 0.000 0.000 60.000 10.000 0.000
NUMBER OF BUSES EXCEEDING

MINIMUM VOLTAGE LIMIT (@ mark) : 0

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : O
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) : 1
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) : 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROMTO TO FORWARD LOSS %
NODE NAME NODE NAME MW  MVAr MW  MVAr LOADING

111 North 2 South 88.825 -8.610 1.4093 -2.4345 84.2#
211 North 3 Lake 40.710 1.141 1.1911-1.8583 38.4"
312 South 3 Lake 24.690 3.535 0.3513 -3.2385 24.7&
4 12 South 4 Main 27.936 2.957 0.4413 -2.9660 27.5"
512 South 5 Elm 54.824 7.346 1.1253 0.1756 52.8%
6 13 Lake 4 Main 18.900 -5.167 0.0357-1.9898 19.1&
714 Main 5 Elm 6.334 -2.280 0.0307 -5.1178 6.8&

' NUMBER OF LINES LOADED BEYOND 125% 0

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% : 0O
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% : 1
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75%: 1

Power Research and Development Consultants Pvt. Ltd. Page 14



MiP-PSCT

How to solve LFA

~NUMBER OF LINES LOADED BETWEEN 25% AND 50% : 2
& NUMBER OF LINES LOADED BETWEEN 1% AND 25%: 3
* NUMBER OF LINES LOADED BETWEEN 0% AND 1%: O

BUSES BETWEEN WHICH ANGLE DIFFERENCE IS > 30 degrees ARE: ZERO

ISLAND FREQUENCY SLACK-BUS CONVERGED(1)

1 60.00000 1 1

Summary of results

TOTAL REAL POWER GENERATION (CONVENTIONAL) : 169.535 MW

TOTAL REAL POWER INJECTION (-ve LOAD) :
TOTAL REACT. POWER GENERATION (CONVENTIONAL) :
0,991

GENERATION p.f.

TOTAL REAL POWER GENERATION (WIND)
TOTAL REACT. POWER GENERATION (WIND)
TOTAL REAL POWER GENERATION (SOLAR)
TOTAL REACT. POWER GENERATION (SOLAR)

TOTAL SHUNT REACTOR INJECTION
SHUNT REACTOR INJECTION

TOTAL SHUNT CAPACIT.INJECTION
TOTAL SHUNT CAPACIT.INJECTION

TOTAL TCSC REACTIVE DRAWL
TOTAL SPS REACTIVE DRAWL
TOTAL UPFC INJECTION

TOTAL SHUNT FACTS INJECTION
TOTAL SHUNT FACTS DRAWAL

TOTAL REAL POWER LOAD
TOTAL REAL POWER DRAWAL (-ve gen.)
TOTAL REACTIVE POWER LOAD

LOAD p.f. 0.972
TOTAL COMPENSATION AT LOADS
TOTAL HVDC REACTIVE POWER

TOTAL REAL POWER LOSS (AC+DC)
PERCENTAGE REAL LOSS (AC+DC)
TOTAL REACTIVE POWER LOSS

0.000 MW
22.532 MVAr

0.000 MW
0.000 MVAr
0.000 MW
0.000 MVAr

0.000 MW TOTAL
0.000 MVAr

0.000 MW
0.000 MVAr

0.000 MVAr
0.000 MVAr
0.000 MVAr

0.000 MVAr
0.000 MVAr

165.000 MW
:0.000 MW
40.000 MVAr

0.000 MVAr
0.000 MVAr

4.584616 MW ( 4.584616+ 0.000000)
T 2.704
:1-17.429226 MVAr

Description Zone #1

MW generation ~ 169.5349

MVAr generation  22.5315

Power Research and Development Consultants Pvt. Ltd.
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MW wind gen. 0.0000
MVAr wind gen.  0.0000
MW solar gen. 0.0000
MVAr solar gen. 0.0000
MW load 165.0000
MVAr load 40.0000
MVAr compensation 0.0000
MW loss 4.5846
MVAr loss -17.4292
MVAr - inductive0.0000

MVAr - capacitive 0.0000

Zone wise export(+ve)/import(-ve)
Zone # 1 MW & MVAr

Area wise export(+ve)/import(-ve)
Area# 1MW & MVAr

Area wise distribution
Description Area # 1

MW generation 1695349
MVAr generation  22.5315
MW wind gen. 0.0000
MVAr wind gen.  0.0000
MW solar gen. 0.0000
MVAr solar gen.  0.0000
MW load 165.0000
MVAr load 40.0000

MVAr compensation 0.0000

Power Research and Development Consultants Pvt. Ltd.
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MW loss 4.5846
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MVAr loss -17.4292
MVAr - inductive0.0000

MVAr - capacitive 0.0000

1.6 Procedure to plot the results on the Single Line Diagram

Select Menu option Plot—>Load Flow Analysis. Following dialog will appear.

W Select a Power System Results Plot file x|
Plat File |E:\study\LFA\T staggl.ntd |_l|

Results Layer |EINSEMTEE

Zaone Mumber ID [~ Summary

—oltage Display

Woltage Urit.. [l ‘ag_!( vI
PTEGISION. . ovveovev 4 Precision............... ‘2

r— Power Flow Displ

Select Voltage and Flow

Flaw Unit.... nit

[ Low | [Nomal] [ High ] [ Low | [Momal] [ High |
— ) From Ta Loss Flow Direction
; nits FP WP [P [P
Click OK
) V' a Mo g [Ca

/
[ [[E==

e —
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Horh[l] & Laks [3] =8 Mein[] g5
L A L4z z= s gin
(0.0000) ~ (-4.9938) i (-5.3282) I
& [&
k= =(E alg zle Ble glE &2 wlg
Bge 32 flg W 4d E I
[South [2] & =la Elm [3] =
s 92 50 ks Loz sl
28054y =)L T 50 (-6.1401) =
28 w2 ys sl =8
it = S Al |
Total Gen. : 169.534 (22.532)
Total Load : 165.000 (40.000)
Total Loss :4.584604 (-17.420253)
Display Notation
Injection into the bus : +ve
Draw| away from the bus : -.ve
Voltage Mag/Ang in p.u/degree
Flows in MUY and hMvar

1.7 Quick Solve ->Load Flow (Shortcut method to perform Load flow analysis)

Select menu option Quick Solve —» Load Flow. Load flow analysis is executed and
automatically results are plotted on GUI.

Contingency Analysis

1. Click RMB on the element to be opened (Out of service) and Select Menu
option Element Status—Open

Ty IS G Gripm i men s 1o e P v B e e 1 Frr
o Caluieis W | {915 L 5 AW ofe = | o
B simal
‘HHJ
Bl
alf
el
=i 4«»\&\ ]
= Flolwl
7l m
|5 EE[E[E
it
ol % - w»\m
9 nen
Al LR
wll momenor
Fa m|—r_{r« G]18
ole|E
o mea
) M sl
] T [Fewweevayoo oo wmmim | [}
e i L b 0
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Noth[1] gig Lake [3] cB Man[4] g2
1.0600 ale 1.0241 w2 1.0236 gl
[D£DDD} —|= (-4.9943) il (-3.3280)
2g  EE e 2% 2|2 af
% = S Fom &|E T2 =Z mlo 9
" = n ] -
Cut
MNT Copy
Paste
—  Delete
Line Reactor 4
South [2] - E = g o & Pen & Brush Sty_ie Elm [3] -
1.0474 LF_Y_ = == = 7% Rotates the Object by 90 degree l.le-‘_E} [
(-2.8077) oo e |~ ConnectToBus (61:11) bl i
Disconnects From Bus
s cp o EECET NCT|
o= 2= o =]
Element ID From End open
Element ficode To End Open
Litarars Circuits
Attribute
Attribute Location 3

Fault Simulation
Protection Simulation

2. Select Menu option Configure—Save Contingency for saving contingency in database.
Following dialog will appear
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Enter Contingency No.

Contingency Description

Contigency Name  [Line 1-3 open

| 1] 4 I Cancel
Click OK

Contigency Number

3. Execute Load Flow Analysis

Load Flow Result: -
BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE GEN MW GEN MVAR OAD MW LOAD MVAR COMP
MVAR

1 North 1.0600 0.00 131.639 5.385 0.000 0.000
0.000#

2 South 1.0328 -4.05 40.000 30.000 20.000 10.000

3 Lake 0.9939 -8.09 0.000 0.000 45.000 15.000
0.000

4 Main 0.9960 -8.07 0.000 0.000 40.000 5.000
0.000

5 EIm 0.9980 -7.97 0.000 0.000 60.000 10.000
0.000
---NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 0
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) : 0
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) : 0

LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO FORWARD LOSS %

NODE NAME NODE NAME Mw MVAR Mw MVAR
LOADING

11 1 North 2 South 131.639 5.385 3.0982 2.7238

2 1 1 North 3 Lake LINE 1S OPEN

e —
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3 1 2 South 3 Lake  43.274 7.150 1.1019 -0.8034
425"
4 1 2 South 4 Main  42.883 6.093 1.0725 -0.8997
4190

5 1 2 South 5 EIm  62.463 9.495 1.5093 1.4339
61.2%
6 1 3 Lake 4 Main -2.682 -6.922 0.0043 -1.9670
7.5&
7 1 4 Main 5 Elm -0.938 -3.015 0.0009 -4.9674
3.2&
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Procedure to add Different Generation Schedules:

1.

Merth[1] &g Lake [3] == Man[4 g5

10800 &2 0.9930 (2 0.9960 g1

£0.0000) — (-2.0856) = (-8.0734) -~

=
=

=T — — = - o= -
= g2 =8 5|8 |8 g8 % g8
Sowth []Y o E Elm [3] =
10328 Y o b =1 0.9920 4]
(40455) T d|e (-79634) =

=8 =5 | a vz =E

82 sE 3 gl= =%

Select menu option Configure -> Schedule OR Double Click LMB on the Generator to
invoke database manager. Following database form will appear

Generator Data
| Husrkeet |l Fu:hl:mm»l Name [EEE] Martenance I |ScMJeNn| vI
Protection
{hauth] (12 Marulsctuet flel Mo |1 [Genl] 'l Cver Classrt
Uirits ins Possbiel [ Gr | Capsbility Cuva Mo [07q) =| _ Copoluly Curvo 55 | »i
~ Specied Volage |- Breakes Fating Holay [
1 000 Pu [1EE (% (B w000 Inka {21870 Lirsl Frolmtion

DeRmedbivs 100 | Reactie Powes - Mesmmm [0 Mo | 7 Cost Por Unkin B
Schockied Powor [0 s || Rescive Poer Mo [T v || I

Flel Fovwes Dilisztion Dok — —— (S

ost Co-slficient
Pizal Poswes - Minemwm [0 M " Uty Grd
Cont Coffickent C1 [0 .
Fiosl Power - Hadmum 60 Lo Cod Cosflicent T2 [D01 il
Status Comiesion St
= InSerace 1 Oul ol Servace ! 7 Exting (" Popossd  Yem [0

Hewal Grourndng Resistarce [0 ohms  Pasticipaion Factod (3] [0

Ml Grounding Resctancs 0 cheng  Bios Sellng [a

Ginundang Theough Transo Coluldie Dhicacas [ %] 0

[ Mocdal Ty I [t Filos - 1
ip Irfirits Bluis Mocdeling {+d | |nvnﬁ¢ue 0 JAVTE] Tope =] s ]| |

|1 Tramsinrs Mexdnling [20d &9 ANF FPR Namo | Click H _i
|1 Sub Tuarsiant Modeling | =7 &

| :.. s tngtssl ITub'monﬂdMn [Tt =1 Ic ere =T
Conligure | Contiogency | Select | To Network| Schedule | DB Desc

Mlschedule x|
~idd
Mumber |1 Copy From IU Schedulel -
Name [5chedulel
— Madity Marn:
Delete———————— .
E—— Click to Add
Schedule
add | dody | Delte | [T
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Page 22



MiP-PSCT

How to solve LFA

2. Close and Reopen Generator database to update the changes. Click on Select Button
in Contingency & Schedule toolbar to switch between different Contingencies and

Schedules. Following dialog box will appear.

Current Schedule And Contingency
Schedule

x|

Contingency

Name Iopen line 4-5
MNumber I 1 E’

Name |Schedu|e1

Select Contingency
& Schedule Number

umber j

o ]

Cancel |

3. Enter the schedule details in Generator Data form and save

4. Execute Load Flow Analysis and plot the results on the Single line Diagram

©

Motth[1] 8| Laks [7] o= Man[4 g
L0600 g [ 09332 ol 09904 g
@mooony | (-5 7262) Tz (83723 [
—
5l e = 82
IR = — — — e -
2z Sl Sle glg Z|= 52 2R
South [ o = e &y Elm [5] .
10215 % o SE 0.9925 85
(47003 — D Tl gl (-2 6547) =
5 = - _ =
g 5E 5 s|E 8B
(xi b s2 i 2l B
Pshnew= 20 MW
Page 23
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1. Click on study info

Caze tudy Info...

—

' Exacute After Input File Creation

il

Delate
" Only Input File Creation
| 2. After giving ||
required
| INformation

Network...l Feport . A ViewBus...l (Graph... |

3. After executing click here to getreport

Procedure for Contingency Ranking Analysis:

1. Select Menu option Solve—Load Flow Analysis. Following dialog will appear.

Click Here

Load Flow Studies

Contingency Riarking Anabsis |
General

Avallabilty Transfer Capabilty
Frequency dependent Load Flow

x|

| SubStatioriwiseLFA |
Optimal Load Flow

General |
Cantingency Ranking Analysis

Frequency dependsnt Load Flow |

Load Flow Studies

Optimal Load Flow

Availabilly Transfer Capabiity | SubStafioriwive LFA

~ Techniqu
" Gauss - Siadel Wethod
" Nenten Raphsen Methad

o € DC Load Flow

Aoseleration Faston

& Transmission Line
) Srdalransiome:
O Sulrdaiansfone

T

~Load Flow Type

& Slack Bus Concept LF4
© Frequency Diependsnt LF&
© Dptimal Load Flow Analysis

Freaienoy Dependent [ Dptions
0 Flat TieLine Corirol
) Fiat Freaueres Borte]
O Hlat Tiedine Feguency Biss Cortial

1 Shiurt Feaston
) St Eanacitar
1 Series Reastr
) Series Capeoion

Contingency Number

B oty

 Losd e |1
" Generator l_ 3
€ itor s | :
s g

Enter Cont.No

" Contingency Analysis

B Cosfficient & Economic Dispatch

7

ez Do
(iptimieation | - Oiptmieation

Selected SymbolNos

Simulation FErre=
I™ Feed Cuntent Simulstion I~ atc |};~ Nominal ¢ Retingl € Ratingll
™ Substation wise LF&

P - Tolerance |0.0001

@ - Talerance {0.0007
Slack Bus 0 (Max Generation Bus] =

Number of lterations
Q - Check Limit
Load Mode! Yoltage

—
I —

4

Pint Options [ ats and Results il
Lins Flow Uit bt & hvar =

Summat
( I~ Show Surmmary After Execution ‘

Taphode [i)secetTap =
Multiphication Factor |1 hd
1 -

Reduction Factor

Nate: The Elements present in the netwerk are highliahted

x|
|

0k | Caned | e | Ok | Cancel fly
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2. When Study Info button is clicked, following dialog will open. Select Fast Decoupled
Method -> Contingency Analysis and click on Contingency Ranking Analysistab

3. Enter the contingency number in New field and select elements from the Symbol
Nos. table
4. Execute Load Flow analysis.

Report: -

CONTINGENCY RANKING

PIV: VOLTAGE PERFORMANCE INDEX

PIF: OVER LOAD PERFORMANCE INDEX

HIGH VALUE INDICATES LOAD FLOW UNABLE TO CONVERGE

SLNO FROM NAME  TO NAME PIV RANK VOLT PIF RANK
LOAD

LESS
MORE

1 1 North 2 South 2.482e+001 1 4 2.918e+000 1

! 2 1 North 3 Lake 1.891e+000 7 0 2.287e+000 2
! 3 2 South 3 Lake 2.505e+000 5 0 1.305e+000 7
° 4 2 South 4 Main 2.434e+000 6 0 1.464e+000 4
° 5 2 South 5 ElIm 6.250e+000 2 1 2.068e+000 3
° 6 3 Lake 4 Main 2.690e+000 3 0 1.462e+000 5
Z 7 4 Main 5 Elm 2.649e+000 4 0 1.361e+000 6

1.8 Frequency Dependent Load Flow:

Frequency dependent load flow is done to find the variation of frequency due to load and
generation mismatch.
The types of frequency dependent load flow are

(@ Flat Tie-Line control
(b) Flat Frequency control

e —
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In Flat tie line control the power generation is kept constant and a slight variation in
frequency is allowed. If the load is more compared to generation there will be reduction
of frequency and vice versa.

In Flat frequency control the frequency is kept constant and variation in power is allowed.
Each generator is given a participation factor, which decides the power it shares when
there is mismatch between load and generation due to frequency being kept constant.
Flat Tie-Line control:

1. Execute LFA with FDLF->slack bus option in Load Flow Analysis study info

BUS VOLTAGES AND POWERS

NODE FROM V-MAG  ANGLE Mw MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 North 1.0600 0.00 129.584 -7.444 0.000 0.000
0.000#<

2 South 1.0475 -2.81 40.000 30.000 20.000 10.000

0.000

3 Lake 1.0242 -5.00 0.000 0.000 45.000 15.000

0.000

4 Main 1.0236 -5.33 0.000 0.000 40.000 5.000

0.000

5 EIm 1.0179 -6.15 0.000 0.000 60.000 10.000

0.000

2. Change the generator Schedule and Pmax to that obtained in initial load flow also
enter droop in percentage in generator data form.

3. Select. Frequency dependent Load Flow—Flat Tie-Line control

4. Execute Load Flow Analysis
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x|

Contingency Ranking &Analysiz | Aeailability Transfer Capability | SubStation'wise LFA
General Frequency dependent Load Flow I Dptimal Load Flow
Technigue

™ Gauss - Siedel Method Aoceleration Factar I‘I B Select
|

" Newton Faphson Method
" Fast Decoupled LoadFlow = DC Load Flaw

i~ Load Flow Type —mmms—
" Slack Bus CDHM % Flat Tie Ling Cantral

@ Frequenc®ependent LF& " Flat Frequency Control
" Optimal Load Flow &nalysis
" Contingency Analysis

£ Flat Tie Jine Frequency Bias Eorto]

[ ptimizatien M ptare
B Coefficient & E conomic Dispatch I B O ptimization ™| - Eptimization ‘
— Sirmulation — Ratings
[ Feed Current Simulation [ ATC & Marminal ¢ Ratingl ¢ Rating Il

[ Substation wise LF2

P - Tolerance IU.EIDD1 Mumber of [terations |-| 5

[ - Tolerance ID_EIUD1 0 - Check Limit ird ||:|
Slack Bus ID [Max Generation Bus) j e el Yhallizgr ID-Ff5

Frint Options IData and Results j Tap Mode IUse Set Tap vl

L e Wt I MiA & b var j tultiplication Factor I'I 'l
Summary
’7 [~ Show Summary &fter Execution ‘ Reduction Factar I'I 'I

[ ]
Click OK
I—J:DFI Cancel | Apply |

Report:-
BUS VOLTAGES AND POWERS

NODE FROM  V-MAG ANGLE MW MVAr MW MVAr
MVAr

NO. NAME p-u. DEGREE GEN GEN LOAD LOAD
COMP

1 North 1.0600 0.00 129.595 -7.416 0.000 0.000 0.000
#<

2 South 1.0474 -2.81 40.000 30.000 20.000 10.000 0.000
3 Lake 1.0242 -5.00 0.000 0.000 45.000  15.000 0.000
4 Main 1.0236 -5.33 0.000 0.000 40.000 5.000 0.000
5 EIm 1.0179 -6.15 0.000 0.000 60.000 10.000 0.000
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NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 0

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) : 1

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) : 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM  TO TO FORWARD LOSS %
NODE NAME  NODE NAME MW MVAr MW MVAr

LOADING

11 1 North 2 South 88.869 -8.575 1.4106 -2.4304

84.2#

2 1 1 North 3 Lake 40.724 1.159 1.1920 -1.8553

38.47

3 1 2 South 3 Lake 24.693 3.546 0.3515 -3.2376

24.7&

4 1 2 South 4 Main 27.935 2.962 0.4413 -2.9657
27.55 1 2 South 5 Elm 54.822 7.343 1.1252 0.1757
52.86 6 1 3 Lake 4 Main 18.874 -5.202 0.0356 -1.9898
19.1&

7 1 4 Main 5 Elm 6.333 -2.285 0.0307 -5.1175

6.8&

I NUMBER OF LINES LOADED BEYOND 125%

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125%
# NUMBER OF LINES LOADED BETWEEN 75% AND 100%
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75%
~ NUMBER OF LINES LOADED BETWEEN 25% AND 50%
& NUMBER OF LINES LOADED BETWEEN 1% AND 25%
* NUMBER OF LINES LOADED BETWEEN 0% AND 1%

ISLAND FREQUENCY SLACK-BUS CONVERGED(1)

Summary of results

TOTAL REAL POWER GENERATION (CONVENTIONAL) : 169.595 Mw
TOTAL REAL POWER INJECTION (-ve LOAD) : 0.000 mMw
TOTAL REACT. POWER GENERATION (CONVENTIONAL) : 22.584 MVAr
GENERATION p.f. : 0.991

TOTAL REAL POWER GENERATION (WIND) : 0.000 mMw
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TOTAL REACT. POWER GENERATION (WIND) 0.000 MVAr
TOTAL REAL POWER GENERATION (SOLAR) 0.000 MW
TOTAL REACT. POWER GENERATION (SOLAR) 0.000 MVAr
TOTAL SHUNT REACTOR INJECTION 0.000 MW
TOTAL SHUNT REACTOR INJECTION 0.000 MVAr
TOTAL SHUNT CAPACIT.INJECTION : 0.000 MW
TOTAL SHUNT CAPACIT.INJECTION : 0.000 MVAr
TOTAL TCSC REACTIVE DRAWL : 0.000 MVAr
TOTAL SPS REACTIVE DRAWL : 0.000 MVAr
TOTAL UPFC INJECTION : 0.000 MVAr
TOTAL SHUNT FACTS INJECTION : 0.000 MVAr
TOTAL SHUNT FACTS DRAWAL : 0.000 MVAr
TOTAL REAL POWER LOAD : 165.000 MW
TOTAL REAL POWER DRAWAL (-ve gen.) : 0.000 MW
TYAALRFACTIVE POWER LOAD : 49-§99 MVAr
TOTAL COMPENSATION AT LOADS : 0.000 MVAr
TOTAL HVDC REACTIVE POWER : 0.000 MVAr
TOTAL REAL POWER LOSS (AC+DC) :  4.586907 MW ( 4.586907+
0.000000)

PERCENTAGE REAL LOSS (AC+DC) : 2.705
TOTAL REACTIVE POWER LOSS : -17.420643 MVAr

5. Change (Increase / Decrease) Load Data.

Load Bus. No | Initial MW New MW
Loadl 2 20 25

6. Execute Frequency dependent Load Flow Analysis

Report:-

BUS VOLTAGES AND POWERS

NODE FROM  V-MAG ANGLE MW MVAr MW MVAr MVAr

NO.  NAME p.u. DEGREE GEN GEN LOAD LOAD CoMP
1 North 1.0600 0.00 134.739 -4.269 0.000 0.000 0.000

#e
2 South 1.0453 -2.91 40.000 30.000 25.000 12.500 0.000
3 Lake 1.0225 -5.08 0.000 0.000 45.000 15.000 0.000
4 Main 1.0218 -5.41 0.000 0.000 40.000 5.000 0.000
5 EIm 1.0159 -6.25 0.000 0.000 60.000 10.000 0.000
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NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark)

: 0
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) : 1
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) : 0
LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO FORWARD LOSS
%

NODE NAME NODE NAME MW MVAr MW MVAr

LOADING
1 1 1 North 2 South  93.180 -5.980 1.5427 -2.0034
88.1#
2 1 1 North 3 Lake 41.560 1.711 1.2411 -1.6857
39.273 1 2 South 3 Lake 24 .330 3.385 0.3412 -3.2419
24 _.3&
4 1 2 South 4 Main 27.642 2.839 0.4323 -2.9656
27 .2
5 1 2 South 5 Elm 54.673 7.301 1.1206 0.1830
52.8%
6 1 3 Lake 4 Main 19.308 -4.977 0.0370 -1.9732
19.5&
7 1 4 Main 5 Elm 6.480 -2.198 0.0322 -5.0805
7.0&

I NUMBER OF LINES LOADED BEYOND 125% : 0
@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% : 0
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% : 1
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% : 1
~ NUMBER OF LINES LOADED BETWEEN 25% AND 50% : 2
& NUMBER OF LINES LOADED BETWEEN 1% AND 25% : 3
* NUMBER OF LINES LOADED BETWEEN 0% AND 1% : 0

ISLAND FREQUENCY SLACK-BUS CONVERGED(1)

Summary of results

TOTAL REAL POWER GENERATION (CONVENTIONAL) : 174.739 MW
TOTAL REAL POWER INJECTION (-ve LOAD) : 0.000 Mw
TOTAL REACT. POWER GENERATION (CONVENTIONAL) : 25.731 MVAr
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GENERATION p.T. 0.989
TOTAL REAL POWER GENERATION (WIND) 0.000 Mw
TOTAL REACT. POWER GENERATION (WIND) 0.000 MVAr
TOTAL REAL POWER GENERATION (SOLAR) 0.000 Mw
TOTAL REACT. POWER GENERATION (SOLAR) 0.000 MVAr
TOTAL SHUNT REACTOR INJECTION 0.000 Mw
TOTAL SHUNT REACTOR INJECTION 0.000 MVAr
TOTAL SHUNT CAPACIT.INJECTION : 0.000 Mw
TOTAL SHUNT CAPACIT.INJECTION M 0.000 MVAr
TOTAL TCSC REACTIVE DRAWL z 0.000 MVAr
TOTAL SPS REACTIVE DRAWL : 0.000 MVAr
TOTAL UPFC INJECTION z 0.000 MVAr
TOTAL SHUNT FACTS INJECTION z 0.000 MVAr
TOTAL SHUNT FACTS DRAWAL z 0.000 MVAr
TOTAL REAL POWER LOAD : 170.000 Mw
TOTAL REAL POWER DRAWAL (-ve gen.) M 0.000 Mw
TOTAL REACTIVE POWER LOAD : 42 500 MVAr
LOAD p.T. : 0.970
TOTAL COMPENSATION AT LOADS : 0.000 MVAr
TOTAL HVDC REACTIVE POWER z 0.000 MVAr
TOTAL REAL POWER LOSS (AC+DC) : 4.747187 MW ( 4.747187+
0.000000)

PERCENTAGE REAL LOSS (AC+DC) : 2.717
TOTAL REACTIVE POWER LOSS - -16.767246 MVAr

Observation:
To meet increased load demand of 5 MW at BUS 2 without increase in
Generation MW, frequency drops to 59.84 Hz from its nominal frequency 60 Hz.

Flat Frequency control:

1. Execute LFA with FDLF->slack bus option in Load Flow Analysis study info

BUS VOLTAGES AND POWERS

NODE FROM V-MAG  ANGLE MW MVAR MW MVAR
MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD
COMP
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1 North 1.0600 0.00 129.584 -7.444  0.000 0.000 0.000
#<

2 South 1.0475 -2.81 40.000 30.000 20.000 10.000
0.000

3 Lake 1.0242 -5.00 0.000 0.000 45.000 15.000

0.000

4 Main 1.0236 -5.33 0.000 0.000 40.000 5.000
0.000

5 EIm 1.0179 -6.15 0.000 0.000 60.000 10.000

2. Change the generator Schedule and Pmax to that obtained in initial load flow, also
enter participation factor in generator data form. Participation factor for Genl = 25%
and for Gen2 = 75%. Total participation factor for all generators is 100%.

Note: Real power maximum for Genl, Pmax = 150MW and for Gen2,
Pmax = 60MW.

3. Select. Frequency dependent Load Flow—Flat Frequency control

x|
Contingency Ranking Analysis | Avwailabilty Transfer Capabilty | SubStationwiss LFA |
General Frequency dependent Load Flawe | Optimal Load Flow

©~ Mewton Raphson Method
% Fast Decoupled LoadFlow " DC Load Flow

Techniqu
’7 " Gauss - Siedel Methad Acceleration Factar |16

" Slack Bus Concept LFA " Flat Tie Line Control
= Frequency Dependent LFA & Flat Frequency Controf
£~ Dptimal Load Flow Analysis

Load Flow Type "Frequency Dependent LF& Dptions

= Flst Tiedine Fregueney Bias Eortiol

£ Contingeney Analysis

Optirization O ptions
B Coefficient & Economic Dispatch I | B - Gptmizaticn ™| O - Wptimizatiorn

Simulation Fating:
I Feed Current Simulation I~ aTc ((.— Nominal € Ratingl € Ratingl |
I™ Substation wise LFA

P - Telerance [0.0001 Mumber of lterations (E—
0 - Tolerance [0.0001 O -Checklimt [ [§
Slack Bus [0 (Maw Gereration Bus) | L et el g [o7s

Frint Options [0 ats and Results vl Tap Mode |uSe Set Tap vl

Line Flaws Unit [1us & Moar =l Muliplication Factar |1 -1
5

r I Show Summeny After Esscution | Reduction Factor |1 -1

oK | Cancel | |

4. Execute Load Flow Analysis
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BUS VOLTAGES AND POWERS

NODE FROM  V-MAG  ANGLE MW MVAr MW MVAr MVAr
NO. NAME p.u.  DEGREE GEN GEN LOAD LOAD comp
1 North 1.0600 0.00 129.590 -7.421 0.000  0.000  0.000
#<
2 South 1.0474 -2.81  40.000 30.000  20.000 10.000  0.000
3 Lake 1.0242 -5.00 0.000  0.000  45.000 15.000  0.000
4 Main 1.0236 -5.33 0.000  0.000  40.000  5.000  0.000
5 Elm 1.0179 -6.15 0.000  0.000  60.000 10.000  0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 0
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) : 1
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS %
NODE NAME NODE NAME Mw MVAr Mw MVAr

LOADING

11 1 North 2 South  88.860 -8.580 1.4103 -2.4312

84 .2#

2 1 1 North 3 Lake 40.723 1.158 1.1919 -1.8555

38.47

3 1 2 South 3 Lake 24.695 3.546 0.3515 -3.2375

24.7& 4 1 2 South 4 Main 27.937 2.962 0.4414 -2.9655

27.5n

5 1 2 South 5 EIm 54.824 7.343 1.1253 0.1759

52.8%

6 1 3 Lake 4 Main 18.874 -5.202 0.0356 -1.9898

19.1&

7 1 4 Main 5 Elm 6.333 -2.285 0.0307 -5.1176

6.8&

I NUMBER OF LINES LOADED BEYOND 125% : 0
@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% : 0
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% : 1
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% : 1
~ NUMBER OF LINES LOADED BETWEEN 25% AND 50% : 2
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& NUMBER OF LINES LOADED BETWEEN 1% AND 25% : 3
* NUMBER OF LINES LOADED BETWEEN 0% AND 1% 0

BUSES BETWEEN WHICH ANGLE DIFFERENCE 1S > 30 degrees ARE: ZERO

TOTAL AREA INTERCHANGE ERROR FOR ISLAND 1 : -0.000432 MW

Summary of results

TOTAL REAL POWER GENERATION (CONVENTIONAL) : 169.590 MW
TOTAL REAL POWER INJECTION (-ve LOAD) : 0.000 MW
TOTAL REACT. POWER GENERATION (CONVENTIONAL) : 22.579 MVAr
GENERATION p.f. : 0.991
TOTAL REAL POWER GENERATION (WIND) : 0.000 MW
TOTAL REACT. POWER GENERATION (WIND) : 0.000 MVAr
TOTAL REAL POWER GENERATION (SOLAR) : 0.000 MW
TOTAL REACT. POWER GENERATION (SOLAR) : 0.000 MVAr
TOTAL SHUNT REACTOR INJECTION : 0.000 MW
TOTAL SHUNT REACTOR INJECTION : 0.000 MVAr
TOTAL SHUNT CAPACIT. INJECTION : 0.000 MW
TOTAL SHUNT CAPACIT.INJECTION : 0.000 MVAr
TOTAL TCSC REACTIVE DRAWL : 0.000 MVAr
TOTAL SPS REACTIVE DRAWL : 0.000 MVAr
TOTAL UPFC INJECTION : 0.000 MVAr
TOTAL SHUNT FACTS INJECTION : 0.000 MVAr
TOTAL SHUNT FACTS DRAWAL : 0.000 MVAr
TOTAL REAL POWER LOAD : 165.000 MW
TOTAL REAL POWER DRAWAL (-ve gen.) : 0.000 MW
TOTAL REACTIVE POWER LOAD : 40.000 MVAr
LOAD p.T. : 0.972
TOTAL COMPENSATION AT LOADS : 0.000 MVAr
TOTAL HVDC REACTIVE POWER : 0.000 MVAr
TOTAL REAL POWER LOSS (AC+DC) : 4.586773 MW (4.586773+
0.000000)

PERCENTAGE REAL LOSS (AC+DC) : 2.705
TOTAL REACTIVE POWER LOSS : -17.421289 MVAr

---5. Change (Increase / Decrease) Load Data.

Load Bus. No | Initial MW New MW
Loadl 2 20 30
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6. Execute Frequency dependent Load Flow Analysis with Flat Frequency Control
Report:-

BUS VOLTAGES AND POWERS

NODE FROM V-MAG  ANGLE MW MVAr MW MVAr MVAr
NO.  NAME p.u. DEGREE  GEN GEN LOAD LOAD comp
1 North 1.0600 0.00 132.112 -2.027 0.000  0.000  0.000
#<
2 South 1.0445 -2.83  47.566 30.000  30.000 15.000  0.000
3 Lake 1.0219 -5.03 0.000  0.000  45.000 15.000  0.000
4 Main 1.0211 -5.36 0.000  0.000  40.000  5.000  0.000
5 EIm 1.0151 -6.19 0.000  0.000  60.000 10.000  0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 0
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) : 1
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS %
NODE NAME NODE NAME Mw MVAr Mw MVAr
LOADING

2 1 1 North 3 Lake 41.164 2.040 1.2232 -1.7500
38.9"
3 1 2 South 3 Lake 24.509 3.213 0.3464 -3.2314
24 .5&
4 1 2 South 4 Main 27.786 2.704 0.4377 -2.9543
27.3n
5 1 2 South 5 Elm 54.746 7.244 1.1278 0.2012
52.9%
6 1 3 Lake 4 Main 19.104 -4.767 0.0363 -1.9781
19.3&
7 1 4 Main 5 Elm 6.415 -2.131 0.0317 -5.0875
6.9&

I NUMBER OF LINES LOADED BEYOND 125% : 0
@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% : 0
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% : 1
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% : 1
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~ NUMBER OF LINES LOADED BETWEEN 25% AND 50% :

& NUMBER OF LINES LOADED BETWEEN 1% AND 25% :
* NUMBER OF LINES LOADED BETWEEN 0% AND 1% :

Summary of results

TOTAL REAL POWER GENERATION (CONVENTIONAL) : 179.678 MW
TOTAL REAL POWER INJECTION (-ve LOAD) o 0.000 Mw
TOTAL REACT. POWER GENERATION (CONVENTIONAL) : 27.973 MVAr
GENERATION p.f. : 0.988
TOTAL REAL POWER GENERATION (WIND) : 0.000 mMw
TOTAL REACT. POWER GENERATION (WIND) s 0.000 MVAr
TOTAL REAL POWER GENERATION (SOLAR) : 0.000 Mw
TOTAL REACT. POWER GENERATION (SOLAR) : 0.000 MVAr
TOTAL SHUNT REACTOR INJECTION : 0.000 Mw
TOTAL SHUNT REACTOR INJECTION s 0.000 MVAr
TOTAL SHUNT CAPACIT.INJECTION : 0.000 Mw
TOTAL SHUNT CAPACIT.INJECTION : 0.000 MVAr
TOTAL TCSC REACTIVE DRAWL : 0.000 MVAr
TOTAL SPS REACTIVE DRAWL : 0.000 MVAr
TOTAL UPFC INJECTION : 0.000 MVAr
TOTAL SHUNT FACTS INJECTION s 0.000 MVAr
TOTAL SHUNT FACTS DRAWAL : 0.000 MVAr
TOTAL REAL POWER LOAD s 175.000 Mw
TOTAL REAL POWER DRAWAL (-ve gen.) : 0.000 Mw
TOTAL REACTIVE POWER LOAD s 45.000 MVAr
LOAD p.fT. : 0.968
TOTAL COMPENSATION AT LOADS s 0.000 MVAr
TOTAL HVDC REACTIVE POWER : 0.000 MVAr
TOTAL REAL POWER LOSS (AC+DC) : 4.675261 MW ( 4.675261+
0.000000)

PERCENTAGE REAL LOSS (AC+DC) : 2.602
TOTAL REACTIVE POWER LOSS : -17.027382 MVAr
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Observation:

To meet increased load demand of 10 MW at BUS 2 with constant system frequency
generation MW increases depending on the participation factors of generators.

1.9 Optimal Load Flow Analysis:
Figure shows a single line diagram of a 3 bus system with two generating units, three
lines. Per-unit transmission line series impedances and shunt susceptances are given on

100 MVA base. Real power generation, real and reactive power loads in MW and MVAR
are given in table Conduct the optimal load flow analysis.

Bus1 [1]

®— Bus3 [3]

®_

—
-

Bus2 [2]

Assume the base voltage for the bus as 11 kV and system frequency as 50 Hz.

Impedances and line charging for the sample system

Buscode Admi tance Line charging
Ypuy X'pyf2
1-2 1.47-35. 88 jo.15
1-3 2.94-311.17 jo.o?
2-3 2.715-19.11 jo.o04

|
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Generation, loads and bus voltages for sample system

Table: 1.2
Bus Generation | Generation Load Load
No | Bus Voltage MW MVAR MW MVAR
1 1.04+j0.0 0 0 0 0
2 1.02+j0.0 100 -- 50 20
3 1.00+j0.0 0 0 250 150
Buzcode Inertia (H) ¥d!'
1 160 0.1
2 3 0.3

Procedure to enter the data for performing studies using MiP-PSCT.

MiP-PSCT - Database Configuration

Open Power System Network Editor. Select menu option Database — Configure.
Configure Database dialog is popped up as shown below. Click Browse button.

e MG - A& Fomerr System Metwark Editor - [Guizgui]

Ful Sermen Help =l81x
o = e e N 0 M et [ ) = = el s B R =
e e L

=]

[=]

B

& SRS, (PN BN e PN UL RYSION LAY

— P ]

E i Dimabase Mare ii j

= . r

a o - = ]

E [ T | Carwsl Cloar Psy i

& . .

5 Click here to specify the

IG1( name of the database o e

Fi [ I [ Feterence % «o= v «o= Dt 838717 Hm I |

e e 00 [ céase, ¥ <ives

Open dialog box is popped up as shown below, where you are going to browse the
desired directory and specify the name of the database to be associated with the single
line diagram. Click Open button after entering the desired database name. Configure
Database dialog will appear with path chosen.
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i
Lookin: [ ). cptimal s+ EBeiE-
Name =~ | »| Date modified | =] Type
No items match your search.
4 | i}
Fie pame: | Open
Files of type: [Database Files “mdb | Cancel
I~ Open as wad-only
pA

x

[atabase Mame ID:\optimaI\optimaI.mdb

¥ Connect

Ok, I Cancel | Clear Fath | Browse

Note : Do not work in the MiP-PSCT directory
Click OK button on the Configure database dialog. The dialog shown below appears.

Uncheck the Power System Libraries and Standard Relay Libraries . For this example
these standard libraries are not needed, because all the data is given on pu for power
system libraries (like transformer, line\cable, generator), and relay libraries are required
only for relay co-ordination studies. If Libraries are selected, standard libraries will be
loaded along with the database. Click Electrical Information tab. Since the impedances
are given on 100 MVA base, check the pu status. Enter the Base MVA and Base
frequency as shown below. Click on Breaker Ratings button to give breaker ratings. Click
OK button to create the database to return to Network Editor.

Ty

Mtwcrh Tl

r»:n-o-v i et

Bomm brinm b | ™
Starviod Ruleg Livares

[ox ] cmen | Heo |
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x 1
General Hormatlon| Voltage Levels Blectrical & Curency Information |Breake( Hatmgsl Genendl \nfmmallonl Vokage Levels| Electrical & Cumency Infomation  Breaker Ratings |
RMVA kA MVA kA nMVA kA
Base VA
o 100 0000 BN | fries | a0 [ ([1533 | w00 [0 | [aer
Base Frequency 50 Hz 20000 [10000 | [26244 | 1000 [350 18371 50 123,899
s v 2000 [0 f5i3 0500 [0 ([926 | ws0m [0 |[3an
1320000 (5000 21.870 10000 350 20208 | 15000 |50 123899
v Indicates that all the impedances are specfied in PU on
a conmon MVA base 000 o0 (Jezes | GE0 P e 028 [ [aen
Else the machine impedances are specified in PU on ts =y
e e 65000 [soo0  [43740 | 330 [io0 1749 | 15000 [50 123899
specfied in actudls, ¢ R ohms/m, X ohmskm and
o=l B0  [5w  [eze | 0418 [ om0 [m0 [nen
15000 [a5g 13472 0233 80 123895 p2:3 [0 123,899
Curency Modfy Al Breaker Ratings
0K | ol | iy | Hep 0K | Cacd | oy Help

Bus Base Voltage Configuration

In the network editor, configure the base voltages for the single line diagram. Select
menu option Configure—»Base voltage. The dialog shown below appears. If necessary
change the Base-voltages, color, Bus width and click OK.

[ 5o e Voknge Conbguraion B
Base VA [fooomoog ]
Bus Wath B Bame Yol i Bus Width Balim’;ml_ FrEEC
moo  whx o omer owhd o omie Wt E e L E L mee
W Wk : FEEET N
2200 = 1050 = e A= S
] whd = A ' " EEEEEENN
= [0 wh X D wlEH EEEEET W
o wh = mEsE W[ E oo W4 = Custom colors
]
mE  wfd mEe wiE B Wl e
B 5350 wit = Y | e = Define Custom Colors >> |
P E i T mE wes o
oK | Cancel Default

Procedure to Draw First Element - Bus

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID and Bus Name. Click OK. Database manager with
corresponding Bus Data form will appear. Modify the Area number, Zone number and
Contingency Weightage data if itis other than the default values. If this data is not
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furnished, keep the default values. Usually the minimum and maximum voltage ratings
are + 5% of the rated voltage. If these ratings are other than this, modify these fields.
Otherwise keep the default values.

Bus description field can be effectively used if the bus name is more than 8 characters. If
bus name is more than 8 characters, then a short name is given in the bus name field
and the bus

description field can be used to abbreviate the bus name. For example let us say the bus
name is Northeast, then bus name can be given as NE and the bus description field can
be North East.

%-r' I — . ii Bus Data
My |iﬂiﬂfa BEE 8] lpfm - [=liN ] o BusMumber |1 FetchBus»s |
T Bus Name [t
Telhie Bt S
= ST MorinalVohage [11.000 =] kv
= Area Number

Select |1 Areal

|

Zane Nurmber

Select |1 Zonet

[1
[1
0

Owner Murnber

Select [1 Dwnerl

%| Contingency Weightage 1
-
it}
¥ Cost Per Unit in Cast library
I L =l

Bus Bar Differentil |

. Voltage Limits in kv
’7Mln [10.450000 Max [11 550000
[

=
|V Bus Details |

Global Change| Load| Details| Costib > GPS I

i EimisEizislasisloleisiaiolmisie

After entering data click Save which invokes Network Editor. Follow the same
procedure for remaining buses. Following table gives the data for other buses.

Bus Bus Nominal
Number Name Voltage (kV)
2 Bus?2 11
3 Bus3 11

Note: Since the voltages are mentioned in pu, any kV can be assumed. So the base
voltage is chosen as 11kV.
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Procedure to Draw Transmission Line

Click on Transmission Line icon provided on power system tool bar. To draw the line
click in between two buses and to connect to the from bus double clicking LMB (Left
Mouse Button) on the From Bus and join it to another bus by double clicking the mouse
button on the To Bus. Element ID dialog will appear.

Enter Element ID number and click OK. Database manager with corresponding
Line\Cable Data form will be open. Enter the details of that line as shown below.

Line/Cable Data
Mo ek | s 1 ]| T

& Cunera 1 Poser

[ PRI oo Souchure Rt Ha [ =] || g [
Fargt i s Niaramission Line Lbiwy 53 | e st 1 | pise
Rt 8 100 L = P
Fuirg
o= Mot Ey
Pombuaibmter [t Eatiiime = |||~ o fee mflem mw
Tobuthnber  [2 gecciinie = | = Fombede AT
MusberolCooits [T ToSwsie 1 leiien
— 7 Moty i -
bt J LT [N L CE] oy
Cosepecy wouran [ I 3] totea | P

o . Loz Saps
W infedee " FremBodOoen © ToEndGpen O Outof Service " Emtrg 1 Pregeasd 'l'nf.‘

Enter Structure Ref No.as 1 and click on Transmission Line Library >> button.

Line & Cable Library form will appear. Enter Transmission line library data in the form
as shown below for Linel-2
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Line and Cable Library
- Sticture Reference
Number |1 Nanie: |LmeW Fetch»>
Surge Impedance
Pasive Sequence Resistance 004 u
’ Z [emonn | O
Pasive Sequence Reactance 016006 i
Pasive Sequence Susceptance (B/2) [ 15 i V' [oomoom st
Zero Sequence Resistance 0 i Compute L, B/2
Zero Sequence Reactance 0 i
Zero Sequence Susceptance (B2 o o
Themal Rating 50 e Compute
Line Harmanic Number 0 Harmonic Libiary »>

=

Cost Per Unitin Themal Curves

After entering data Save Gand Close. Line\Cable Data form will appear. Click Save
&, which invokes Network Editor to update next element. Data for remaining elements
given in the following table.

Cast per km

Transmission Line Element Data

Line From No. Of Structure
No Bus ToBus circuits Ref. No.
2 1 3 1 2
3 2 3 1 3

Transmission Line Library Data

Buscode hdmitance Line charging
Ypy Y'pygs2
1-2 1.47-35.88 j0.15
1-3 2.94-511. 171 j0.07
2_3 2.75-99.17 30.04

* Thermal Rating 250MVA
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Procedure to Draw Generator

Click on Generator icon provided on power system tool bar. Connect it to bus 1 by
clicking the LMB on Bus 1. The Element ID dialog will appear. Enter ID number and
click OK. Database with corresponding Generator Data form will appear. Enter details

as shown below.

B fie Ede Vi Doaw Bemeete St Change ckaschc) Cofigus Plot Databess Sove ool UnkProtecion Pkl Ao Cucksohve Window FulSomsn Heb .Jﬂ.ﬁl
IUEEEIE sl [o[a]z B L[ |— | A|!IJ. |I?|!?i”?|0r3-“~|“|><]8|i”‘[3"’“"‘“’“‘"‘1—
|~ Bust (1
!E mm
| : Bus?[]
= mre e . 5RS
I zZLa Zve3
= L2
|
|E 012 ZILPIA
5| — -
|[© -
F z E ZLP3-2
| 2 -
7l om0 I Lo ]| swwm LIS mwe
4] Zvme
|[u Firn Databsns Fri]
a | T I P2
I ZL02A
1
I P23 Syuirel
| Zozg 1w
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all, J ﬂﬂ e
| 1) Coetngency 0 Schedde 0 [Fetererce s <Do.¥ <0 [t 40 288K [o:1FBus: 1 TRUS: NA B
| Fm Poady o TT.000000 [¥ <4085, ¥ <if1> [i® T
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Nueber [7 ruu-uwaun| Mame [Genl Maintenance ||su-cuona o |
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Urits iy Pavasliel | [CAPCUR] » Curve 33 i -
| | Sosciled Votoge [ Dreskerneng __Ray |
1.04 i 11 440 (8" | I| s MIVA, Im Iy ||8.!?| umﬁuwm|
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| el Pows: - Maamm [250 M (T T — & Genetstor
~Stan | Commistion Status
& InSenice ¢ Out of Service & Embrg  ( Fioposed  Yea [0
[NMHGMW |‘_ o Pamicpston Factor (%) [0
Houbial Grounding Feactorce [0 chmy  Bios Estling o
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Since generator at bus 1 is mention as slack bus, only specified voltage will have
importance.

Note: At slack bus, only voltage and angle are mentioned. Scheduled power, real power
minimum and maximum constraints do not have much importance.

If the bus is a PV bus (like bus 2), then scheduled power, specified voltage, minimum
and maximum real and reactive power data is must.

Enter Manufacturer Ref. No. as 1 and click on Generator Library button. Generator
library form will appear.

Generator Library

‘ Ref Mumber |1 Fetch Generator Manufacturer Mame [Tremar 2ot ‘
‘ My Rating  [300 MW Fating  |250 K Rating [11 Compute ={d,"d.n,0] | ‘

pu on its Owin Bating

Armature Pesistance () [o pu Patier Reactance (Xp) [
Direct Avis Reactance (<) [00001  PU Direct Asis Transient Reastance pd) | E—
Quadrature Ais Reactance (<g) [ P4 Quadiature Avis Transient Reactance [<q) | C—
Negstive Seq, Fieactance (<) [0 P4 Ditect Asis SubTransient Reactance (¢'d) [0 pu
ZeioSeq Reactance Bol [0 PU  Ouadralure Axis Sub-Transient Reactance 0<'g) [0 pu

Direct &xis Open Circuit Direct &xis Open Circuit Inertia in bl Adys
Transient Time Constant [ak Sub-Transient Time Canstant 0.033 fel
(T'do) "'do)
Quadrature Axis Dpen Circuit l— Quadrature Axis Dpen Circuit Damping Factor
Transient Time Constant [T'go) 12> Sub-Transient Time Canstant (T"go) 1015

[

“Winding Connections | | Mass Delail L
Next
Mass Number 0 sl >> o

c & DampinaFactor  [m < Back Thermal Curves
Thermal>>
Stfness Co-sfficient [ pulorguey
° Elec. Rad Deite_|

After entering data Save and close. In Generator Data form click Save &l. Network
Editor Screen will be invoked. Similarly connect generator 2 at bus 2. Enter its details
as given in the following table.

Generator 2 Element Data
Manufacturer Ref.No 2
No. of Units parallel 1
Specified voltage 11
Derated MVA 250
Scheduled Power 100
Real Power Min. 0
Real Power Max. 200
Reactive Power Min 70
Reactive Power Max 70
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—  —— — ——————— —
Note: Since in the data at bus 2, it is mentioned the Q generation as 30 MVAR. It means
that generator has to generate 30 MVAR compulsorily. So mention Q min and Q max
data as same (70) for this particular case. Thus bus has become PQ bus.

Generator 2 Library Data
MVA Rating 250
MW rating 200
kV rating 11
Manufacturer Name Gen2

Procedure to Enter Load Data

Click on Load icon provided on power system tool bar. Connect load 1 at BUS2 by
clicking the LMB on Bus 2. Element ID dialog will appear. Give ID No as 1 and say OK.
Load Data form will appear. Enter load details as shown below. Then click save button,
which invokes Network Editor.

T - - _— mE
x| DlEeaiEEs T EEe 31k EC AREET M olwfw == 5| <ol
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B Zon

E . B3

= mna Soel

ol mais e mzw;i

= . OGH

b “omor| @

= s moie mr

=

iz HE. 1] S
s i ad B SE{Es]
K e % FIA 8]
L jmoelmes | e

b foo bl
3l i x: i T[]l
E mma = nem

al, . B
!li:.u'ml BT [P e ¥ e [ELCTEIET0 [Eemowt o

o

e bt L0 o, T v RN
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Load Data
—Relay
Number || Fetch Load >>| Name [LDT Maintenarica | Schedule No |n - |—;|
Bus Number |2 [Bus2] {11.000 ,l Mo of Cansumers | || MyAR Compensation IIJ ] Give the
: |1 " " compensation
. Minimurn Compenzatian in MYAR |U —Cost H i
Real Power in iy |2ED details
Mawirmurn Campenzation in MYAR I'IUI]

Compute |
ID_85?493 Load Details |

Reactive Power in MYAR |149.939951

Power Factor

Compensation Step in My AR

Load Characteristics Mo,

r— Coost library

|
o

r~Load Type ~Urbalanced Load

Ref No. I VI

& Linear " Non Linear

o

Library

Load Charactenistics »» |

Lib »» |

r— Motar Load Percentage

Unbalanced Load Details |

e
ID A ‘ (lobal Change |
— Statu — Comrmizzion Statu Breaker Rating —————
I b |350
% In Semwi (o i % Enisti i I
N 3ErYIce Out of Service Exizting Proposed  Year |0 ks a3

r Control Black,

Fpb Path I Browse |

Connect other load to buses 3. Enter other load details as given in the following table.

Load Details

Load No Bus No MW

MVAR

2 3 50

20
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Solve Load Flow Analysis

Select Menu option Solve—Load Flow Analysis. Following dialog will
appear.

x

1. Click on study info

Case 1 @ dy nfo..

% Exacute After Input Fils Creation
Delete:

il

™ Qe e Fils Craatinn
2. After giving Eeemule .
required o
information execute

I

— Results

Mebwork, ... Report ... A YiewBus.. | [Frapf...

3. After executing click here to getreport

When Study Info button is clicked, following dialog will open. Select Fast Decoupled
Load Flow and enable Optimal Load Flow Analysis

1|
Contingency Rarking Analysis | Avallabilty Transfer Capabiity | SubStationiwise LFA .
General Frequency dependent Load Flow Optimal Load Flow Clle here
— Techniqu
~ Gauss - Siedel Method Aeceleration Facter [16
1~ Newton Faphsan Methad
% Fast Decoupled LoadFlaw " DC Load Flow
FloadFlow Type——————— | — Eiequenoy B ependent [ [ phions.
£~ Slack Bus Concept LFA, € Flt Tie L= Chrial
" Frequency Dependent LFA | Flat Freauencs Contio)
% Dptimal Load Flovs Analysis € Flet Tiedine Frequency Bizs ol

£~ Contingency Analpsis Dptimization Dptions
B Coefficient & Econamic Dispatch ’—l_ P - Optimization I~ O - Optimization

Simulation Rating
I~ Feed Current Simulation I~ atc + Mominal " Ratngl  Ratingll |
I Substation wise LFA

F - Tolerance |0.0001 Mumber of Iterations s
@ - Tolerance [0.0007 Q - Check Limit 1= [i]

Slack Bus  [ERTAITS — Load Model Valtage o
Print Options [Data and Results -] Tap Mode [1ise Nominal Top =
Line Flow Unit [ M & Mvar | Multiplication Factar |1 -

Summar _

r ™ Show Summan After Exscution | Reduction Factor |1 -1

ok | Cancel | Epp|
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CIETE— 0
Corbrgeray Rarking Ansbvsss. | Aoy Trancles Copebaly | SubSlationiwienLFA |
Gerend | Fieusrazy d Pl Dipeenad | oo Fi
Cost pes MR fnLakhe] i
% Optesbon nd Mamtbnence Chasge [T
leterest Chavge [
Lo L Fschon ER
Lie o Equpnentn Years fm
Enesgy Chorgs [5 " HemuH
e [

Enter all the details and click ok. Then execute.

MVAr p-u. MVAr p.u.
1 3 Bus3 0.000 0.927 30.000 0.949
2 2 Bus2 0.000 1.020 0.000 1.034
ADDITIONAL COMPENSATION PROVIDED IN THE SYSTEM : 30.000 MVAr
ORIGINAL LOSS IN THE SYSTEM : 12.190 Mw
CURRENT LOSS IN THE SYSTEM : 10.657 MW
REDUCTION IN LOSS IN THE SYSTEM : 1.533 MW

ANNUAL INCOME DUE TO REDUCTION IN LOSS : 10072539 Rs
ANNUAL EXPENSE TOWARDS O&M 600000 Rs
ANNUAL SAVING DUE TO COMPENSATION 9472539 Rs
PRESENT WORTH OF SAVING 59291763 Rs
TOTAL INVESTMENT ON ADDITIONAL CAPACITOR : 15000000 Rs
NET PRESENT WORTH (SAVING) : 44291763 Rs

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE Mw MVAr MW MVAr MVAr
NO. NAME p.u. DEGREE GEN GEN LOAD LOAD COMP

|
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1 Busl 1.0400 0.00 210.657 56.462 0.000 0.000
0.000

2 Bus2 1.0338 -3.21 100.000 70.000 50.000 20.000
0.000

3 Bus3  0.9490 -7.12 0.000 0.000 250.000 150.000
30.000 @
NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 1
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 0
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) : 0
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) : 0
LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM  TO TO FORWARD LOSS %

NODE NAME NODE  NAME MW MVAr MW MVAr

LOADING

1 1 1 Busl 2 Bus2 36.629 -20.323 0.5024 -30.2462
40.3"

2 1 3 Bus3 1 Busl -167.112 -62.996 6.9160 13.7890
73.2%

3 1 3 Bus3 2 Bus2 -82.888 -57.004 3.2388 2.9185
40.6"
! NUMBER OF LINES LOADED BEYOND 125% : 0
@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% : 0
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% : 0
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% : 1
~ NUMBER OF LINES LOADED BETWEEN 25% AND 50% : 2
& NUMBER OF LINES LOADED BETWEEN 1% AND 25% : 0
* NUMBER OF LINES LOADED BETWEEN 0% AND 1% : 0

ISLAND FREQUENCY SLACK-BUS CONVERGED(1)

Summary of results

TOTAL REAL POWER GENERATION (CONVENTIONAL)
TOTAL REAL POWER INJECTION (-ve LOAD)

TOTAL REACT. POWER GENERATION (CONVENTIONAL)

310.657 MW
0.000 MW
126.462 MVAr
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GENERATION p.T. 0.926
TOTAL REAL POWER GENERATION (WIND) 0.000 Mw
TOTAL REACT. POWER GENERATION (WIND) 0.000 MVAr
TOTAL REAL POWER GENERATION (SOLAR) 0.000 MW
TOTAL REACT. POWER GENERATION (SOLAR) 0.000 MVAr
TOTAL SHUNT REACTOR INJECTION 0.000 MW
TOTAL SHUNT REACTOR INJECTION 0.000 MVAr
TOTAL SHUNT CAPACIT.INJECTION 0.000 MW
TOTAL SHUNT CAPACIT.INJECTION 0.000 MVAr
TOTAL TCSC REACTIVE DRAWL : 0.000 MVAr
TOTAL SPS REACTIVE DRAWL : 0.000 MVAr
TOTAL UPFC INJECTION : 0.000 MVAr
TOTAL SHUNT FACTS INJECTION : 0.000 MVAr
TOTAL SHUNT FACTS DRAWAL : 0.000 MVAr
TOTAL REAL POWER LOAD : 300.000 MW
TOTAL REAL POWER DRAWAL (-ve gen.) : 0.000 MW
TOTAL REACTIVE POWER LOAD : 170.000 MVAr
LOAD p.T. : 0.870
TOTAL COMPENSATION AT LOADS : 30.000 MVAr
TOTAL HVDC REACTIVE POWER : 0.000 MVAr
TOTAL REAL POWER LOSS (AC+DC) : 10.657196 MW ( 10.657196+
0.000000)

PERCENTAGE REAL LOSS (AC+DC) : 3.431
TOTAL REACTIVE POWER LOSS : -13.538651 MVAr

|
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The load flow results plotted before and after the Q-compensation (MVAR) is

shown below.

Busl [1]
1.04
(0.0
-175.32
91910 {-105.10) Bngs33 [3]
(0330} 702
167.20
= (26 56)
=2 250,00
A= 150,00 ™
22.72
(6340
=3
& (53
H=
100.00
{70.00)
50,00 -26.37 T
— ype the ZZcode for
2000 (-62.01) MVAR Compensation
Bus2 [2] as ZZDC3
115,
102
(-3.09)
Busl [1] The optimal MVAR
L4 |_required
(000
17403
Jgge | C7678 %ugsjB [2]
(56.46) (112)
167.11
- (63.00)
oG -250.00
Bk ATt
23230 {-30.00)
(5700}
9|8
g
2|3
100,00
{70.00)
_o-3000 613
TN{2000) (-35.92)
Bus2 [2]
103

(-321)
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1.10 Feed Current Simulation

This simulation is for distribution network
Procedure for executing feed current simulation is given below for a sample network

1. Prepare GUI and database for the following 11 kV network

@ 1MW
0.9 pf
o |
Bus1 [1] o | L= Bus3 [3]
ZWM1 oo SRS ZTM3
TV 8] 8 - Trvad
—y —
e Sl
k i
5 55
= |2 =
z 2B
zE
Bus2 [2] Il Z71 P34  Rabbit ZFLP4-2 Iz Busd [4]
Y % =] ZZLOz4  1.000 km ZZLO4-2 % =] ZZvh4
Fratly] H & i
o & =
& g8
& S| o
) J
1MW 1MW
0.9 pr 0.9 pf
2. Execute normal load flow and plot the results on GUI as shown
3. Enter feed current data for the feeder 1-2 which is as shown below.
Feed Data : Current = 100 A and Power factor = 0.8
Line/Cable Data
rFeedD
Number [4 Fetchline »> | Mame [Lined H Maintenance %
17,000V L * Curent  Power
DeFated MyA, IW Stucturs Rief. No. 1 [Rabbil =]\ | Amperes [100
Rating| 3486616 M Transmission Line Library 5> | Line Detals >> | \@
Rating Il 3486618 b From Breaker Shnwlla_rExt:Sr-SLD
& Mot Evists b 51D Notai
From Bus Mumber |1 (Bus1]{11.000 = e Bt Mya [350 ke [18.371 (D-‘T:E
ToBushumber  [2 Bus2i 17000 =] || | =] FromBresker (‘: g;ﬁiar
Hurber of Circuits [1 - TaBreaker = ™ lsalator
& NotEsists I “NOP
Line Length 1 km || Faiss s (350 ks [18.371 & No
Canlingency weichtage [T I =] ToBesker ; ?ﬂﬂr;j:e
3t Commissian Status
@ InService ¢ FromEndOpen ¢ ToEndOpen ¢ Outof Service Hr Esting " Proposed  Year |0
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4. In Study info of Load flow analysis dialog select Feed current simulation option
x|
Contingency Fanking Analysis | Awailability Transfer Capability | SubStationtwise LF& |
General Frequency dependent Load Flow I Optimal Load Flow
 Techniqu
" Gauss - Siedel Method Aoceleration Facton |16
' Mewton Raphson Method
" Fast Decoupled LoadFlow ) DI Lo Fla
~Load Flow Type Frequercr Derendent LR [ptinms
% Slack Bus Concept LFA " Flat i Lite Cartial
) Frequenepilependent RS | FlatFrequeneyiEontial
o DP““_’B‘ azd oy ”fna‘.'r'SiS | FlatTiedine Frequency Bias Cartoal
) Contingencs nalisie Oplimization Options
" B Gacticient & Economiz Djsnatch [r F - [ Etimizatian ™| G- [ptiiezation
~ Simulation Rating
< IV Feed Cunent Sirmnulai [~ &TC ’7 & Nominal C Ratirgl ¢ Ratingll ‘
™ Substation wise LFA
P - Tolerance |19'DD5 Mumber of Iterations 15
0 - Tolerance |1e-005 O -Check Limt [ 0
Slack Bus 1 Natth] = Load Model Yolage 0.75
Print Optians IData and Results r TapMode ||)se Get Tap = ‘
Line Flows Uil M 3 Mvr PF1i MuigicainFagor [ -|  Select line flow
Summar unit as Amp
IV I™ Show Surmary After Execution | Freduction Factor |1 - I
K I Cancel | Lpply |
5. Execute load flow analysis and plot the results on GUI. In plot LFA window

select the power flow display option as Amp-Angle. Following diagram shows
feed current simulation results plotted on SLD.
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@ 1y
0.9 pf
&
Busi [1] 8@ 2= Busa [3]
11.0000 == g2 10,7527
(0.0000) =| {1418
2|2
g|s a9
=RES L
5 1
i3 s
Bus? 7] 2l 5.gg  « Rabhbit B6.30 = Busd [4]
10,6768 =g (14375 1.000km  (-36.85) 2le 10,7941
(0.0701) = |- = 01177
~|2 a|F
IS 8|3
Y

Total Gen.: 1.524 {1.143)

1M 1MW
0.9 pf Total Load : 1.495 (1.126) 0.9pf
Total Loss :0.028820 (0.017124)
Display Notation

Injection into the bus : +ve
Drawl away from the bus’: ve
Voltage Mag/{Ang) in KYidegree
Flows in Ampere and (Angle)
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Report:

number 3 pspec 1.524205 gspece
i 1 pmult force 0.508068 gmult
k 2 after pload qload 0.050807

k 3 after pload gqload 0.050807
k 4 after pload gload 0.050807
Iteration count 0 maxp 0.050807

Iteration count 3 maxp 0.000000

number 3 pspec 1.524205 gspece
i 1 pmult force 0.980776 gmult
k 2 after pload gqload 0.049830
k 3 after pload gload 0.049830
k 4 after pload gload 0.049830
Iteration count O maxp 0.000977

Iteration count 2 maxp 0.000000
number 3 pspec 1.524205 gspece
i 1 pmult force 1.000329 gmult

1.143154 psum 3.000000 gsum 1.452966
force 0.786772

0.038105

0.038105

0.038105

maxq 0.038105

maxq 0.000000

1.143154 psum 1.554081 gqsum 1.160905
force 0.984709

0.037522

0.037522

0.037522

maxqg 0.000583

maxq 0.000000
1.143154 psum 1.523704 qsum 1.142786
force 1.000321

k 2 after pload gload 0.049846
k 3 after pload qload 0.049846 0.037535
k 4 after pload gload 0.049846 0.037535
Iteration count 0 maxp 0.000016 maxqg 0.000012

0.037535
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W

NODE FROM V-MAG  ANGLE AMPS ANG-DEG AMPS ANG-DEG

AMPS

NO.  NAME P.U. DEGREE GEN GEN LOAD LOAD

COMP

1 Busl 1.0000 0.00 100.001 -36.870 0.000 -90.000

0.000

2 Bus2  0.9888 0.07 0.000 -90.000 33.122 -36.910

0.000

3 Bus3  0.9775 0.14 0.000 -90.000 33.503 -36.838

0.000

4 Bus4  0.9813 0.12 0.000 -90.000 33.375 -36.862

0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 0

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 0

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO  TO FORWARD LOSS %
NODE NAME NODE NAME AMPS  ANG-DEG Mw MVAR

LOADING

1 1 2 Bus2 4 Bus4 66.879 -36.850 0.0083 0.0049

36.5"

2 1 3 Bus3 4 Bus4 33.503 143.162 0.0021 0.0012

18.3&
3 1 1 Busl 2 Bus2 100.001 -36.870 0.0185 0.0110
54.6%

I NUMBER OF LINES LOADED BEYOND 125% : 0
@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% : 0
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% : 0
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% : 1
~ NUMBER OF LINES LOADED BETWEEN 25% AND 50% : 1
& NUMBER OF LINES LOADED BETWEEN 1% AND 25% : 1
* NUMBER OF LINES LOADED BETWEEN 0% AND 1% : 0

ISLAND FREQUENCY SLACK-BUS CONVERGED(1)

1 50.00000 1 0

|
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Summary of results

TOTAL REAL POWER GENERATION : 1.524 MW
TOTAL REAL POWER INJECT,-ve L : 0.000 Mw
TOTAL REACT. POWER GENERATION : 1.143 MVAR
GENERATION pf : 0.800
TOTAL SHUNT REACTOR INJECTION : 0.000 Mw
TOTAL SHUNT REACTOR INJECTION : 0.000 MVAR
TOTAL SHUNT CAPACIT.INJECTION : 0.000 MW
TOTAL SHUNT CAPACIT.INJECTION : 0.000 MVAR
TOTAL TCSC REACTIVE DRAWL : 0.000 MVAR
TOTAL SPS REACTIVE DRAWL : 0.000 MVAR
TOTAL UPFC FACTS. INJECTION : 0.0000 MVAR
TOTAL SHUNT FACTS. INJECTION : 0.000 MVAR
TOTAL SHUNT FACTS.DRAWAL : 0.000 MVAR
TOTAL REAL POWER LOAD 1.495 Mw
TOTAL REAL POWER DRAWAL -ve g 0.000 Mw
TOTAL REACTIVE POWER LOAD 1.126 MVAR

LOAD pf : 0.799
TOTAL COMPENSATION AT LOADS : 0.000 MVAR

TOTAL HVDC REACTIVE POWER : 0.000 MVAR

TOTAL REAL POWER LOSS (AC+DC) : 0.028820 MW ( 0.028820+ 0.000000)
PERCENTAGE REAL LOSS (AC+DC) : 1.891

TOTAL REACTIVE POWER LOSS : 0.017124 MVAR

Feed current simulation will work with all type of load flow. For the above sample it gives
better results with NR method. For feed current only one feeder will be considered and below
that feeder there may be a ringcircuit.
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2. How to solve Short Circuit

Sample 6 bus system

Figure shows a single line diagram of a 6-bus system with two identical generating
units, five lines and two transformers. Per-unit transmission line series impedances
and shunt susceptances are given on 100 MVA base, generator's transient
reactance and transformer leakage reactances are given in the accompanying

table.
If a 3 - phase to ground fault occurs at bus 5 - find the fault MVA. The data is given
below.

Table 1: Transmission Line Data
Bus - code Impedance Zpq Line charging
q Zpq Y'pq/2
4 0.00 +j0.15
-5 0.00 +j0.10
6
6
6

0.00 + 0.20
0.00 +j0.15
0.00 +j0.10

oO|o|0|0|Oo

Generator details
G1=G2 =100 MVA, 11 kV with X'¢=10 %
Transformer details

T1=T2=11/110 kV, 100 MVA, leakage reactance = x =5 %
** All impedances are on 100 MVA base
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iP-PSC —
SOLUTION:

In transmission line data, elements 3 — 4 & 5 — 6 have common parameters.
Elements 3 - 5 & 4 — 6 have common parameters. Therefore 3 libraries are required
for transmission line.

As generators G1 and G2 have same parameters, only one generator library is
required. The same applies for transformers also.

Procedure to enter the data for performing studies using MiP-PSCT

MiP-PSCT - Database Configuration

Open Power System Network Editor. Select menu option Database — Configure.
Configure Database dialog is popped up. Click Browse button.

1= FEGUT - A Power System Metwork Editar - [Guizgui] =181 x|
EX fie Edk View Onaw Elments Set Change Chiectis) Cofiowe Plo Ostsbawe Sove Tool UnkFrotection Port Andbyse (udkSche Window
Ful Soeen Heb =12l
e (S e 5 I W [ S E = = et o e e e =
| sethange Lagee[ Srsie. 7] LpeConol|gees [ 0000 =]

E =1 s

= oy

B

] e

e | —— Fl

1] ; ]

7] F orme

b [T ] owd | coupun | ]

s : s

3 . .

5G] Click here to specify the

all, name of the database

il

=] I [Reterence ¥ <tor v <t Dist 635717 Him I

Fm = — P, —_————

— Ready (5o - 1.000000 | X <6283, ¥ <1053

Open dialog box is popped up as shown below, where you are going to browse the
desired directory and specify the name of the database to be associated with the single
line diagram. Click Open button after entering the desired database name. Configure
Database dialog will appear with path chosen.
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0
P K B Configure Database |

Lock jt I@Tesl \ j Lo i

Database Mame IE:\Scsstudy\SCS mdb

Select the folder a}d give database ¥ Comect
name in File name window with .Mdb
extension. and now click on Open.
ak \I Cancel | Clear Path Browse

N\

X

Fiename:  [SCS5TUDY Open | .
Click OK
Files of type: IDatabase Files *.mdb j Cancel

[ Open as read-only

4

Click on OK button in the Configure database dialog, the following dialog appears.

Bae Fromeiy 2 g
fpudad ¥
- bcnes that o e impebinces e specid Pl
 Common MVA taoe.

Ebe e machine mpedances we paciiedn FU on it

e—\nﬁv-;:—:whn?wnm
P Sy s | I 2=
Sharedud ficley Lisases
Comy [T
o | = | [Tk ] it | =5 | we |

Uncheck the Power System Libraries and Standard Relay Libraries. For this example
these standard libraries are not needed, because all the data is given on pu for power
system libraries (like transformer, line\cable, generator), and relay libraries are required
only for relay co-ordination studies. R— »

| Votage v | Bt Ermaker Raings |

WA ks WA ik hINA kA
0w [EE [ 00 fs  [nas wsom [0 [Bez
2000 [iooy ([ e o [esn 0m [ [z
E o e o T e
1200 oo (Prem | me fsi  (poao om0 [ ([oes
L e R o A | Y
G0 fo (o | w0 [ [ves B [ [mes
am [ [mw e [ e 0w [ oo
LU | e | | ey

Modfy Ml Bresker Ratings

I I T 5 |

|
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If Libraries are selected, standard libraries will be loaded along with the database. Click
Electrical Information tab. Since the impedances are given on 100 MVA base, check
the pu status. Enter the Base MVA and Base frequency as shown below. Click Breaker
Ratings tab. If the data is furnished, modify the breaker ratings for required voltage
levels. Otherwise accept the default values. Click OK button to create the database to
return to Network Editor.

Bus Base Voltage Configuration
In the network editor, configure the base voltages for the single line diagram. Select

menu option Configure—»Base voltage. Dialog shown below appears. If necessary
change the Base-voltages, color, Bus width and click OK.

2.1 Procedure to Draw First Element — Bus

B s Bav< Voltege Comfiruration =
Aot foooowoos ]
s Bae Vollaoe Bame colary
B Bus Width Buayicth
ey N %dh IR wh = m e wh = - F; :
I -Ju——rr’f‘if/w_‘?—gl_ = ]
: | Aol | u
W i o | ICETE O W'd pmEm ]
mizr Wk = 00 - wid [
Wi w3 EEe wed D0 L T
EEEE NN NN
-, wit 2 T EE] wh = m wi 3 SririrrTiTTrT
[T e | w2 Dk Ok i 55
150 Wi = et (] wid o ] o |
ok Carcel Detut

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID and Bus Name. Click OK. Database manager with
corresponding Bus Data form will appear. Modify the Area number, Zone number and
Contingency Weightage data if it is other than the default values. If this data is not
furnished, keep the default values. Usually the minimum and maximum voltage ratings
are + 5% of the rated voltage. If these ratings are other than this, modify these fields.
Otherwise keep the default values.

Bus description field can be effectively used if the bus name is more than 8 characters. If
bus name is more than 8 characters, then a short name is given in the bus name field
and the bus description field can be used to abbreviate the bus name. For example let us
say the bus name is Northeast, then bus name can be given as NE and the bus
description field can be North East.

———
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=4  Bus Data
. e

Bus Number 1 _Fetch Bus v |
s Mames !nud
Description !Uusl

Momnal Volags [T1 000 =] W
Area Mumber

[ Select 1 Areal =1
| Fonm Nurmbe:
| [ Seloct [1 Zore = |
[ P Munbas
| I Select [1 D |

Canlingency Weightage 1
Valtage Limks in kY

| Min IlIJ 450000 Max 11550000

| Coast P Urit in Cont By

| e | =l
Aac Flazh

| e | | s Dotats |

Global Change| Load| Detats| Sossbe| GPS |

© Attackments | |- Hemaiks

Al |

After entering data click Save &, which invokes Network Editor. Follow the same
procedure for remaining buses. Following table gives the data for other buses.

Bus data
Bus Number 1 2 3 4 5 6
Bus Name Busl Bus2 Bus3 Bus4 Bus5 Bus6
Nominal voltage 11 11 110 110 110 110
Area number 1 1 1 1 1 1
Zone number 1 1 1 1 1 1
Contingency
Weightage L ! L L 1 L
Wl = =100l
2.2 Procedure to Draw Transmission = " ' :
Line || B]= Hiaislelhlﬁl Ivlslt*r_l_l_l_fm
é WW-IT_L_JWI_J
= 1 Busd [4]
Click on Transmission Line icon provided on & RL.— g.,‘f_:‘,,’_
power system tool bar. To draw the line click in ||
between two buses and to connect to the from % G
bus, double click LMB (Left Mouse Button) on i b
the From Bus and join it to another bus by 2|
double clicking the mouse button on the To | tecait I
Bus. Element ID dialog will appear. (2] e
I E—E
a
| ]| [Cortingency- 0 [Sehecdin -0 [Rnteremen i ol ¥ o Dist 375 353 m.
| Finl gy I Feap: [ a0 [ <3015,
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Enter Element
Line\Cable Data form will be open. Enter the details of
that line as shown below.

Enter Structure Ref No. as 1 and click on Transmission
Line Library >> button. Line &

Cable Library form will appear. Enter transmission line
library data in the form as shown for Line3-4.

After entering data, Save & and Close. Line\Cable Data
form will appear. Click Save &, which invokes network
editor. Data for remaining elements given in the following
table. Follow the same procedure for rest of the elements.

Line and Cable Library

How to solve SCS

ID number and click OK. Database manager with corresponding

Line/Cable Data

e —
— Suge inprdwer

e S e

mmwmn.n;: : R i

TeoSequerce Pesstarce T Compuie 3L 872

L Mamen: thber F M iy

Catpria | I~ Thesss Carves

Transmission Line Element Data
Line Number 1 2 3 4 5
Line Name Line3-4 Line3-5 | Line3-6 Line4-6 | Line5-6
De-Rated MVA 100 100 100 100 100
No. of Circuits 1 1 1 1 1
From Bus No. 3 3 3 4 5
To Bus No. 4 5 6 6 6
Line Length in km 1 1 1 1 1
From Breaker Rating in kA 5000 5000 5000 5000 5000
To Breaker Rating in kA 5000 5000 5000 5000 5000
Structure Ref No. 1 2 3 2 1
Transmission Line Library Data

Structure Ref. No. 1 2 3
Structure Ref. Name Line3-4 & 5-6 | Line3-5& 4-6 | Line3-6
Positive Sequence Resistance in pu 0 0 0
Positive Sequence Reactance in pu 0.15 0.1 0.2
Positive Sequence Susceptance in pu 0 0 0
Thermal Rating in MVA 100 100 100
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2.3 Procedure to Draw Transformer

Click on Two Winding Transformer icon provided on power system tool bar. To draw
the transformer click in between two buses and to connect to the from bus, double click
LMB (Left Mouse Button) on the From Bus and join it to another bus by double clicking
the mouse button on the To Bus. Element ID dialog will appear. Click OK.

-~ MWL - A Pavees Sralos Network bt - [CallLgul] —— =l0ix
T o) Coiluen st Dutibis -Sabe 153 SritPetacin pasil Aadhin Qukiike Wi ol tob - lB1)
| 0la18js]se[so] [o|@l| AL KIE AR 8 alew=|=[IE) | ol
¥ st
= Bust 1]
2 -
2 {
9 |
©| a
= :
| q
“ B
fe] - T
C 1 om i
al H|H N|H —
i e
e L
- new |
Eol-ioF
[See 0 P i O DDAAe D OFRE STAE ML [Etwnm e
g (1300000 (3 <31, ¥ wti T

Transformer Element Data form will be open. Enter the Manufacturer Ref. Number as
30. Enter transformer data in the form as shown below. Click on Transformer Library
>> button.

Two Winding Transformer Data

Tieelomes o |1 Foieh Tinslomer 13| o [E37 Mariemarca| || GkbaChenge | | I ZiiZas Tenibomes
| Gesondsn Vohage 11 HORY

Dedtated Mk 3 Meruischue e Hurber | 2l Ofensfen | RemedEanian
Fatrg| fion — Twa e 2 || | | Y |

" | g . |
e ) fise :m’m mhl%‘np_ TN 4 I Ll I
FomllusMmbee [Fpagmoomn ¥ | o

[Tobimdn- T ~UveCiarent Helay——— ~SLU - S Breskon—
ToBustumber [y @211 (11,000 | = Not Esinty |
F B L T T s
ConbolBusbhmber [y oy =] | |
b allinds s [0 s el l: x| ok Pos Lkt
et n— T

: Mo TopPuien [T oty 0
Cortrgeray Wit [T

|| Pmshatge - Cot [0 Schedde 0
5 =

& nSeves  OuolSeves | 5 Emdng  Popossd Ve |1

Grpurding Transhoema
Pri Grounding flasistence |7 s Painndog Reactarce |1 bl [ VS Corpus

S usuring Rasilonce: [ ehmt e Goundng Feaciance [0 0| ey Comous

Detsdsy Load Tap Changet B-ml |
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Transformer library form will be open. Enter the data as shown below. Save & and close
library screen.

Two Winding Transformer Library

M anufacturer Manufacturer

Fiet. Number 30 Fetch »» Name 2T30 Transf. Parameter

My Rating ~ [100 Yo [rio K Voroodat i K
Mirimurn T ap ,—1 i Taptep Manimum Tap [q i
Number E (% OffLoad Tap Change | Mumber ‘—'g
Minimurn Tap  Ond Maximum Tap (1155 ki Compute
Voltage 1045 Ky Campute On-Load Tap Change Volage

pu on Commat MyA Baze Transformer losses ‘Winding Configuration
Pos. Seq Impedance  |0.05 | Noload ,— W Y \ﬁ aN
Pos. Seq ¥ to R Ratio {9339 Eloss Primary ... . o o
opper [ W

Zem Seq Impedance  [0.05 pu || loss Secondary.. [ - *

Zero Seq ¥ to A Ratio {9339 Update /R atia Phase displacement |0 [0] h

Transformer element data form will appear. Click Save & button, which invokes
network editor. In the similar way enter other transformer details.

2" Transformer details
Transformer Number 2
Transformer Name 2T2
From Bus Number 6
To Bus Number 2
Control Bus Number 2
Number of Units in Parallel 1
Manufacturer ref. Number 30
De Rated MVA 100
From Breaker Rating in KA 5000
To Breaker Rating in kA 350
Nominal Tap Position 5
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2.4 Procedure to Draw Generator

Click on Generator icon provided on power system tool bar. Draw the generator by
clicking LMB (Left Mouse Button) on the Bus1. Element ID dialog will appear. Click OK.

- MiGUL - & Power System Network Editor - [GuiLgui] g
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Q o g | Y VR 3 2

Ll e e | o4 2|5

g ol 1 i

=] BN NN

A

Ut

" [Cormemeyco [schesie-0 [Reterence X <=, <> Dist 341 63 Km [p:1Fas- 1AM EvasMn e
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Generator Data form will be opened. Enter the Manufacturer Ref. Number as 20. Enter
Generator data in the form as shown below.

Generator Data

Number |1 Fetch Generator>> | Name |Genl Maintenance Schedule No -

Frotection
BusMNa. (1 [B1]111.000 - Manufacturer Ref. Mo ‘ZU e EEit
Urits in Parallel |1 GT Capabilty Curve Mo [0 [CAPCUR] | Capabilty Curve >> -

Specified Valtage Breaker Rating Relay
1.0000 ] kv I 350 Inké 18371 Urit Protection

De-Rated s [100 Reactive Power - Minimum |0 My |~ Cost Per Unitin Rs
Scheduled Fower |50 L Reactive Power - Makmum |80 MV v

Real Power Optimization Data Select

Cost Co-efficient O~ |0
Fieal Power - Minimum |0 M " Uity Grid
Cost Co-efficient 1 |0

Rie:al Powser - Maimum (80 M Cost Co-eificient C2 I—D 1+ Generator
Status Commission Status
¢ InService ¢ Outof Service & Exising (" Proposed  Year |0
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Click on Generator Library >> button. Enter generator library details as shown
below.

Generator Library

Ref. Mumber 20 Fetch Generator Manufacturer Mame [Gan14
s Rating 100 M Rating |80 kv Rating |11 Compute »0'd,"d.n,0)
pu on Comman by Base

Amature Resistance [Ra) il pu Patier Reactance [<p) 0 (=0}

Direct Axis Aeactance [xd) a Py Direct Axis Transient Reactance ['d] ['K] pu

Huadrature Axis Beactance [<aq) |0 ) Quadrature sxis Transient Reactance [<'q) [i] pu

Megative Seq. Reactance (<] |0 U Direct Axis Sub-Transient Reactance ["d) o ou

Zera Seq. Reactance <o) i} ) Quadiature Axis Sub-Transient Reactance [<'q) |0 U
Direct Axis Open Circuit Direct Axis Open Circuit Inertia in b A,
Transient Time Corstant 715 Sub-Transient Time Constant 0.033
(T'da) (T"do] 33
Quadrature Axiz Open Circuit Quadrature Axiz Open Circuit Dramping Factor
Transient Time Constant (T'go) 25 Sub-Tranzient Time Constant (T"qa) 015 ’07
“Winding Connections Mass Details Cost Per Unitin Rs

Next >>
Mass Mumber 0 y 0
Y M & | it T
- [ Damping Factor 0 ¢ Back Thermal Curves
Thermal>>
Stiffhess Co-efficient pu torgues
v Elec. Fiad Belets

Save (& and Close the library screen. Generator data screen will be reopened. Click
Save button, which invokes Network Editor. Connect another generator to Bus 2.
Enter its details as given in the following table.

Name GEN-2
Bus Number 2
Manufacturer Ref. Number 20
Number of Generators in Parallel 1
Capability Curve Number 0
De-Rated MVA 100
Specified Voltage in kV 11
Scheduled Power in MW 80
Reactive Power Minimum in MVAR 0
Reactive Power Maximum in MVAR 60
Breaker Rating in kA 350
Type of Modeling Infinite

|
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2.5 Solve Short Circuit Studies

Choose menu option Solve — Short Circuit Analysis or click on SCS button on
the toolbar on the right side of the screen. Short circuit analysis screen appears.

= 2 Click here to open
Short C .
1 Click here to select case no short circuit studies

Caze = Study Infa... |
f* Ewecute After Input File Creation
Delete |

" Only Input File Creation

Executs ...

L

" Enecute with ald [nput File

— Resultz

Metwark, .. I Feport .. “Wiew Bus. . | Graph ...

Cloze

Study Information.

Short Circuit Sudies

Shart Circuit Data | Short Circuit Output Options | Iterative
"Fauh Typ

7
' Fault on Bus

Three phase to giound fault 2

~Faulllmpedance—————————— Options
B
Fault Resistance pu | | Select Buses
Find Bus

Ground Resistance

pu
De Select Buses

@ Transient Reactance [X'd) pul | Faukon Line

0

FautReactance |0 p
0
0

Ground Reactance

" Sub Transient Reactance [X'd ]

Pre-Fault Yolkages |Flat Start r
Flat Start Vige. Value |1

Mulipication Factor Mumber |1 ¥

Consider s
’V I iMotar Contributior

™ Cable/Shunt Capacitance

ok I Cancel Lpply
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In Short Circuit Output Options select the following.

Sher CicutData - Shor Ciout Dulpt Opiors | erave SC.02t|
(utput Print Options IDataa Results j
(utput Plot Options IPh 2 A Fault MyA Level j

Post Flow Options ault Cantribution from Adj. Buses are Computed j

Post Fault Volages

Computed (in pu)

Select Detail Data
and Results to plot
graph

Click OK

/

rUK I Cancel | Apmly

Afterwards click Execute. Short circuit study will be executed. Click on Report to view

the report file.

ﬂ
Caze |1 vI
= ) .
Execute After Input File Creation Delete |
' Only Input File Creation
™ Execute with old Input File Execute .. |
. 1. Click here
el to execute
MHetwork. ... | Repart . Wiew Bus... | Graph .. |
2. Click here
&l for report
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2.6 Part of the Report is shown below

FAULT AT BUS NUMBER 5:NAME Bus5

CURRENT (AMPS/DEGREE) FAULT MVA
SEQUENCE* (1,2,0) PHASE (AB,C) SEQUENCE (1,2,0) PHASE (AB,C)
MAGNITUDE ANGLE MAGNITUDE ANGLE  MAGNITUDE MAGNITUDE
3871 -89.47 3871 -89.47 738 738
0 -90.00 3871 150.53 0 738
0-90.00 3871 30.53 0 738
R/X RATIO OF THE SHORT CIRCUIT PATH  : 0.0092
PEAK ASYMMETRICAL SHORT-CIRCUIT CURRENT : 10840 AMPS

PASCC =k x sqrt(2) x If , k = 1.9801
Sequence* (1.2,0) : Represents Positive , negative and zero sequence currents

k=1.9801: explain
2.7 Procedure to execute fault simulation:

1. Select bus 5 and right click on bus as shown below

2. Select fault simulation and select fault type as three phase to
ground fault

3. Select plot option as Phase A MVA and click ok

4. Fault symbol is created on GUI and result is also plotted

automatically

H . MG - A Pumrer Systesn Metwurk Editor - [Guil] =01
|Nrsmmnu-mguwmub:ssWunmwmmrmwmwmmmmmmlw MEIE
SetCharye Laym | Gerers

x| ol [B]s] @]l | | |5 {2 m[8|L b K almlEE]e oo |2 [H|

Hi

i ]

SHUNT

v

; 9 [
i 18 - FACTE ; |
Select bus 5 and right  |: | 3o e e |
click on bus and select | = '
ault simulation i )

[Fteeence ¥t ¢ <o Dést 738 57310m ] |

Bnao ™ 000000 (% <723 <lsT>.
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Fault Simulation |

Fault Current Option

¥ Computed £ Usger given

Fault Current

II:I
Fault at a Distance IED

1. Select fault type
Fault Tepe IThree Phase to v* as three phase to

ground fault
Plat O ption |Phase & My =l

Concel_|
3. Click ok
'Ip_ MiGUI - A Power System Network Editor - [Guil]
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Procedure to Plot Short Circuit Current Envelope:

1. Click on Graph Button of Short Circuit Analysis Dialog Box

—
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4l ]
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2.8 Procedure to Simulate open conductor faults:-

To perform open-conductor fault —
e Run aload flow study.

e Inshort circuit analysis info, select one phase open fault or two phase open
fault.

e Select the line for open conductor fault.

e  Select pre-fault voltages option as input from load flow and then execute short
circuit studies.

e Select Solve—Short Circuit Analysis

it i it bt ““ISelect Series Fault
2 e ——
 Fauk impedance = T Type
e smas{Single Phase Open
Zm:mm [E— P“ | e Sabact iulul
£ Tianiord Fsoctance (Xd] o | Famonlne XDimance [0
~sm it xrd) Ling Mo Mame  [FromBus Mo, Nawe ToBusMo. MNeee|
PraFaub Volages ||
i Sl ifos Vo [ B kB FAAN
b ckewr it [Select Eault |
— - O s — -
|_ . Select Input from Load Flow

[ ok | cowa |
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T N N N — N N N N N N N N N N N N N N N N N N N NN N — —
Report: -

FAULT AT BUS NUMBER 3 :
CURRENT (AMPS/DEGREE)

NAME B3

FAULT MVA

SEQUENCE (1, 2,0) PHASE (A,B,C) SEQUENCE (1,2,0) PHASE

(A,B,C)

MAGNITUDE  ANGLE MAGNITUDE  ANGLE MAGN I TUDE MAGN I TUDE
95 -174.28 0o 7.13 18.19 0.00
72  5.78 149  82.09 13.72 28.41
23  5.53 149 -70.62 4.47 28.46

2.9 Quick Solve->Short circuit Analysis (Shortcut method to perform Short circuit
analysis)

Go to Quick Solve menu —select Short Circuit Study. Short circuit analysis is
executed and automatically results are plotted on GUIL.

+ MIGUI - A Power System Network Editor - Guil =0l

Fle Edt Yiew Draw Elements 3et Change Object(s) Configure PLot Database Solve Tool UnitProtection Partial Andysis Quick Solve ‘Window FullScreen Help
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3. How to solve Transient Stability

Figure shows a single line diagram of a 5-bus system with three generating units, four
lines and two transformers and two loads. Per-unit transmission line series impedances
and shunt susceptances are given on 100 MVA base, generator's transient reactance
and transformer leakage reactances are given in the accompanyingtable.

1 4 3
21
T1 ,
L1
100+ j44
2 5
2 1
e——O— lu
50 + j16
T2

Values given are on 100 MVA Base. Frequency = 60 Hz

If a 3 - phase fault occurs on line 4 - 5 near bus 4 and the fault is cleared by
simultaneously opening the circuit breaker at the ends of the line 4-5 at 0.225 seconds

(fault clearing time), plot the swing curve and comment on stability of machine 1 and
machine 2

Transmission Line Details
Bus - code | Impedance Line charging
p-q Zpq in pu Y'pg/2in pu
3-4 0.007 +j0.04 j0.041
3-5(1) 0.008 +j0.047 j0.049
3-5(2) 0.008 +j0.047 j0.049
4-5 0.018 +j0.110 j0.113

Transformer Details:

T1 =20/230 kV 400 MVA with Leakage reactance = 0.022 pu
T2 =18/230 kV 250 MVA with Leakage reactance = 0.040 pu
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Generator Details:

G1 =400 MVA, 20 kV, X'd = 0.067 pu, H=11.2 MJ/ MVA

G2 =250 MVA, 18 kV, X'd =0.10 pu, H=8.0 MJ / MVA

G3 =1000 MVA, 230 kV, X'd = 0.00001 pu, H = 1000 MJ / MVA (Infinite Bus Modelling)

G3is grid or slack bus and is represented as generator.

Generation and Load Details

Bus Generation Load Specified
Code 'p’ MW Mvar MW Mvar Voltage in pu
1 350 71.2 0 0 1.03
2 185 29.8 0 0 1.02

3 800 0 0 0 1.0
4 0 0 100 44 Unknown
5 0 0 50 16 Unknown

Interpretation according to MiP-PSCT:

e  Observe transmission line details. You will find lines connected to nodes 3 and 5
have common parameters.

e No of transmission line libraries = 3

e No of generator libraries = 3 (Three different generators)

e No. of transformer libraries = 2 (two different transformers)

Procedure to enter the data for performing studies using MiP-PSCT. MiP-
PSCT - Database Configuration

Open power system network editor. Select menu option Database — Configure.
Configure Database dialog is popped up as shown below. Click Browse button.

. MIGUT - A Power System Network Edibar - [Guizgui]
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Open dialog box is popped up as shown below, where you are going to browse the
desired directory and specify the name of the database to be associated with the single
line diagram. Click Qpen button after entering the desired database name. Configure
Database dialog will appear with path chosen.

Open 2] %]
ook [DTe H o« @morm- x
\\1 K Database Mame IE:\study\THS.mdh
Select the folder and give database
name in File name window with .Mdb [¥ Connect
extension. And now click on Open.
DF* | Cancel | Elel Path |
File hame: ITRSBTUDY - | Open I \ \
\ \
Files of type: IDalabase Files *.mdb j Cancel | | | R
o o Click OK This button is to clear the
SN a3 [&ad-onl .
per sy v Database Name field

Click OK button on the Configure Database dialog. The dialog shown below appears.

4
Ganerl ifomation | Vokage Laven  Tlectical & ey ometion | frsaar Ratrge |

Gervalndomnabon | Vb Level | et Conery omlin | Bieskes Rt |
fase WVA fo:

Rase Feency s L] —'
pustia F | AN

o Hetwok. Tie
3 commen NVAbase

F nat Posses Syihan Hehwodk

[Bee the machine mpadances e gachedin Plonts
own ratrg 3nd ranemieon ine paramaten e
spechid i actusie, L R obmefon, X chmeiom and
Kinob Pove Sy s | I
Stanclard Flelay Livams

ey [

O O T O e (T |

Uncheck the Power System Libraries and Standard Relay Libraries. For this example
these standard libraries are not needed, because all the data is given on pu for power
system libraries (like transformer, line\cable, generator), and relay libraries are required
only for relay co-ordination studies. If Libraries are selected, standard libraries will be
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loaded into the database. Click Electrical Information tab. Since the impedances are
given on 100 MVA base check the pu status as shown below. Enter the Base MVA and
Base frequency as shown above. Click on Breaker Ratings button to give breaker
ratings. Click OK button to create the database to return to Network Editor.

Bus Base Voltage Configuration
In the network editor, configure the base voltages for the single line diagram. Select

menu option Configure—~Base voltage. The dialog shown below appears. If necessary
change the Base-voltages, color, Bus width and click OK.

» T El
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000 G st maw fs  [50s w0 [ [ mo w%“h .th 1l wit 3 r;;F;
200 fiooos ez o fs0 e jem [ [z R . S EEEEE

mu [0 e w0 [ sz wm [N e
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o oo 2 | 60 px psn em [ oo W w3
— — i g 5 wtrT E Wt e
@G0 [oo om0 3w [0 [re% om0 [ [z me w3 me w3
E - i
3

i) | ] §= 1 B S
W i wid BT W E gppmm
o owiy En o w'd AEEEN

o [0 e wB B e 0m e mF w3 BT w3 B wE reereerC
B [ s 0w [0 [Bm g [ [mm WE Wi pe ey BT e d e Cusm >

Mocky A Beskes Rengs o owes [ pfy WY Wi d (o] o |
3 Cancel Deiak
oK red | | e \

3.1 Procedure to Draw First Element —Bus

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID and Bus Name. Click OK. Database manager with
corresponding Bus Data form will appear. Modify the Area number, Zone number and
Contingency Weightage data if it is other than the default values. If this data is not
furnished, keep the default values. Usually the minimum and maximum voltage ratings
are + 5% of the rated voltage. If these ratings are different, modify these fields.
Otherwise keep the default values.

Bus description field can be effectively used if the bus name is more than 8 characters. If
bus name is more than 8 characters, then a short name is given in the bus name field
and the bus description field can be used to abbreviate the bus name. For example let us
say the bus name is Northeast, then bus name can be given as NE and the bus
description field can be North East

———
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After entering data click Save &/ which invokes Network Editor. Follow the same
procedure for remaining buses. Following table gives the data for other buses.

Bus Data

Bus Number 1 2 3 4 5
Bus Name Bus-1 Bus-2 Bus-3 Bus-4 Bus-5
Nominal voltage in kV 20 18 230 230 230
Area number 1 1 1 1 1
Zone number 1 1 1 1 1
Contingency weightage 1 1 1 1 1

3.2 Procedure to Draw Transmission Line

Click on Transmission Line icon provided on power system tool bar. To draw the line
click in between two buses and to connect to the from bus double clicking LMB (Left
Mouse Button) on the From Bus and join it to another bus by double clicking the mouse
button on the To Bus. Element ID dialog will appear.

i
e maje| 20 WL AT Y e 2= | e

Sfaiisepin e ]

i
q
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Enter Element ID number and click OK. Database manager with corresponding
Line\Cable Data form will be open. Enter the details of that line as shown below.

Line/Cable Data

~FesdData
Humber |1 FetchLine »> | Name [L1 H Maintenance | || Tvpe

& Cunent " Power
De-Fated My 0 Structure Fief. No. I j Amperes |D
Ratng| [ Wt || Trensmssion s Lbray » | LineDetsls» | ol jos

Riating Il 100 M, Show Breaker - SLD
= ~From Breaker I es
Rating

¥ Mot Exists ~5LD Netation
FromBus Number [¢ [Bus] {Z0000 x| ||| b My, [10000 k& |25103 & Line

ToBusMumber  [3 (Bus3) 230000 =] ||| x| FromBresker r‘: gab‘i
esker
Humber of Circuits 1 T Breaker =  lsolator
5 Not Exists aind

NOP

el bz ! kmo | CEss Mva [im000 | ke [2103 & o
Conlingency Weightage |1 I j ToBreaker  Fiom Side

" ToSide
Statu Commission Status
’VF InService ¢ FramErdOpen " ToEndOpen { Out of Senvice H’F Existing  Proposed  Year |0

Enter Structure Ref No. as 1 and click on Transmission Line Library >> button. Line
& Cable Library form will appear. Enter transmission line library data in the form as
shown below for Line3-4. Enter other line libraries and element data details as per the
following tables:

Transmission Line Libraries
Structure Ref. No. 1 2 3
Structure Ref. Name Line-3-4 Line-3-5 Line-4-5
Positive Sequence Resistance in pu 0.007 0.008 0.018
Positive Sequence Reactance in pu 0.040 0.047 0.110
Positive Sequence Susceptance in pu 0.041 0.049 0.113
Thermal Rating in MVA 100 100 100

Line and Cable Library
Structure R i
( Humber |1 Name [MTL1 Fetch »»

- Surge Impedance

Pasitive Sequence Resistance: ,|]|]7— pu . W e
Positive Sequence Feactance ,gm— .

Posiive Sequenne Suscentance B/2) [T047T W [G4BTEEEEID | kms/sec
Zor SemEE BT — _Compute #L, 822 |

Zero Sequence Reactance T

Zewo Sequerce Susceptance 3720 [T pu

Thermal Rating 100 M4 Compute

Line Harmonic Number [ Hamonic Libay »>

st sl [0 CostPaUnitin
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Transmission Line Element Data Details

Line Number 1 2 3 4
Line Name Line3-4 Line3-5 Line4-5 Line3-5
De-Rated MVA 100 100 100 10
No. Of Circuits 1 1 1 1
From Bus No. 4 3 4 3

To Bus No. 3 5 5 5
Line Length in km 1 1 1 1
From Breaker Rating in MVA 5000 5000 5000 5000
To Breaker Rating in MVA 5000 5000 5000 5000
Structure Reference No. 1 2 3 2

3.3 Procedure to Draw Transformer

Click on Two Winding Transformer icon provided on power system tool bar. To draw
the transformer click in between two buses and to connect to the from bus double
clicking LMB (Left Mouse Button) on the From Bus and join it to another bus by double
clicking the mouse button on the To Bus. The Element ID dialog will appear. Click OK.
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Two Winding Transformer Data form will be open. Enter the Manufacturer Ref.
Number as 30. Enter transformer data in the form as shown below. Click on
Transformer Library >> button.
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Two Winding Transformer Data
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Enter transformer library details as shown below. Click Save button and close the
screen. Transformer element data form will appear. Click Save & button, which invokes
Network Editor. In the similar way enter other transformer details.

Two Winding Transformer Library

Mumber 1+ 0ff-Load Tap Change

tinimum Tap

218500 kY Compute

" On-Load Tap Change

Manufacturer l— M anufacturer l—
Ref. Number 30 Fetch s Name 2730 Transf. Parameter
Primary l— Secondary l—
MV Rating (400 Volkage 230.000 ki Vollage 20.000 ki
Minimum Tap [7 “@ TapStep Manirnum Tap [g ,3
. =

Murnber

]

Maximum Tap

241.500
Woltage

Ky Compute

Valtage
pu on its Dwn Rating Transformer |
Pos. Seq. Impedance  |0.022 pu Noload [0 W
Fos. Seq Xto R Ratio  [3339 fose
Copper[p™

Zera Seq Impedance  [0.022 pu || loss
Zern Sen Xto Fi Ratio [5333 Update %/ ratio

‘Winding Configuration

Y Y 2
Primary ... (o (o [l
Secandary e o f"

Phase displacement IEI [0 'I

agnetization Curve Data in pu on its Dwn Rating

I Magnetization Curve

FResidual Flu:

& Pimany Winding € Secondany Winding

Thermal Curve

Thermal»>

1% Characteristic:

Cost Per Unit in
M

lin% W in pu
Phase & |0 dd
Fhase B |0
== Delete:
Phase C |0

Power Research and Development Consultants Pvt. Ltd.

Page 84



MiP-PSCT

How to solve TRS

Transformer Library Details

Manufacturer ref. No. 1 2
Manufacturer Name 2730 2731
MVA Rating 400 250
Primary Voltage in kV 230 230
Secondary Voltage in kV 20 18
Minimum Tap 1 1
Maximum Tap 9 9

Minimum Tap Voltage in kV

218.5 (230 * 0.95)

218.5 (230 * 0.95)

Maximum Tap Voltage in kV

2415 (230*1.05)

241.5 (230*1.05)

Positive Sequence Impedance in pu

0.022

0.040

X/R* Ratio

9999 (R is Negligible)

9999 (R is Negligible)

Transformer Element Detail
Transformer Number 1 2
Transformer Name 2T1 2T2
From Bus Number 4 5
To Bus Number 1 2
Control Bus Number 1 2
Number of Units in Parallel 1 1
Manufacturer ref. Number 2730 2731
De Rated MVA 400 250
From Breaker Rating in MVA 5000 5000
To Breaker Rating in MVA 350 350
Nominal Tap Position 5 5

3.4 Procedure to Draw Generator

Click on Generator icon provided on power system tool bar. Draw the generator by

clicking LMB (Left Mouse Button) on the Bus1. The Element ID d

b (el

OK.
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Generator Data form will be opened. Enter the Manufacturer Reference No as 30.
Enter generator data in the form as shown below.

Generator Data

Nusber [1 Fetch Generalor 55 | Mame [Gent Mantenerce | || Scheduetiolo  ~]
- Prokecton
Har i || [Bu | (m -] Mandactue Rel. No 1&1 =| _Liwayrr | i Eemens
UntsinPastel [T BT Copabliy Curve N [0 (CAPCUR] =] Capabity Curve 5 |
i Vilage || Bomaket Ratry Fely
[ oo pi [0 W Inbia [50.00000 kA [Taa3 Liri Proinction
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Click on Generator Library >> button. Enter generator library details as shown below.

Generator Library

‘ Ref. Mumber |30

Fetch G enerator MandlactuerMame [Gemid ‘

‘ MV Rating 400 M Riating |:350 IV Fating |20 Compute #['d,"d.n.0] |

Armature Aesistance [Ra)

Direct éxis Reactance [xd)

Zeio Sen. Reactance (Xo]

Quadiature Avis Reactance [q) [0 pu
Negative Seq Reactance [<n) [0 BU

pu o its Own Rating
Patier Reactance [<p)

Direct éxis Transient Reactance (>'d)
BQuadrature Axis Transient Reactance [<'g)
Diirect &wis Sub-Transient Reactance [<"'d]

Quadrature s Sub-Transient Reactance

o e
[
o pu
|
pald

Direct Axis Open Circuit
Transient Time Constant
(T'do]

715

Quadrature &xis Open Circuit
Transient Time Constant [T'ga]

e

Direct &xis Open Circuit
Sub-Transient Time Constant
[T"do]

Quadrature Axis Open Circuit

ID 039

Inertia in MW
|1 1.2

Damping Factor

—

Mass Detail

“Winding Cannections

Y Ya

[ [N o

tdass Mumber

Inertia

Damping Factor
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ID— Next 3
" e SO
ID <¢ Back
pu tarque/
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i~ Thermal Curves
Thermals > |
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Enter other generator libraries and element details as per the following table.

Generator Library Details

Reference Number 30 31 32

Manufacturer Name BHEL-1 BHEL-2 BHEL-3

MVA Rating 400 250 1000

MW Rating 350 185 800

kV Rating 20 18 230

Ra 0 0 0

Xd 0 0 0

Xq 0 0 0

Xn 0 0 0

Xo 0 0 0

Xp 0 0 0

Xd 0.067 0.10 0.00001

X'q 0 0 0

Xd 0 0 0

Xq 0 0 0

Inertia MJ/MVA 11.2 8.0 1000

Generator Element Details

Name GEN-1 GEN-2 GEN-3
Bus Number 1 2 3
Manufacturer Ref. Number 30 31 32
Number of Generators in Parallel 1 1 1
Capability Curve Number 0 0 0
De-Rated MVA 400 250 1000
Specified Voltage in kV 20.6 18.36 230
Scheduled Power in MW 350 185 800
Reactive Power Minimum in MVAR 71.2 29.8 0
Reactive Power Maximum in MVAR 71.2 29.8 600
Breaker Rating in MVA 350 350 10000
Type of Modeling Infinite Infinite Infinite

3.5 Procedure to Draw Load

Click on Load icon provided on power system tool bar. Draw the load by clicking LMB
(Left Mouse Button) on the Bus4. The Element ID dialog will appear. Click OK.
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Load Data form will be opened. Enter the load details as shown below.
Load Data
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Connect other load (50 + j16) to bus 5.

To solve load flow studies choose menu option Solve — Load Flow Analysis or click
LFA button on the toolbar, which is on the right side of the screen. Load flow analysis
screen appears.
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3.6 Load flow results

INTERMEDIATE VOLTAGE AND POWER ERROR AT THE END OF EACH ITERATION:

NODE NAME VOLT-MAG VOLT-ANG P-ERROR-MW Q-ERROR-MVAR

1 Busl  1.0300 0.155 0.0099 0.0014

2 Bus2  1.0200 0.112 -0.0003 -0.0001

3 Bus3  1.0000 0.000 1180.5015 -0.0272

4 Bus4  1.0175 0.082 -0.0032 -0.0002

5 Bus5 1.0109 0.040 -0.0016 0.0001
Number of p iterations 3 and Number of q iterations : 5

BUS VOLTAGES AND POWERS

NODE FROM V-MAG  ANGLE MW MVAR MW MVAR
MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD
COMP

1 Busl 1.0300 8.90 350.000 71.200 0.000 0.000
0.000

2 Bus2 1.0200 6.39 185.000 29.800 0.000 0.000
0.000

3 Bus3 1.0000 0.00 -380.502 -26.497 0.000 0.000 0.000
<

4 Bus4 1.0175 4.68 0.000 0.000 100.000 44.000
0.000

5 Bus5 1.0109 2.27 0.000 0.000 50.000 16.000
0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 0
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 0
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) 1
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) 0

TRANSFORMER FLOWS AND TRANSFORMER LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS %
NODE NAME NODE  NAME MW MVAR Mw MVAR
LOADING

|
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1 1 4 Bus4 1 Busl -349.987 -44.745 0.0026  26.4537
86.7# 2 1 5 Bus5 2 Bus2 -184.999 -16.300 0.0014 13.4998
73.5%

I NUMBER OF TRANSFORMERS LOADED BEYOND 125% : 0
@ NUMBER OF TRANSFORMERS LOADED BETWEEN 100% AND 125% : 0
# NUMBER OF TRANSFORMERS LOADED BETWEEN 75% AND 100% : 1
$ NUMBER OF TRANSFORMERS LOADED BETWEEN 50% AND 75% : 1
~ NUMBER OF TRANSFORMERS LOADED BETWEEN 25% AND 50% : 0
& NUMBER OF TRANSFORMERS LOADED BETWEEN 1% AND 25% : 0
* NUMBER OF TRANSFORMERS LOADED BETWEEN 0% AND 1% : 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS %
NODE NAME NODE NAME MW MVAR Mw MVAR
LOADING

3 1 4 Bus4 3 Bus3 210.573 11.960 3.0157 8.8875
207.31 4 1 3 Bus3 5 Bus5 -86.472 -11.712 0.6019 -
6.3713 87.3#

5 1 3 Bus3 5 Bus5 -86.472 -11.712 0.6019 -6.3713
87.3#

6 1 4 Bus4 5 Bus5 39.418 -11.215 0.2702 -21.5963

NUMBER OF LINES LOADED BEYOND 125%
NUMBER OF LINES LOADED BETWEEN 100% AND 125%

or

NUMBER OF LINES LOADED BETWEEN 75% AND 100%
NUMBER OF LINES LOADED BETWEEN 50% AND 75%
NUMBER OF LINES LOADED BETWEEN 25% AND 50%
NUMBER OF LINES LOADED BETWEEN 1% AND 25%
NUMBER OF LINES LOADED BETWEEN 0% AND 1%

¥R > H @ 1=
OQOFrLON

This will become the initial condition for transient stability analysis
Note: You have to get the same results to conduct transient stability study.
3.7 Executing transient stability study

Click on Solve —»Transient stability analysis.

|
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Transient Stability Analysis

1. Click here to
open study

infarmatinn

2. Click here
to

4. Click here to
enter

3. Click here
to

On Transient Stability Studies screen click on Study Info....button.

| 3P to GND Fault at Bus na 4 from 00005 to 0.2255
Change inLine Parameters 2 at 0.2358

. Click hereto enter
disturbance

disturbance type
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Enter all the details as shown:

To simulate 3 phase to ground fault, select the Disturbances as Three Phase To
Ground Fault from the disturbance list and click on Disturbance Info button to enter the
fault data.

Fault is on bus 4 so select bus 4 from the Bus number list box.

ﬂ
& OnBuz ¢ On Transmission Line & From Bus .
Select an Element Click here to
( [4Bust -— { select bus no
Digturbance Starting Time ID Secs it 3% |
Disturbance Clearing Time l—
0.225 Secs Delate |
Fault Impedance
Fault Rezistance ID pu Counter

1

Fault Reactance I‘I Oe-04 ‘&u
Pole Reclosure Optian INo Fieclosu 'I << Back |

Reclozure Time IU Secs
Reactance value

Ok I Cancel should not be zero

Click OK to return to previous form.

To account the effect of opening of breaker, in the disturbance list select Change in
transmission Line Parameters and click on Disturbance Info button.

In this, select line between bus 4 and bus 5. Give disturbance starting time as 0.225 secs
and make positive sequence resistance as zero and reactance very high accounting for
opening of the line (let us say 9999).

|
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CHANGE IN TRANSMISSION LINE PARAMET! X
~Selct Line —— 1. Click here to selectthe
[aL4 12 sty 5 Buss) T — | line
44 Back |—1
Distubance Statting Time 0.2 Sees Counter 4
~Pasive Sequence Actual Parameters i
Resistance |0 PRy 1 BOI0e 0 w0 Parameter Calculation ]

Reactance |399 o
Suceptance (B/2) |0 pu

- Zein Sequence
Resistance |i) U
Reactance (999 o

K15 1100000601 pu
B2 LI By ey

RO 0.0000002+000 p.u
{0 0.000000e+000 oy

Existing Number of Cicus [

umber of Circuts |0

B0/2 > 0.000000e+000 p.y
Mo of Ckis #1

Suceptance (B/2] [o pu

2.Click here to select

o | T

Cancel | Delete

[
i

Finally you will return to the previous dialog. Here list of disturbances applied on the

network are listed as shown below. Click OK button

to return to Solve dialog.

On the Solve dialog box, click Execute button to execute transient stability study.

TRANSTENT STABILITY STUDTES

x|
Load Type [ Constant Impedance Type > Swing Bus |2 Gen2 [3 (Busd)] j |
| Multiplication Factar Mumber 'I ¥ Load Flow Print Option Load Flow Cage |1 =
- Sirnulation Tin Tolerenc
Start End Step No. of Load Flow 1
I o5 | Jom | | FedlPowe (il 0001 Iterations
I 7 Dption Reactive Power (Intial) 0001 Piin Step Option [T
¥ Qutput plot aption Real Power [Post Dist)  |0.01 Data Print Option
Select Buses of Interest React Power [Post Dist] |0.01 with Data x
List of disturbance
SINo | Disturbance ‘ YesMo |
1 3Ph to GND Fault at Bus no 4 from 0.000s to 1.225s v

2

Change in Line Parameters 2 at 0.225s

|»

Distubances IChange in Transmissian Line Parameter; ¥ || Distwbance WUl

Macking Type

’VIV LConstart Voltage behind Xdi

Elements Considered

[

™| &VE ™| Governen | Fee Biomammetls Elbek M Relay v Cyelic Load |
Ok I Cancel |
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Results Observation:

The results can be observed by clicking Report button. The results can be best analysed
using graph. For this click on Graph button.

Transient Stability Analysis x|

Case hd Study Infa... |
+ Execute After Input File Creation
Delete |

" Only Input File Creation )
| 1. Click here to execute

™ Emecute with old Input File Execute ..
— Results
. P | .
Metwark, ... | %ort Wi Bus... | Graptes | 3. Click here for graph
/

/
/
/
Z

2. Click here for results

Part of Report is Shown below :

Time = 0.00000 Seconds
Intermediate results for Machines
GNo Name Voltage Angle Delta Freq Pgen Qgen Pmech
Efd/Slip
pu Degree Degree Hzs. MW MVAR MW pu/PU

1 Busl 1.03 8.9 20.8 60 350 71.2 350
1.1

2 Bus2 1.02 6.39 16.2 60 185 29.8 185
1.06

3 Bus3 1 0 -0.00218 60 -381 -26.5 -381
1
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Maximum rotor angle difference : 20.84325 b/w buses : 1 and 3

3 phase fault 0.00000 4 Bus4
kp 1 kg O Iterations 10 dpmax 0.064557 dgmax 0.003461

Time = 0.00100 Seconds
Intermediate results for Machines
GNo Name Voltage Angle Delta Freq Pgen Qgen Pmech
Efd/Slip

pu Degree Degree Hzs. MW MVAR MW
pu/P.U
1 Busl 0.275 20.1 20.8 60 5.93 339 350
1.1
2 Bus2 0.908 6.55 16.2 60 162 129 185
1.06
3 Bus3 1 -0.00455 -0.0022 60 414 3.02e+003 -381
1
Maximum rotor angle difference : 20.84410 b/w buses : 1 and 3

Island 1 Common system frequency60.000

Click Graph button on Solve dialog box, Graph Utility screen will be open, which is
shown below.

G or pes Shest Fomal Dew e naoe ten leoe

x || Do) {2 [xe] A fyaicfe] ) in] 2] 0] 3 ko] | [ J5F
T L
[IEII : Transyent Stabilivy Study
o Double click L ap
@ : here Window 2
=l Click here for
Il column selection
i
&
% ~ -
el Window 1
2 2l
IR N R e | LI | g fremmi™ s | | [ |
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Graph editor will open the corresponding plot file of the study. Window 1 is used for
displaying the graphs and window 2 holds the plot variables like time in seconds, swing
curve of machines, machine internal angle, machine voltage, machine current etc. User
has to choose plot variables in the 2" window.

[ migraph - [Migrap1] [_[O]x]
File Edit View Sheet Format Draw ‘Window Help

O|s|&| =] 2w #[ar [=fF

Trauskeot Stabity Stody

| |

= |1. Double

1M/ Teminal Yaoltage in ki
a0 11M/C Anale in Degres
1]M/C Swing Curve in Degres -

5 .
1]M/C Frequency in Hz ™~

oo 1IM/C Elect Porer P in M 2. Double

A 11M/C Electical Powsr O in Myve

% 11M/C Mechanical Power in by,

20 T1M/C Field Yoltage in kY —

15 u 1M/ Curent Magnitude in Ame \
1]M/C Apparent Power in by

1w

2 1M/T Temminal Yoltaoe in kY
3. To select

machine

L
wio ol w0 0 440 050 @0 o o0& W 1o =

£l | LIJ 2 swina curve
IW /('D IXAX\S Axis |

Tiar 1o Semads

e | b | Range | S-Lugxl s-Lugvl Tog IE

For Help, plass’W \ |X:‘”‘ o |\\Cauvery\d\axamp\a\THS\Wsk]UTM.BIN 7
4. Click 5. Click here or click RMB for selecting
here to proper

Final output is shown below
Comment: As seen from the graph
< Machine 1 turns out to be unstable and machine 2 is stable.

[ migraph - [Migrap1] IS [=1 E3
File Edit Yiew Sheel Fomal Draw “indow Help

DI|@] S[ 2 (2] 4] (5]

Transem Stavmry St

soo0 -

aso0 |
anon |
500 |
sao0 |
wso0 |

w00
1500

oo |

JEEERS

sun |

won

10 Tin X0 T W W Tan (50 [ T Tan

Tier o Scxmada

\mpurtl (=" |Range | S-LDgXlS-chVl Log Ii T A IXA"‘S VAX|3||

For Help, prass F1 s - oo [\\Cauvenhd TRSAITRSOTM BIN 7
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Exercise: For different clearing times conduct studies and observe the swing curves

Hint: Take clearing time = 0.05sec and execute transient stability.

3.8 Procedure to connect AVR, Governor designed using FPB module

1. Draw Single Line Diagram and enter the element details in database manager

Bus1 [1]

—@3.& Mw @& 0.88 pf
D.G
Q 0.5 km, 6.6 KV cahble

6.6 kKW 6.6 kY

(9 +]5.5) MVA

Procedure to enter the data for performing studies using MiP-PSCT. MiP-
PSCT - Database Configuration

Open power system network editor. Select menu option Database — Configure.
Configure Database dialog is popped up as shown below. Click Browse button.

e e it | 3

= e

E [ems e
5} . " | =TI
- T —

2 pa— =l |
o -

Ll Lol =

- -

=} —t = ':t'”f_—' ST
Gl - - e

=) Click here to specify 39|
Al =

T'__' I ] [Fr—e e T e
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Open dialog box is popped up as shown below, where you are going to browse the
desired directory and specify the name of the database to be associated with the single
line diagram. Click Qpen button after entering the desired database name. Configure
Database dialog will appear with path chosen.

x4 x
Looki_n:l ) study j & cF B
Name \ |v| Date modified |v| Type Database Mame IE:\study\THS.mdb
No items gtch your search,
W Connect
Select the folder and give database
name in File name window with .Mdb
. . Dm | Cancel | EIEEPath |
extension. And now click on Open. \ \

<| / | 5] { U

Click OK This button is to clearthe
File name: |TRS|mdh | Cpen I

Database Name field
Files of type: IDmabase Files *mdb j Cancel |

[™ Open as read-only

4

Click OK button on the Configure Database dialog. The dialog shown below appears.

Foripasion lemoton £ £

et ndamayion | Viskags Lowels - Elechcal & Cusrericy st | sk Rings | Gorer amagen | Vilige Levss | Bechict § Commcy fomsation | Breshr Rargs |

Bave VA i
[y £l [ —I
G r B

o i tpechied i Hiatworh, Tl
@ common MVA bae.

Ekin the machine impedancns ar spechedin PU it

own rading and iransminsion fine pasamelnn o

peced n achssis, in B chmafin, X ahma/im and

B2 mhafim

P Poser System Meruot |

Fower Sysen Lboes 7
S Py Lbrases [~

Gy [

T e e | o | Cwed | | |

Check the Power System Libraries and uncheck Standard Relay Libraries . For this
example these standard relay libraries are not needed, because relay libraries are
required only for relay co-ordination studies. Power system Libraries are selected,
standard libraries will be loaded into the database. Click Electrical Information tab.
Since the impedances are given on its own base uncheck the pu status as shown
above. Enter the Base MVA and Base frequency as shown above. Click on Breaker
Ratings button to give breaker ratings. Click OK button to create the database to return
to Network Editor.

I
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Bus Base Voltage Configuration

In the network editor, configure the base voltages for the single line diagram. Select
menu option Configure—Base voltage. The dialog shown below appears. If necessary
change the Base-voltages, color, Bus width and click OK.

4 T E
Generel ot | Votage Level | Eecncal  Cuency rfomaton Breser i | Bz V.. 0000000 Color |
WA hkA nMA  hkA nWA  hkd g ook
s
000 [EE e B0 [ [mas mew [ e B0 o b w3
= s 7 B wig mes w'd m =) F;FF;=::
2000 oo [52¢  0ow [0 |[ean 028 [ iz Ao Y ENNEEDEN
- I - L=
20000 [ (fsom oms0 [0 (feae om0 50 e EFEEN

TCR r no W
mE wis W ERTTT "
—r—wid mp w3 EEEEECEC

W5 w3 Hp0 W E Csmae
T

1200|5000 21870 10000 350 20208 500 50 123899 Wz B
mom oo (fx2e 60 [0 25 0m fm [ W w
600 [0 ([sra 0 a3 o 7% | 1600 [0 1389 W

B0 s (fs2¢ | oes [ EE N I [ W W CEmE wi = Frecrre
500 [ 7z 1238% 028 [ 12389 e - w3 BT w3 o ot G
- tom >
e mE w g [ o e g P wed o] |
o Canod Defak
o el | 5 | B |

Procedure to Draw First Element - Bus

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID and Bus Name. Click OK. Database manager with
corresponding Bus Data form will appear. Modify the Area number, Zone number and
Contingency Weight age data if it is other than the default values. If this data is not
furnished, keep the default values. Usually the minimum and maximum voltage ratings
are = 5% of the rated voltage. If these ratings are different, modify these fields.
Otherwise keep the default values.

Bus description field can be effectively used if the bus name is more than 8 characters. If
bus name is more than 8 characters, then a short name is given in the bus name field
and the bus description field can be used to abbreviate the bus name. For example let us
say the bus name is Northeast, then bus name can be given as NE and the bus
description field

can be north East.

|
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s — e -
B oS S ST 2 [ Bus Data
v st el o] w i e X SmE ol efe 2=l o o=
I ol Bus Mumber [ Fotoh Bus >> |
=] Bus Mame Eot
E D escription IBus1
a
I Mominal Woltage |g E00 ~]
Area Mumber
|7 1 Select [1 Areal -1 |
Zone Mumber
[TF Setect [1Zoner =1 |

I— Owaner Mumber
1

= setect [T Gwmert =] |
| il Contingency Wweightage I
L] “Woltage Limits in kW
e | rin [E.27 rax [E52 |
oo Cost Per Unit in Cost
ool [ = | [T =1 |
e are
T Eus Bar Differential | | Bus Details |
s : Ralisal]
B s pemisrcacmme | =y Global Change| Losd| Detsils| Costib>>| GPS
s Fo(imem oo =5

After entering data click Save @l which invokes Network Editor. Follow the same
procedure for remaining buses.

A Y T — 10

P d toD - ission Li 1 blzlejalife »\*’"i'i@ISEﬁmﬂfﬂﬂﬁﬂﬁ\asﬁ-'-'-\z!:-'::iEliwJ%"w"§:
rocedure to Draw Transmission Line 2 E '

Click on Transmission Line icon %

provided on power system tool bar. To & mf! T

draw the line click in between two buses §

and to connect to the from bus double 7 e

clicking LMB (Left Mouse Button) on the =

From Bus and join it to another bus by %

double clicking the mouse button on the &

To Bus.. Element ID dialog will appear. 4

Enter Element ID number and click OK. Database manager with corresponding
Line\Cable Data form will be open. Enter the details of that line as shown below.

Select Structure Ref No. As 1141 and click on Save
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Line/Cable Data
- Feed Data
Mumber |1 FetchLine »» | Hame (L1 Maintenance Type

* Curert © Power

De-Fated My 4744 Stucture Ref. Mo, IHAH [3Cx300sgmem[B. 35/1TkV)) j Amperes IU
Transmission Line Library »» | Ling Detailz »» | ol ID'S

Fating | |4_2344 e,
- Shaw Breaker - 5LD ——
Rating Il I
aung 4.2344 i ~ From Breaker — [ Yes
ating

& Mot Exists ~5LD Motation
Fram Bus Nurrber |1 Bull6500 ] ' Fists bl |250.uuuu  [21870 o Lie
To Bus Nurber |2 [Bus2] 6600 j I j Fiom Breakerl £ i

" Breaker
Hurnber of Circuits |3 r ToBreaker € Isolator

* Mot Existe Rating NP

disle el fos o || C g WA [B00000 kA [21870 o
Contingency Weightage |1 I j TaBsla | " From Side

" ToSide

& InService O FromEndOpen ¢ ToEndOpen © Outof Service  Existhg © Propased  Year ID

 Statu " Cornmission 5tatu

Procedure to Draw Generator

Click on Generator icon provided on power system tool bar. Draw the generator by
clicking LMB (Left Mouse Button) on the Busl1. The Element ID dialog will appear. Click
OK.

alalx)
= e e U ek, Pl tek . . ~imixi
N D] aa]s|a|a] ]S w1 K A EE [ ] o] 2| i |00 o St G
1= = e
=] i{;l Eicd
% LdEiE]
o) Bust [1] Bus2 [2) s
=] %ﬂ' gﬂ? -
? | O |
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i'lﬁf S 1.000000 X <M0», ¥ 23> [0 i Crtha
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Generator Data form will be opened. Select the Manufacturer Reference No as

1[Thermal120MW]. Click on Save

Generator Data

Humber |1 Fetch Generator 33 | Mame |Genl Maintenarce

Schedule No IU o ‘

BusNo. |1 (Bus1] {5.600 =
Units in Parallel (1 GT

Manufacturer Ref. No |1 [Thermall20Mw] = Library »>
Capabiity Curve Mo |0 [CAPCUR] » Capability Curve 5>

" Specified Yoltage

6.600 k¥

"EIEGkEf Rating

InMVA |250 Inkd |21.870

1.0000 pu
DeRated Mya  |31.25
Scheduled Power |25 M

~ Protection

DOver Current
I :l'
Relay
Uit Protection

Reactive Power - Minimum

IU AL

r~ Cost Per Uit in

—

r Real Power Dptimization D ata

Real Power - Minimum |0

Real Power - Maximum |25

Cost Corefficient C2

! Fieactive Power - Maimum IS bl
o Cost Co-efficient O |00
Cost Co-efficient C1 il
M ln—

~ Select

Uity Giid

% Generator

Statu

@ InSewice  © Dutof Service

(

% Ewistng ¢ Proposed 0

Carnrniszion Statu
Year ‘

(

Neutral Grounding Resistance

Neutral Grounding Reactance

fi] ohms
0 chms
Graunding Through Transfamer Calculate

Participation Factor (2] |0
Bias Setting

Dioop [%)

{11

Click here to browse
AVR and Governor
data files

i~ Model Type
" Infinite: Bus Modeling [ d )

" Transient Modelling [ X'd & X'q )

' Sub Transient Madeling [3'd & X"g )

Global Change:

AVR Ref No.

0 [8WR] Type 0 ¥| AWR Library >»
AVH FPB Name E:\SharedDocs\Examples\E xample ...,
Turbing Gov RefNo |0 Type 0 v | TG Library »>

Edit Filg;

/

YR File Dpey

Tur Governar Name IE:\SharedDocs\ExampIes\Examp\e o

Generator Library Details:

Generator Library

Rel Mumber |1 Fatch Gansistce | Manutactures Name. [Tharmal 2000w
MVARsng  [7135 MW Flating  [5 WY Rt [55 Compuite ='d."dn.0)
s e s Owes Flalirsy
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Procedure To Draw Load

Click on Load icon provided on power system tool bar. Draw the load by clicking LMB

(Left Mouse Button) on the Bus2. The Element ID dialog will appear. Click OK.
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I m
i .fl TZGP1 | TOLF12 ZLF2 — EEIEEE
Ll T Bl m«z-'l g F‘Tlfle‘}l—}
[a] e
5 |l
Gl sacrs _
Al tsnun [ Ela]=l=l=]
] Foan Detbese mommon |
= J o | i [e 58
El@lﬂ |
_H:rm .
Ly oy of [E[E[F]
[ty 0 [seheaie 0 [Fefeece Retoy - Ot 40200mm [ 17 BUS 2105 [Eatmhins
ey T e [ pewsyews [0 [t ¢

Load Data form will be opened. Enter the load details as shown below. Click on Save

= Load Data
nmr_ Last mi:u_'| Mml"'__| . |__|
s Mo 1 B D - Hiof Corvuaraay | | mn,m N ___F_Iﬂ__]

T | ::wm'_,"_ S
Aok Posmmilfl [F5 .| O

Poven Faca WEEE Lesilwak | | ot Ot m oo

| 1 H I
Loed Mot | - Urbsbrrond Load- i
Flees  C Konlees | = \ﬁ | Lol Chasactorstes 54 b |
ot Lo Pcerisgs Ll R
B B | M“—I |
T | - oo 5L Bieshe Aoy

M (B

T Iy Gaicn I"M.tsm I'-'E“u FW L] | hhl!:Tﬁ-
Cort lock Z
FobPub | Bavrm

Power Research and Development Consultants Pvt. Ltd.

Page 100



MiP-PSCT

3.9 Procedure to Draw Motor

How to solve TRS

Click on Motor icon provided on power system tool bar. Draw the motor by clicking LMB
(Left Mouse Button) on the Bus2. The Element ID dialog will appear. Click OK
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Motor Data form will be opened. Enter the Motor details as shown below.

Motor Data

Motar Number |1 Fetch Mator > | Name  |Mot1

Maintenance

- Molor Protection Relay

jv

De-Rated MVA |4 pazs

Bus Number

Manufacturer Ref. Mo,

1 [Motl] -
Motar Libram >3

FRelay

(CEEN S
Neutral Resistance Meutral Reactance

0 ohms |0 ohms

o Pinbw M

1
O in MYAR  Mvar

2 [Bus2] {6.600 = Breaker Rating r Cost Per Unit in
Unisin Parallel [ ’V InbVA - [750,000 Ik [21.870 [o
Matar Targus
Winding Type Y \{ =B & Formnula " Charactsristics

Torque Constant (Tc]

ConstantTorque Component [C1] |0

Torque Companent

Propational to Speed [C2)
Torque Companent Propational
ta Square of Speed (C3]

e

Motor Load Library

—
—

Speed Ye Tarque Characterstics

| |
Load Library »>

Statu:

* InService  © Outof Service

totar detail
’V Details>> ‘

r Starting Mod
Slip Tirne: Auto Tap Walue
" Auta Transformer [ [ B
" Resistance
R Start
 StarDelta i e

0 0
' Direct Online (DOL)
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Click on Motor Library >> button. Enter motor library details as shown below.

Motor Library

Manufacturer Bef. Mumber I‘I Fetch > | M aotar M arne IMDH

hvit B ating Ir Rated Speed W pmm

kv Fiating [6 5359353046 % Efficiency at Full Load [35,.593557554

M R ating |35— Compute I Locked Rotor Current IW Anps
Inertia Congtant IW

— kodel Cost Per Unitin ————
+ Parameter P - @ [Characteristic]  Add/Edit Chalacteristicsl [ ID
— pu on itz Dwn Fating

Stator Resistance IU-UU51 56 pu Statar Reactance IEI.‘I 0EET pu
Rotor Resistance 0.0186 Rotar Reactance I—
atSlip = 1 : P atsip=1 0.10667 pu
Raotar Resistance Ig_m a5 pu Raotar Reactance IU_1 0BET pu
atSlip=0 atSlip=0

FParameters Compute > | b agretizing Feactance |3.4?1 3 pu

Thermal Curve  Cold & Haot >3 I Start kotar I Report I Graph I

Click on Save & .Also Save & the motor data.

Design AVR using Free Programmable Blocks module of MiP-PSCT

|
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AR
T=0.1000 Ivlax = 40000
K=100.0000 Ivlin = -4.0000
T[] \/_\, Verr [4] ¥ Vr (4] /_ Whirnit [5] . Efl [5]
L — E » N — = 7 2 7 |
Jenerator Termminal 14T Field Voltage in pu

Valtage in pu

Reference gt
Vref' []

3.10 Procedure to generate AVR data file for Transient Stability Analysis

Select menu option Execute — Prepare Data file - For TRS

PowerFPB - [avr]
!ﬂfile Edit “iew Draw Elements Set Object Specifications | Execute Window Help
= = Prepare Datafile ¥ For Simulatiot
|T |E||E||ﬁ| |Elnél |E||E||§||§||F Simulate FPB For TRS
|7 Flot Graph

Yiew File

Save As HE
Savejn:la.ﬂ\w-gov w j gl
Lfa
Trz

Select the location
and
Enter file name

File name: Iavri <« Save |
Save as lype: IFF'B Diata File for Transient Stability * fpd j Cancel

™ Open az read-only

v

Similarly Design and generate Governor data file for Transient Stability Analysis
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_. GOVERNOR
T=0.1000 Hfe= 10000
E=0 0032 K.=20000000 K=10000 Ifin = 0.0000 E=0 3000
W Wode3 ] [ | Hodst ] Hodes [3] Hode? [F] - 3 | Hoded 3] [ ] Heaop) [T Hodlo 0] Hodel1[11]
o Ci K i z o e E P

Speed Murmdisec I_I ILI l_l l_l Trbite O/F pn

Rfirerucs gt

ale=314 16 Rme gt

Wi [2] Bl

Browse these file name paths in Generator Data
Execute Load Flow Analysis to establish the initial condition

3.11 Load flow results

ITERATION MAX P BUS MAX P MAX Q

BUS MAX Q COUNT NUMBER PER UNIT NUMBER PER UNIT
1 2 0.090 2 0.097
2 2 0.080 2 0.036
3 2 0.001 2 0.001
4 2 0.001 2 0.001
Number of p iterations : 3 and Number of g iterations : 2
BUS VOLTAGES AND POWERS
NODE FROM V-MAG  ANGLE MW MVAR MW MVAR
MVAR
NO.  NAME P.U. DEGREE GEN GEN LOAD LOAD
COMP
1 Busl 1.0000 0.00 9.140 5.607 0.000 0.000
0.000
2 Bus2 0.9936 -0.02 0.000 0.000 9.000 5.500
0.000
NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 0
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NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 0
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) : 0
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) : 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS
%
NODE NAME NODE NAME Mw MVAR Mw MVAR
LOADING
1 3 1 Busl 2 Bus2 9.140 5.607 0.0572 0.0286
84._4#
---1 NUMBER OF LINES LOADED BEYOND 125% : 0

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125%
# NUMBER OF LINES LOADED BETWEEN 75% AND 100%
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75%
~ NUMBER OF LINES LOADED BETWEEN 25% AND 50%
& NUMBER OF LINES LOADED BETWEEN 1% AND 25%
* NUMBER OF LINES LOADED BETWEEN 0% AND 1%

ISLAND FREQUENCY SLACK-BUS CONVERGED(1)

---Summary of results

TOTAL REAL POWER GENERATION : 9.140 MW
TOTAL REAL POWER INJECT,-ve L : 0.000 MW
TOTAL REACT. POWER GENERATION : 5.607 MVAR
GENERATION pf : 0.852
TOTAL SHUNT REACTOR INJECTION : 0.000 mMw
TOTAL SHUNT REACTOR INJECTION : 0.000 MVAR
TOTAL SHUNT CAPACIT.INJECTION : 0.000 mMw
TOTAL SHUNT CAPACIT.INJECTION : 0.000 MVAR
TOTAL TCSC REACTIVE DRAWL : 0.000 MVAR
TOTAL SPS REACTIVE DRAWL : 0.000 MVAR
TOTAL UPFC FACTS. INJECTION : 0.0000 MVAR
TOTAL SHUNT FACTS.INJECTION : 0.000 MVAR

|
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0.000
TOTAL REAL POWER LOAD : 9.000
TOTAL REAL POWER DRAWAL -ve g : 0.000
TOTAL REACTIVE POWER LOAD : 5.500
LOAD pf : 0.853
TOTAL COMPENSATION AT LOADS 0.000
TOTAL HVDC REACTIVE POWER : 0.000
TOTAL REAL POWER LOSS (AC+DC) : 0.057220
PERCENTAGE REAL LOSS (AC+DC) : 0.626
TOTAL REACTIVE POWER LOSS : 0.028631

MW

MVAR

How to solve TRS
|
TOTAL SHUNT FACTS.DRAWAL

0.057220+ 0.000000)

3.12 Executing transient stability study with AVR And Governor

Click on Solve —»Transient stability analysis.

Transient Stability Analysis x|
1. Click here to open
. | study information
Case I'I 'I Study Infor screen
f* Execute After nput File Creation Del -
cile | 2. Click here to
" Only Input File Creation /// execute
' Execute with old Input File Exec: % |
4. Click here to
 Results / L] enter into graph
MNetwork ... | Repog ey By ! Graph ! -
3. Click here to

Close

view report
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TRANSIENT STABILITY STUDIES X

Constant Impedance Type |— 0 absolute Swing |—
-

Vinoaa <l
T T 7T

2. Uncheck
1. Select Motor the

A A

T — T
v

A v r r
x|/t |

4. Uncheck 3. Click

Motor Start/ Stop X

T —
el =

Select the motor
and enter the
Disturbance Time

Power Research and Development Consultants Pvt. Ltd. Page 107



MiP-PSCT How to solve TRS

Click OK and Execute Transient Analysis

Effect of AVR on Generator terminal voltage

— Generator Teoninal Vabagein pu

103 +

083 } t

I I I ! I I |
T T T T T T 1
0.00 2.00 400 6.00 10,00 12.00 14.00 16.00 18.00 20.00

2.00
Time in Seconds

Effect of Governor on Generator frequency

5050 17

— Generator Frequencyin Hz

50354

5020

5005 1

4990

4075

Frequency in He

4940

.45

4930

4915

4900 } } } } | | i } } |
all] 200 400 600 200 1000 1200 14.00 16.00 1200 2000
Time in Seconds
|
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4. How to solve Network Reduction

For a typical 24 Bus System with maximum generation as slack bus. Element
parameters are specified in the element tables.

Generate a Single line diagram using MiP-PSCT Power system Network Editor simultaneously
Compute the Electrical parameters in p.u. on 100MVA base.

Do Load Flow Analysis in Fast decoupled method, tolerance of 0.001. Do

Ybus Network Reduction using following methods

Casel: Retaining all generator buses
Network reduced with retaining all the buses to which the generators are connected, such as
1,2,3 and 4.

Case2: Retaining all Generator buses and Zone 1 buses
Network reduced with retaining all the buses to which the generators are connected, and buses
belonging to Zonel, such as 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17.

Case3: Retaining all Zone 1 buses
Network reduced with retaining all the Zonel buses, such as 1, 4,5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, and 17.

Case4: Network Reduction for Dynamic Stability study.
Network reduced with retaining all the buses to which the generators are connected taking the
option Dynamic Stability

Bus data table

Sl. No Bus Name Area No Zone No kV rating
1 Busl 3 1 11.000
2 Bus2 1 2 11.000
3 Bus3 1 2 11.000
4 Bus4 1 1 11.000
5 Bus5 1 1 220.000
6 Bus6 1 1 220.000
7 Bus7 1 1 220.000
8 Bus8 1 1 220.000
9 Bus9 1 1 220.000
10 Bus10 1 1 220.000
11 Busll 1 1 220.000
12 Bus12 1 1 220.000

—————————————————————————— |
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13 Bus13 1 1 220.000

14 Busl14 1 1 400.000

15 Bus15 1 1 400.000

16 Bus16 1 1 220.000

17 Bus17 1 1 220.000

18 Bus18 1 2 220.000

19 Bus19 1 2 220.000

20 Bus20 1 2 220.000

21 Bus21 1 2 220.000

22 Bus22 1 2 220.000

23 Bus23 1 2 220.000

24 Bus24 1 2 220.000

Transmission Line data Table
Positive Sequence
Sl. No. From Bus To Bus Resistance Reactance Susceptance

R(P.U.) X(P.U.) B/2(P.U.)
1 15 14 0.00430 0.04770 0.63700
2 7 11 0.02444 0.12226 0.10272
3 12 13 0.01321 0.06608 0.05552
4 13 11 0.00314 0.01570 0.05275
5 13 16 0.00578 0.02891 0.02429
6 16 11 0.00495 0.02478 0.02082
7 16 17 0.00248 0.01239 0.01041
8 5 6 0.00450 0.02251 0.30260
9 6 7 0.03716 0.18586 0.15616
10 6 13 0.05169 0.25856 0.21723
11 6 16 0.01530 0.07655 0.57882
12 6 8 0.01239 0.06195 0.20822
13 8 9 0.00363 0.01817 0.06107
14 8 10 0.00330 0.01652 0.05552
15 18 19 0.00537 0.02685 0.09022
16 19 5 0.01263 0.06319 0.21237
17 19 20 0.01131 0.05658 0.19016
18 20 24 0.01982 0.09913 0.08328
19 24 5 0.02494 0.12473 0.10480
20 22 23 0.03633 0.18173 0.15269
21 22 20 0.01734 0.08674 0.29149
22 22 21 0.00330 0.01652 0.01388
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Transformer data table

From Resistance Reactance MVA
Bus To Bus R X Rating
Bus4 Bus15 0.001402 0.02804 475.00
Bus14 Bus1l 0.00063 0.01250 475.00
Bus5 Busl 0.000694 0.013872 704.63
Bus2 Bus18 0.003484 0.06968 156.25
Bus3 Bus22 0.002804 0.05609 237.50
Generator data table
Generator Genl Gen2 Gen3 Gen4
P-sch MW 563.7 125.0 190.0 380.0
P-rate MW 712 135 300 420
P-min MW 400 50 120 240
P-max MW 760 140 330 440
V-pu 1.02 1.02 1.02 1.02
Positive sequence
R 0.00126 0.00073 0.00051 0.00026
Xd 0.03409 0.07473 0.05247 0.02623
Negative sequence
R 0.00126 0.00073 0.00051 0.00026
Xd 0.03409 0.07479 0.05251 0.02626
Zero sequence
R 0.00126 0.00073 0.00051 0.00026
Xd 0.03413 0.07497 0.05264 0.02632
Inertia(H) 6.917 6.917 6.917 6.917
Generator Capability Curve
Point No. P(pu) Q-min (pu) Q-max (pu)
1 0.0 -0.3 0.707
2 0.6 -0.2 0.6
3 0.9 -0.2 0.5
4 1.0 0.0 0.0
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Load Data
Bus no. P-load Mvar Q-load Mvar Q-comp Mvar
6 70 30 30
7 150 40 30
9 30 10 0
10 90 50 0
11 35 15 0
12 30 10 0
13 150 60 0
16 230 60 0
17 60 25 0
19 130 100 0
20 50 35 0
21 73 48 0
23 50 30 0
24 95 50 0

4.1 Procedure to enter Bus Data

Similarly enter other bus, as per details given in the bus data table.

Bus Data

B Mumbe: 1 Fatch Bus 55 |
Buis Maene [Dus1
Drescription Gt

| Ovmiar Humber

1 Select |1 Owrerl 'I
Contingancywaighsps [T |

| Vu!apnum ik
|
|

MominalVokage [11000 =] KW
Area Number
[i Select [1 Aseal = | |
Zoane Hurbar
| v Select [1 Zonel =1 |
|

N i
cumP\s Urt iny 1 | Cost Sbrane il
[T = |

e Flash
Bus Dotads | |

elw
| | |

Gtobal Charge|  Losd| Dstats| Costibs] Ges |

I Al
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4.2 Procedure to enter Transmission line details:

Select main menu “Libraries —» Series Elements — Transmission Line”

Line and Cable Library

Structure Reference
’7Number _1

Mamne |LN1

Fetch Ling |

Pasitive Sequence Resistance
Positive Sequence Reactance
Pogitive Sequence Suzceptance [B/2)
Zern Sequence Resistance

Zero Sequence Reactance

Zero Sequence Susceptance (B/2)

Themal Rating

Line Harmanic Number

Surge Impedance

< 0193497 Ohms
v 1274913551 kmsdsec
Compute %L, B/2 |

MoE
IW pu
0.0954 pu
IﬂtDD— (Y Compute |

—

Harmonic Library »»
ID Cost Per Unit in Rz

Themnal Curves > | ‘

Cast per km

Enter other Transmission data similarly, as per the data given in Transmission line

data table.
Procedure to enter Element detail:

Select main menu Elements —® Series Elements —» Transmission Line —»
Line/Cable Data

i~ Feed Data
Murnber |1 Fetch Ling »» Mame |it1 || Maintenance Typs
% Curent " Power
DeRated W& 00 Stnuoture Fef No. [1 (L] =] || Ampers fo
Rating | 400 [ Transmission Line Libtary >» | Line Details »> | ol D8
Rating o0 WA Show Breaker - SLD
e ~From Breaker ™ ‘es
Mot Exist: Rating
l—_[ et Ests [ao2 | - 5LD Kotation
From Bus Number |15 [Bus15] {400.000 = o Frs Mya (50 k& | 0.072 & Line
" Cable
ToBus Number |14 [Bus14]{400000 ¥ = From Breaker
I+ Bt oo =]} E|  [fois| C Bisckes
Humber of Cirevits [1 ~ToBreaker = £ lsolator
" Nt Exists e ~NOP
Wrallergi ! k||| @ Exists M [50 k4 [0072 & Mo
Contingency Weightage |1 = Ta Breaker = From Side
—I  TaSide

-t Commission Status
{(-‘ InSevice ¢ FromEndOpen " ToEndOpen ¢ Out of Service Hn‘ Evisting (" Proposed  Year [0

To Side Open
" Dihers H’r THOP ¢ Maintenance ¢ Fault (% Others |

From Side Open
|}' THOP ¥ Maintenance ¢ Fault
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Enter remaining Transmission line data similarly according to the following table.

Line No. | From Bus To Bus No. of circuits Line Length Structure
in km reference no.
2 7 11 1 1 2
3 12 13 1 1 3
4 13 11 1 1 4
5 13 16 1 1 5
6 16 11 1 1 6
7 16 17 1 1 7
8 5 6 1 1 8
9 6 7 1 1 9
10 6 13 1 1 10
11 6 16 1 1 11
12 6 8 1 1 12
13 8 9 1 1 13
14 8 10 1 1 14
15 18 19 1 1 15
16 19 5 1 1 16
17 19 20 1 1 17
18 20 24 1 1 18
19 24 5 1 1 19
20 22 23 1 1 20
21 22 20 1 1 21
22 22 21 1 1 22
4.3 Procedure to enter Transformer details
Select menu option Libraries —# Series Element —® Two winding Transformer
Two Winding Transformer Library
g:[”‘;;iﬁ:g;' IW— Fetch 33 m:;gla:tular 2T1 Tranet, Parameter
b Reting  [250 i E— Voo [
B e e T3
ngﬂ';“g”amap 39 K M & OnLoad Tap Changs t;'jf;’g:map 1.5 k\fml
pu on Comman Mya Base Transformer losses ‘winding Configuration
Pos. Seq Impedance  [O0SETE | pu Neload [T W Y ¥ 2o
Pos. Seq. % to A Ratio IZU— 559 Primary ... ol o) o)
Zero Seq. Impedance W pu E‘USDSD o i Secondar ... o} e «
ZeraSeq. ¢ toR Ratio |20 Update x/F ralio | Phase displacement |10 [300] =
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R and X data given in Transformer details table.
Impedance Z = V R?+ X?

Enter remaining Transformer details similarly according to the following table.

Manufacturer no. 2 3 4 5
Manufacturer name 14-11 5-1 2-18 3-22
MVA rating 475.00 704.63 156.25 237.50
Impedance 0.01252 0.11112 0.06977 0.05616
X/R Ratio 19.8413 19.988 20 20.0036
Primary kV 400 220 11 11
Secondary kV 220 11 220 220
Min Tap No 1 1 1 1
Max Tap No 7 13 7 7
Min Tap in kV 360 198 10.45 10.45
Max Tap in kV 420 231 12.1 12.1

Transformer Element details

Select menu option Element =» Series Element = Two winding Transformer

Two Winding Transformer Data

Tachomsbdsa [ Pl Tichouna 27| Nome [B11 || Meenance| | _BkblChence | || [ 77 Toeshmes
~Soconday Votags 0000V et Proetion Bckys
Defided WA [m0 ManuachsesFefbumbes |1 1271] 2| || -Ditentl Rekoy—— Resticted Eath Fa—
g B e | Traslomer Lty | ||| Bl B
Rl I suen L T ot |
fromDusHmber{y g v| || g
Tolushumber 1o gy ] ||| © NetBte FRaing [ DuerCnetHly™ = -SLD-Show iecker =

s W[50 K [oorz I |
Conbol Dus Nembes (1 1o i) =

5k Tap Postion 5 ;
Ha. cf Unés n Faraliel |2 ¥ Lot g r~Cast Pes Unkin |
. . MNowminal Tap Pasition £ Lontngency: Il
Conlingency 'Weighinge: |1 l_
P Shill e T & |7 Schedue 10

[ Yes

SR — Commission Shahy

* InSevce © UdotSevce | ® batng C Foposed Year (0

1~ Grounding Transfomes
Pri Giounding Resstance | ohms  FnbioundngHeactance |1 ofms: ey it
Seo Giourciog Residance ] o S Grouning Reactance [0 L e
~Tiansfomes Detal—— [~ Conibud Bk
Detalss Load Ten Changer | Biowos
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Enter other Transformer details similarly. Details as shown in the following table.

Transformer no. 2 4 5
Transformer name 272 273 2T4 2T5
From Bus number 14 2 3

To Bus number 11 18 22

Control Bus number 14 18 22

Manufacturer ref number 2 4 5
De-Rated MVA 475.00 704.63 156.25 237.50

Nominal Tap 5 3 3

4.4 Generator Capability Curve

Select menu option Libraries = Capability Curve

Capability Curve Library

Curve Mumber [ CurveName | GenCapCurve 1 Fetch Curve .. |

Preview |

Yoltage
1.00 Fetchitdd Vo\ll

Feal Power in
pu

Minimum
Reactive Power

Maimun
Reactive Power

[0z

<¢ Back |  Counter 1

{0707

Delete

-

fo
K%
\

Gmin

Qima

A

X

Click next the following dialog appears say yes to enter
next counter follow same procedure until 4" counter, at 4™
counter say no so that it will save that counter and close
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Generator Capability curve detail

Point No. P(pu) Q-min_(pu) Q-max (pu)
2 0.6 -0.2 0.6
3 0.9 -0.2 0.5
4 1.0 0.0 0.0

4.5 Generator Details

Select menu option Libraries ™ Shunt Elements ™ Generator

Generator Library

Ref. Mumber |1 Fetch Generatar | Manufacturer Mame IGN‘]
‘ Mt Rating |99 My Rating |39 KV Rating |11 Eomputex['d.“d.n.ﬂl| ‘

pu on Common YA Base

Amature Resistance [Ra) ID.D1 pu Patier Reactance [¥p) 01515 pu
Direct Awis Reactance [Xd) IU.SB PU  Direct Axis Transient Reactance [4d) 02727 pu

Quadrature Axis Reactance [<a) ID.EBS? [ Quadrature Axis Transient Reactance [4'q) 02625  pu
Megative Seq. Reactance [#n) IU.2?2? p Direct Axiz Sub-Transient Reactance [+'d) 02121 pu
Zero Seq. Reactance [¥o) IU.2?2? Quadrature Auis Sub-Transient Feactance ) [22121 U
Direct Axis Open Circuit l— Direct Axiz Open Circuit Inertia in b Al
Transient Time Cotstart e Sub-Tranzient Time Constant IU-U45

[T'da) [T''do) |4.31 £4
Guadiature Azis Dpen Circuit Quadrature Axis Open Circuit Darnping Factor
Transient Time Constant [T'qal 4 Sub-Tranzient Time Constant [T"'qa) IU'U45 ID—
—'Winding Connections tazs Detall — Cast Per Unit in
Mazs Mumber M IU

[
Y Y & || ineta [o3 Midya SOt
fi

[N Ol Diamping Factor << Back | i~ Themnal Curves
Stiffhess Co-efficient IED pu torqued Delete | Thermal>> |

Elec. Fad

=

h=]
=

Enter other Generator details similarly. Data given in following table.
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Generator Genl Gen2 Gen3 Gen4
P-sch MW 563.7 125.0 190.0 380.0
P-rate MW 712 135 300 420
P-min MW 400 50 120 240
P-max MW 760 140 330 440
V-pu 1.02 1.02 1.02 1.02
Positive sequence

R 0.00126 0.00073 0.00051 | 0.00026
X'd 0.03409 0.07473 0.05247 | 0.02623
Negative sequence

R 0.00126 0.00073 0.00051 | 0.00026
X'd 0.03409 0.07479 0.05251 | 0.02626
Zero sequence

R 0.00126 0.00073 0.00051 | 0.00026
X'd 0.03413 0.07497 0.05264 | 0.02632
Inertia(H) 6.917 6.917 6.917 6.917

Generator Element details

Select menu option Elements = Shunt Elements = Generator

Generator Data

Humber [z Fetch Generator »» | Mame Igat?AT] Maintenance

Schedule Na |0 o

Bus No. |1 [Bus1] {11.000 <
Urits inn Paralle! IS GT I

anufacturer Ref. No |1 [GNT] - Library >>
Capability Curve No 2 vl Capability Curve >

- Protection

Ower Current

I j‘

Real Power - Mavirnum

T
® M

Specified Waltage Breaker Rating Relay
( [1.0200 Pu 1122 Ky ( In v |50 Inka | 2624 ‘ Uinit Pratection
De-Rated My EE] Fieactive Power - Minimum -71.25 Myar | [ Cost Per Unitin
Scheduled Pawer |70 4625 ! Reactive Pawer - Mavimum — |71.25 Meyar L
r~ Rieal Power Dptimization Data r Select
Cost Co-efficient CO IESSD
Real Power - Minimurm 1 Utility Grid

Cost Co-sfficient C1 ISEDD?
Cost Co-efficient C2 |1 E17

# Generatar

Status Carnrnission Statu
’V & InSewvice ¢ Dutaf Service ’V % Edisting " Proposed  Year

" Transient Modeling ['d &X'q |

|

& Sub Transient Modeling [3'd & g

AVRFPBName [
Turbine Gov RefNo |2 Type 2 - | TG Library >

Mewtral Grounding Resistance lU— ohms  Participation Factar %) ln—

Meutral Grounding Reactance ID— ohms  Bias Setting ID—

Grounding Through Transformer Calculate Droop (%) 1]
~Model Typ Edit Fil
" Infirite Bus Modeling (1) AV Ref No [T EvRIIType T 7] AVR Library >

A4R File Open
GOV File Open II

Power Research and Development Consultants Pvt. Ltd.

Page 119



MiP-PSCT How to solve YBR

Enter remaining Generators similarly. Detail given in following table

Name GEN-2 GEN-3 GEN-4
Bus Number 2 3 4
Manufacturer Reference Number 2 3 4
Number of Generators in Parallel 1 1 1
Capability Curve Number 1 1 1
De-Rated MVA 225 225 225
Specified Voltage 11.22 11.22 11.22
Scheduled Power 125 190 380
Reactive Power Minimum -105 -330 -330
Reactive Power Maximum 95 330 330
Breaker Rating 350 350 350

4.6 Load details

Select menu option Elements = Shunt Elements < Load

Load Data

Humber IW Fetch Load »7| Name ILD1 H Maintenance

Bus Mumber ~ [41 [BusT1] {220.000 ,l No of Consumers 1 || MyAR Compensation
1

Fieal Power in b |—35 Minmum Compensation in MYAR IU — Cast Per Unit in

~Relay
j‘

Relay

Schedule No {0 v

T

Mawimum Compensation in MyAR ID
. Compute !
Reactive Power in MR [15.000003 . .
Compensation Step in MYAR ID
. - Cost lifram
Power Factor 0919145 Load Detais Load Characteristics No. |2 =

Ref o, v
[Load Tyne:l_ - Unbalanced Load Library
v Linear " Non Linear o % Load Characteristics 3 Lib >

Motor Load Percentage Unbalanced Load Detail: | cA
’V IU Glabal Change

Statugs———————— - Commission Status————————————————— Bieaker Raling
In MY (50

& Ing§ T * Exi C

’V N Service Outof Service | | (¢ Existing Proposed  Year |0 ks (23

"Emtml Block

Fpb Path | Browse ‘

Enter remaining loads similarly. Details given in the following table
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Bus no. P-load MW Q-load Mvar Q-comp Mvar
6 70 30 30
7 150 40 30
9 30 10 0
10 90 50 0
11 35 15 0
12 30 10 0
13 150 60 0
16 230 60 0
17 60 25 0
19 130 100 0
20 50 35 0
21 73 48 0
23 50 30 0
24 95 50 0

4.7 Solving Load Flow

Select menu option “Solve -> Load Flow”.

Load Flow Analysis

5' had Flow Studies

Caze

—

& Execute After Input File Creation
= Only Input File Creation

™ Execute with old Input File

Study Info... |
Delete |
Execute ... |

Contingency Fanking Analysis |
General

Awailability Transfer Capability
Frequency dependent Load Flow |

| SubStationiwiss LF&
Optimal Load Flow

— Technigu
" Gauss - Siedel Method
' Newton Faphson Method
I 3

Aroeleration Faston

" DC Load Flow

—

i~ Load Flow Type

" Slack Bus Concept LF&

" Frequency Dependent LFA
" Optimal Load Flow Analpsis

" Contingency Analysis

Result

Metwork .. | Report ...

Wiew Bus.. | [Graph ... |

" B Coefficient & Economic Dispatch

Frequeticy Dependent LES ptmns:
1 FlatTie e Cartral
" Hat Frequeney Cortrial
£ Elatiedine Frequerncy Bizs Cartiol

[~ Simulation
I™ Feed Cument Simulation
I Substation wise LFA

[~ ATC

[ ptimfzation M ptoms:
’]_ = I ptmiEatin ™| G- Optiization

Rating:
’7(3' Morminal " Ratingl ¢ Ratingll |

‘ Close

‘ P - Talerance |0.0007

0 - Tolerance ID 0001

Slack Bus IU [Max Generation Bus] ¥

Mumber of lterations

p—
20 —
o

0 - Check Limit
Load Model Yoltage

Piint Options [p 215 and Results 'I

Tap Mode IUse Set Tap -

Lire Flow Unit IMW i Mlwar

=

Multiplication Factar

Surnmar
|V I~ Show Summary After Execution ‘

-
-

Reduction Factor

X
|

Appll

o

Cancel I
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Load flow results are given below.
BUS VOLTAGES AND POWERS

NODE FROM
NO. NAME

V-MAG ANGLE
P.U. DEGREE

9677 -19.85

380.

eNoNoNoNoNolololoNoloNoRoNooNooNoNoNo

Mw MVAR
GEN GEN
711 19.574
000 22.496
000 39.568
000 35.241
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
.000 0.000
-000 0.000
.000 0.000
.000 0.000
.000 0.000

How to solve YBR

w W

NUMBER OF BUSES EXCEEDING
NUMBER OF BUSES EXCEEDING

MINIMUM VOLTAGE LIMIT (@ mark) :
MAXIMUM VOLTAGE LIMIT (# mark) :

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark)
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark)

TRANSFORMER FLOWS AND TRANSFORMER LOSSES

SLNO CS FROM FROM TO TO
NODE NAME NODE NAME
1 2 4 BUS4 15 BUS15
2 1 14 BUS14 11 BUS11
3 8 5 BUS5 1 BUS1
4 1 2 BUS2 18 BUS18
5 1 3 BUS3 22 BUS22

FORWARD
Mw MVAR
380.000 35.241
371.856 53.910
-561.589 22.848
125.000 22.496
190.000 39.568

%
LOADING
74.8%
76.6#
69.8%
75.5#
76.1#

! NUMBER OF TRANSFORMERS LOADED BEYOND 125%

@ NUMBER OF TRANSFORMERS LOADED BETWEEN 100% AND 125% :

Mw MVAR
LOAD LOAD
000 0.000
000 0.000
000 0.000
-000 0.000
.000 0.000
.244 30.104
.636 39.103
.000 0.000
.453 9.818
.820 48.789
.351 14.722
.103 9.701
.276 58.510
.000 0.000
.000 0.000
.238 58.497
.310 24.296
.000 0.000
.295 99.458
.687 34.781
.398 47.604
-000 0.000
171 28.903
-194 49.050

1

0

0

0
LOSS

MW
1.9630 39
0.9237 18.
2.1224 42
0.5402 10.
1.0151 20.

0
0

———
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# NUMBER OF TRANSFORMERS LOADED BETWEEN

$ NUMBER OF TRANSFORMERS LOADED BETWEEN 50% AND 75%
~ NUMBER OF TRANSFORMERS LOADED BETWEEN 25% AND 50%
& NUMBER OF TRANSFORMERS LOADED BETWEEN 1% AND 25%
* NUMBER OF TRANSFORMERS LOADED BETWEEN 0% AND 1%

75% AND 100% :

How to solve YBR

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM

% NODE
MVAR

6.1755
1.0242
0.1253
0.8128
0.0221

0.7604
0.1063
9.9609
2.8676
0.9417
3.5032
1.8467
0.0338
0.3407
0.8483
0.2321
0.0566
0.3281
0.9149
1.0339
0.7855
0.2494

-57.8906
-14.2262
-9.6166
-5.8370
-4.4042

-0.0999

-1.3940
-11.9946
-16.0514
-37.4225
-94.7018
-31.6140
-11.4338

-8.7495
-13.7340
-41.6860
-37.1160
-14.4170
-16.1647
-23.7399
-53.7550

-1.4903

6 1
7 1
8 1
9 2
10 1
11 1
12 1
13 4
14 1
15 1
16 3
17 2
18 2
19 2
20 2
21 2
22 2
23 1
24 1
25 1
26 2
27 1
! NUMBER
@ NUMBER
# NUMBER
$ NUMBER
~ NUMBER
& NUMBER
* NUMBER

NAME
LOADING

15 Bl

7
12 Bl
13 Bl
13 Bl
16 Bl
16 Bl

5

6

6

6

6

8

8
18 Bl
19 Bl
19 Bl
20 Bl
24 Bl
22 Bl
22 Bl
22 Bl
OF LINES
OF LINES
OF LINES
OF LINES
OF LINES
OF LINES
OF LINES

TO TO
NODE NAME
US15 14 BUS14
BUS7 11 BUS11
US12 13 BUS13
US13 11 BUS11
US13 16 BUS16
US16 11 BUS11
US16 17 BUS17
BUS5 6 BUS6
BUS6 7 BUS7
BUS6 13 BUS13
BUS6 16 BUS16
BUS6 8 BUS8
BUS8 9 BUS9
BUS8 10 BUS10
Us18 19 BUS19
USs19 5 BUS5
Us19 20 BUS20
uSs20 24 BUS24
us24 5 BUS5
uS22 23 BUS23
us22 20 BUS20
us22 21 BUS21
LOADED BEYOND 125%
LOADED BETWEEN 100%
LOADED BETWEEN 75%
LOADED BETWEEN 50%
LOADED BETWEEN 25%
LOADED BETWEEN 1%
LOADED BETWEEN 0%

FORWARDLOSS

MW MVAR
378.034 -4.006
-61.752 0.900
-29.102 -9.699
-153.297 -28.633
18.655 -4.839
-118.921 -13.271
58.415 22.899
477.840 -49.588
87.746 -6.062
41.800 -12.309
148.596 -26.153
119.493 6.806
29.486 -1.617
88.160 40.038
124 .460 11.692
-27.772 -53.132
22.088 -20.899
38.691 3.175
-54.831 -31.457
49.205 5.164
67.132 -32.016
72.648 46.114
: 0

AND 125% : 1
AND 100% : 2
AND 75% : 8
AND 50% : 8
AND 25% : 3
AND 1% : 0
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4.8 To solve Y-Bus Reduction (Network Reduction)

CASE 1: Retaining all generatorbuses

24 Bus sample systems are reduced with retaining all the buses to which the generators
are connected, such as buses 1,2,3 and 4. All other connections are reduced as
equivalent series impedance between the retained buses and shunt admittance at the

retained buses.

Select menu option
“Solve -> Network Reduction”
Following screen appears

Network Reduction |
Type 1 here

Caze |1 o vi

% Execute After Input File Creation
i Only Input File Creation

" Execute with old Input File

Study Info___j. L Click here to give

study information

Delete I
Execute ... |

Wiew Bus...

| Graph ... |

Fiesult:
’7 Metwark. ... | Repart ...

‘ Close

Study Information

Following screen shows study information for Case 1.Similarly select buses 1, 2, 3, & 4.

NETWORK REDUCTIOIN

S|

' Bus Reduction

Bus Number(s) to be retained

generator
huszes

Z Bus Print Option [ /N [

Firit Option |Dara and Resuls =

Reduced Network Name  |CASE 1

™ Zone Reduction
Zane Mumbers)| Selected Zones
tobereduced DT s Generaies
1 get1AT4[4]
2 2 get24T11] Select anly

Give Metwork name

Note:

Bus Hames marked with ® are generator buses.
These buses must be selected if i is Bus
Reduction

Multiphcation Factor Ref. m
o | Concel |

Power Research and Development Consultants Pvt. Ltd.
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Click OK after entering information. Execute Network Reduction. Click Report button to
view the report.

Network Reduction Report for case 1

NETWORK REDUCTION
CASE NO : 11 CONTINGENCY : O SCHEDULE NO : O
CONTINGENCY NAME : Base Case

%%

TOTAL NUMBER OF BUSES : 24 ACTUAL NUMBER OF BUSES : 24
NUMBER OF 2 WIND. TRANSFORMERS : 5 NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF TRANSMISSION LINES : 22
NUMBER OF SERIES REACTORS : 0 NUMBER OF SERIES CAPACITORS o 0
NUMBER OF BUS COUPLERS : 0
NUMBER OF SHUNT REACTORS : 0 NUMBER OF SHUNT CAPACITORS s 0
NUMBER OF SHUNT IMPEDANCES : 0 NUMBER OF GENERATORS : 4
NUMBER OF LOADS : 14
NUMBER OF FILTERS : 0

NUMBER OF HVDC CONVERTORS : 0

NUMBER OF ZONES > 2

PRINT OPTION : 3 (BOTH DATA AND RESULTS PRINT)
BASE MVA : 100.000

NOMINAL SYSTEM FREQUENCY: 50.000

PREFAULT VOLTAGE OPTION : 1 (READ FROM THE FILE)

ZONE NUMBER RETAINED : 0

ZBUS PRINT OPTION - 0
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YBUS REDUCTION OPTION 1 (NETWORK REDUCTION)

CIRCUIT BREAKER RESISTANCE (PU) .000000

0

CIRCUIT BREAKER REACTANCE (PU) : 0.000100
TRANSFORMER R/X RATIO : 0.050000
TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR 0.900000
NUMBER OF TRANSMISSION VOLTAGE LEVELS : 3

TRANSMISSION LINE VOLTAGE - KV - 11.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 0.000000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 0.000000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.000000
TRANSMISSION LINE VOLTAGE - KV : 220.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.025000
TRANSMISSION LINE VOLTAGE - KV : 400.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR :© 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR 2.500000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0.025000

GENERATOR NEGATIVE SEQUENCE RESISTANCE MULT. FACTOR
GENERATOR NEGATIVE SEQUENCE REACTANCE MULT. FACTOR

-175000
-175000

0
0
GENERATOR ZERO SEQUENCE RESISTANCE MULT. FACTOR : 0.037500
GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR : 0.037500
LOAD NEGATIVE SEQUENCE IMPEDANCE MULT. FACTOR 0.810000
LOAD ZERO SEQUENCE IMPEDANCE MULT. FACTOR : 1.600000
SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR : 1.000000
SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR : 0.625000
BUS DATA
NODE STAT ZONE BUS-KV ~ NAME VMAG-PU VANG-DEG PGEN-MW QGEN-MR
PLOAD-MW QLOAD-MR QCOMP-MR
1 1 1 11.000 BUS1  0.0000 0.000 0.000 0.000
0.000 0.000 0.000
2 1 2 11.000 BUS2  0.0000 0.000 0.000 0.000
0.000 0.000 0.000
3 1 2 11.000 BUS3  0.0000 0.000 0.000 0.000
0.000 0.000 0.000
4 1 1 11.000 BUS4  0.0000 0.000 0.000 0.000
0.000 0.000 0.000
5 1 1 220.000 BUS5  0.0000 0.000 0.000 0.000
0.000 0.000 0.000
6 1 1 220.000 BUS6  0.0000 0.000 0.000 0.000
0.000 0.000 0.000
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7 1 1 220.000 BUS7 0.0000 0.000 0.000  0.000

0.000  0.000  0.000

8 1 1 220.000 BUS8 0.0000 0.000 0.000  0.000

0.000  0.000  0.000

9 1 1 220.000 BUS9 0.0000 0.000 0.000  0.000

0.000  0.000  0.000

10 1 1 220.000 BUS1I0 0.0000 0.000  0.000  0.000

0.000  0.000  0.000

11 1 1 220.000 BUS11 0.0000 0.000  0.000  0.000

0.000  0.000  0.000

12 1 1 220.000 BUS12 0.0000 0.000  0.000  0.000

0.000  0.000  0.000

13 1 1 220.000 BUS13 0.0000 0.000  0.000  0.000

0.000  0.000  0.000

14 1 1 400.000 BUS14 0.0000 0.000 0.000  0.000

0.000  0.000  0.000

15 1 1 400.000 BUS15 0.0000 0.000  0.000  0.000

0.000  0.000  0.000

16 1 1 220.000 BUS16 0.0000 0.000 0.000  0.000

0.000  0.000  0.000

17 1 1 220.000 BUS17 0.0000 0.000  0.000  0.000

0.000  0.000  0.000

18 1 2 220.000 BUS18 0.0000 0.000 0.000  0.000

0.000  0.000  0.000

19 1 2 220.000 BUS19 0.0000 0.000 0.000  0.000

0.000  0.000  0.000

20 1 2 220.000 BUS20 0.0000 0.000 0.000  0.000

0.000 0.000  0.000

210 1 2 220.000 BUS21 0.0000  0.000 0.000  0.000

0.000 0.000  0.000

22 1 2 220.000 BUS22 0.0000 0.000 0.000  0.000

0.000 0.000  0.000

23 1 2 220.000 BUS23 0.0000 0.000 0.000  0.000

0.000  0.000  0.000

24 1 2 220.000 BUS24 0.0000 0.000 0.000  0.000

0.000  0.000  0.000

TRANSFORMER DATA

STAT CKTS FROM FROM TO TO POSITIVE ZERO
NODE NAME NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.)

TAP PHASE FB-MVA TB-MVA

3 2 4 BUS4 15 BUS15 0.00140 0.02804 0.00140 0.02804
1.00000 0.000 50 50 S D
3 1 14 BUS14 11 BUS11 0.00063 0.01250 0.00063 0.01250
1.00000 0.000 50 50 G G
3 8 5 BUS5 1 BUS1 0.00069 0.01387 0.00069 0.01387
1.00000 0.000 50 50 G G
3 1 2 BUS2 18 BUS18 0.00348 0.06968 0.00348 0.06968
1.00000 0.000 50 50 G G
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3 1 3 BUS3 22 BUS22 0.00280 0.05609 0.00280 0.05609

1.00000 0.000 50 50 G G
TRANSMISSION LINE DATA
STAT CKTS FROM FROM TO TO
NODE NAME NODE NAME RP(P.U) XP(P.U) BP/2(PU)
RZ(P.U) Xz(P.U) BZ/2(PU) FC-MVA TC-MVA
3 1 15 BUS15 14 BUS14 0.00430 0.04770 0.63700
0.00860 0.09540 0.50000 50 50
3 1 7 BUS7 11 BUS11 0.02444 0.12226 0.10272
0.07332 0.36677 0.07190 50 50
3 1 12  BUS12 13 BUS13 0.01321 0.06608 0.05552
0.03963 0.19825 0.03887 50 50
3 2 13 BUS13 11 BUS11 0.00314 0.01570 0.05275
0.00941 0.04714 0.03692 50 50
3 1 13 BUS13 16 BUS16 0.00578 0.02891 0.02429
0.01734 0.08674 0.01700 50 50
3 1 16 BUS16 11 BUS11 0.00495 0.02478 0.02082
0.01486 0.07434 0.01457 50 50
3 1 16  BUS16 17 BUS17 0.00248 0.01239 0.01041
0.00743 0.03717 0.00729 50 50
3 4 5 BUS5 6 BUS6 0.00450 0.02251 0.30260
0.01350 0.06753 0.21180 50 50
3 1 6 BUS6 7 BUS7 0.03716 0.18586 0.15616
0.11147 0.55759 0.10930 50 50
3 1 6 BUS6 13 BUS13 0.05169 0.25856 0.21723
0.15506 0.77567 0.15210 50 50
3 3 6 BUS6 16 BUS16 0.01530 0.07655 0.57882
0.04591 0.22964 0.40530 50 50
3 2 6 BUS6 8 BUSS 0.01239 0.06195 0.20822
0.03716 0.18586 0.14572 50 50
3 2 8 BUSS 9 BUS9 0.00363 0.01817 0.06107
0.01090 0.05452 0.04276 50 50
3 2 8 BUSS 10 BUS10 0.00330 0.01652 0.05552
0.00991 0.04956 0.03886 50 50
3 2 18 BUS18 19 BUS19 0.00537 0.02685 0.09022
0.01610 0.08054 0.06316 50 50
3 2 19 BUS19 5 BUS5 0.01263 0.06319 0.21237
0.03790 0.18958 0.14866 50 50
3 2 19 BUS19 20 BUS20 0.01131 0.05658 0.19016
0.03394 0.16975 0.13310 50 50
3 1 20 BUS20 24 BUS24 0.01982 0.09913 0.08328
0.05945 0.29738 0.05832 50 50
3 1 24 BUS24 5 BUS5 0.02494 0.12473 0.10480
0.07418 0.37420 0.07336 50 50
3 1 22 BUS22 23 BUS23 0.03633 0.18173 0.15269
0.10899 0.54520 0.10690 50 50
3 2 22 BUS22 20 BUS20 0.01734 0.08674 0.29149
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0.05202 0.26021 0.20400 50 50
3 1 22 BUS22 21 BUS21 0.00330 0.01652 0.01388

0.00991 0.04956 0.00972 50 50

GENERATOR DATA
FROM FROM POSITIVE NEGATIVE ZERO
NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.) R(P.U.) X(P.U.) CB-MVA
4 BUS4 0.00050 0.02625 0.00050 0.02625 0.00050 0.02625 50
1 BUSL 0.00125 0.03409 0.00125 0.03409 0.00125 0.03409 50

2 BUS2 0.00100 0.07470 0.00100 0.07480 0.00100 0.07480 50

3 BUS3 0.00050 0.03735 0.00050 0.03740 0.00050 0.03740 50
------------------------------------------------------------------------------- LOAD
DATA
NODE NAME

11 BUS11

17 BUS17

7 BUS7

12 BUS12

13 BUS13

6 BUS6

9 BUS9

10  BUS10

20  BUS20

23 BUS23

21 BUS21

16 BUS16

19 BUS19

24  BUS24

Number of reduced buses: 4
Reduced bus array:
1 2 3 4

1 1 1.57674 -9.97533

1 2 -0.55642 5.07156

1 3 -0.48112 3.10001

1 4 -0.54116 5.82485

2 1 -0.55642 5.07156

2 2 0.80100 -6.49955
|
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ROW NO COLUMN NO REAL

IMAG

INARY

-9.97533

1 1 1.57674

1 2 -0.55642
1 3 -0.48112
1 4 -0.54116
2 1 -0.55642
2 2 0.80100
2 3 -0.16692
2 4 -0.08116
3 1 -0.48112
3 2 -0.16692
3 3 0.71590
3 4 -0.06290
4 1 -0.54116
4 2 -0.08116
4 3 -0.06290
4 4

AOOUODR_FRPWOROOUUOIWWU

.07156
.10001
.82485
.07156
.49955
.67456
.47480
.10001
.67456
.07908

28943

.82485
.47480
.28943

IMAG

INARY

2.79557

2.
1.
-0.
2.
-3.
0.
-0.
1.
0.
-1.

97755
32202
00000
97755
25450
93226
00000
32202
93226
48148

ROW NO COLUMN NO REAL
1 1 1.85798
1 2 -0.38654
1 3 -0.20996
1 4 -0.00000
2 1 -0.38654
2 2 0.54724
2 3 -0.12810
2 4 -0.00000
3 1 -0.20996
3 2 -0.12810
3 3 0.35595
3 4 -0.00000

-0.

00000
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.042877
.117178
-000000
.144667
-000000
.000000

0.330280
0.737806
9999.000
1.052787
9999.000
9999.000

4 1 -0.00000 -0.00000
4 2 -0.00000 -0.00000
4 3 -0.00000 -0.00000
4 4 0.00000 0.00000
RETAINED ZONE : 0
NUMBER OF SERIES ELEMENTS IN THE REDUCED ZONES 6
SERIES CONNECTIONS
SLNO FROM NAME  TO NAME RP XP
1 1 BUS1 2 BUS2 0.021376 0.194833 O.
2 1 BUS1 3 BUS3 0.048886 0.314993 O.
3 1 BUS1 4 BUS4 0.015813 0.170209 O.
4 2 BUS2 3 BUS3 0.058939 0.591298 O.
5 2 BUS2 4 BUS4 0.349794 2.046351 O.
6 3 BUS3 4 BUS4 0.717003 3.299303 O.
NUMBER OF SHUNT ELEMENTS IN THE REDUCED ZONES : 4
SHUNT CONNECTIONS IN (G+JB) FORMAT - PU
SLNO FROM NAME GP BP Gz BZ
1 1 BUS1 -0.00196 4.02109 1.26147 7.09515
2 2 BUS2 -0.00350 0.72137 0.03259 0.65530
3 3 BUS3 0.00497 0.98491 0.01788 0.77280
4 4 BUS4 0.09307 2.30593 -0.00000 -0.00000
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Reduced system

Retaining all generator buses

Bus1[1

Er—
E—

4.9 Procedure to do Case 2

CASE 2 : Retaining all generator buses and zone 1 buses

Fig 1 24Bus system is reduced with retaining all the buses to which the generators are
connected, and buses belonging to Zonel, such as 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, and 17 are also retained. All connections in zone 2 are reduced as equivalent series
impedance and shunt admittance.

Select menu option Solve -> Network Reduction

I
Type 2 Click here

Casze |2 L 'I Study Infa.. |
* Execute After Input File Creation Delete |

™ Orily Input File Creation

™ Execute with old Input Fils Execute .. |

~ Results

Network...l Feport ... ViewBus...l Graph ... |

Clase
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Study Information
Following study information screen will open. In that select zone 1 buses and all

generator buses.

x
" Zone Reduction % Bus Reduction
tzoogee E;EE:Q[S] Gienerator gsllzlegteesj:tr;?: Bug Mumber(z] to be retained
1 getlaT4[d]
2 2 get2aT1[1] Select
buses here
Give
network
Z Bus Print Option [Y/ N1 [ / Note:
Print Optictt |0 ata and Result - Buz Mames marked with * are generator buses.
I 4 and nesuts J These buses must be selected if it iz Bus
Feduced Metwark. Mame  |CaSE 2 Fieduction
Multiplication Factor Ref. |1 vl
ok, I Cancel

|
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Executing and viewing the report:

Network Reduction

After execution, click
here to view report -

|
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Network Reduction Report for case 2

NETWORK REDUCTION

CASE NO : 12 CONTINGENCY : O SCHEDULE NO : O
CONTINGENCY NAME : Base Case

%%

TOTAL NUMBER OF BUSES : 24 ACTUAL NUMBER OF BUSES : 24
NUMBER OF 2 WIND. TRANSFORMERS : 5 NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF TRANSMISSION LINES : 22

NUMBER OF SERIES REACTORS : 0 NUMBER OF SERIES CAPACITORS : 0
NUMBER OF BUS COUPLERS : 0

NUMBER OF SHUNT REACTORS 0 NUMBER OF SHUNT CAPACITORS : 0
NUMBER OF SHUNT IMPEDANCES 0 NUMBER OF GENERATORS : 4
NUMBER OF LOADS : 14

NUMBER OF FILTERS : 0

NUMBER OF HVDC CONVERTORS 0

NUMBER OF ZONES t 2

PRINT OPTION : 3 (BOTH DATA AND RESULTS PRINT)

BASE MVA : 100.000

NOMINAL SYSTEM FREQUENCY: 50.000
PREFAULT VOLTAGE OPTION : 1 (READ FROM THE FILE)

ZONE NUMBER RETAINED 0
ZBUS PRINT OPTION 0
YBUS REDUCTION OPTION : 1 (NETWORK REDUCTION)

17

1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17
CIRCUIT BREAKER RESISTANCE (PU) 0.000000
CIRCUIT BREAKER REACTANCE (PU) : 0.000100
TRANSFORMER R/X RATIO : 0.050000
TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR 0.900000
NUMBER OF TRANSMISSION VOLTAGE LEVELS : 3
TRANSMISSION LINE VOLTAGE - KV : 11.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR : 0.000000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 0.000000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.000000
TRANSMISSION LINE VOLTAGE - KV : 220.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR 2.500000

|
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TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0.025000

TRANSMISSION LINE VOLTAGE - KV 400.000000

TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 2.500000

TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR 2.500000

TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0.025000

GENERATOR NEGATIVE SEQUENCE RESISTANCE MULT. FACTOR 0.175000

GENERATOR NEGATIVE SEQUENCE REACTANCE MULT. FACTOR 0.175000

GENERATOR ZERO SEQUENCE RESISTANCE MULT. FACTOR 0.037500

GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR 0.037500

LOAD NEGATIVE SEQUENCE IMPEDANCE MULT. FACTOR 0.810000

LOAD ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1.600000

SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR : 1.000000

SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR : 0.625000

Number of reduced buses : 17

Reduced bus array :
1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17

RETAINED ZONE : 0

NUMBER OF SERIES ELEMENTS IN THE REDUCED ZONES : 3

SERIES CONNECTIONS

SLNO FROM NAME TO NAME RP XP BP/2 RZ XZ BZ/2
1 2 BUS2 3 BUS3 0.052959 0.698685 0.0 0.144805 1.117180 0.0
2 2 BUS2 5 BUS5 0.021307 0.167338 0.0 0.053638 0.341475 0.0
3 3 BUS3 5 BUS5 0.046777 0.270327 0.0 0.142020 0.762220 0.0

NUMBER OF SHUNT ELEMENTS 1IN

SHUNT CONNECTIONS IN (G+JB)

SLNO FROM NAME GP

1 2 BUS2 0.02202

2 3 BUS3 0.02972
5 BUS5 -0.03960

THE REDUCED ZONES : 3
FORMAT - PU
BP GZ BZ

0.39125 0.01230 0.36643
0.78283 0.01249 0.64382
1.19377 -0.01182 0.66770

Reduced network retaining all generator buses and zone 1 buses is shown below.
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Bus5[5]

AN

4.10 Case 3: Retaining all zone 1 buses

24 Bus Typical System Network reduced with retaining all the Zonel buses, such as 1,
4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, and 17.

Select menu option Solve ->Network Reduction

x

Caze |3 'l Study Infa...

% Execute After Input File Creation
Delete

¢~ Only Input File Creation

Execute

il

¢ Execute with old Input File

— Result

Metwork .. | Feport .. ViawBus..l Graph... |

‘ Cloga ‘
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Study Information

Following study information screen will open.

NETWORK REDUCTIOIN

1 getlAT4[4

2 get2ATi[l

s nafesas 7]

o]

Executing and Viewing the Report

Network Reduction

~Jatter execution
i click here to wiewy
report
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Network Reduction Report for Case 3:
NETWORK REDUCTION

CASE NO : 13 CONTINGENCY : 0 SCHEDULE NO : 0
CONTINGENCY NAME : Base Case

%%

TOTAL NUMBER OF BUSES : 24 ACTUAL NUMBER OF BUSES : 24
NUMBER OF 2 WIND. TRANSFORMERS : 5 NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF TRANSMISSION LINES : 22
NUMBER OF SERIES REACTORS : 0 NUMBER OF SERIES CAPACITORS s 0
NUMBER OF BUS COUPLERS : 0
NUMBER OF SHUNT REACTORS : 0 NUMBER OF SHUNT CAPACITORS : 0
NUMBER OF SHUNT IMPEDANCES : 0 NUMBER OF GENERATORS : 4
NUMBER OF LOADS : 14
NUMBER OF FILTERS : 0

NUMBER OF HVDC CONVERTORS : 0

NUMBER OF ZONES 2

PRINT OPTION 3 (BOTH DATA AND RESULTS PRINT)
BASE MVA 100.000

NOMINAL SYSTEM FREQUENCY; 50.000
PREFAULT VOLTAGE OPTION : 1 (READ FROM THE FILE)

ZONE NUMBER RETAINED 1

ZBUS PRINT OPTION 0

YBUS REDUCTION OPTION : 1 (NETWORK REDUCTION)

NUMBER OF GENERATORS IN THE EXTERNAL SYSTEM : 2

RETAINED GENERATOR BUS IN THE EXTERNAL SYSTEM : 3

CIRCUIT BREAKER RESISTANCE (PU) 0.000000
CIRCUIT BREAKER REACTANCE (PU) 0.000100

TRANSFORMER R/X RATIO ; 0.050000

TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR 0.900000
NUMBER OF TRANSMISSION VOLTAGE LEVELS : 3

TRANSMISSION LINE VOLTAGE - KV : 11.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR : 0.000000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 0.000000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.000000
TRANSMISSION LINE VOLTAGE - KV - 220.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 2.500000

|
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TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.025000
TRANSMISSION LINE VOLTAGE - KV = 400.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0.025000
GENERATOR NEGATIVE SEQUENCE RESISTANCE MULT. FACTOR 0.175000
GENERATOR NEGATIVE SEQUENCE REACTANCE MULT. FACTOR 0.175000
GENERATOR ZERO SEQUENCE RESISTANCE MULT. FACTOR : 0.037500
GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR : 0.037500
LOAD NEGATIVE SEQUENCE IMPEDANCE MULT. FACTOR : 0.810000
LOAD ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1.600000
SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1.000000
SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 0.625000
BUS DATA

NODE STAT ZONE BUS-KV ~ NAME VMAG-PU VANG-DEG PGEN-MW QGEN-MR

PLOAD-MW QLOAD-MR QCOMP-MR

1 1 1 11.000 BUS1 1.0200 0.000 563.710 19.590

0.000 0.000 0.000

2 1 2 11.000 BUS2 1.0200 1.609 125.000 22.500

0.000 0.000 0.000

3 1 2 11.000 BUS3 1.0200 3.521 190.000 39.570

0.000 0.000 0.000

4 1 1 11.000 BUS4 1.0200 3.906 380.000 35.270

0.000 0.000 0.000

5 1 1 220.000 BUS5 1.0164 -4.319 0.000 0.000

0.000 0.000 0.000

6 1 1 220.000 BUS6 1.0050 -10.410 0.000 0.000

70.240 30.100 30.000

7 1 1 220.000 BUS7 0.9676 -19.848 0.000 0.000

146.630 39.100 30.000

8 1 1 220.000 BUS8 0.9756 -14.538 0.000 0.000

0.000 0.000 0.000

9 1 1 220.000 BUS9 0.9737 -14.852 0.000 0.000

29.450 9.820 0.000

10 1 1 220.000 BUS10 0.9650 -15.333 0.000 0.000

87.820 48.790 0.000

11 1 1 220.000 BUS11 0.9733 -15.094 0.000 0.000

34.350 14.720 0.000

12 1 1 220.000 BUS12 0.9567 -17.674 0.000 0.000

29.100 9.700 0.000

13 1 1 220.000 BUS13 0.9641 -16.518 0.000 0.000

146.270 58.510 0.000

14 1 1 400.000 BUS14 0.9814 -12.324 0.000 0.000

0.000 0.000 0.000

15 1 1 400.000 BUS15 1.0104 -2.002 0.000 0.000
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-000
-000

16 1
17 1
18 1
19 1
20 1
21 1
22 1
23 1
24 1

1

220.000

220.

220.

220.

220.

220.

220.

220.

220.

TRANSFORMER DATA

STAT CKTS FROM FROM

000

000

000

000

000

000

000

000

BUS16

BUS17

BUS18

BUS19

BUS20

BUS21

BUS22

BUS23

BUS24

TO TO

0.9638

0.9593

1.0039

0.9922

0.9910

0.9882

0.9984

0.9470

0.9726

0.000 0.000 0
-16.860 0.000 0
224.240 58.500 0
-17.271 0.000 0

58.310 24.300 0

-3.226 0.000 0

0.000 0.000 0

-5.084 0.000 0
129.290 99.460 0

-5.827 0.000 0

49.690 34.780 0

-3.029 0.000 0

72.400 47.600 0

-2.423 0.000 0

0.000 0.000 0

-7.400 0.000 0.

48.170 28.900 0.

-7.973 0.000 0.

93.190 49.050 0.

POSITIVE

How to solve YBR

ZERO NODE NAME NODE NAME

R(P.U) X(P.U.) R(P.U

.000
.000
-000
-000
.000
-000
.000
-000
.000
-000
-000
.000
-000

0.02804

3 2
3 1
3 8
3 1
3 1

TRANSMISSION LINE DATA

STAT CKTS FROM FROM

50 S

0.01250

50 G

0.01387

50 G

0.06968

50 G

0.05609

50 G

lw)

@

@

G

3 1
3 1
3 1
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NODE NAME
15 B
7
12 B

BUS7

US12

15 BUS15 O.
1.
11 BUS11 O.
1.
1 BUS1 O.
1.
18 BUS18 O.
1.
22 BUS22 O.
1.

TO TO
NODE NAME RP
RZ
14 BUS14 O.
0.
11 BUS11 O.
0.

13

D X(P.UL)

TAP  PHASE FB-MVA
00140 0.02804 0.00140
00000 0.000 50
00063 0.01250 0.00063
00000 0.000 50
00069 0.01387 0.00069
00000 0.000 50
00348 0.06968 0.00348
00000 0.000 50
00280 0.05609 0.00280
00000 0.000 50
(P.U) XP(P.U) BP/2(PU)
(P.U) Xz(P.U) Bz/2(PU)
00430 0.04770 0.63700
00860 0.09540 0.50000
02444 0.12226 0.10272
07332 0.36677 0.07190

BUS13 0.01321 0.06608 0.05552
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0.03963 0.19825 0.03887 50 50
3 2 13 BUS13 11 BUS11 0.00314 0.01570 0.05275
0.00941 0.04714 0.03692 50 50
3 1 13 BUS13 16 BUS16 0.00578 0.02891 0.02429
0.01734 0.08674 0.01700 50 50
3 1 16 BUS16 11 BUS11 0.00495 0.02478 0.02082
0.01486 0.07434 0.01457 50 50
3 1 16 BUS16 17 BUS17 0.00248 0.01239 0.01041
0.00743 0.03717 0.00729 50 50
3 4 5 BUS5 6 BUS6 0.00450 0.02251 0.30260
0.01350 0.06753 0.21180 50 50
3 1 6 BUS6 7 BUS7 0.03716 0.18586 0.15616
0.11147 0.55759 0.10930 50 50
3 1 6 BUS6 13 BUS13 0.05169 0.25856 0.21723
0.15506 0.77567 0.15210 50 50
3 3 6 BUS6 16 BUS16 0.01530 0.07655 0.57882
0.04591 0.22964 0.40530 50 50
3 2 6 BUS6 8 BUSS 0.01239 0.06195 0.20822
0.03716 0.18586 0.14572 50 50
3 2 8 BUSS 9 BUS9 0.00363 0.01817 0.06107
0.01090 0.05452 0.04276 50 50
3 2 8 BUS8 10 BUSI0O 0.00330 0.01652 0.05552
0.00991 0.04956 0.03886 50 50
3 2 18 BUS18 19 BUS19 0.00537 0.02685 0.09022
0.01610 0.08054 0.06316 50 50
3 2 19 BUS1I9 5 BUS5 0.01263 0.06319 0.21237
0.03790 0.18958 0.14866 50 50
3 2 19 BUS19 20 BUS20 0.01131 0.05658 0.19016
0.03394 0.16975 0.13310 50 50
3 1 20 BUS20 24 BUS24 0.01982 0.09913 0.08328
0.05945 0.29738 0.05832 50 50
3 1 24 BUS24 5 BUS5 0.02494 0.12473 0.10480
0.07418 0.37420 0.07336 50 50
3 1 22 BUS22 23 BUS23 0.03633 0.18173 0.15269
0.10899 0.54520 0.10690 50 50
3 2 22 BUS22 20 BUS20 0.01734 0.08674 0.29149
0.05202 0.26021 0.20400 50 50
3 1 22 BUS22 21 BUS21 0.00330 0.01652 0.01388
0.00991 0.04956 0.00972 50 50
GENERATOR DATA
FROM FROM POSITIVE NEGATIVE ZERO
NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.) R(P.U.) X(P.U.) CB-MVA
4 BUS4 0.00050 0.02625 0.00050 0.02625 0.00050 0.02625 50
1 BUS1 0.00125 0.03409 0.00125 0.03409 0.00125 0.03409 50
2 BUS2 0.00100 0.07470 0.00100 0.07480 0.00100 0.07480 50
3 BUS3 0.00050 0.03735 0.00050 0.03740 0.00050 0.03740 50
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LOAD DATA
NODE NAME
11 BUS11
17 BUS17
7 BUS7
12 BUS12
13 BUS13
6 BUS6
9 BUS9
10 BUS10
20 BUS20
23 BUS23
21 BUS21
16 BUS16
19 BUS19
24 BUS24

EXTERNAL GENERATOR DATA

SLNO BUSNO NAME INERTIA-H-PU
1 2 BUS2 11.413
2 3 BUS3 11.413

Number of reduced buses : 4
Reduced bus array :
26 25 19 24

RETAINED ZONE: 1
NUMBER OF SERIES ELEMENTS IN THE REDUCED ZONES: 3
SERIES CONNECTIONS
SLNO FROMNAME TO NAME RP XP BP/2 Rz
XZ Bz/2

1 26 GEN3 19 BUS19 0.005764 0.110167 0.0 0.035423
0.769343 0.0

2 26 GEN3 24 BUS24 0.032432 0.587300 0.0 0.062020
1.347783 0.0

3 19 BUS19 24 BUS24 0.035152 0.187472 0.0 0.099468

0.620119 0.0

NUMBER OF SHUNT ELEMENTS IN THE REDUCED ZONES : 3
SHUNT CONNECTIONS IN (G+JB) FORMAT - PU
SLNO FROM NAME GP BP GZ BZ

1 19 BUS19 1.90970 -0.24798 2.10356 -5.24444
2 24 BUS24 1.31295 -0.34366 1.20133 -0.48369
3 26 GEN3 0.82939 -0.61373 0.91642 -0.43791

EQUIVALENT GENERATOR INERTIA CONSTANT - PU : 22.82422
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EQUIVALENT GENERATOR REAL POWER - MW : 315.55176

EQUIVALENT GENERATOR REACTIVE POWER - MVAR : 86.34813

EQUIVALENT GENERATOR TERMINAL VOLTAGE MAG : 1.00000

EQUIVALENT GENERATOR TERMINAL VOLTAGE ANG-D: 6.99663

EQUIVALENT GENERATOR RESISTANCE PU : 0.00000

EQUIVALENT GENERATOR REACTANCE PU : 0.00001
Bus24[24]

Bus26 [26]

Bus 5 [5]

Retained
Zone 1

™ é

Bus 19 [19]

ANANN

-

|
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5. How to solve Relay Co-ordination

Perform relay co -ordination study for the radial system shown below.

Py
~

1 Rl 2 R2 3 R3 4 5
—> —> —>
| U W 1T TU) U
The relay make is as follows
Relay rated current = 5 Amps
Plug setting = 50% to 250% in steps of 25%
Time setting multiplier = 0.05 to 1.0 in steps of 0.01
Relay details
Relay Name R1 R2 R3 R4
Primary Rating (1,2,3,4) 800 400 200 100
Secondary Rating in A 5 5 5 5
Load Currentin A 800 400 200 100
Relay type 3sec | 3sec | 3sec | 3sec
Transmission line details on 100 MVA base:
Bus - code Impedance Zpq | Line charging
in pu in pu
P-q Zpq Y'pa/2
1-2 0.00+j0.1 0
2-3 0.00 +j0.1 0
3-4 0.00 +j0.1 0
4-5 0.00 +j0.1 0
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Generator Details:
G1 =100 MVA, 11kV

Maximum fault level = 1000 MVA.
Interpretation according to MiP-PSCT:

Observe transmission line details. You find that all lines have similar parameters.
Therefore no. of transmission line libraries = 1
No of generator libraries =1

As all the relays are of 3 sec type, no of relay libraries =1

Procedure to enter the data for performing studies using MiP-PSCT.
MiP-PSCT - Database Configuration

Open power system network editor. Select menu option Database — Configure.
Configure Database dialog is popped up as shown below. Click Browse button.

[ | 08 1 | i | [ o P L i e 3 | e = | e
o T L |

(=

5

]

5]

ol

i

le]

bl

I

Jid

el sl
% Click here to specify the name of e

=il » ey
w = the database i

— Ready <EZE, ¥ SIS

Open dialog box is popped up as shown below, where you are going to browse the
desired directory and specify the name of the database to be associated with the single
line diagram. Click Open button after entering the desired database name. Configure
Database dialog will appear with path chosen.

|
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% X
Looki_n:l ) study j @ ﬁ( .'
\ Database Mame IE:\study\Helay mb]
Mame = |v| Diate modified |v| Type
\iu items match your search, ¥ Cornect
Select the folder and
. Ok C | Cl th B
give database name. EI il %‘a—l _ e |
and click open
. Click OK To clear the database
| / | B path name
/
File name: |Helay’ Open
Files of type: IDatabase Files * mdb j Cancel |
[™ Cpen as ead-only
4

Click OK button on the Configure database dialog, the dialog shown below appears.

Configuration Information

General Infomation |Vo?tage Levels | Bectrical & Curency Information | Breaker Ratings |

x|

| New Database Name ..

Networle Title

First Pawer System Metwork |

Power System Libraries |

Standard Relay Libaies [

ok |

Cancel | Apply | Help |

Uncheck the Power System Libraries and Check Standard Relay Libraries. If libraries are
selected, standard libraries will be loaded along with the database. Click Electrical
Information tab. Since the impedances are given on 100 MVA base check the pu status
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as shown below. Enter the Base MVA and Base frequency as shown below. Click

button to create the database to return to Network Editor.

Configuration Information

' General Iformation | Vottage Levels  Electrical & Cumency Information | Breaker Ratings |

Base MVA

Base Frequency

pu status

a common MVA base.

B/2 mho/km

+ Indicates that all the impedances are specfied in PL on

Else the machine impedances are specified in PU on its
own rating and transmission line parameters are
specfied in actuals, i.e R ohms/km, X ohms/km and

1100)

50 Hz

4

Curency

—

o |

Cancel |

Aty | Hebp |

A

Bus Base Voltage Configuration

OK
¥
Gere i Votogs vl | Bt A ey omoton ek |
WA kA hMVA kA hMA Rkt
LU e AT A T e el Y
2000 [ w000 [SU [wm 0 [ o
zoow foon [sis e [ oz maw P ez
2 fon im0 fw [ mew fo [mes
mom [ e &80 [ Piem oem @ (o
600 oo e e o ([T 80K f [z
800 [ Peo Lo o s 0 8 [um
LU O T S T ) R e
Moy A ek atngs
o ] s | | |

In the network editor, configure the base voltages for the single line diagram. Select
menu option Configure—»Base voltage. The dialog shown below appears. If necessary
change the Base-voltages, color, Bus width and click OK.

8o e vk Contramn_—— m
Base VA ... EET x|
Bus'width BUSEESBVD‘IBaEsWdIh E’ﬂvﬁh iy I—
W wrsd  mEm =] = =
200 K Fﬂ 2 |
_ |
o wid m wed mP e d n
mE o wfE [ m wf 3 = [~
mi wht = mee wf g Ep Wit H  Cosomcoon
ST
me v d m wed mP wE e
| JeH] wit e e gz HY =] Define Custom Colors 5>
[ Wi = = . wi = i
]
aK Cancel Drefault
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5.1 Procedure to Draw First Element -Bus

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID number and Bus Name. Click OK. Database manager with
corresponding Bus Data form will appear.

Modify the Area number, Zone number and Contingency Weightage data if it is other
than the default values. If this data is not furnished, keep the default values. Usually the
minimum and maximum voltage ratings are + 5% of the rated voltage. If these ratings are
other than this, modify these fields. Otherwise keep the defaultvalues.

Bus description field can be effectively used if the bus name is more than 8 characters. If
bus name is more than 8 characters, then a short name is given in the bus name field
and the bus description field can be used to abbreviate the bus name. For example let us
say the bus name is Northeast, then bus name can be given as NE and the bus
description field can be North East.

. — y
b 44 Bus Data
8[1e[a}0] ool EALF E ABEE Mo s[5 wreml] | Brrimber T KEetch Buess |
I e Buss Mane [Eust
o : Description st
Mosminal Valtage  [11.000 e
T— [Eem —
P 1 Select |1 Areal - |
Zone Mumber
Bel___ 1 Select [1 Zonel | |
Buehome_ Bt [ Dlwsrver Mlumbes
1 Select 1 Owenerl "I |
Tl ” Cantingancy Waightags [
H Voltage Limits in K
£ B Min [T0.450000  Max [11.550000 |
HlLdl ;- Cost Pes Unit in Cost oray
(5] = - i I —
I = T Flalsy e Flash
e | Bus Bar Differential | Bus Detaits | |
= Globsl Changs| Losd| Dtats| Costib s3] GRS |
Jeeer]
ach s Pemarks
T fmerensms | | |
Lol L0000 3 <, Yl 5 ] _.=|]

After entering data click Save @&, which invokes Network Editor. Follow the same
procedure for remaining buses. Following table gives the data for other buses.
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Calculation of Xd, Xd', Xd" :

For maximum fault level, Xd = Xd'= Xd" = 100/1000 = 0.1 pu = Xn = X0

Bus Data

Bus Number 1 2 3 4 5
Bus Name Bus-1 Bus-2 | Bus-3 | Bus-4 | Bus-5
Nominal voltage in kV 11 11 11 11 11
Area number 1 1 1 1 1
Zone number 1 1 1 1 1
Contingency 1 1 1 1 1
weightage

5.2 Procedure to Draw TransmissionLine

Click on Transmission Line icon provided on power system tool bar. Draw the line by
double clicking LMB (Left Mouse Button) first on the From Bus and join it to another bus
by double clicking the mouse button on the To Bus. The Element ID dialog will appear.

Enter Element ID number and click OK. Database manager with corresponding
Line\Cable Data form will be open.

Enter the details of that line as shown. Enter Structure Ref No. as 1 and click on
Transmission Line Library >> button. Line & Cable Library form will appear.

FEEEE e =3% |ine/Cable Data
anx ~Felia
NECCICRLOS e AlRECaABBET ez  bae Fechlre 5| Nane e [rEs— Tﬁ;m .
ihﬂ\'l'—ﬂ:,. L"F‘"":ﬁ Cl
=) - T bt [0 Secehlle il el
3 En el fogxe P m Wh  Tenmsinlie licy 5| LreDein w
5 |+ 7% — S-S0 —
0| |
4 Ral T e —
=l b W L |
| : T | 2 [Ty —
1 (e i st |1 B 100 ro  MA[E B[ =
— | . - (™
, “m Todalmba {7 B ¥ 7| Fonbeds ]
L] = = - — |
=4 AT 5 1 ki
=l SEEEE  wabmitee — | =
=i YT A  NatEmi s
% - el [ I Cem WA[E A fam e
ol i o g = r Fomsie
al '} ] Cnkaecy Ve | [ | |
al of nen -

o
o 7] = A = Py
[agy s [omat P r T |CTE 1TRE B i { FamEniien (" oiGpen ¢ OoaSnice  Exag [ Peped ha,_[

Pl oy o LI ¥ 1 i
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Enter transmission line library data in the form as shown below for Linel-2.

Line and Cable Library

r Stucture Reference

Murnber

e

Name |Linel

Fetch »» |

Positive Sequence Fesistance
Pasitive Sequence Reactance 0.
Zern Sequence Resistance
Zero Sequence Feactance il
Zera Sequence Susceptance (B/2)

Thermal Fating

Line Harmanic Mumber

—

pu

Positive: Sequence Susceptance [B/2) ID pu
ID pu
I 1

pu

ID pu
|1DD iy Cormnpute |
ID Harmanic Library >>|

Z
W

r Surge Impedance

ISSSS. 000000 | Ohms

0.000000 kmzdsec

Compute =L, B/42 |

Cost per km q Cost Per Unit in Thermal Curves > |
Element Details

Line Number 1 2 3 4
Line Name Linel-2 Line2-3 Line3-4 Line4-5
De-Rated MVA 100 100 100 100
No. Of Circuits 1 1 1 1
From Bus No. 1 2 3 4
To Bus No. 2 3 4 5
Line Length in km 1 1 1 1
From Breaker Rating in MVA 5000 5000 5000 5000
To Breaker Rating in MVA 5000 5000 5000 5000
Structure Reference No. 1 1 1 1

———
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5.3 Procedure to Draw Generator

Click on Generator icon provided on power system tool bar. Connect it to Bus 1 by
clicking the LMB on Bus 1. Element ID dialog will appear. Enter ID number and click OK.
Database with corresponding Generator Data form will appear. Enter details as shown

(x| 3 ]a]s{x]e]m(c] e = AT EE Ve [ Fth o] e [ o | stwite]]]
Vlsoowptenfores 3] Listunsoen [ | — £ [
% T | Ihlfu| B[00 7| | MendechaerRe Mo [ o] by |
g :ﬂ?_._l?fri‘- lhtnl’aﬂi,l_ﬂ Catigliln I FOR] 7] CaabipOners !
gl lEE g BedeRag
e o B o W || b Wk [ie i Focm
e} — — I\ — 1
] DeRaeiitis [T Reacie P M [0 i (Gt Perlln——
7
5 Smdleffo [ W BeiePuecMamn [0 M| |
= ek
Bl Fed Poer M [[ W Gl sy G
i - — CostCocheeniCl  []
3 I L I ™ botlockm | # Bne
Al fa | e e
L e e e | Gnsmie COtdfSeve || Gy Chost va f
Beaty g [ 1.00m00m 1 <2, ¥ e
below.

Enter Manufacturer Ref. No. as 30 and click on Generator Library button. Generator
library form will appear. Click compute button to enter 3 phase and SLG fault level as
1000 MVA.

Generator Library

| Rel. Number  [30 Fetch Generator | Manufactures Name [5Genan
| MV Raling  [100 Wl Rting |00 k¥ Riating [11 Compute Xd.dn0i |
B o Base
Asmatune Flesistance (Flal [o pu Poties Fleactance [p] o U
Dt B Reaclance () 0.1 Ba Dot Soas Tranment Foachonce (0] 05 =
Ruadrabue Az Reactance [a) |n B Auiz Tranaiert ol ]—" &
Megalive Seq. Heaclance [<n]  [0.1 pu Diwect A Sulb-Transenl Reactance [£'d) [N s
Zeto Seq. Reactance (4o 0.1 P o A Sub-Trane P [0 o
Diivect Auis Dpen Circuit | Direct Auiz Dpen Circuit =
Trarsiort Tima Canmiant o SLibTrarsiena Tima Constant v Rl
(Tdn) (T*'da) |J..n
Quedature fois Open Circuit [ Quadkature Axiz Open Crcuit Drampind Fachor
Transierk Tine Constarit (T'0) 1 SubeTranzienh 1 e Conetant (17g0) 10 —
“inding Connections Mass Details | | CostPer Unitin
Mass Nurmiber |0 M |o
Y o Ineria [o Mava  Counter !
- & Damping Factoe [ << Back || [ Theimel Curves
Sililfrs Co-sllcient [17 s borcuant Dl Jhamals> |
Ele, Rad —ld
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After entering data Save B and close. In Generator Data form, click Save &. Network
Editor screen will be invoked.

5.4 Procedure to Draw Relay
Select current transformer from power system tool bar and place it on from side of the
line as shown in the following diagram. Select relay element from power system tool bar

or from the main menu select Power system->Relay and click on GUI. Relay type dialog
appears

LER

F el e als Sl slslaa]s- =

i!"-T

(=

s0alijes g :Hﬁjlﬂﬂ?n@ tj2

o el o

P Eimiolale (slals|sloloe)]le (oo =

— —
[t [eeidid i Gl [D1FEE (TRED

. iU iim

Select IDMT Over Current (51) and click OK. Terminate the relay on current transformer
which invokes Relay Database form.
Display Text l—

" Distance Relay (21)

€ IDMT Earth Fault (51N] € Line Pilot (87F)

" Instantaneous Over Cunent [50)  © Transfarmer Differeriial (57T)
€ Instantaneaus Earth Fault (SON] € Resticted E arth Fault [B7M)
" Directional IDMT Over Current (57) Bus Bar Differantial (378)

" Direction IDMT Earth Fault (7] Partial Bus Bar [7PB)

" Stand By Earth Faul (51G] € Line/Cable Differential [B7L)

 Others [Specify) |—
Cancel
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Select menu option Libraries -> Protection ->Relay Database.

Enter relay number as 100 and other details as shown below

Overcurrent Relay Library

IEEE Code
Humber (100 Relay Mame |Relapl Fetch Relap |
Setting Current Setting
Owercurrent [GERIT tinirmm R ated
i»
~ F'ha”s-le 125 Amps 25 Amps 5 Amps
i W ariation

" Continuous

Inst{ 1. Click here

| for Phase * Uniform Uniform Step 0,01
~ )
—~ setting " Digcrete

7 Shart Time Delay
" Earth
" Earth Time

Phaze Setting Range

51 Moo M asimum inmum Rated Wariation

Time Dial
T TDS [
|

Relgy Charactenstics

J Relay Thermal Chpacity

Standard Curves |‘I - 3 Second Relay
|100

Chpractenzstic Curve MName |35 e

Saturation [PSh]|

Culve Type |t = C1/logit] ~|
Copstant C1 3 Constant C2 |0
Relby Type |Nc-t b ator Pwtion ﬂ Hot To Cold R ati

2. Selectt=C1/ log (M)
Type 3 here here (3 sec relay

5. Click here to Select TDS characteristics)

4. After entering all data click Next compulsory to save. A dialog as below
is displayed
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When Next button on relay database form is clicked, record add dialog box appears.

=]

If not, say No first setting will be saved

If you have one more setting click Yes to add next setting.

Relay rated current =5 Amps

Current setting Max = 250 % of % 5amps = 2.5x5 =125
Min=50% of % 5amps =0.5x5=25

Uniform variation step = 0.25

Enter time dial setting as below
Relay Database

IEEE Code
MHumber [100 Relay Mame IF!eIa;ﬂ oo Fetch Relay ‘ ’7

~ Setting i~ Time S etting

i~ Overcunent Maximum Minimum Step -
" Phase F ™S [o% o e Tl Click Next, a
€ Eath — dialog
£ Phizse Fault - Wariation Counter displ d

Lol I

~ Instantaneous Confuos Il |Sp aye as
 Phase & Lnifam Backs above, to Add
€ Phase Time  bi d |f N
 Short Time Pickup eIl Delee | recor - 0
€ She Time Delay r— Time Dial Setting Rang bUtton IS
O Eaih Sl Ma. Maximum Minmurn Rated W ariation C“Cked fIrSt
© Eatth Time 1 100 0.05 ] u . il b
Time Dial 2 o.o0 0.00 o.oo C sett'ng Wi e
 TDE [ Seconds Saved.

— Relay Characteristic:
Relay Thermal Capacity
Standard Curves
J100
Characteristic Curve Name  [35ec
Saturation [PSM]
Curve Type It = C1/ag(M] ;I
—_— 20

Constant C1 3.0 ConstantC2 |00

Relay Type INot otar Protection vI Hot To Cold Ratio [0
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Time setting multiplier = 0.05 to 1.0 in steps of 0.01
After entering the details save it and close it Over current Relay Data form appears.

Enter the IDMT1 relay data as shown below. Select relay database library number 100
from the drop down list.

Over Current Relay Data ~

Fielay Mumber [1 Fetch Relay Relay Mame [A1

Connected To

Load Current

Elemnent Type Location
Twao inding Transformer ~ Elerment D
Thres Ywinding Transfarmer |1 LineT [1 to 2] j 2 TOSIDE
Sernies Reactor b
Libraries
Fielay Type N £ Fuse D atabase Number

f* Directional " Mon-directional

Connection Sense

200
v
Dizcrimination Time ~ |0.4 s Rislay
(* Looking Away from the Bus Ovetload Factor |1 -
Relay Database Library »» |
Unbalance Factar ,m—

™ Looking Towards the Bus

Append Relay Code |
Phase Setting Options Earth Setting Options
[Glabal Change - Append Relay Eode|
[ Phase [~ Eath
[ Instantaneous r Current Transformer D ata [4)

THS Setting [ Computed LR e — Frimaty Rating 1 800
Frimary Rating 2 200

Iser Defined Plug Setting | I
Frimary Rating 3 800
Iser Defined Inst Setting [ B
Frimary Fiating 4 800
Phaze Setting Earth Setting Secondary Fating 5
Flug Setting | & Plug Setting A ; -
[CT Primary] [CT Primary] CT Rating Rating 1 -
TMS 0 TH3 Connection & Star " Dela
It Factor Izt factar CT Mo =
gt T ’7 3 Inat Time ¥ T Mo, ,—L| -
< >

After entering the details click save button which invokes Network editor. Enter
other three relays details.
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5.5 Executing Over Current Relay Co -ordination

Select the menu option Solve — Over Current Relay Co-ordination

(Overcurrent Relay Co-ordination: x|

Case > Situdy Info )
(% Execute After Input File Creation
Delete

= rip Input File Craion Click here
" Exeeuts with o Input Fls _Ewote. | for study
- information.
[ st Dialog as
Metwork. .. | Report..  WiewBus. | Graph ... | beIOW
‘ appears.

OYER CURRENT RELAY CO-ORDINATION

Simulation Option

I

Fault Type ITh[ee Phaze ta Ground F‘ELI Print Options IBoth \3&3 and results printinll ‘
Fault Impedance \

Fault Rezistance ID Fault Reactance 19
Ground Resistance IU Ground Reactance |0

' Fault on Bus 7 Fault on Line

Find Bus |— 1. Click here to select

Biuz Mumbers simulation option

1 Busl
2 Bus2
3 Bus3

4 Busd .
5 3325 2. Check this to

view graphs
De Select Buses |

& ‘oltage Initialization by Flat Start
" Waltage Initislization by Load Flow

N

M ultiplic:ation Factor Murber |1 ‘ pﬁtput Graphs ‘

"Consider

I Maotor Contribution [~ Cable/Shunt Capacitance ‘
Ok .
Lo~ 3 clickok |
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x|
C - .
0 | 1 Execute after giving the
& Exscute &fter Input File Creation !nformat!on In_ the StUdy
Delete | _t~1 information dialog.
© Only Input File Creation A
= Execute with old Input File Esceuis - I

— Results

Mebwork . | Report ... iew Bus... |

Graph.«+—| | Curves.

3 Click here to plot
relay co-ordination

Cloze |

| 2 Click here to
view report.

Then click on execute button. While executing, following dialogs will be

displayed.

Relay Co-ordination Data %]

Relay Co-ordination Data

PowerRCD

Phase Relay Pairs

- i Ph l WIRCD WIRCD ) i
Relay Pair Selection : mfii[;iy‘ﬁav Irslm ioEr i’ rcdpair.phs _I Open
Phase gelay Pais >> | Eatth Relay Pais »» |
Phase relay pairs exist. Do you want to read from the file i+ Mo
v Aut/r'nahc Phase Relay Par W Automatic Earth Felay Pai tedpait phs 7  res
/
L et s W Phaze [ Eatth ‘ Do you want to generate redpai phs ? ' No
—J2. For Phase =  Yes
g{Relay Pairs  fn Al
ndClick here y curves at 1. Deselect & 0K | Select Relay Pairs »3<¢ | Cancel
instantaneaus sefting 7 go for Phase s §
Relay Pairs Relay Pairs
Da you want to diop Earth relay curves at [R2]-[R1] i
instantaneaus sefting 7 [R3] - [Re] 2. Click OK
¥ Ves [R4]-[AT]
Relay Graph teminafion &' Saturation " Clase in Faul Cunent
D weuwantto considenkiaton contibubion o
cliria sl atiar e 157k Select >3 | {Selegh AllS5 Y << Remove << Remove All
Selected Relay Pairs
i tion Ti [R2)- [R1]
Campute Discrimination Time [ | -2 /
[R4]-[R3]
FRead Relay Settings from the file &l 1 SeleCt a”
C Ves
0K LCancel
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The relay co - ordination will be executed. Go to graph and plot Current in X - axis and Time in Y

- AXis.

Results of Relay Co - ordination: (For maximum fault condition)

RELAY SETTINGS FOR PHASE FAULTS

RELAY CLOSE IN FAULT PLUG SETTING RATIO
NAME CURRENT (Amps) (Amps)

RELAY
CAPACITY

87.477

131.216

REMARKS

100.00 Within

100.00 Within

100.00 Within

100.00

CT PRIM CT SEC PLUG

SETTING

(€))

5 100.00

5 100.00

5 100.00

5 100.00

Exceeds

PLUG
PRIMARY

SETTING
RELAY

(PRIM)

200.00

100.00

R1 52486.3881 800.0000
Limit

R2 26243.1941 400.0000
Limit

R3 17495 .4627 200.0000
Limit

R4 13121.5970 100.0000
Limit
SL. RELAY From Bus To Bus
PLUG T.D.S CLOSE IN OP. TIME REMOTE OP.TIME
INSTANT RELAY DB CURVE NAME
NO. NAME CHOSEN
SETTING FAULT FOR CLOSE BUS FAULT REMOTE
SETTING NAME

(Amps)

(SEC) CURRENT IN FAULT CURRENT BUS FAULT
(A) (Amps) Secs) (Amps) (Secs)

1 R1 1 2 800
5.00 0.59 52486.39 1.3605 26243.19 1.3605
faiaiaiaied Relayl 3S-RELAY

2 R2 2 3 400
5.00 0.41 26243.19 0.9454 17495.46 0.9454
alalalalel Relayl 3S-RELAY

3 R3 3 4 200
5.00 0.23 17495.46 0.5303 13121.60 0.5303
ialaalaied Relayl 3S-RELAY

4 R4 4 5 100
5.00 0.05 13121.60 0.1153 DOES NOT BACK-UP

Fkhkk

Relayl 3S-RELAY

Kkkk
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To plot relay co-ordination curves click on Graph as shown in Over-Current Relay Co-
ordination dialog.

E” Do | % W2 Ao |l ice| it | 7 |ie | 2] 2t |~ J5P |
e [ TR iEi

Phase Relay Co-ordination Cwrves on 11,000 KV

Click-twice forthe X-
axis-selectiony

D CEEENEERD

DefaultX-axis button-
is-on-selectionq]

¥ Had, e 1 - - Bt

=]
(o]

hom

Phase Relay Co-ordination Curves an__1LOM kV

Now double click on row
C2 for Y-axis selection

Now click here
to get
independent
Relay 1 curve
selection

Now by default = ==
Y-axisis
highlighted

| 1 | | i i ém |4 e—=|
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5 - (Moramit )

Pis Edt View Sheet Pomat Draer Set Wandow Help Zoom

|.,-‘ D || ] 2w A | [ | b | b ] ] [ !F:”
I T A |

=] IClick SelectAll button |

[=) Phase Relay Co-ordination Cm'\'my 1L.000 KV 1 or selecting all rela ys

@

lé After you get the plot,

) click on the screen

7]

I

ic]

I

| I

=

&l
After selecting all
relays click here for et Gamon]
plotting the curve

cor | B | e | o] o e B | 1111 | D[R vas | | 6 || |
Foe Hel, press F1 (Ko yowoes BRI

{0l A e ] | e [ ]
‘ﬁ f i |
‘%‘ Fhase Relay Co-ordination Curves on 11000 KV -
o] 100 41 —R3
E 1 (R ' R =
1= o \
e \ AN
7] 10,04 A
= . L l\ 3 NS
=1 = ~ ™~
|l = T Tl
| 2100 =
E = _‘"‘—--._._‘_\
0.1
Click Logto getcurves
on Log-Log Scale Click these two buttons to

| S ||
‘I ot | P | R | o] sioar e 0= [N e s o | [q—]—p-”

[Crep— Hiee e G
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5.6 Quick Solve (Shortcut method for Executing Over Current Relay Co —
ordination)

Select menu option: Quick Solve —» Relay Co-ordination— Overcurrent

1~ MIGUI - & Power System Netwark Editor - [ored2.gui]

] =lalx|
E¥Fle Edt Vew Draw Eements Set Change Objects) Configure Plot Dotabase Sove Tool LnitProtection Partil Andyss | Quick window Ful Screen Help =l&x
(B T R S T o T = e O e e Y
!z £ =
o = =
= - o3|
= Go to Quick solve > Relay Ei g = ¢
a coordination->over —
<
= [l [
Tl Fe|
7| m
; Bust [i] Bus2 2 Bus3 3 Busd[4] § 357 E
i 2 = = 2 HLEED
al =
1 -l Bl . e | meg P32 PR JA oL 7165 I |-
a \ S me0n Huj_i a ek | e @ 9‘2&331 %;;: ) J ;:3 ;::315 ) zztisi W._
6 - | | | EACTS
A
I
6|

] | LHWIE‘

[ cortirgency -0 [scheduie-0 Referencs ¥ <= ¥ <0= Cist 882014 Km [EmpioRCOpowersinicRDpawersimiorot

e [ 1000000 [ <g8z>, ¥ <5> o B [

5.7 Protection Simulation

After executing relay coordination, protection simulation can be performed to see which relay
operates first when fault is created on a bus or a line.

Procedure to perform Protection Simulation:

Select the last bus i.e., Busb, right click on the bus and select protection simulation as shown
below. Select fault type as three phase and click ok. Element property window appears on the
screen, go on clicking next to see the relay trip sequence. The last relay (R4) operates first
since it is near to the fault and back up for that will be R3 followed by R2 and finallyR1
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Brtwerk Fiton - ool e =8
ssmwammm«u«wmmmmwmmumw 8%
[l S e 8 A T = 1 T e o e G L L N

Select Bus5 and
click RMB to select]

- protection
Ir simulation
4]
| [oonargener:v [rerwesn & [Fneercn i ¢ o Dt i I [varaziiTass e — s ———

e Y0000 3 Bty ¥ 2¥T>

ault Data

Simulation
’7 i~ Propozed i+ Euisting

Fault at a Diztance B0

Fault Current Option

' Computed = User given
Fault Current IEI
Fault Type

Three Phas
Flat 55 '\

LL

1 g

¥
()
-

Select fault type
as Three Phase
and click ok
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Fault symbol will appear on faulted bus as shown below. As per the backup trip
sequence of the relays can be viewed on the GUI by clicking the next button of the
element property window

<%+ MIGUIT - A Powrer System Nelwork Editor - [Guil ]

= =loix

B Fe ER Vew Draw Eemeds Sl Chawe Cbjchls) Codipue Plol Doleban Sove Tool Uik Proteclion Palidl fedps QuikSche Widw FulSoeen Heo o080

gl T T T o e 0 o

= = st I
ol | . ; e FAES
|E 3 [oseil |
ol e phe
=
9] .
= Click next to see
7] the relay trip
9 sequence
&l
i
ql
@ - FACTS |
;F | ﬂJm’I' {[o= ==
il [ | | Pesrence ¥ =¥ 0= Dist US4 30 K [ [
ey T N o = (R A

|
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6. How to solve Distance Relay Co-Ordination

Perform distance relay co -ordination study for the system shown below.

Bus1[1] Bus3 [3]
Miho Miho
@— Mho B
Miho (L]
Busd4 [4]
Mho | Mho
-
Mho
Bus2 [2] Bus5 [5]
Mho
Mho
o
@ Mho
Miho
Mho Mho >

|
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Relay details are given below

Zone4d Zone2 Zone3 Zone4

ﬁiﬂﬁi Rezsft):he(%m) Rggghe(z%) Rezgghe(s‘;/o) Reach(%) ti"g:e‘éi)sc “”(‘See‘ii)sc “”(‘:e‘ii)sc
DISRL1 80 40 100 20 05 0.8 1
DISRL2 80 40 100 20 0.5 0.8 1
DISRL3 80 40 100 20 05 0.8 1
DISRL4 80 40 100 20 05 0.8 1
DISRL5 80 40 100 20 0.5 0.8 1
DISRL6 80 40 100 20 05 0.8 1
DISRL7 80 40 100 20 05 0.8 1
DISRL8 80 40 100 20 0.5 0.8 1
DISRL9 80 40 100 20 05 0.8 1
DISRL10 80 40 100 20 05 0.8 1
DISRL11 80 40 100 20 0.5 0.8 1
DISRL12 80 40 100 20 0.5 0.8 1
DISRL13 80 40 100 20 05 0.8 1
DISRL14 80 40 100 20 05 0.8 1

Relay CT Rating | PT Rating Connect_ed Connect_ed Connect_ed Location

Name (Amps) (kV/Volt) | Zone 1l Lline | Zone 2 Line Zone 3 Line
DISRL1 400/5 132/110 1-2 2-5 2-3 From Side
DISRL2 400/5 132/110 1-2 1-3 1-3 To Side
DISRL3 400/5 132/110 1-3 3-4 2-3 From Side
DISRL4 400/5 132/110 1-3 1-2 1-2 To Side
DISRL5 400/5 132/110 2-3 3-4 1-3 From Side
DISRL6 400/5 132/110 2-3 1-2 2-4 To Side
DISRL7 400/5 132/110 2-4 3-4 1-3 From Side
DISRLS 400/5 132/110 2-4 1-2 2-3 To Side
DISRL9 400/5 132/110 2-5 4-5 4-5 From Side
DISRL10 400/5 132/110 3-4 4-5 2-4 From Side

———
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DISRL11 400/5 132/110 3-4 1-3 2-3 To Side
DISRL12 400/5 132/110 4-5 2-5 2-5 From Side
DISRL13 400/5 132/110 4-5 3-4 2-4 To Side
DISRL14 400/5 132/110 2-5 1-2 2-3 To Side

Transmission line details: Table B

Positive sequence Zero sequence
Impedance Zpq Line charging Impedance Zpq Line charging
Bus- code : - : .

in pu B/2in pu in pu B/2in pu
1-2 0.02009+j0.05997 0.03000 0.04017+j0.11995 0.2316
1-3 0.08000+j0.23996 0.02499 0.15496+j0.48209 0.01874
2-3 0.05997+j0.17998 0.02004 0.11995+j0.36731 0.01503
2-4 0.05997+j0.17998 0.02004 0.11995+j0.36731 0.01503
2-5 0.03994+j0.12001 0.01500 0.08035+j0.24105 0.01125
3-4 0.00999+j0.02996 0.01000 0.02009+j0.05992 0.00750
4-5 0.08000+j0.23996 0.02499 0.15496+j0.48209 0.01874

Generator details: Table C

Bus no MVA MW MVAR
Busl 100 80 60
Bus2 100 80 60

Load details: Table D

Bus no MW P.F
Bus?2 80 0.85
Bus3 50 0.85
Bus4 50 0.85
Bus5 50 0.85
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Procedure follows:

Open power system network editor. Select menu option Database — Configure.
Configure Database dialog is popped up as shown below. Click Browse button.

' MAGUI - & Paswer Siystem Metwork Editor - [Guizguil

BX Fie Edk View Oraw Eemecks Set Change Objectis) Configrs Plot Dstshass Sobve Too UnkProtection Partil Ansfyse  Quck Sche  Window

Ful Screen Help

(o1 AT - S el P S T
SetChange Laves| Siste 7| Laper Conil| St

eI H A N E = = R B ) T e =
j'

=loix
=l X

IR R E e ] o kN

1. Click to clear the
database path

I = -

[Faterenca % o o o

2. Click here to specify the
name of the database 5

Open dialog box is popped up as shown below, where you are going to browse the
desired directory and specify the name of the database to be associated with the single
line diagram. Click Qpen button after entering the desired database name. Configure
Database dialog will appear with path chosen.

% %
Lookin: | ) DRCD x| e B Er
Name “ \ | +| Date modified || ryp Datahase Name ID:\DHED\DHEDsampIe.mdb
Mo items match your Besgch.
Enter the folder name
and data base file name DIE; | Cancel | [lear Path | Browse |
/
4| | i .
Click OK
Fie: name: |DHCDsampIe 4 Open
Files of type: IDatabase Files *mdb j Cancel
I™ Open as read-only
4
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Click OK button on the Configure database dialog, the dialog shown below appears.

x

General Information |Vohage Levels | Blectrical & Cumency Information | Breaker Ratings |

ey Databiase Hame

’E:\DHCD\DRCDsamp\a mdb

Power System Libraries

Standard Relay Librares [~

o]

Crcd | iy || Hek |

Uncheck the Power System Libraries and Check Standard Relay Libraries. If libraries are
selected, standard libraries will be loaded along with the database. Click Electrical
Information tab. Since the impedances are given on 100 MVA base check the pu status
as shown below. Enter the Base MVA and Base frequency as shown below. Click OK
button to create the database to return to Network Editor.

Configuration Information

Gereral Infarmation ! Vaoltage Levels

|

Configuration Information

General Information | “olkage Levels |

Electrical Information I Breaker Ratings Electncal Information Breaker Ratings
Hase bl [100] 400,000 [{ERE M, 13.200 350 M,
Baze Frequency 50 Hz 220.000 |1 0o0o bt 11.000 350 bty
230.000 !1 U] b 10,500 350 M,
P.u status 17
132.000 !SDDD A 10,000 ISSD b,
w |ndicates that all the impedances are specified in PU on
a common MYa bage. 110.000 ISDDD Ty E.600 250 P,
Ele the machine impedances are specified in PL o its ,—
awn rating and transmizsion line parameters are 2 5000 MA 3300 1o MYA
fied in actuals, i.e B ohmstkm, X ohms/km and
éﬂ;ﬁ;ﬂlﬁoﬂlnrnaﬁ uals, 1Le onmsskm, OnMEsKm ar 33.000 1500 B 0415 ITS-D— Wi,
Modify &ll Breaker Ratings l
Ok, I Cancel | el [ | Help | oK I Cancel | Aonlr | Help |
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e

In the network editor, configure the base voltages for the single line diagram. Select
menu option Configure—»Base voltage. The dialog shown below appears. If necessary
change the Base-voltages, color, Bus width and click OK.

1 T IMEERE

6.1 Procedure to Draw First Element - Bus

e £
Base MVA ... 100000000
Bus Wdth Bl }‘;:S Wdth Bus'wdth  Basic colors:
o Wi = I w5 00 wi = BN s
5 - |_ A N
e wis o wix Y wid g e eEEE
W Wl g S E R = | K f4 FEEEEN
i m EEEEEEN
B E20 wi = [ oo w [t = Wt = EEEEEC N
- 100 Ky * 3: - 560 Ky 4 3: - oo /g 3: Custom colors
| mEs wh s me wit = e
- - - T
E=] = n4T5n = . wlt =]
b | v Define Custom Colars >
[ [50 wit = [ oz Wi = o = | K| Cocd
oK Canecel Default

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID number and Bus Name. Click OK. Database manager with
corresponding Bus Data form will appear.

Bus Data

BusNumber |1 FelchBus>>
Bus Mame |Bu31—
Descrigtion — [Bust
Mominal Voltage: m Ky
4rea Number

Select |1 Areal |
Zone Numb

Select [1 Zonet = ‘

Select [1 Ownent =]

1
Volage Limits in kv
Min [125.4 Max [1386

Cost Per Unit in F\s—‘ "Eust hhlaly*‘

y
’7 Bus Detalls |

Contingency Weightage

0
’7 Owner Number
i
I
i
e

Bus Bar Differaniial |

[FlEBEE b as S s]ao]m]=

Global Changs| Load| Detais| Costlib>>| GPS
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Modify the Area number, Zone number and Contingency Weightage data if it is other
than the default values. If this data is not furnished, keep the default values. Usually the
minimum and maximum voltage ratings are + 5% of the rated voltage. If these ratings are
other than this, modify these fields. Otherwise keep the defaultvalues.

Bus description field can be effectively used if the bus name is more than 8 characters. If
bus name is more than 8 characters, then a short name is given in the bus name fiel d
and the bus description field can be used to abbreviate the bus name. For example let us
say the bus name is Northeast, then bus name can be given as NE and the bus
description field can be North East.

After entering data click Save &I, which invokes Network Editor. Follow the same
procedure for remaining buses. Following table gives the data for other buses.

Bus Number 2 3 4 5
Bus Name Bus-2 Bus-3 Bus-4 Bus-5
Nominal voltage kV 132 132 132 132

6.2 Procedure to Draw Transmission Line

Click on Transmission Line icon provided on power system tool bar. Draw the line by
double clicking LMB (Left Mouse Button) first on the From Bus and join it to another bus
by double clicking the mouse button on the To Bus. The Element ID dialog will appear.

—inlx
BM File Edit ¥iew Draw Elements Set Change Object{s) Corfigure Plot Database Solve Tool Unit Protection Partial Analysis

tuick Solve Window  Full Screen Help =& x|
NIEECE R R EEE I A @ ||| e =
Z Set/Change Laper| Gereral = (e o [ =

=]

6 Busi1 [1]

= ZZVM1

=1 77

<

=

=]

; Element ID ok |

& o

— Bus2 [2] | E

a s &I From Database

=] Zzunz [ = _ Cancel

o |

[

< | [ |~ [
E LI I _"LI FACTS

E | Contingency : 0 [ seheduie 0 Reference X <0= v =0= Dist 550654 Km |ID: OFBUS: 1 TEUS: MA

(Ll Ready [ [Snan: 1000000 [= <406, ¥ <372> A
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Enter Element ID number and click OK. Database manager with corresponding
Line\Cable Data form will be open.

Line/Cable Data

~FeedData
Humber |1 Fetch Line »> | Mame ILme1 H Maintenance Type
& Cument " Power
De-Fated My 100 Structure Ref. Mo |1 [Line1] LI Amperes IU
Riating | 100 MV Transmizsion Line Library >> I Line Details > | P08

Rating Il 100 A Show Breaker - SLD
s - From Breaker I~ ‘es
Fiating

[ ez = " Mol Evists ~5LD Notation—————
From Bus Mumber |1 [Bus1] {132.000 hd & Esists [T |5UUU kA IZT 870 & Line

= —  Cable
ToBusMumber 2 Bus2i 132000 =] ||| | = From Bresker |  Bresker
Mumber of Circuits |1 ~ ToBreaker =  lsalatar
" Mot Exists aling —NOF
Line Length |1 kmn ' Euists hfbidy IEUUU k& |21.870 + Mo
Contingency "Weightage |1 I -l T B | " From Side
" ToSide

Commission Statu

Statu:
lrf:lnSewica " FromEndOpen  ToEndOpen ¢ Outaf Service Hr: Existing ¢ Proposed  “ear ID ‘

From Side Open To Side Open
|7(" THOP % Mairtenance ¢ Faut Others I ||7("' TNOP € Maintenance ¢ Fauk (5 Dlhersl ‘

Enter the details of that line as shown. Enter Structure Ref No.as 1 and click on
Transmission Line Library >> button. Line & Cable Library form will appear. Enter
transmission line library data in the form as shown below for Linel

Line and Cable Library

r Structure Reference

Mumber MHame ILine1 Fetch Line |

Positive Sequence Resistance [0.02009 pu Surge Impedance

Positive Sequence Feactance 0.05997 o 2 oo Ohne
Pasitive Sequence Susceptance [B/2) IU' 03 o

; W |5239.405253 kms/zec
Zero Sequence Resistance 004017 o
Zero Sequence Reactance 011995 o Corpute L. B/2 |
Zero Sequence Susceptance [B/2) 002316 U

|1 an Myéa  Compute |
Line Harmonic Mumber ID Harmonic: Library >>|
IU

Thermal Rating

Cost Per Urit in Rs Thermal Curves>

Cost per km
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After entering data click Save &, which invokes Cable\Line data and Save &l. Follow
the same procedure for remaining lines.

6.3 Procedure to Draw Generator

Click on Generator icon provided on power system tool bar. Connect it to Bus 1 by
clicking the LMB on Bus 1. Element ID dialog will appear. Enter ID number and click OK.
Database with corresponding Generator Data form will appear. Enter details as shown.

Bust
zZat
Fr

Eement I

S Fiom Davatace
22z

713

o

Careal

Enter Manufacturer Ref. No. as 30 and click on Generator Library button. Generator

library form will appear.

Generator Data

Hurnber |1 Feteh Generator >>| Name IGerﬂ Maintenatice Schedule No - ‘
- Protection
Bus No. |
wsNo. |1 [Bus1]{132000 = Manutacturer Ref. Mo |30 [Gen1d] | Libram > Over Curent
Urits in Parallel |1 GT Capability Cuve Mo [0 [CAPCUR] vl Capabilty Curve »> | lﬁ
Specified Yoltage Breaker Rating Relay
( [1.0000 Pu [13z K [‘n Mva [5om Ikt [ors7 ‘ Uril Prateclion
DeRated My 100 Reactive Pawer - Minimum 0 Myar || CostPerUnitin Ris
Scheduled Pover (80 Ml Fieactive Power - Magimum |80 Myvar ID
r~ Real Power Optimization Data r Select
Cost Co-efficient O~ (0
Real Pawer - Minimum I[I M = Uity Grid
Cost Co-efficient 1 [0
Feal Power - Maximum IBD M Cost Co-efficient 22 [0 & Generatar

Status
’V & InSenvice

Commission Statu

Grounding Though Transfarmer Calculate |

Dt of Service ’7(" Existing  { Proposed  Year |0
Meutral Grounding Resistance ID ohms  Participation Factor (%) [0
Meutral Grounding Reactance ID ohme  Bias Setting

]

Diroap (%)
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After entering data Save & and close. In Generator Data form, click Save &. Network
Editor Screen will be invoked.

Generator Library

Fetch Generator MenulaciuerName [Gens ‘
‘ MvARating  [100 b Rating |80 kv Rating |132 Compute X['d,"dnj)

pu on Comman M4 Ba:

‘ Fef. Mumber |30

Aimature Resistance (Ra)

Direct Axis Reactance ({d]

Quadiature Axs Reactance () 0 pu
Negafive Seq. Reactance [<nl |0.01 pu

Zern Seq. Reactance (Xa] 0.0 pu

Fotier Reactance [Xp]

Direct Axis Transient Reactance [(X'd)

Quadrature Axis Transient Reactance (')

Direct Axis Sub-Transient Reactance (X"

Quadrature Axis Sub-Transient Reactance (<) |0 U

I

Direct Awis Open Circuit Direct Awis Open Circuit Iretia in M MWV
Transient Time Cotart 1> Sub-Trarsent Time Corstant [IE]
[T'de] [T"do) 331
(uadrature Axis Open Circuit |— Quadrature Ais Open Circuit Damping Factor
Transient Tine Constak (T'ag) |- Sub-Transient Tine Constant (T"'ga) 1212 [
[-\Winding Connections —| - Mass Detal i~ Cost Per Uit in s
Mass Humbsr [0 M| 0
Y Y& | e 0 M, S
co& O DampingFactor — [; <« Back || - Theimal Cuves——
. Themaly>
Siness Cosffciert [7 B loige/
! Bhefe _ peee |

6.4 Procedure to Draw Relay

Select current transformer from power system tool bar and place it on from side of the
line as shown in the following diagram. Click on Distance Relay icon provided on power

system tool bar. Put it on the transmission line as shown below.

Current Transformer

CThumeer | Fetch ) | Femder Nusber
LT T — Sokchbond [
SbSwen [ Send Nurbes
Make Dhsss
(" — ot 0 b
Fres part Voksge |7 ¥ st
Magretwg et A LEL ] o
Wombersi Com |7 Xbec Chen:
Pisayfisg ! [a0 | Thomal Gt [0 A
Py Rateg 2 [0 A Secorduy Raing(5 4
Fimay Raing? 00 A Selocied afing
FimayRairg ! [a] ¥ Rating] © Mating2™ Plaing ] © Rsing 4
Msgrtighon Charsctenics of Cons
- [
Magretgnn Cuave hA ey
Fesotance = o
ForeLon] g
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Bus1[1]
|
ZTVAL

FZGa1

zzoml '
Y T

Element D

From Datshase

’—4| Cancel

Bus2 2]

T2

TRA2
ZPH
prieya

Then select relay from power system tool bar, it will invoke Relay Type -
> select Distance Relay

Bus1[1]
7t Relay, Type

FVA1
Display Test

Relay Types

" IDMT Ower Curent (51) * Distance Relay [21]

(" IDMT Earth Faul (51N] " Line Filot [27F)

(" Instantaneous Over Current [50] " Traresformer Differantial (87T)

™ Instantaneous Earth Fault (S0M) ™ Restricted Earth Fault [87M)

(" Directional IDMT Over Current [7)  © Bus Bar Differential [37E]
gg\frfﬂf] € Direction IDMT Earth Faul [57M] (" Partial Bus Bar (37FE)
ITVA2 " Stand By Earth Fault (51G) ™ Line/Cable Differential (27L)

™ Others [Specify]

Ok | Cancel
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Then it will invoke Distance Relay Database

How to solve DRCD

Distance Relay Data

Mumber |1 Fetch Distance Relay | Relay Mame IDI1

—Connected To

Dizstance Relay
Transmigsion Line [C Location ’7 D etails > I |
11.0000 [1-2] - )
I —I I 2 TOSIDE CT High 400 Amnps
—Zone 2 CT Low |5 Amps
i+ Line " Two Winding Transformer  © Thiee \Winding Transformer CT Ma. lﬁ
[51.0000 (25] =l
PT High 132 ki
—Zone 3
@ Line  Two'Winding Transformer ¢ Three “Winding Transfarmer FT Law 11a Valts
[31.00002:3) =l VT Ho. | 4|
Fielay Library
Zone 1 Reach [%)] = 2 Time Di
ISD one 2 Time Disc ID_5 sec O [REDE70] =
2 2Reach (% i i
one 2 Reach (%] |4D Zone 3 Time Disc ID'B B0 Librarys> |
Zone 3 Reach [%) |-| o0 Zone 4 Time Disc |-| 80
Zone 4 Reach [%) |2D Maintenance |

6.5 Procedure to Enter Load Data

Click on Load icon provided on power system tool bar. Connect load 1 at BUS2 by
clicking the LMB on Bus 2. Element ID dialog will appear. Give ID No as 1 and say OK.
Load Data form will appear. Enter load details as shown below. Then click Save button,

which invokes Network Editor.

e s s |
o000k 01 2

P21
Ziaat

Fiom Detabase!

Element 10 {1 3

Bus2i2}
B —
g = EEEE
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Load Data
 Relay
Mumber |1 FetchLoad >3 Mame |Loadi H Maintenance ‘ Schedule Mo VI lﬁ
Fielay

Real Power in M

Busumber [ e razamy [z || 0. Consumers
i

—

Reactive Power in MVAR 43579547 Compute

MWAR Compensatian 0

tinimum Compensation in bMyAR IU

taximum Compensation in bMyAR |0
0
-

Compensation Step in MYAR

“

Power Factar 0850000 Laad Detals Load Characteristics Mo 0 I
Load TFPB ~ Unbalanced Load Library
& Linear ' Mo Linear Load Characteristios >3

Motor Load Percentage

ifeme

—

Unbalanced Load Details

LR

Global Change

Status ~ Commission Status Breaker Fating
InMyA  |5000007
@ InSerice (¥ Existi i I e
Out of Service + Existing Proposed  Year [0 Ikt 2180
Contral Block
’7 Fpb Path I Brawse ‘

~ Cost Per Unitin Rs——
0
i~ Cost librany

Fief No. I -

Lib »>

Connect other loads at other buses. Enter other load details as given in the following Table D.

6.6 Executing Distance Relay Co -ordination

Select the menu option Solve — Distance Relay Co-ordination

———
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Distance Relay Co-ordination

1. Click here

2. Execute

3. To view Report

|
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DISTANCE RELAY CO-ORDINATION |

| Simulation Option R s e CEl - Select Simulation option
Fault Type IThlee Phase to Ground Fault j | |
W
[ Fault Impedance Select Fault type for fault
Faul: Fesistance II:I Fault Reactance " creation and impedance
Ground Resistance |0 Ground Reactance [0 [ determination simulation option
¢~ Fault on Bus & Fault on Line
Line Mumnbers

% Distance

2L w3
I L3 T A0.00000
4 Ld[Ztad]
§ L5 12 ta 5l =
&' Woltage Initialization by Flat Start &' Transient Feactance [<'d ]
¢ Waltage Initialization by Load Flow " Sub Transient Feactance [%"d)

Multiplication Factor Mumber |1

Discrimination Time ID_4 Print Option IData and Results 'I
cocet_|

Note: If fault creation and impedance determination simulation option is selected
then fault line number and distance are to be selected and then execute distance
relay coordination

DISTANCE RELAY CO-ORDINATION
CASE NO : 1 SCHEDULE
NO : O CONTINGENCY NAME : Base Case

VERSION NUMBER : 8.0
%% First Power System Network

LARGEST BUS NUMBER USED : 5 ACTUAL NUMBER OF BUSES

5

NUMBER OF 2 WIND. TRANSFORMERS : 0 NUMBER OF 3 WIND. TRANSFORMERS :
0

NUMBER OF TRANSMISSION LINES : 7

|
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————————————————————————————————————————
NUMBER OF SERIES REACTORS : 0 NUMBER OF SERIES CAPACITORS z
0

NUMBER OF BUS COUPLERS : 0

NUMBER OF SHUNT REACTORS z 0 NUMBER OF SHUNT CAPACITORS z
0

NUMBER OF SHUNT IMPEDANCES : 0 NUMBER OF GENERATORS :
2

NUMBER OF MOTORS : 0 NUMBER OF LOADS :
4

NUMBER OF FILTERS : 0

NUMBER OF HVDC CONVERTORS : 0

NUMBER OF PARTIAL BUS BAR DIFFERENTIAL RELAYS : 0

NUMBER OF ZONES : 1

PRINT OPTION : 3 (BOTH DATA AND RESULTS PRINT)

GRAPH OPTION : O (NO GRAPH FILE GENERATION)

BASE MVA - 100.000

NOMINAL SYSTEM FREQUENCY Hz : 50.000

PREFAULT VOLTAGE OPTION 0 (VOLTAGE OF 1.0 PU IS ASSUMED)

FAULT RESISTANCE - PHASE : 0.000000 (PU)
FAULT REACTANCE - PHASE : 0.000000 (PU)

FAULT RESISTANCE - GROUND : 0.000000 (PUL)
FAULT REACTANCE - GROUND : 0.000000 (PU)

CIRCUIT BREAKER RESISTANCE (PU)

CIRCUIT BREAKER REACTANCE (PU)

TRANSFORMER R/X RATIO

TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR

0.000000e+000

1.000000e-004
0.050000
0.900000

NUMBER OF TRANSMISSION VOLTAGE LEVELS 1
TRANSMISSION LINE VOLTAGE - KV 132.000000
TRANSMISSION LINE ZERO SEQUENCE IMP. MULT. FACTOR : 2.500000

TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR = 0.800000
GENERATOR NEGATIVE SEQUENCE RESISTANCE MULT. FACTOR : 0.175000
GENERATOR NEGATIVE SEQUENCE REACTANCE MULT. FACTOR : 0.175000
GENERATOR ZERO SEQUENCE RESISTANCE MULT. FACTOR : 0.037500
GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR : 0.037500
LOAD NEGATIVE SEQUENCE IMPEDANCE MULT. FACTOR : 0.810000
LOAD ZERO SEQUENCE IMPEDANCE  MULT. FACTOR : 1.600000
SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR : 1.000000
SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR :  0.625000
BUS DATA

NODE STAT ZONE BUS-KV  NAME VMAG-PU VANG-DEG PGEN-MW QGEN-MVAR

PLOAD-MW QLOAD-MVAR QCOMP-MVAR
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0.000 0.000 0.000

2 1 1 132.000 Bus2  1.0000 0.000 0.000 0.000
0.000 0.000 0.000
3 1 1 132.000 Bus3  1.0000 0.000 0.000 0.000
0.000 0.000 0.000
4 1 1 132.000 Bus4  1.0000 0.000 0.000 0.000
0.000 0.000 0.000
5 1 1 132.000 Bus5 1.0000 0.000 0.000 0.000
0.000 0.000 0.000

TRANSMISSION LINE DATA

STAT CKTS FROM FROM TO TO
NODE NAME NODE NAME RP(P.U) XP(P.U) BP/2(PU) THERMAL
RZ(P.U) XZ(P.U) BZ/2(PU) RATING
MVA
3 1 1 Busl 2 Bus2 0.02009 0.05997 0.00000
0.04017 0.11995 0.00000 100.00
3 1 1 Busl 3 Bus3 0.08000 0.23996 0.00000
0.15496 0.48209 0.00000 100.00
3 12 Bus2 3 Bus3 0.05997 0.17998 0.00000
0.11995 0.36731 0.00000 100.00
3 12 Bus2 4 Bus4 0.05997 0.17998 0.00000
0.11995 0.36731 0.00000 100.00
3 1 2 Bus2 5 Bus5 0.03994 0.12001 0.00000
0.08035 0.24105 0.00000 100.00
3 1 3 Bus3 4 Bus4 0.00999 0.02996 0.00000
0.02009 0.05992 0.00000 100.00
3 1 4 Busd 5 Bus5 0.08000 0.23996 0.00000
0.15496 0.48209 0.00000 100.00

GENERATOR DATA

FROM FROM POSITIVE NEGATIVE ZERO MVA
NODE NAME ~ R(P.U) X(P.U.) R(P.U.) X(P.U.) R(P.U.) X(P.U.) RATING
STAT

1 Busl 0.00000 0.25000 0.00000 0.01000 0.00000 0.01000 100

2 Bus2 0.00000 0.25000 0.00000 0.01000 0.00000 0.01000 100

LOAD DATA

NODE NAME STATUS
__________________
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GENERATOR DATA FOR MINIMUM GENERATION
FROM FROM POSITIVE NEGATIVE ZERO MVA

NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.) R(P.U.) X(P.U.) RATING
STAT

1 Busl 0.00000 0.25000 0.00000 0.01000 0.00000 0.01000

2 Bus2 0.00000 0.25000 0.00000 0.01000 0.00000 0.01000

The entries in different columns of Distance relay data
are as follows -

RELAY NAME : Name of the relay, the size should not exceed 8 characters.

ELMN-NUMB : Series element number on which the relay is located.

LINE-LNTH : The length of the transmission line on which the relay is
located.

FOR/REV : 1 if relay is located on from side of the series element.
2 if relay is located on to side of the series element.

CTPRI : Current transformer primary rating in amperes.

CTSE : Current transformer secondary rating in amperes.

PTPR : Potential transformer primary rating in kV.

PTSE : Potential transformer secondary rating in volts.

LOAD IMP

R (P.U) : Apparent load resistance in p.u determined using load flow
results.

X (P-U) . Apparent load reactance in p.u determined using load flow
results.

Z1 REACH : Percentage of the primary line impedance for which the
relay should operate instantaneously.

Z2 REACH : Percentage of shortest line impedance in the adjacent
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section
for which the relay provides backup protection.

Z3 REACH : Percentage of the longest line impedance connected to the
remote bus of the shortest adjacent section for which the
relay provides backup protection.

Z2 DIS TIME : The co-ordination time interval between zonel and zone2
in seconds.

Z3 DIS TIME : The co-ordination time interval between zone2 and zone3
in seconds.
RELAY DBASE : The relay type number.

DISTANCE RELAY DATA

RELAY ELMN LINE FOR/ CTPR CTSE PTPR PTSE LOAD IMP Z1 REACH z2
REACH

NAME NUMB LNTH REV AMPS AMP KV VOLT R(P.U) X(P.U) PERCENT
PERCENT

Z3 REACH 7Z2 DIS  Z3 DIS
Z4 REACH Z4 RELAY

PERCENT TIME TIME
PERCENT TIME DBASE

Dri 1 1.00 1 400 5 132 110 999.990 999.99

80 40
100 0.500 0.800
20 1.000 0
Dr2 1 1.00 2 400 5 132 110 999.990 999.99
80 40
100 0.500 0.800
20 1.000 0
Dr3 2 1.00 1 400 5 132 110 999.990 999.99
80 40
100 0.500 0.800
29 1.000 0
Dr4 2 1.00 2 400 5 132 110 999.990 999.99
80 40
100 0.500 0.800
20 1.000 0
Dr5 3 1.00 1 400 5 132 110 999.990 999.99
80 40
100 0.500 0.800
20 1.000 0
Dré6 3 1.00 2 400 5 132 110 999.990 999.99
80 40
100 0.500 0.800
20 1.000 0

|
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Dr7 4 1.00 1 400
80 40
20 1.000 0

Dr8 4 1.00 2 400
80 40
20 1.000 0

Dr9 5 1.00 1 400
80 40
20 1.000 0

How to solve DRCD
5 132 110 999.990 999.99

0.800
5 132 110 999.990 999.99
0.800
5 132 110 999.990 999.99

0.800
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Dr10 6 1.00 1 400 5 132 110 999.990 999.99

80 40
100 0.500 0.800
20 1.000 0
Dri1 6 1.00 2 400 5 132 110 999.990 999.99
80 40
100 0.500 0.800
20 1.000 0
Dri2 7 1.00 1 400 5 132 110 999.990 999.99
80 40
100 0.500 0.800
20 1.000 0
Dri3 7 1.00 2 400 5 132 110 999.990 999.99
80 40
100 0.500 0.800
20 1.000 0
Dri14 5 1.00 2 400 5 132 110 999.990 999.99
80 40
100 0.500 0.800
20 1.000 2
DISCRIMINATION TIME 0.40
NUMBER OF FAULTS SIMULATED 1

SERIES ELEMENT PERCENT FAULTTYPE
NUMBER LINE

RELAY ELEMENT FROM BUS FROM BUS TO BUS  TO BUS RELAY
LOCATION
NAME NUMBER  NUMBER NAME NUMBER NAME
(FROM/TO)
BUS NAME

|
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Dri1 1 1 Busl 2 Bus2
Busl
Dr2 1 1 Busl 2 Bus2
Bus2
Dr3 2 1 Busl 3 Bus3
Busl
Dr4 2 1 Busl 3 Bus3
Bus3
Dr5 3 2 Bus2 3 Bus3
Bus2
Dré6 3 2 Bus2 3 Bus3
Bus3
Dr7 4 2 Bus2 4 Bus4
Bus2
Dr8 4 2 Bus2 4 Bus4
Bus4
Dr9 5 2 Bus2 5 Bus5
Bus2
Dri10 6 3 Bus3 4 Bus4
Bus3
Dril 6 3 Bus3 4 Bus4
Bus4
Dri2 7 4 Bus4 5 Bus5
Bus4
Dri13 7 4 Bus4 5 Bus5
Bus5
Dri4 5 2 Bus2 5 Bus5
Bus5

Number of phase relays 14 Number of earth fault relays 0O

DISTANCE RELAY PAIRS

PRIMARY RELAY NAME BACK UP RELAY NAME
5 Dr5 1 Dri
7 Dr7 1 Dri
9 Dr9 1 Dri
3 Dr3 2 Dr2
6 Dr6 3 Dr3

10 Dri0 3 Dr3
1 Dril 4 Dra
4 Dr4 5 Dr5

10 Dri10 5 Dr5
2 Dr2 6 Dré6
7 Dr7 6 Dré6
9 Dr9 6 Dré6
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11
12
2
5
9
13
8
12
4
6
14
8

11

NN

Dril
Dri2
Dr2
Dr5
Dr9
Dri3
Dr8
Dri2
Dr4
Dré
Dri4
Dr8

Dril
Dr2
Dr5
Dr7

How to solve DRCD

Dr7
Dr7
Dr8
Dr8
Dr8
Dr9
Dri0
Dri0o
Dril
Dril
Dri2
Dri13

Dri3
Dri4
Dri4
Dri4

FHASE/ZEgmputed ~Phdaserard’ Earth relay reach (set Values) are given below

RELAY ZOME1l  ZONEZ  ZOMEZ  ZONE4 ZONEL  ZONE2 ZOMES ZOME4 ZOMEZ ZOME3 ZOMNE4
MAME SETTING SETTING SETTIMG SETTING SETTING SETTING SETTING SETTING TIME TIME TIME
PH-PH PH-PH PH-PH PH-PH PH-E PH-E PH-E PH-E (s (s (s

prl  Q.5877 1.3223 5.1421 0,147 1.1755 2.6500 10.3030 -0.294 6?566 i7§66 57§66

pr2  0.5877 1.909% 5,876 0,147 1.1755 33,8222 11.8398 -0.294 0,500 1.300 2.300

Dr3  2.3506 3.0840 46,2433 0,852 4.7057 6.1758 12.4983 -1.706 0,500 1.300 2.300

pr4  2.3506 3.2321 5.8763 -0.588 4,7057 65,4650 11.839% -1.176 0,500 1.300 2.300

Drs 1.762% 2.3504 5.5087 -0.441 3.5907 4.7821 11.1046 -0.898 0,500 1.300 2.300

pro  1.762% 2.49753 5.8763 -0.441 33,5907 5.0¥62 11.839% -0.898 0,500 1.300 2.300

pry  1.7629% 2.3504 5.5087 -0.441 3.5907 4.7821 11.1046 -0.898 0.500 1.300 2.300

pr8 1.7629 2.4973 5.8763 -0.441 3.5907 5.0762 11.839% -0.898 0,500 1.300 2.300

Dro 1.175%4 2.8445 6.6111 -0.294 2.3612 5.3043 13.321%9 -0.590 0,500 1.300 2.300

Drlo  0.2935 1.2483 4.7742 -0.073 0.5873 2.5205 09.7109 -0.147 0.500 1.300 2.300

Drll ©0.2935 1.2483 4.7742 -0.073 0.5873 2.5205 0.7109 -0.147 0.500 1.300 2.300

Drlz 2.3506 3.5259 &.6111 -0.588 4.7057 7F.0627 13.3219 -1.176 0.500 1.300 2.300

Drl3s  2.3506 3.0849 G.2433 -0.588 4.7057 6.1758 12.4983 -1.1746 0.500 1.300 2.300

prild4  1.1754 1.7631 5.1421 -0.294 2.3612 3.5303 10.3030 -0.5%90 0.500 1.300 2.300
ZOMEL ZOMEZ ZOME3 ZONES REMARKS

EARTH SETTING EARTH SETTING EARTH SETTIMG EARTH SETTIMG

0. 3800 1.120 0.8400 2.520 3.2100 O, 8000 0.1000 0,290 RESYWREACT
0.3800 1.120 1.1500 3.640 3.60900 11. 2600 0.1000 0.2590 RESYWREACT
1.4500 4,480 1. 8000 5. 8E0 3.8300 11,8000 0. 5300 1.630 RESWREACT
1.4500 4,480 1.9900 6,160 3.6500 11,2700 0.3700 1.120 RES“WREACT
1.1200 3.420 1.4900 4.550 3.4300 10,5700 0.2900 0. 860 RESYWREACT
1.1200 3.420 1.5800 4,830 3.6600 11. 2700 0.2000 0. 860 RESYWREACT
1.1200 3.420 1.4900 4,550 3.4300 10,5700 0, 2900 0,860 RESWREACT
1.1200 3.420 1.5800 4,830 3.6600 11,2700 0.2900 0.860 RES\REACT
0.7500 2.250 1.6600 5.050 4.1700 12,6600 0.1500 0. 570 RESYWREACT
0.1500 0. 560 0. 8000 2.410 3.0300 G.2300 0.0500 0.150 RESYWREACT
0,1900 0. 560 0. 8OO0 2,410 3.0300 0. 2300 0, 0500 0,150 RESWREACT
1.4500 4,480 2.1800 6. 720 4.1100 12,6800 0.3700 1.120 RES“WREACT
1.4500 4.480 1.9000 5. 880 3.8300 11. 59000 0.3700 1.120 RESWREACT
0.7500 2.250 1.1200 3.380 3.2000 G, 8000 0.1500 0.570 RESYWREACT

———
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PHASE/ZERO ZONE REACH (SET VALUES)

RELAY RELAY QUANTITY ZONEL ZONEZ ZONE3 ZONE4

NAME TYPE PHASE SETTIMG PHASE SETTING PHASE SETTING PHASE SETTING
brl  RED&70 RESWREACT 0.1%900 0. 5600 0.4200 1.260 1.6300 4.8800 0.0500 0.150
Dr2  RED&70 RESWREACT 0.1%900 0. 5600 0. 6100 1.820 1.8700 5.5800 0.0500 0.150
Dr3  RED&70 RESWREACT 0.7500 2.2300 0. 9800 2,930 1.9800 5.9300 0.2800 0.810
br4  REDG70 RESWREACT 0.7500 2.2300 1.0300 3.070 1.8600 5.5800 0.1%00 0.580
Dr5  RED&70 RESWREACT 0. 5600 1.6800 0.7500 2.230 1.7500 5.2300 0.1500 0.430
Dré  REDG70 RESWREACT 0. 5600 1.6800 0.7500 2.370 1.8600 5.5800 0.1500 0.430
Dr7  RED&70 RESWREACT 0. 5600 1.6800 0.7500 2.230 1.7500 5.2300 0.1500 0.430
Dr8  RED&70 RESWREACT 0. 5600 1.6800 0.7500 2.370 1.8600 5.5800 0.1500 0.430
Dro  RED&70 RESWREACT 0.3800 1.1200 0.8400 2,510 2.0900 6. 2800 0.1000 0.250

Dri0  REDG70 RESM\REACT 0.1000 0.2800 0.4000 1.190 1.5100 4.5300 0.0300 0.100

Dril  REDE70 RESM\REACT 0.1000 0.2800 0.4000 1.190 1.5100 4.5300 0.0300 0.100

DrlZ  REDG70 RESM\REACT 0.7500 2.2300 1.1200 3.350 2.1000 6. 2800 0.1%00 0. 380

Drl3  REDG70 RESM\REACT 0.7500 2.2300 0. 9800 2,930 1.9800 5.9300 0.1%00 0. 380

Drid  RELSZ1 RESMREACT 0.3800 1.1200 0. 3600 1.680 1.6300 4. 8800 0.1000 0.280
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7. How to solve Line-Cable Parameter
Calculation

7.1 Line Parameter Calculation

No of circuits 1
No of ground wires 1
No of bundles/ph 1
Length of line Im
Spacing between bundle conductor Om
Earth resistivity 1000hm-m
Operating frequency 50Hz

* 100MVA base at 220kV

To solve line and cable parameter calculation by using MiP-PSCT package invokes “
Line & Cable Parameter Calculation” in the MiP-PSCT main screen.

3 E PS | Protection Analytic Tool MAIN SCREEN

==

=
of user defined frequencies and temperatures, It a

calculates the mutual mpedance betwesn power and
Pewer System Database Manager communication lines. Key featires are:
Network Editor

= Program supports 6 circuits for 3 phase line and 3
circuits for & phase fne.

= DC [ine parameter= can also be computed.

ks

=
Free Comtrade Viewer Line & Cable
Programmable

Block

= Both MKS and FPS units are supported.

= Cable parameter calculation can be done for both
Parameters single core and 3 core cabies,
Calculation

|
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Open view menu, select cable or line which ever is necessary.

Line Parameter Calculation:

i

Line & Cable - [E:\MiPowerMILINE:[Line Datal]
~] File Edit Record View Execute Window Help -

1. Select the no of Phases

Line Parameiner Dartda

2. Enter all the

input parameters

///

Case Mumber |3UU ;

r 3

Line Mame IDrake22D -5/C

3. Select
unit type

T\

— Mumber of Phazes

1 Phase

" 2 Phaze
3 Phaze
E Phaze

U\%itT_l,lp57
v MKS

" FPS

Mumber of Circuits I 10. Line I:Info
Lirf Infi 2 |

Mumber of Ground “Wires

Murmber af Bundles per
Circuit per Phaze

Letgth of the Line

Spacing bin. the Bundle
Conductars

' Transposed
= Uritransposed \

4. Select the type
of positioning

| Base kY

5. Select the
conductor type

B bl

220

100

Earth Resistivity

Operating Frequency

e
.

ahirn-m

CoNductar Tope

™ 100% Conductivity Copper

7. 3% Conductivity Copper [Hard Dravn]

& Aluminium Conductar

Conductor Height

: NDW

{* Single Tem Conection added

™ Twao Tem Conection added

Carzon's Corection Factor—

6. Select correction factor

— Communication Line Dataql 7. Enter communication line data Ii

|D m

8. Enter the frequency range

"

Conductar width

[ m

Frequency Step in Hz.

— Freq. Range for Line Param. Evaluation

b awimum Frequency in Hz.  |500

Miniriurn Frequency in Hz. |5D

IED
Graph I

9. Select output option

Output Options 7‘

{* Actual Yalue per Unit Length
™ Actual Yalue for Entire Length
™ P.u. Walue per Unit Length

" P.u. Walue for Entire Length
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Conductor Information x|
Diarneter 0.02511 DC Resistance IU-D?3US ohrm

idth |4-4 m TenEaEe |20 9 celsius
Height 17.6 m Temperature2 II35 O celsius

Sag I?.S m
Line Mumber
<< Backl Mest »x 1 of 4 Save | Delete |

After entering all the data click on Save and to add next record click on
Next

Conductor Information:

Conductor 1 | Conductor 2 | Conductor 3 Conductor 4

Diameter in meter 0.02811 0.02811 0.02811 0.00945
Width in meter 4.4 4.4 -4.4 0
Height in meter from 17.6 25.6 216 27.4
ground level
Sag in meter 7.6 7.6 7.6 0
DC Resistance in ohm 0.07309 0.07309 0.07309 3.375
Temperaturel in
o . 20 20 20 20

Celsius
Temperature_2 in 65 65 65 20
Degree Celsius

Invoke Execute— Line parameter calculation. A part of the report is shown.

LINE PARAMETER CALCULATION

CASE NO: 300 SCHEDULE NO: O
NUMBER OF PHASES PER CIRCUIT :
NUMBER OF CIRCUITS :
NUMBER OF GROUND WIRES :
NUMBER OF CONDUCTORS PER BUNDLE :

LINE TRANSPOSITION STATUS 1 (TRANSPOSED)
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BASE MVA
BASE KV

UNIT TYPE

OUT TYPE

CONDUCTOR MATERIAL TYPE
FREQUENCY

BUNDLE SPACE

EARTH RESISTIVITY

LINE LENGTH

CARSON CORRECTION OPTION
FREQUENCY STARTING VALUE
FREQUENCY ENDING VALUE
FREQUENCY STEP VALUE

How to solve LPC-CPC

100.000
220.000

0 (MKS SYSTEM)
0 - Ohm(Mho)/km
2 - ALUMINUM
50.000 hertz
0.00000 meter
100.000 ohm-meter
1.000 km
1 - SINGLE TERM CORRECTION
50.00 Hzs
50.00 Hzs
50.00 Hzs

NOTATION USED FOR CONDUCTOR
DC resistance of conductor in ohms at Tl degree Celsius.
Temperature in degree Celsius at which RDC value is provided.
Temperature in degree Celsius at which resistance to be computed.
Diameter of the conductor in the given units.

Height of the conductor above ground in given units.

Distance between conductor and centre of the tower in given units.
Conductor sag at the mid way of the span in given units.

RDC :
T1 :
T2 -
Ch :
CH :

INFORMAT ION

COND. RDC
(no.)* (ohm)

T1

T2

(degree-c) (degree-c)

1 0.07309 20.00000
7.600
2 0.07309 20.00000
7.600
3 0.07309 20.00000
7.600
4 3.37500 20.00000
0.000

65.00000

65.00000

65.00000

20.00000

CD CH Cw Sag
(metre) (metre) (metre) (mtr)
0.02811 17.60000 4.40000
0.02811 25.60000 4.40000
0.02811 21.60000 -4._.40000
0.00945  27.40000 0.00000

COMMUNICATION LINE HEIGHT FROM GROUND :
COMMUNICATION LINE WIDTH FROM CENTRE OF TOWER :

0.00000 metre
0.00000 metre
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SERIES PHASE IMPEDANCE MATRIX FOR ALL THE CONDUCTORS IN SELECTED UNIT
CONVENTION (Al B1 Cl1),(A2 B2 C2),...,(G1 G2..)

1.363704e-001+j7.133706e-001 4.935159e-002+j2.838968e-001 4.935159e-
002+j2.838968e-001
4.935159e-002+j2.838968e-001

4.935159e-002+j2.838968e-001 1.363704e-001+j7.133706e-001 4.935159e-
002+j2.838968e-001
4.935159e-002+j2.838968e-001

4.935159e-002+j2.838968e-001 4.935159e-002+j2.838968e-001 1.363704e-
001+j7.133706e-001
4.935159e-002+j2.838968e-001

4.935159e-002+j2.838968e-001 4.935159e-002+j2.838968e-001 4.935159%e-
002+j2.838968e-001
3.424352e+000+j7.818725e-001

SERIES PHASE IMPEDANCE MATRIX AFTER GROUND WIRE ELIMINATION IN SELECTED
UNIT
CONVENTION (Al Bl C1),(A2 B2 C2),...

1.562888e-001+j7.006396e-001 6.927006e-002+j2.711659e-001 6.927006e-
002+j2.711659e-001

6.927006e-002+j2.711659e-001 1.562888e-001+j7.006396e-001 6.927006e-
002+j2.711659e-001

6.927006e-002+J2.711659e-001 6.927006e-002+j2.711659e-001 1.562888e-
001+j7.006396e-001

SERIES SEQUENCE IMPEDANCE MATRIX AFTER GROUND WIRE ELIMINATION IN
SELECTED UNIT
CONVENTION (0 1 2),(0 1 2),...

2.948289e-001+j1.242972e+000 0.000000e+000-j1.851916e-008
0.000000e+000+j1.851916e-008

-9.259582e-009-j2.777874e-008 8.701877e-002+j4.294737e-001 -9.259582e-
009+j2.314895e-008

|
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0.000000e+000-j4.629791e-009 -9.259582e-009+j2.777874e-008 8.701876e-
002+j4.294738e-001

SERIES SEQUENCE IMPEDANCE MATRIX - EQUIVALENT CIRCUIT (O 1 2) IN SELECTED
UNIT
CONVENTION (0 1 2)

2.948290e-001+j1.242972e+000 9.259582e-009+j9.259582e-009 1.851916e-
008+j4.629791e-008

0.000000e+000-30.000000e+000 8.701876e-002+j4.294737e-001 -1.851916e-
008+J9.259582e-009

0.000000e+000+J9.259582e-009 -9.259582e-009+j9.259582e-009 8.701876e-
002+j4.294738e-001

SHUNT PHASE ADMITTANCE MATRIX FOR ALL THE CONDUCTORS IN SELECTED UNIT
CONVENTION (A1l Bl C1),(A2 B2 C2),...,(Gl G2..)

0.000000e+000+j2.409543e-006 0.000000e+000-j3.164514e-007
0.000000e+000-j3.164514e-007
0.000000e+000-j2.527685e-007

0.000000e+000-j3.164514e-007 0.000000e+000+j2.409543e-006
0.000000e+000-j3.164514e-007
0.000000e+000-j2.527685e-007

0.000000e+000-j3.164514e-007 0.000000e+000-j3.164514e-007
0.000000e+000+j2.409543e-006
0.000000e+000-j2.527685e-007

0.000000e+000-j2.527685e-007 0.000000e+000-j2.527685e-007
0.000000e+000-j2.527684e-007
0.000000e+000+j1.975512e-006

SHUNT PHASE ADMITTANCE MATRIX AFTER GROUND WIRE ELIMINATION IN SELECTED
UNIT
CONVENTION (Al Bl C1),(A2 B2 C2),...

0.000000e+000+j2.409543e-006 0.000000e+000-j3.164514e-007
0.000000e+000-33.164513e-007
|
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0.000000e+000-j3.164514e-007 0.000000e+000+j2.409543e-006
0.000000e+000-j3.164514e-007

0.000000e+000-33.164513e-007 0.000000e+000-j3.164514e-007
0.000000e+000+j2.409543e-006

SHUNT SEQUENCE ADMITTANCE MATRIX AFTER GROUND WIRE ELIMINATION IN
SELECTED UNIT
CONVENTION (0 1 2),(0 1 2),...

-2.393917e-014+j1.776640e-006 7.064500e-014-j0.000000e+000 -3.532250e-
014+j7.064500e-014

-7.064500e-014-j7.064500e-014 5.298375e-014+j2.725994e-006 7.064500e- 014-
j1.412900e-013

7.064500e-014-j3.532250e-014 -1.412900e-013-j3.532250e-014 -4.001377e-
014+j2.725994e-006

SHUNT SEQUENCE ADMITTANCE MATRIX - EQUIVALENT CIRCUIT (O 1 2) IN SELECTED UNIT
CONVENTION (0 1 2)

-2.393917e-014+j1.776640e-006 7.064500e-014-j3.532250e-014 -7.064500e-
014+j3.532250e-014

-3.532250e-014-j3.532250e-014 6.374607e-014+J2.725994e-006 1.412900e- 013-
§1.412900e-013

3.532250e-014-j1.766125e-014 -1.412900e-013-j3.532250e-014 -5.319072e-
014+j2.725994e-006

A,B,C and D constants :

A= 0.9999994040 +j 0.0000001186

B = 0.0870187283 +j 0.4294736385 (Ohm)

C = -0.0000000000 +j 0.0000027260 (Mho)

D = 0.9999994040 +j 0.0000001186

ATTENUATION CONSTANT (Line-to-Line mode) : 0.00011 neper/km
PHASE CONSTANT (Line-to-Line mode) : 0.00109 rad/km
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CHARACTERISTIC WAVELENGTH (Line-to-Line mode) 5777.68708 Km

PROPAGATION VELOCITY (Line-to-Line mode) 1 288884.35377 km

SURGE IMPEDANCE (REAL, including losses)

SURGE IMPEDANCE (IMAGINARY, including losses)
ATTENUATION CONSTANT (Line-to-Ground mode)
PHASE CONSTANT (Line-to-Ground mode)
CHARACTERISTIC WAVELENGTH (Line-to-Ground mode)
PROPAGATION VELOCITY (Line-to-Ground mode)

398.93393 Ohms
-40.00894 Ohms
0.00018 neper/km
0.00150 rad/km
4199.11477 km
209955.73869 km

MUTUAL INDUCTANCE IN SELECTED UNIT

BETWEEN PHASE LINE 1 & COMMUNICATION LINE 0.26713
BETWEEN PHASE LINE 2 & COMMUNICATION LINE 0.23835

BETWEEN PHASE LINE 3 & COMMUNICATION LINE

0.25123

% Line parameters per circuit

%CS Type Rp
% Rz

Xp
Xz

Bp/2
Bz/2

8.701877e-002 4.294737e-001 1.362997e-006

2.948289e-001 1.242972e+000 8.883201e-007

7.2 Cable Parameter Calculation:

Calculate the cable parameters for the aluminum shielded 3-core cable with ground and
sheath as the path for earth return with the details given below.

Nominal voltage level of the

cable 1kVv Lead sheath thickness 0.156 inch
Length of cable 10mile Lead sheath insulation thickness | 0.109 inch
Layer of strands 1 Belt insulation thickness 0.078 inch
Diameter of single strands 0.0973 inch Temperature 20deg-cel
Overall diameter of cable 1.732 inch Resistivity of the cable material 1.532e-110hm-mile
Axial spacing b/n the conductor 0.604 inch Resistivity of the insulator 100000 ohm-mile
Distance b/n conductor ‘a’ & ‘b’ 0.604 inch Resistivity of the earth 100 ohm-mile
Distance b/n conductor ‘b’ & ‘¢’ 0.604 inch Dielectric constant 3.7
Distance b/n conductor ‘c’ & ‘a’ 0.604 inch

———
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e A 8.-Save the recordf| 2 -Selectconductor typef] alzla
— ot
ILE-1
i V 3 -Selectearth-returmn-path] J
Come Type: Condution Type E
ol -1 ™ Ground
: :’:mx 7.3 Coppas B Duan) # Ground :
\ I Sheath 5.-Selectunittypef
Shesid Ty 1.-Select: Unts Tipe
1 Unehinided corety o 190 s
= Shiskded P = he -
A, [ ewecn [T e
4 -Select: G [T e SEEIN
Shieldtypef ot S T el L T 6. -Enter-Input
. : Lesi S [T ch  Setisson  [T05 Eg;agﬂﬂeters-oi.
T e I:‘:_“I:ﬂu
Foubviy of the Cabls Materdl [T 0% 011 chvele Pasustrsty of B E ity
Fepinitrly of the |frulsiis ) wirade Deshecisn: Corilant
Dbt D
I Akl Vishe per Lird Longih ™ B Walue per Lie Lengi®
gl Vighee bow Eriee Longh, 1 P Viakie v nlee Lengih
7.-Selectoutput-optiony

L B | ThPM
RSt | | T o - Corse e |I-.Li-ﬁ-llil:d: L e ] | Bl am

Invoke Execute —» Cable parameter calculation. The report is shown below.

CABLE PARAMETER CALCULATION

CASE NO : 1 SCHEDULE NO := O

Temperature at which the R is calculated
Units

20.0 degree celsius
1 (FPS system)

Diameter of the strand : 0.0973 inch

Number of layers of stranded conductors : 1

Length of the conductor : 10.000 mile
Resistivity at zero degree celsius : 1.53145e-011 ohm-mile
Lead sheath insulation : 0.1090 inch

Axial spacing between conductors : 0.6040 inch
Frequency : 60.0 hertz

Number of cores : 3
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Resistivity of the insulation : 100000.0 ohm-mile
Diameter over insulation : 1.7320 inch
Conductor Insulation Thickness : 0.1560 inch
Return path : Through both ground and
sheath

Return path : Through ground
Conductor type : 2
(Material used for the conductor - Aluminium)

Distance among conductor centers (a-b) s 0.6040 inch
Distance among conductor centers (b-c) : 0.6040 inch
Distance among conductor centers (c-a) : 0.6040 inch
System voltage : 1000 volts
Earth resistivity : 100.0 ohm-m
Dielectric constant s 3.7

Shield : 1

(3 core ,shielded cable)

Belt insulation : 0.0780 inch
Output option : 0 - Ohm(Mho)/mile
Base MVA o 100.000
POSITIVE SEQUENCE IMPEDANCE : 0.98961+j0.20265

POSITIVE SEQUENCE SUSCEPTANCE : 0.00008

NEGATIVE SEQUENCE IMPEDANCE : 0.98961+j0.20265

NEGATIVE SEQUENCE SUSCEPTANCE : 0.00008

ZERO SEQUENCE IMPEDANCE : 2.89518+j1.87208

ZERO SEQUENCE SUSCEPTANCE : 0.00008
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8. How to solve EMTA

For the two bus system shown below conduct Electro-magnetic Transient Analysis for a
three phase to ground fault at Bus 2

Bus? [Z]
Bus1 [1] ,[:_H
‘ |
‘ L

Generator details

315 MVA, 11 KV with Xa= Xq= 2, X'a = X'q= 0.3, X’d = X"4= 0.2, Xn = Xo= Xp=0.2

Transformer details

315 MVA, 220/11 kV, leakage reactance = x = 14 %
Load details

200MW at 0.8 p.f lag

Shunt capacitor data: 5MVA,220kV, susceptance=1
MiP-PSCT - Database Configuration

Open Power System Network Editor. Select menu option Database — Configure.
Configure Database dialog is popped up. Click Browse button.

Open dialog box is popped up as shown below, where you are going to browse the
desired directory and specify the name of the database to be associated with the single
line diagram. Click Qpen button after entering the desired database name. Configure
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Database dialog will appear with path chosen.

- PGUT - A Power System Network Edibor - [GuiZ.ani]

FullScwen Hep

i

e e ] [ I |

Click here to specify the name
of the database

koo yams -

#+ Open |
Looki_n:l | EMTA ~| « @ eF B

Mo items match your search,

Select the folder name and
give the data base name

File name: IEI'\"IT.H m

Files of type: IDatabase Files *mdb j Cancel
™ Open as read-only
v
x|

Databasze Mame IE:\EMT.MEMTAmdb

W Conneck

Click OK ——I—VTI Cancel | Clear Path Browse
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Click on OK button in the Configure database dialog, the following dialog appears.

X X
Generl bfomston | Vo Leves | Brctical & Cumency bfkmtion | Breches ks | Gearl Humation | Vologe Levels Bectical A Cumency Homaion | ok Ftgs |
Bass Fraquency % He
\EMTA\EMTAmdh
I pusshe X
Mebwork Ttle v Inde l the impadh fiedin Pllon
=y a commen WA base,
Bse Utnts
e reing ond renaission ine parametes o
sparfied inachids i & R ohmedm. X ohmem and
Power Sytam Lbrares [ B2nbukm.
Siarwdad Reday Lnaes [~
Gy [
o | Cacd | i | b | ok | cad | w0 | e |
Click Electrical Information tab. Since the 4]
impedances are given on 100 MVA base, Gl msin| Votage Leves | Bectica 8 Gurency rfomatin Besker Ratnge |
check the pu status. Enter the Base MVA o e okt ot I SN
and Base frequency as shown below. Click o [ o5 was b e ew fo oo
8 L 20008 oo (w2 Moo P a0 [0 [aes
Breaker Ratings tab. If the data is
. . X zoow [woon [fzoos | awsw [ [aze gm0 PS0 [aw
furnished, modify the breaker ratings for ey o o
required voltage Ievels_. Otherwise accept o e e e
the default values. Click OK button to - i
5000 3 Tl i 74 50 JIESS‘?‘E
create the database to return to Network | CEIN DN e
Edi [0 s  fEas | oks [0 w0z [0 (um
itor. 500 [B ([ om0 268 amm [0 [mes
Bus Base Voltage Configuration il
In the network editor, configure the base
voltages for the single line diagram. Select Cok ] oo | o0 | o |

menu
voltage.

option Configure—»Base

Dialog shown below appears. If necessary change the Base-voltages, color, Bus width

and click OK.

8.1 Procedure to Draw First Element - Bus

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID and Bus Name. Click OK. Database manager with
corresponding Bus Data form will appear. Modify the Area number, Zone number and
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Contingency Weightage data if it is other than the default values. If this data is not
furnished, keep the default values. Usually the minimum and maximum voltage ratings
are + 5% of the rated voltage. If these ratings are other than this, modify these fields.
Otherwise keep the default values.

Bus description field can be effectively used if the bus name is more than 8 characters. If
bus name is more than 8 characters, then a short name is given in the bus name field
and the bus description field can be used to abbreviate the bus name. For example let us
say the bus name is Northeast, then bus name can be given as NE and the bus
description field can be North East.

J—"—’l Bus Data
1gmn G»FE‘“. _|_ ga 9|n|“~'9|_ :‘;E 'Samw.«r BusMumber || FetchBuss>

]

-_
k!"

| ]
e Bus Name
"B | ENER]
i | Description [Busi

1ol

8 Tk

| IE I-|f s Mominal Voltage |11 000 ~| kv

Jwtes il

LEETH e = frea Number

.% - [ Select [14reat =1 |
1 r

ol = e Zone Number
Il ws Babw_ s J*lﬂl" [ Select [1Zone 1 = |
11 DOwner Number
Fn [ m

LI r [ Selest [1 Chwnert =1

0 -

Fihds ¥ 5 Contingency Weightage 1

% Voltage Limits in kv
ik
w Zl ﬂ e |7M|m Jioas Max [17.55
L1} {F|g,|ﬂ,f” Ensl Fer Unit in Fis Ensl library
i
1 Ty ’7

Arc Jash
’7 Bus Detais |

Global Change| Load| Details| Costib>:| GPS

Bus Bar Differential |

2 Bl
I

Fsmcrdy s e amm |

Bl 0000 <33, Y ellEe ]

After entering data click save &, which invokes Network Editor. Follow the same
procedure for second bus with bus voltage as 220 kV.

T T— R-L]
]
85
8.2 Procedure to Draw Transformer A| SRR AR STERT AREE o=
. ) B . Pl it [
Click on Two Winding Transformer icon & m
provided on power system tool bar. To draw the % e
transformer click in between two buses and to @
connect to the from bus, double click LMB (Left =
Mouse Button) on the From Bus and join it to =
another bus by double clicking the mouse button =
on the To Bus. Element ID dialog will appear. =
Click OK. = o
Gl 25l
Al P
E:c—m: == |m-olronr!:s-u :ﬁl‘l.i!ll.i:“h =
T b e A, 1
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Transformer Element Data form will be open. Enter the Manufacturer Ref. Number as
30. Enter transformer data in the form as shown below. Click on Transformer Library

>> button.

Two Winding Transformer Data

T [T Feh udoms | o roes] || _oibsthoen ||| T 292 e |

Getordeny Yokeoe || 00KY m— | ik Protection el

[ l—m‘ Marndaorhuns Fied Humbes |31 [713)] > ~ Dittwerti Felay ——— ~ Hestoted Eath Fandl—
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et s i ﬁ:::“‘ S o JO T ] T |

Fombibenbe [7 u 0000 =] || remene L
: P Dveriment el SLD - Shew Bresker

ToBusMembes [ a1 11,000 - 7 Mot Bty

B My [=0 kA [em | ™ ver

CortiolBus Nurbes [ By ronon =) = : R
T - 5 |

Ho o U nPacld |1 SN_w?mM = .-E ~ Cost Pre Unt i —
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Transformer library form will be open. Enter the data as shown below. Save & and
close library screen.

Transformer element data form will appear. Click Save & button, which invokes
network editor. In the similar way enter other transformer details.

Two Winding Transformer Library
| e | [ e R
I MvARsing [7s m o W g o

||
e - Tagste > Q012500pu. | Maskowen Tap 5
i A 8  QitdLoad Top Change | Number -8

i Top [205 KV Compute | | € Oniosd TooChangs | g o W Computs|

s o it Chvims st [ Timnsdoimn ksems: T Wwirding Confuration
Pas. Seq Impodancs [014 o IN, i W Y Y o~
Pas, Sog. Mo R Fato [20 | ki Primaty .. - i~ -
| Boppet [ (B
Zeeo Seq Impedance  [014 pu || lesa Secondary.. L o
ZeioSeq. Xwh Rse |0 umm:m] Ph [o |
Magnetizalion Cusve Data in i on ks Dvn Rlating Thermal Curve
™ Magnehzation Curve. 5 Primaty Wm0 S e g Thasnds
Fmsichial Fhet 1Y Chaacteistcs =
[ T Vinp - ol P Uil iny
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8.3 Procedure to Draw
Generator

Click on Generator icon provided
on power system tool bar. Draw
the generator by clicking LMB
(Left Mouse Button) on the Bus1.
Element ID dialog will appear.
Click OK.
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E e m;'l&;-l'mmcu-l
7
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Il
= oo F— ]
lie] o Databane
{‘ v
i ' A o | ]~/
lly I o ig]
Fim| [ussengencec0 Erhenin 01 [Refenen X ¥ <o clt 61 Arepin [orres e
Resdy o 1,000 [ 5%, ¥ <120 :

Generator Data form will be opened. Enter the Manufacturer Ref. Number as 1. Enter
Generator data in the form as shown below.

Generator Data

Humber |1 Fetch Generatar >> | Name |Gen Maintenance

Scheduls Mo |0 2

BusMNo [1 Bust)fiToo0 x
Units in Parallel [1 GT

Manufacturer Ref. No |1 [Thermall 20Mw] = Library »»
Capabiity Curve No {0 [CAPCUR] v | Capability Curve >

- Protection

Over Current

jv

£VR Ref No

Specified Yoltag Bieaker Rating Relay
’V 1.0000 Pu |11 Ky [ln Mva - [3sd] Inka {18371 ‘ Unit Pratection
De-Rated Mg 315 Reactive Power - Minimum 0 Myar | [ Cost PerUnitn
Scheduled Power ]300 Mw Reactive Power - Masimum  [200 Mhvar o
i~ Fieal Power Optimization Data - Select
Cost Co-sfficient CO |0
Real Power - Minimum [0 (o o e = Utiity Grid
Cost Co-efficient C1 |0
Real Power - Masimum |30 bt Cost Coffisient C2 I—D ¥ Generator
Statu Commission Statu:
[ & InSevice ( Dutof Semice [ @ Estng (" Pioposed  Year [0
Neutral Grounding Resistance 0 ohms  Participation Factor (%) lu—
Neulral Grounding Reactance [0 ohms  Bias Seting 0
Graunding Thraugh Transformer Calculate Dragp (%) 4
r~ Model Typ Eddit Fil

& Infinite Bus Modaling ['d )
" Transient Madeling (50d & X'q ]
€ Gub Transisnt Modsling (%d & %" |

Global Change

0 [AVRIType D =] AVE Libra>>
R
0 Tope | TG Library >3

4R FPB Name

Turbine Gov Fef Mo

£4F File Dpen)
GOV Fils Dpen Il

=

Tur Governor Name |
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Click on Generator Library >> button. Enter generator library details as shown below.
Generator Library

Ref. Number |1 Fetch Generatar Manufacturer Name IThermaI12DMW
‘ M4 Rating |315 M/ Riating |3nn Ky Rating |11 Eomputex['d,“d.n.ﬂl”

pu on its Dwn Rating

Armature Resistance (Ra) ID— pu Patier Reactance [<p] lgg_ pu
Direct Axiz Reactance [¥d) l2— pu Direct Axiz Transient Reactance [<'d) IU3— pul
Quadrature Axis Reactance [Xq) l2— pu Quadrature Axiz Transient Reactance [¥q) Ig3— pu
Hegative Seq. Reactance [<n) |U2— pu Direct Awis Sub-Transient Reactance [<"d) IU2— o
Zero Seq Reactance [#o) |U2— pu  Duadrature Axis Sub-Transient Reactance [+''g) IM_ pul

Direct Aviz Open Circuit Diirect Axis Open Circui Inettia in M MYA
Transiznt Time Cattant 715 Sub-Transient Time Canstant ID-D38

[Tda] T"'do] |3 A

Quadrature Axiz Open Circuit I [uadratuie Axiz Open Circuit Damping Factor
Transient Time Constant (T'qa) 25 Sub-Transient Time Constant [T"go) ID'15 ID—

~Winding Connections Mazs Detall rCost Per Unitin
Mazs Mumber IU— M IU—
Y \ﬁ O Irertia ID— MU Counter
(o O Darmping Factor lg— < Back | - Thermal Curves ——
Stiffriess Co-efficient IU— Eﬁfﬁﬂ Delete | Themal>> |

Save [F and Close the library screen. Generator data screen will be reopened. Click
Save @ button, which invokes Network Editor.

|
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Click on Load icon provided on power system tool bar. Connect load 1 at BUS2 by
clicking the LMB on Bus 2. Element ID dialog will appear. Give ID No as 1 and say OK.

Load Data form will appear. Enter load details as shown below. Then click Save button,
which invokes Network Editor.

- MG = iPmmﬂnw l.‘ﬂ- [WI\#‘]

Set/Thangs Layes| Gerersl ] Lages ]su-nl |

Bust [1] Bus2 [l

il mm

Il Ihmz

e o

oy ZoP IR ZILP2
A o
= oot |Zng o

I(\’l‘l"

_ BT
|, - [ HacTs :
2 [Cortrgorey 0 [Eoheaim 0 [ntarsrn ¥ <s ¥ <0 ot 40823 Fom [oriFaE 2TaE HA [Ecan
HE T I B [1000000 [X <0V RS
Load Data

~Relay

Humber {1 Fetch Load 55| Name |LD1 Mainlenance | | SchedeMa [0 v

Bus Number 7 Bl 2000 Ho of Consumess || AR Campensation i ﬂl

Real Powe i M l_ Minimum Compensation in MYAR |U —CostPer UntinBs—

Masimum Compensation in MVAR |1
. Compule :
Rieactive Power in MVER |1 .
CompensationStepinMyaR |0 o
l__’ - Cost ibrary

Paer Faclor 0300000 Load Delals | ||| Charactristics o l__l
Ref Ho M

Loat Type - Unbalanced Load Libray
e (Ml g \{ Load Characteristics »> Lib +

Moor Load Percentage Unbalanced Load Detals | CA
’V Gilabal Change
"u\u\u ~ Cammigsion Stafu Breaker Rating

7

nblvids {10000
@ InSewice (* Outof Senice || ¥ Eustng € Proposed Year [0 Inkd {26,244

Cantrol Block

FpbPath I Browse ‘
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8.5 Procedure to Draw Shunt Capacitor

Click on Shunt Reactor icon provided on power system tool bar. To draw the shunt
reactor click on the Bus. Element ID dialog will appear.

[~ MiGUI - A Power System Metwork Editor - [Guil .gui] =]
BR e Edit view Draw Elements Set Change Ohject(s) Configure Flob Datsbass Solve Tool UnitProtection  Partisl Analysis Quick Solve  window
Full Screen Help =S
s EEIEIF SRS G S A = = B T E el
Set/Change Layell General | Layer Control | Select -
Bus1 [1] Busz [2] 2! sHUNT
pratil] kil v}
Zzvm ZZVA2 + o | | |jo-
|ZZLF‘1 2 I e ig:i il e
ZZGP1 - 5 -
r\”’ ZZGo1 | ZZLat-2 221
315.00 MVA
e

Element o [0
From Database

= | Cancel

HVDC

il e

4]

I Llll FACTS

[z [slz|alal2|[p]|als [ o] o<l a|O|alN|>

[ Centingency : o Schedule : 0 Reference ¥ =0= ¥ <0= Dist 456,633 Km [ID:1FBUS: 278US N IE Dta
Ready |Snap [1.000000 [ <4337, ¥ <1452 p

Enter Element ID number and click OK. Database manager with corresponding Shunt
Reactor Data form will be open. Enter the details of that line as shown below.

Shunt Capacitor Data

Murber |1 Fetch »> | M ame |ShE1

~Relay

Maintenance | I vl

Library

Manufacturer Ref. Mo, |1 [ShC1]

Relay |

—Cost Per Unitin —

|0

[
Shunt Capacitor »» |

De-Rated hyid Iq
BusNumber (5 2y (220000 +

—Skatuz Commissian Statu
{+ In Service

(" Ouk of Service

* Existing ¢ Proposed Year |U

Breaker Rating
Inbfi4 [1o0o0.00 kA [28.244
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Enter Structure Ref No. as 1 [MANF1] and click on Shunt Capacitor Library >>
button.

Shunt Capacitor Library

puon its Own Rating

- Capacitar Type

Reference No |1 Fetch Shurt Capaciar »> |  Fred  Sutched
Wame Ighm
- Switched Capacitor Detals

Cost Per Unitin —
MyARating |4 KV Rating |20 ( ID— (% 1oltage Bonfrol ID £

~ Positive Sequence Type of Variation % Contiious

Conductance | pu Susceptance I'] pu € Urifom

~Zeio Sequence Switched Capacitar Detalsy> |

Conductance |0 pu Susceplance |1 ol

Shunt Capacitor Library form will appear. Enter Shunt Capacitor Library data in the
form as shown below for MANF1

After entering data save Band Close. Shunt Reactor Data form will appear. Click Save
&, which invokes Network Editor to update next element.

8.6 Solve Load Flow Analysis

Select Menu option Solve—Load Flow Analysis. Following dialog will
appear. 5I|

1. Click on study

Caze |1 Vl Study Infa... info

% Enecute &fter Input File Creation |

(L

Delete
" Dnly Input File Creation 2. After giving
" Execute with old [nput File iz < required
|
- Results 3. After executing

MNetwark, ... | Repart W click here to get
report

Power Research and Development Consultants Pvt. Ltd. Page 211



MiP-PSCT How to solve EMTA

Load flow Results:

BUS VOLTAGES AND POWERS

NODE FROM V-MAG  ANGLE MW MVAR MW MVAR
MVAR
NO.  NAME P.U. DEGREE GEN GEN LOAD LOAD
COmMP

1 Busl 1.0000 0.00 201.536 177.731 0.000 0.000
0.000

2 Bus2 0.9206 -5.33 0.000 0.000 200.000 150.000
0.000 @

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 1
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 0
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) : 0
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) : 0

TRANSFORMER FLOWS AND TRANSFORMER LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS
%
NODE NAME NODE NAME MW MVAR MW MVAR
LOADING
1 1 2 Bus2 1 Busl -199.934 -145.680 1.6026 32.0512
85.3#

I NUMBER OF TRANSFORMERS LOADED BEYOND 125%

@ NUMBER OF TRANSFORMERS LOADED BETWEEN 100% AND 125%
# NUMBER OF TRANSFORMERS LOADED BETWEEN 75% AND 100%
$ NUMBER OF TRANSFORMERS LOADED BETWEEN 50% AND 75%
~ NUMBER OF TRANSFORMERS LOADED BETWEEN 25% AND 50%
& NUMBER OF TRANSFORMERS LOADED BETWEEN 1% AND 25%
* NUMBER OF TRANSFORMERS LOADED BETWEEN 0% AND 1% :

NUMBER OF LINES LOADED BEYOND 125%

NUMBER OF LINES LOADED BETWEEN 100% AND 125%
NUMBER OF LINES LOADED BETWEEN 75% AND 100%
NUMBER OF LINES LOADED BETWEEN 50% AND 75%
NUMBER OF LINES LOADED BETWEEN 25% AND 50%
NUMBER OF LINES LOADED BETWEEN 1% AND 25%
NUMBER OF LINES LOADED BETWEEN 0% AND 1%

YR >DHHO -
[eNoNoNoNeoloNe]

|
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SHUNT CAPACITOR AND REACTOR INJECTION

NODE FROM V-MAG ANGLE MW MVAR
NO. NAME P.U. DEGREE GEN GEN

2 Bus2 0.921 -5.33 -0.000 4.238
ISLAND FREQUENCY SLACK-BUS CONVERGED(1)

1 50.00000 1 0

Summary of results
TOTAL REAL POWER GENERATION z 201.536 MW
TOTAL REAL POWER INJECT,-ve L : 0.000 MW
TOTAL REACT. POWER GENERATION : 177.731 MVAR
GENERATION pf : 0.750
TOTAL SHUNT REACTOR INJECTION : -0.000 Mw
TOTAL SHUNT REACTOR INJECTION : -0.000 MVAR
TOTAL SHUNT CAPACIT.INJECTION : -0.000 MW
TOTAL SHUNT CAPACIT.INJECTION : 4_.238 MVAR
TOTAL TCSC REACTIVE DRAWL : 0.000 MVAR
TOTAL SPS REACTIVE DRAWL : 0.000 MVAR
TOTAL UPFC FACTS. INJECTION : -0.0000 MVAR
TOTAL SHUNT FACTS.INJECTION z 0.000 MVAR
TOTAL SHUNT FACTS.DRAWAL : 0.000 MVAR
TOTAL REAL POWER LOAD z 200.000 Mw
TOTAL REAL POWER DRAWAL -ve g : 0.000 Mw
TOTAL REACTIVE POWER LOAD z 150.000 MVAR
LOAD pf : 0.800
TOTAL COMPENSATION AT LOADS : 0.000 MVAR
TOTAL HVDC REACTIVE POWER z 0.000 MVAR

TOTAL REAL POWER LOSS (AC+DC) :
PERCENTAGE REAL LOSS (AC+DC) :
TOTAL REACTIVE POWER LOSS :

1.602559 MW (

0.795

32.051174 MVAR

1.602559+ 0.000000)

———
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8.7 Electromagnetic Transient Analysis:

Select Menu option Solve— Electromagnetic Transient Analysis. Following

dialog will appear.

Electro Magnetic Transient Analysis x|

Case |1 - I

&' Execute After Input Fils Creation
€ Only Input File Creation

" Execute with old Input File

1. Click on
|| Study info
Study Info..f
2. To execute
1 click on this icon

~ Result

Network ... | Repatt ... Wiew Bus...

| Graph ... |

Close

x|
Qver Voltage Studies | Output Options I
Fault Type Fault Bus Number
1. Select the [2 Bus2 -]
r— Fault Details type Of the fault A
Ground to Neutral Reaastaz |D kitch closed  [0.001 pu
Phase to Neutral Resistance ID.DD‘I h opened 999\99 pu
Prednsertion Resistor Value |4DD pu Res. value when switch closed 0.00 pu
A
Consider Magnetizing data fe
" Switching o | l”_’:' :9” sras==iel 2. Select the
: ransformer
i fault bus
— Switiching and Prednsertion Timings———— —Talerance for
aze A Closing with Resistor 0.002 sec Phase A Pole Opening |2 pu
se B Closing with Resistor ID D04 sEC Phase B Pole Opening |2 pu
Phase C Closing with Resistor  [0.008 e ||| REEREREEEETT |3 ED
Ph A Pre-inset. Res. Shotting ~ |0.01 prw || B |
_ _ Phase A 05 pu
Ph B\Pre-insert. Res. Shorting 0.012 sec Fhase B DS'— -
Ph C Pre-nsert. Res. Shoting ~ [0.014 sec Phase C s | pu
3. Enter the fault details
0K | Cancel el |
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po— Enter the S|mulat|_on time, fault x|
starting and clearing time and plot
Over Voltage Studies  Output Options | options
Simulation Time Time Step |5€'DD5 Secs
4
Fault Starting Time Fault Clearing Time ID.2 o
Plot Buses
Plot Steps
Plot Start Time
Plot End Time
r~ Commtrade Ouput Options
™ Commirade Output Specified at IPrimary vl
Recording Time Stap |5e-DD5 Secs

0K I Cancel Lpply

RESULTS:

BUS NAME VA-PEAK A-PEAK-T VB-PEAK B-PEAK-T VC-PEAK C-PEAK-T
PU mili Sec PU mili Sec PU mill Sec

1 Busl 6.99001 206.90000 -7.37604 206.85000 -2.13945 207.40000
62.78048 -66.24759 -19.21536
2 Bus2 11.26962 206.90000 -12.64490 206.85000 -2.86584 207.40000
2024.35340 -2271.39389 -514.78928
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8.8 Plot Graph

Electro Magnetic Transient Analysis

Click here to
plot the graph

1. Select the X and Y-Axis

Overvoltage Study Results

2. To plot the graph click here
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Voltage at bus no 2

Dl [dt Yew Sheet Fomat Oraw Jet Window Help Joom
T

Overvoltage Study Results
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3.22r

1.901
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oA s
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