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+ Downloading and installing the program:
Click on the following link, you will be redirected to the page shown below where you can

download the program and sample cases:
https://www.powerworld.com/download-purchase/demo-software/simulator-20-glover-overbye-

sarma-edition-download

(@] PowerWorld cusonse: [

CORPORATION

Home Products Services Solutions Download & Purchase Online Support Training & Events Company

Simulator 20 Glover, Overbye & Sarma Edition
Download

Instructions
1. Click on the filename below to begin the download. This file is a Microsoft Installer package.

2. When prompted, save the file to your hard drive.
3. Once the download is d, double-click on the file on your hard drive. It will begin an installation

program. Follow the directions and the program will automatically install itself.
4. After the install program has finished, launch the PowerWorld product!

Click on the file name to download:

pw20EduGloverOverbyeSarmaSetup. msi (60.3 MB) <: Click here to download the program

GOSSampleCases6thEd.zip (2.3 MB;
2 £ P ) <= Click here to downaload sample cases
(examples from course book)

Last Updated: December 1, 2017

Note: you might need to zoom in so you can see some of the figures in this document clearly

Installing the program is simple! Just keep clicking Next! you do not need to do crack or any

other thing, this is a free demo software.

Electrical and Computer Engineering Department — Birzeit University



https://www.powerworld.com/download-purchase/demo-software/simulator-20-glover-overbye-sarma-edition-download
https://www.powerworld.com/download-purchase/demo-software/simulator-20-glover-overbye-sarma-edition-download

25553 ‘*ﬁf’\/

éIRZEIT UNIVERSITY

4+ Opening the program, and starting a new case:

Once you have installed the program, open the start menu and search for “simulator GOS

education 20 then open the program and you will see the following window:

[y =

e B ®E-- Simulator 20 (64 bit) G5O -
Case Information Draw Onelines Tools Options Add Ons ‘Window
Edit Mode g
Run Made Si Open
onitoring 0 tom Case Windows ~
Mode Case Information Case Data Views
Add-Ons:
Educational
Bwer Dr Optimal Power Flow {OPF)
- Security Constrained OPF (SCOPF)
Corporation OPF Resarves
Available Transfer Capability (ATC)
. PV and QV Curves (PVQV)
Welcome to the PowerWorld Simulator Transient Stability
. L Geomagnetically Induced Current
Click on File in the upper-left and
choose Open Case to open an existing case,
or New Case to create a case from scratch.
Upgrade the GSO version at:
hitp:/ipowerworld.com/gloveroverbyesarma
Glover, Sarma, and Overbye Textbook
Copyright ® 1996-2017 PowerWorld Corporation
Copyright ® 1995-2017 Thomas J. Overbye
All Rights Reserved
Edit Mode
To start a new case, click on file then new case as shown below:
e g R - Simulator 20 GSO —
File How
oy Mew Case Recent Cases i
= bd
@ Open Case Hew Case (Ctrl=l) f’ﬁ‘p““h ikl
- Open
- ewe ‘Windows ~
A 4 Views

Load Auxiliary
Open Project ...

Exit Program

2curity Constrained OPF (SCOPF)
PF Reserves

vailable Transfer Capability (ATC)
v and QV Curves (PVQV)

ansient Stability

leomagnetically Induced Current

Electrical and Computer Engineering Department — Birzeit University




-

2232 ‘*w/’ 12
En T sl

— AR
BIRZEIT UNIVERSITY

Once you have opened a new case you will see the following window, Maximize the case window:

B o-oue EHRE X = Simulater 20 (64 bit) GSO — hd
CaseInformation | Draw  Onelines  Tools  Options  AddOns  Window @
850 - 5% 7
e ——— E ? -t Network =t Case Description... | Power Flow List. i E’ [_\
= Aggregation - AX Case Summary... Quick Power Flow List.. ¥ S
Run Mode Model  Area/Zone Limit ! Difference  Simulator " Oneline  Data Open
Explorer..  Filters..  Monitoring,,  S°lution Details - Case-  Options,,, ~ Custom Casenfo.. ' AUX Export Format Desc.. Viewer.. View = Windows -
Mode Case Information Case Data Views ~

NewCnel.pwd

Edit Mode

Lets add a grid to the background, click on options then draw grid as shown below, note that you

can modify grid spacing e.g. | have selected 2x2 grid:

Example?_5 - Case: Example?_5.pwb Status: Paused | Simulator 20 G5O

Window

= T RE B o B . o
e -PRIEARE®W--
Case Information Draw Onelines Tools Options Add Ons
Edit Made Misc. Power Flow - <X Animation - Pie Chart -
Solution ~ #  Thumb Nail - MiscOptions -
Simulator Oneline
Run Mode | o ons., | Caselnfo Options - | ptior |DrawGrid = Saved Options -
Mode Case Options W SnapTo Grid
Grid Horz. |1
Grid Vert. |1

Draw Grid Lines

Grid Line Color
Grid Horz Show |2
Grid Vert, Show |2

Disable Anchors

Grid Lines

(custa| +*

Dynamic Formatting -
Custom Hint Values..  Keyboard Shortcuts
Default Drawing...

General Options

<3 fe>

Draw Grid Lines

a
v

Find Text in Oneline...

) Abort
[F Log
9 Seript -

Log
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+ Building a system: inserting components

\

We will build the system shown below which is taken from example 6.9 in course book, data

tables of the system are given below.

T2
FIGURE 6.2 . . 4 00 MVA
- - - K 5
Single-line diagram for 81 B51 Line 3 HsIE kY 520 MW
Example 6.9 O m 3¢ 345 kv ( )
) j E 50 m
400 MVA AYq 900 MyA.
15 KV = 15 &Y
400 MVA
15/345 kY 40 Mwvar B0 MW
Z 1
280 \ﬂw—‘.r% lﬁ-ﬂ[ﬁl RV
TABLE 6.1 v _ Pe Qs FL O Qe Qemn
. . per d per  per per per per per
B ?E::l:i;dl.;aﬁ[‘?: Bus Type unit  degrees  unit  unit  unit  unit unit unit
1 Swing 10 L = = 0 0 = =
2 Load — — LIl 0 B0 18 — —
3 Constant 105 — 5.2 — LR ] 04 4.0 18
voltage
4 Load — — LIl 0 0 0 — —
5 Load = = Q 0 0 L] = =
*Snme = I MVYA, Vige = 15kV atbuses 1, 3, and 345kV at buses 2, 4, 5
TABLE 6.1 Maximum
Line i data i R’ x! G’ B MVA
5 m]?.:.i;mp[l: 2‘:{; Buis-to-Bus per unit per unit per unit per unit per unit
-4 0.00%0 0.100 0 1.72 120
2-0 00045 0,050 LI .58 120
4-5 000225 0.025 0 04 120
TABLE 6.3 Maximum
. . R X G, B Maximum TAP
Transtormer input data ;
Htl.m: ]:'\'lar[n:le 69 = = = = MVA Seting
AN} : Bus-to-Bus unit unit unit unit per unit per unit
1-5 0.00150 002 0 0 6.0 —
34 0.00075 001 0 0 10.0 =
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TABLE 6.4 Bus Input Data Unlnowns
Input data and Vi=1045=0 Py, O
unknowns for 5 P: =Pz — Pra = —8 T
]:'xample 6.9 {.]‘! ={2{_r1_{2|1 =_38
3 Vi=1105 Qn,
Pi=Fg — P =44
4 P, =0,0Q, =0 L
5 FIE =1, {;'l: =0 1||"|E 3 |le5

» First: inserting buses

1. To be able to add components you must be in the “Edit mode” selected at the left top
corner of the program window.

2. The simulator has two distinct modes: “Edit Mode” and “Run Mode”. The Edit Mode is
used to construct new simulation cases or to modify existing cases, while the Run Mode
is used to perform the actual power system simulation. You can easily switch between the
modes using the Edit Mode and Run Mode buttons

3. Always start by adding system buses, as other components (loads, generators,
transformers ... etc.) are attached to buses.

4. To add a bus, click on “draw” tab, “network” list then select “bus” as shown below:

TR EHREQHE-- NewOnel.pwd - Simulater 20 (84 bit) Evaluation — X
Case Information Draw Onelines Tools Options Add Ons Window @ o & n
A - 4 - S N : 2
EEAE Q uto Insert }.;_f =0 ECD Field nchors ) 24
Default Drawing... @ e Pies/Gauges ~ R Paste Paste Special

Me Palette Network  Agoregation  Background
RunMode | FEIEE objects Not on Oneline.. . gores o

Mode Quick Insert

Indication ~

Formatting & Clipboard

Bus
Generat.
o.

D-FACTS Device
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5. When you select “bus” a “cross cursor (+)” will show up inside the work window, just

click once and the following window will show up:

Bus Options
Bus Number IEI = Find By Number
Bus Mame One Find By Mame

Mominal Voltage |15.0000 kv

Find ...

Labels ... |n|:| labels
Mumber Mame
Area Change | 1|: |1 |
ol [cange || 1]2]1 |
Zone Change | 1|: |1 |
Owner Change | 1|: |1 |
Substation | Change | | | |

Bus Information Display Attached Devices Geography Custom

Bus Yoltage
1,0000

Voltage (p.u.)

Angle (degrees) 0,000

Bus Voltage Regulator Devices

System Slack Bus

0K Save Save to Aux

Cancel

6. The data you have to insert is the bus “base voltage or nominal voltage”, and you can add

a bus name

7. You may need to insert other data depending on the type of the bus:

If the bus is a slack bus, then you have to tick the “system slack bus box” and by default

the voltage is 1py and the angle is zero.

If the bus is a voltage controlled bus (a bus to which a generator is connected), then you

have to insert the bus voltage by clicking the button then the window on the next page

will show up:

Electrical and Computer Engineering Department — Birzeit University




3

e

Substation |ru:|t assigned to substa’ |n|:|t assigned to substation
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Bus Voltage Regulating Devices Dialog - O n
Mumber Mame
Bus E | |Three |
Area 1 RE |
Zone 1 RE |
Owner 1 L |
| |
| |

Voltage (p.u.) |1.|:||:||:||:| voltage (kv) |15.EIEIEID

fix) ~
Device Device Type Reg Voltage | RegVoltage ||Device Voltage|] Transformer |Device Voltage
Mlax Min Target Regulation |Target High
Target Type
142 (Three 15.L‘TI] #1 Generator 1.0500
ﬁ_lnse ? Help

- The bus voltage is inserted in the indicated field shown on the figure.
- For other buses, the bus voltage is left as default and when you run the program it will
calculate the bus voltage.
8. If you select “display” tab in the bus options window, you can modify bus size and

orientation.
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9. to show the bus voltage in the work window, right click on the bus and select “add new

field around bus”, the following window will show up:

MNewOnel - Simulator 20 GSO

Options  AddOns  Window
ﬁ ? 85% Network - =t == Case Description... | Power Flow List... fLS
110°% 0
> Aggregation - AX Eafi Case Summary... Quick Power Flow List... =11
Model  Area/Zane Limit ) ) Difference  Simulator " Bus
Explorer..  Filters..  Monitoring..  Solution Details ~ Case~  Options..  Custom Caselnfo.. | AUXExport Format Desc.. | yiaw..
Case Information Case Data
1

Bus Information Dialog...

Bus View..

Quick Power Flow List...

Bus Palette...

Insert Connected Buses >
Move Equipment...

Split Bus.

Format Bus...

Add New Fields Around Bus...
Apply Defautt Draw Values To Bus...
Copy Format From Bus

Paste Format Into Bus

Snap Bus To Grid..

Create a Case Information from Selection...

i ]
A i
Oneline  Data Open
Viewer... View Windows ~
Wiews

xd

@-=

10. Select the position where you want the bus voltage to be placed by clicking on it.

Insert Mew Fields around selected objects

Bus Fields

Posl Pos5

Pos2 Posg

Pos3 Pos7?

Pos4 Posg
Posi Pos5
Pos2 1 Fo:C
Pos3 Pos7?
Pos4 Posa

X cancl

? Help
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11. Select the data that you want to be displayed.

A\

Bus Field Options
Total Digits in Fickd [ |
Digits to Right of Decimal
Indude Suffix
Field Prefix | |
Type of Field
() Bus Mame () MW Marginal Cost
() Bus Mumber () Mvar Marginal Cost
(®) Bus Voltage (p.u.) )MV Loss Sensitivity
() Bus Voltage (k) () select a Field:
Find Field ...
() Bus Angle (degrees)
@ Remove Field x Cancel ? Help
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» Second: inserting generators

1. Toinsert a generator, go to draw tab (the same tab from where you have inserted bus) and

select generator, then click on the bus you want to add a generator to, the following

window will show up:

Generator Options

Power Control

MW Setpoint | 0.000 MW Output | 0.000 Fart. Factor

Min, MW Output | 0,000 ] available for AGC
Max., MW Qutput | 1000.000 Enforce MW Limits during automatic control

Voltage Contraol

Myar Qutput | 0,000 Regulated Bus Mumber
Min Mwvars |-9900.000 Available for AVR SetPoint Voltage
Max Mvars |9900.000 |:| Use Capability Curve  Remote Reg %

Wind Control Mode

Power Factor

Mode Mone o 10000 :

MW

Min Mvar
Max Mwar
£

0K Save Save to Aux

Bus Mumber |ﬂ | = Find By Number Status
- O Open
Bus MName |OnE | Find By Mame @ Generator MVA Base
Closed
D Find ... 100.00
Area Mame | 1 | Fuel Type | Unknown ~
Labels ... |I‘ID labels | UnitType UM (Unknown) ~

Display Information Power and Voltage Control  Costs  Fault Parameters  Owners, Area, etc Custom  Stability

10,00

1
1.000000

100.0

Cancel Help

2. The data you have to insert is generator MVA base only.

3. Ifthe generator is connected to a voltage controlled bus, then you have to insert real power

in the “MW set point” field.

4. If the generator is connected to a slack bus, then you do not have to insert the power

values, leave them zero, and when you run the program it will calculate power values.
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» Third: inserting transformers

1. Toinsert a transformer, go to draw tab (the same tab from where you have inserted bus)

and select transformer:

- Single click on the first bus to which the transformer is connected.

- Drag the cursor to the second bus where the transformer is connected, then double click

on it and the following window will show up:

Branch Options

Transformer

Mame

Area MName |1 (1

From Bus To Bus Circuit
Mumber |5 | | 1
|Gne | |Fi'u'e
| [

Mominal kv

15.00

345.0

Labels ...

|n-:| labels

Display Parameters
Status

D Open
(®) Closed

Branch Device Type

Transformer Control

Find By Mumbers
Find By Mames

Find ...
Fram End Metered

Fault Info  Owner, Area, Zone, Sub  Custom  Stability

1

Default Owner (Same as From Bus)

Series Resistance (R)
Series Reactance (X)
Shunt Charging (B)

|Trans1‘ormer

Shunt Conductance (G)

Allow Consolidation
— =

0.00
=

Calculate
Impedances =

Mormal Status
i) Cpen
i@ Closed

D-FACTS Devices on the Line

QK Save

Magnetizing Conductance

Magnetizing Susceptance

Per Unit Impedance Parameters

Mote: All Impedances above are in per unit on

the system MVA and Voltage bases, Click
following button to edit on Transformer Bases.

Spedfy Transformer Bases and Impedances. ..

Has Line Shunts

Convert Transformer to Line

Save to Aux

Has D-FACTS

VA Limits

0.001500 Limit A
0.020000 Limit B 600,000
@ Limit C £00.000
@ Limit D 0.000
@ Limit E 0.000
@I Limit F 0.000
Limit G 0.000
Limit H 0.000
Limit T 0.000
Limit J 0.000
Line Shunts Limit K 0.000

Cancel

~

Help

= x

2. The data you have to insert is shown in the indicated boxes in r=the figure above, this

data is taken from tables of example 6.9.

3. Note that the number and voltages of buses to which the transformer is connected are

loaded automatically.

4. Other transformers are inserted similarly.
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» Fourth: inserting transmission line

1. To insert transmission line, follow the same steps of inserting transformer after selecting

transmission line from draw tab.

2. When you finish drawing the transmission line, the following window will show up:

Branch Options

Line From Bus

To Bus Circuit

Mumber |:| |4 | | 1 |
Mame |Fi“'E | |F|:|ur |
Area Mame |1 (1) | |1 (1) |
Labels ... |nn labels |

Display Parameters

Y

- Find By Mumbers
=

Find By Mames
Find ...
From End Metered

Default Owner (Same as From Bus)

Fault Info  Owner, Area, Zone, Sub  Custom  Stability

Status Per Unit Impedance Parameters MVA Limits
(O Open Series Resistance (R) 0.002250 Limit & 1200.000| Ia
@® Closed Series Reactance (X) 0.025000 LmitB | 1200.000
Branch Device Type Shunt Charging (B) 0.440000 Limnit C 1200,000
|Line | Shunt Conductance (G) 0.000000 Lirnit D 0.000
Allowe Consolidation Has Line Shunts Line Shunts Limit £ 0.000
r Limit F 0.000
Length - Limit G 0.000
Lirnit T 0.000
N(:Ij)rgpa;itams Limit 1 0.000
(®) Closed Limit K 0.000|
Convert Line to Transformer
D-FACTS Devices on the Line Has DFACTS
QK Save Save to Aux Cancel Help

3. The data you have to insert is shown in the indicated boxes in the figure above, this data

is taken from tables of example 6.9.

4. If transmission line per unit impedances are not give, you can calculate them using the

program by clicking on “calculate impedances>" which will open the following window:
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Line Per Unit

Impedance Calculator E3

Actual Impedance and Current Limits Line Length Per Unit Impedance and MVA Limits
R (Ohms/mile) - 10.000 |2 miles R (pu) 0.002250
¥ (Ohms fmile) 2981048 = When changing convert: ¥ (pu) 0.025000 =

B (Mhos/mile)

- (®) PUMYA —> -
36.933100] = x10® O <— Electrical B (pu) 0.440000 | =

G (Mhos/mile) | -0.003057 = x10™® ‘ ' G (pu) 0.000000 [=

Limit A {Amps) | 2008.175 ~ Length Units Limit & (Mva) | 1200.000 -
Limit B (Amps) | 2008.175 ® miles Limit B (MVA) | 1200.000
Limit C (Amps) | 2008.175 O klometers Limit C (MVA) | 1200.000
LimitD (Amps) | 0.000 gzit::”azzzeﬂ:z':}es LimitD (MvA) | 0.000
Limit E (Amps) 0.000 | 100.0000 | Limit E (MVA) 0.000
Lirnit F {Amps) 0.000 Voltage Base (kV) Lirnit F (MVA) 0.000
Limit G {Amps) 0.000 - Lirnit 5 (MVA) 0.000
Limit H {Amps) 0.000 < Impedance Base (Dhms) Limit H (MVA) 0.000
Conductor Type | 1190.325 | Lirnit T (MVA) 0.000
|Nnne ST el | Admittance Base (Mhos) Limit J (MVA) 0.000
Tower Configuration |D.DDDB‘1D 160 | Limit K (MvA) 0.000
|Nnne Spedified | Limit L {MVA) 0,000
Calculate PU Impedances From Limit M (MVA) 0.000

Cnndu:&tg;;ﬁl';ﬁaz:g Tower Limit N (MVA) 0.000 .

7o0 | | Kome

5. Other transmission lines are inserted similarly.
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» Fifth: inserting loads
1. To insert a load, go to draw tab (the same tab from where you have inserted bus) and

select load, then click on the bus you want to add a load to, the following window will

show up:
[®) Load Options - o IES
Bus Mumber : Find By Mumber ?:t;t"'s
Open
Bus Mame |Three Find By Mame
(®) Closed
ID |:| Find ...
Labels ... |nn labels |
Mumber Mame
Area Change 1 1
Zone Change 1 1
Substation
Owner | Change 1 1

Same COwner as Terminal Bus

Load Information  OPF Load Dispatch  Custom  Stability

Distributed G hil
Constant Constant Constant st Eneration
Power Current Impedance (JOpen (@) Closed
MW Value | 80.000 | | o000 || oooo | wmw 0.000
Mvar Value | 40.000 | | 0.000 || 0.000 | Myar 0.000
Display Information Orientati
rientation
Cisplay Size , @®Right (O Left
Scale Width with Size COiup (O Down

i i 2,25 =
Display Width = [4] Anchored
Pixel Thickness = Link To Mew Load

QK Save Save to Aux Cancel Help

2. The data you have to insert is shown in the indicated boxes in the figure above, this data
is taken from tables of example 6.9.

3. Other loads are inserted similarly.
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+ Running the program and solving the case:

After you have finished building the system, your window should be similar to the following

figure.
A A
One Five Four Three
oMW v A BN 520 MW
0 Mvar ‘ 5 v 0 Mvar
1.000 pu 1.000 pu R i 1.000 pu 80 MW
0.000 Deg 0.000 Deg 0.000 Deg 40 Mvar
MVA MVA 1 000 pu
0.000 Deg
1.000 pu Two
0.000 Deg
800 MW
280 Mvar
- RHOBE QK- Examples_9 - Case: Example6_9.pwh Status: Running (PF) | Simulator 20 GSO X
CaseInformation  Draw  Onelines | Togls | Options  AddOns  Window @ - = n
%) Abort = [eg] | k I df ¢ 47 Fault Analysis 8% [ PP,
EdR[}ode Lo e . . ,‘l t@ Tdt/;_  Time Step Simulation... e _AX "j; E Ew =
s N | e | TS S S | i, VT £ | et [t
Mode Log Power Flow Tools Run Mode Other Tools Edit Mode ~
Play |
A A
One 69% Five Four (5304 Three
Mva 520 MW
337 Mvar
1.000 pu 0.974 pu 5 (PR 1.019 pu 80 MW
0.000 Deg -4.548 Deg 49% 27% -2.834 Deg 40 Mvar
MVA MVA 1.050 pu
=0.597 Deg
0.834 pu Two
-22.405 Deg
800 MW
280 Mvar

| Solution Animation Runring

[ac | viewing Present

To solve the case, first select “Run mode”, then go to “Tools” tab and select the green play
button as shown below:

Electrical and Computer Engineering Department — Birzeit University




-, -

-

e
(W

T =

BIRZEIT UNIVERSITY

To show the percentage of loading on pie charts above transmission line and transformers as in

the figure in the previous page right click on the pie chart and the following window will show

up: tick the box show in the figure below.

Line/Transformer Flow Pie Chart

-

|:| Ignore Dynamic Sizing
|:| Ignore Dynamic Open Sizing
Style
(®) * Use Oneline Options
() Total power (MVA)
() Real power MW)
(") Reactive power (Mvar)

D Line
(::l Max

* recommended setting

X carcl

Near Bus Far Bus Circuit
Number | s I IE || Find...
Name [Five | [Four | Switch Near Far
Nom kv |345.0000 | |345.0000 |
substation | i |
Labels | |
MVA Rating =] Percent 18.8

Size 10.0=

{_JPTDF

View Pie Chart Display Options

Always Show Value (Percent)
Anchored

Amp, Transf. MVA
%% Load Cont,

Electrical and Computer Engineeri

ng Department - Birzeit University
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This figure just shows the direction of power flow, the solution details can be reached by

clicking on the “model explorer” button shown above, which will show the following window:

BRI TARE O~ Model Explorer: Buses - Case: Example6_9.pwh Status: Paused | Simulatar 20 GSO _ %
CaseInformation  Draw  Onelines | Tools | Options  AddOns  Window @ - = n

(%) Abort ® , ,E: %I 47 Fault Analysis ~ [ El? E E
@ Solve ~ 4 T AX =~ Other -

B (4 Time Step Simulation...
RunMade  ygp single Solution  Simulator Contingenty  RAS + CTG  Sensitivities Limit Difference  Seale Model  Connections
Suipt = | _Full ewton  Options.,  Restore - Analysis..  Case Info - Monitoring...  Case~  Case..  Explorer., -

Mode Log Power Flow Tools Run Mode Other Tools Edit Mode ~

Edit Mode

Log

Line Loading Replicator...

Explore p || Buses

Fields FAT Bk 48 8 | d4 88, 5 Records+ Geo~ Set Columns - [ . e OB WYt - B | options -
Recent -~ Filter |Advanced| v | Bus v v | Find... Remove Quick Filter ~
v 7] Netwark
Branches By Type Number ‘ Name | Area Name
HH Branches Input
HH Branches state

B DC Transm

Load Mvar
Shunts Mvar MW Wivar

394.83 114.24 0.00 0.00

800.00 280.00 0.00 0.00

80.00 40,00 520.00 337.43 0.00 0.00

0.00 0.00

0.00 0.00

Nom kv | PU Volt ‘ Volt (kv)

Angle (Deg) ‘ Load MW

Gen MW ‘ Gen Mvar | Switched | Act G Shunt ActEShunt‘ Area Num

o

I

B Line D-FACTS Device

Bl Line shunts

B Loads

HH Mismatches

BB, Multi-Terminal DC

B switched Shunts

Bl Three-Winding Tran

HH Transformer Contral

B, valtage Cantrol Gre

B vsc De Transmissial
v | Aggregations

A Areas

HH Balancing Authoriti

B Bus Pairs

B Data Maintainers

B Injection Groups

B Interfaces

HH 1s1ands

Bl multi-Section Lines

B mw Transactions

B Nomograms vl 3

Open New Explorer Search Search Now Options

You can find other information regarding the system e.g. to view the bus admittance matrix Y

matrix by scrolling down to “solution details” and selecting Ybus.

to return to the one-line diagram go to case information tab and click on “open windows” then

select the name of your project from the list.

B-LePHEOHREOHE-- Model Explorer: Buses - Case: Example_3.pwb Status: Paused | Simulator 20 GSO - X

Case Information Draw Onelines Tools Options Add Ons ‘Window
St Mode E ? 855 Network ~ [— Case Description... | Power Flow List... f3 E: D g
Aggregation - AX Case Summary... Quick Power Flow List... =1r 3 liEl

Run Mode Model  Area/Zone Limit Difference  Simulator . Bus Oneline  Data Open
Explorer..  Filters..  Monitoring,,, ~ S@lution Details - Case-  Options,,, ~ Custom Caselnfo.. = AUX Export Format Desc.. | yjew,,, Viewer... View | Windows *

Mode Case Information Case Data Views 1 Example6_9 ~

o m X VYBus X Buses X BranchesState X Loads X Generators
. 7 BhAfl %8 5% @ 8% | %7 Records~ Geo~ Set+ Columns~ B~ B~ W~ ¥ B~ W f- B options+

EH 1slands ~ Filter | Advanced| v | Bus v v | Find... Remave Quick Filter =
R multi-Section Lines
HH MW Transactions Number | Name | Bus 1 Bus 2 Bus 3 Bus 4 Bus 5

g g:\‘f‘;’:i‘a"” 1 1|one 3.73 - j49.72 3.73 + j49.72
B substations 2| 2 Two 2.68 - 128.46 0.89 +j9.92 -1.79 +{19.84
3 Three 7.46-199.44  -7.46 + j09.44

4 Four -0.80 +0.92 -7.46 +j09.44 11.92 - j147.96 -3.57 + j39.68
5 Five -3.73 + 49.72 -1.79 +{19.84 -3.57 +j39.68 9.00 - ]108.58

2 Madel Explorer: YBus

B Transfer Diractions

Solution Details

HH Bus Zero-Impedana
B Fast Decoupled BPI
HH Fast Decoupled BPE
HH Mismatches

HH outages

Bl Post Power Flow So
[ Power Flow Jacobia
HH remately Regulatec
HH Time step Actions
HH ¥Bus

Case Information and A
Contingency Analysis
Optimal Power Flow
Tools and Add Ons
Transient Stability
User-Defined

Open New Explorer Search Search Now Options «
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You might face the problem that you run the program, but you do not see power flow arrows to

solve this go to options tab and increase the animation size as shown below:

B-LePRPHEHREORE-- NewOnel - Case: newegseowh Status: Initialized | Simulator 20 GSO - X
CaseInformation ~ Draw  Ondines  Tools | Options | AddOns  Window @ - = n
e — Misc. Power Flow - T:kli Animation - Pie Chart ~ Dynamic Farmatting - %) Abort
Solution ~ -] Show EValues.. [Keyboard Shortcuts 5 Log
Simulator Oneline
RunMode | o ome., | CaseInfo Options - | ontiane.. Density |10 # lwing... Find Text in Oneline... | i script
4
Mode Case Options o General Pptions Lo ~
B size 10 B p g

Parameter |Actual

Animated Flow Size

' Animated Flow
' Animate Size
W Scale Speed
Max Line |300 3
Max Zoom Resize 200 »
Minimum Size in Pixels |0 -
Auto Set
Flow Viz Type |Actual MW v
fil v Fin Lime v |-
fit v i |l e v
[ EEES v
Wit FroF i [l s v
fil proF counter Fill |l Black v
symbol |Arrows v
Animation Rate |42.857 "
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+ Fault analysis:
» Three phase symmetrical fault:

1. Fault analysis can only be performed when Simulator is in Run Mode.

2. To perform a 3-phase symmetrical fault you need to insert the sequence specific data for
generators, transformers, and transmission lines.

3. This data is loaded by double clicking on each component e.g. double click on a
transmission line to open the “branch options” window, then select “fault info” tab as

shown in the figure below:

Branch Options - - KN
Line From Bus To Bus Circuit - Find By Numbers
nomper 5| [ JE -
: = Find By Mames
Mame |FI'-.|'E | -
| Find ...

| |F|:uur
Area Mame |1 (1 | |1 (1

Labels ... |nn Iz

From End Metered

Default Owner (Same as Fram Bus)

|=n

s |

l

Display Parameter] FaultInfo bwner, Area, Zone, Sub  Custom  Stability

[ ]Treat as open circuit in zero sequence

Zero Sequence Impedance Zero Seguence Line Shunt Admittance Ground Impedance
R 0.005625 From G: 0.000000 R+ | 0.000000
X 0.062500 From B: 0.000000 X | 0.000000
C: 0. 440000 To G: 0.000000 R2: | 0.000000
Secondary Zero Sequence Imp ToB: 0.000000 X2: | 0.000000
R2: 0.000000 Meutral Impedance
%2 0.,000000 Meutral R« | 0.000000
Meutral ¥ ¢ | 0.000000
Mote: Configuration only determines the grounding of the transformer windings.
Phase shifters must be entered as part of the Transformer Control data.
QK Save Save to Aux Cancel Help
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4. Note that we have not inserted any data in this tab previously, typically simulator assumes

that if no zero-sequence data is given for a branch that the zero-sequence impedance is

defaulted to 2.5 times the positive sequence impedance, this is where this data came from.

5. Anexample of sequence data is given in tables below which was taken from example 7.5

in the course book.

TABLE 7.3 Machine Subtransient Reactance—X
. Bus {per unit)
Synchronous machine
data for 0.045
SYMMETRICAL 4 00225

SHORT CIRCUITS
program* *§._. = 100 MVA
Viese = 15 kV at buses 1, 3
=35kVatbuses2, 4 5

TABLE 7.4 Equivalent Positive-Sequence Series Reactance
Line data for Bus-to-Bus {per unit)
SYMMETRICAL 1 4 0.1
SHORT CIRCUITS 1 g 0.05
program 4.5 0.025
TABLE 7.5 Leakage Reactance—x
Transformer data for il (per unit)
SYMMETRICAL {35 0.02
SHORT CIRCUITS 3.4 0.01
program
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ATV

6. To insert this data, you have to double click on each component, and go to the “fault

info” tab, then inset the data there. For example, the data for the generator is shown below

Generator Options

Bus Mumber | 1

| = Find By Mumber Status
: () Open
Bus Mame |OnE | Find By Mame @ Generator MVA Base
Closed
ID Find ... 100.00

Area MName |1 | Fuel Type | Unknown w

Labels ... |I'|D labels | UnitType | UN (Unknown) w
Display Information  Power and Voltage Control  Costs | Fault Parameters Bwners, Area, etc  Custom  Stability
Generator Impedances

Generator Step Transformer

Meutral Grounded R:

0.00000
X: 0.00000
Internal Sequence Impedances Tap: 1.00000
R: X
Posive | 0.00000 | | 0.04500 |
Meutral-to-Ground Impedance
Negative | 0.00000 || 0.00] | o S 00000
0.00000 0.0
Zero | | | X 0.00000
QK Save Save to Aux

Cancel Help
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7. The sequence data for a transformer is shown below:

Eranch Cptions -

Transformer From Bus To Bus Circuit

= Find By Mumbers
Number [+ x| _
-~ Find By Names
Mame |Three | |F|:||_|r |
Find ...
Area Mame |1 (1 | |1 (0 |
From End Metered
Default Owner (Same as From Bus)
Labels ... |nn labels |

Display Parameters Transformer Control  FaultInfo  owner, Area, Zone, Sub  Custom  Stability

|:| Treat as open drcuit in zero sequence

Zero Sequence Impedance Zero Sequence Line Shunt Admittance Ground Impedance
R: 0.000000 From G: 0.000000 R | 0.000000

X 0.010000 From B: 0.000000 X | 0.000000

C: 0.000000 To Gt 0.000000 RZ: | 0.000000

Secondary Zero Sequence Imp ToB: 0.000000 X2: | 0.000000

RZ: | 0.000000 Meutral Impedance
X2 0,000000 MNeutral R ¢ | 0.000000

Meutral X ¢ | 0.000000

Configuration |Unknown

Mote: Configuration only determines the graunding of the transformer windings.
Phase shifters must be entered as part of the Transformer Control data.

QK Save Save to Aux Cancel Help
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8. To start fault analysis, make sure that you select the run mode, then go to tools tab and

select “fault analysis”, then the following window will show up:

B pHIGRE OH- - Fault Analysis - Case: Example7_5.pwb Status: Paused | Simulator 20 GSO — be
CaseInformation  Draw  Onelines | Tools | Options  AddOns  Window @--H
§ () Abort &l @ i dt 7 | 47 Fault Analysis 5% [a—
Edit Mode | = H % dx & 7
5 Log Solve ~ T 4 Time Step Simulation... AX = Other -
Run Mode Single Solution  Simulator Contingengy  RAS = CTG  Sensitivities _ Limit Difference  Scale Model  Connections
W script - _Full Newton  Options.., =~ Restore ~ Analysis...  Case Info - Line Loading Replicator... | ponitoring..  Case~  Case..  Explarer.. -
Mode Log Power Flow Tools Run Mode Other Tools Edit Mode ~
Units
Run Faults Abort (5‘ On [inserts a temporary bus to represent t Fault Analysis  a Branch. WARNING: Will make solution slower
Bl s Mote - If Unchecked: if Fault Location >='§'U'mmt{u:atlun =ToBus, else Fault Location = FromBus
Fault Definiti
— Fauit Definitions
Optians FAT Bk 8 5% # 8% | Records~ Set+ Columns - . . B Pt - B Options+
Sequence Data
Fault Name Skip |Solved| Fault Object | Fault |Type for |Typefor|  Fault Fault Fault 1 Fault1 |Fault1 Fault 1 Fault 1 Fault 1 Thev R|Fault 1 ThevX| Fa
(File Format) [Location| Fault 1 | Fault2 | Resistance | Reactance |Current Mag | Current Ang [Subtrans Mag|Subtrans Mag|Subtrans Mag| Curre
A [pu) B lpy Clpul
[Fone Definet
< >
Auto Insert. Load Data... | | Save Data I Close ? Help

B-LRHERE®E-- Fault Analysis - Case: Bxample?_S.pwb Status: Paused | Simulater 20 GSO

Case Information Draw Onelines Tools Options Add Ons Window

(X) Abort )| i df 47 Eault Analysis ~ [—
Edit Mode | 2 PO . ® ’ t@ iy BT &18 &
[F Log Solve - 4 T<F (4 Time Step Simulation... AX = Other ~
Run Made Single Solution  Simulator Contingency  RAS + CTG  Sensitivities Limit Difference  Scale Model  Connections
T seript - -Full Newton  Options., ~ Restere - Analysis..  Case Info - - Line Loading Replicator.. | ponitoring..  Case~  Case..  Explorer.. -
Mode Log Power Flow Tools Run Mode Other Tools Edit Mode ~
Run Faults Abort
Fault Definitions e
 Single Fault
Bus Records Clear Clear/Clase
Lines
Generators Choose the Falted Bus Fault Location Fault Type
Lna.ds I Sortby CName @ Number (®) Bus Fault (O single Line-to-Ground (@ 3 Phase Balanced
Switched Shunt Buses| (O InLine Fault (O Line-to-Line () Double Line-to-Ground
¥-Bus Matrices
Options 0 00 o = [Feuttcumrent
Sequence Data % ft;;\‘r?ﬂﬁaiﬂclél:‘]u] Scale Current By: Subtransient Phase iurrent
. pu. leg.
4 (Four) [345.0 kY] Fault Impedance IfMagritude:  [0.000 . b |
5(ve) B0 ol po |
If Scaled Mag: [0.000 puu.
If Angle: 0.00 deg.
Units:
®pu, O Amps
BusRecords Lines Generators Loads Switched ShuntBuses Y-Bus Matrices

7] Bhefk %8 5% @& M | Records - Geo~ Set+ Columns +

xg, ngg. L d ﬁv iﬁrﬁ fixy~ B | Options ~

Number | Hame | Phase Volt A | PhaseVoltB | PhaseVoltC | Phase Ang A | Phase Ang B | Phase Ang C

n

=

Auto Insert... Load Data... Save Data...

1 Close P Help
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10. Note the indicated fields in the previous figure, you can select the fault type, and the

faulted bus, after that click calculate, and note the results as shown in the next figure

B RN TRBE®E - Fault Analysis - Case: Example7_5.pwb Status: Paused | Simulator 20 G50 — x
Case Information  Draw  Onelines | Tools  Options  AddOns  Window o - =H
§ (%) Abort g @ i df T 47 Fault Analysis - 5% [—
Edit Mode [BE dx i QT
5 Log Solve - 4 T {4 Time Step Simulation... - AX = Other ~
Run Mode Single Salution  Simulator Contingengy  RAS = CTG  Sensitivities Limit Difference  Scale Model  Connections
WRsciet - | uimewton  Options. = Restore - Analysis..  Caselnfo - Line Loading Replicator.. | mgnitoring..  Case*  Case..  Explorer.. -
Mode Log Power Flow Tools Run Mode Other Tools Edit Mode ~
Run Faults Abort
Fault Definitions
Single Fault
v Single Fault ngie Fad
|_Calcuiate | Clear Clear/Close
- Lines
-~ Generators Choose the Faulted Bus Fault Location Fault Type

Loads <] Sortby (JName (@ Number (®) Bus Fault (D single Line-to-Ground (®) 3 Phase Balanced

Switched Shunt Buses () In-Line Fault OLine-to-Line (O Double Line-to-Ground

¥-Bus Matrices
Options 1(One) [15.00K o Fault Current
Sequence Data : g:'f’e)e)[sai'uu;‘ﬂv] Scale Current By: [1.00000 Subfransient Phase Current

- pou. eg.
4 (Four) [35.0kV] Fault Impedance

5 (Five) [345.0kV]

fMagritude: [37.5%  |p.u.

37.5% | [-60.00
If Scaled Mag:  [37.536 . .
Y‘ If Angle: 50,00 deg. 8

®pu O Amps

BusRecords lines Generators Loads Switched ShuntBuses  Y-Bus Matrices

A7) Ba Al %3 5% | @ 88, | Records~ Geo~ Set~ Columns- [Eg- |- WA~ ¥ B~ ¥ ro- F | options -

Number |  Mame | Phasevoita | Phasevolts | PhasevoltC | Phaseanga | PhaseAngs | Phaseang C
i Tone 0.00000 0.00000 0.00000 000 2000 T20.00
7 2 Two 038551 0.38551 038551 000 12000 120,00
3 3 Three 073043 0.73043 073043 000 12000 12000
] 4 Four 058841 0.58841 058841 000 12000 12000
s 5 Five 028406 0.28406 028406 000 12000 12000
< >
futo Insert... | LoadData... | SaveData...

. Close P Help

Run Mode Solution Animation Stopped [ac

| Viewing Present

Note: in the following link you can find a useful video tutorial as an additional help:
https://www.youtube.com/watch?v=q4De02324Ck
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The End
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