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Announcements

Start reading Chapters 3

Homework 1 is assigned today. It is due on
Thursday September 12

Reference for modeling three-phase lines is W.

Kersting, Distribution System Modeling and
Analysis, 4" Edition, CRC Press, 2018
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EMTP Network Solution
T

 The EMTP network Is represented in a manner quite
similar to what Is done in the dc power flow or the
transient stability network power balance equations or

geomagnetic disturbance modeling (GMD)

« Solving set of dc equations for the nodal voltage vector
V with

V=Gl

where G 1s the bus conductance matrix and | 1s a
vector of the Norton current injections
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EMTP Network Solution
T
* Fixed voltage nodes can be handled in a manner
analogous to what is done for the slack bus: just
change the equation for node 110 V; = Vi iyeq

* Because of the time delays associated with the
transmission line models G is often quite sparse, and
can often be decoupled

« Once all the nodal voltages are determined, the internal
device currents can be set (0007

: | ——

- E.g., in example 2.1 one we AT D2 ki
know v, we can determine v,y T oo o
(g

130%A




Three-Phase EMTP
T
« What we just solved was either just for a single

phase system, or for a balanced three-phase system

— That is, per phase analysis (positive sequence)

 EMTP type studies are often done on either

balanced systems operating under unbalanced
conditions (i.e., during a fault) or on unbalanced

systems operating under unbalanced conditions
— Lightning strike studies

* In this introduction to EMTP will just covered the
balanced system case (but with unbalanced

conditions)
— Solved with symmetrical components 5



Modeling Transmission Lines

o

« Undergraduate power classes usually derive a per
phase model for a uniformly transposed transmission

line
L = “onPr_ 5107 P jjm
27E

-~ ,.D
| m
s
D, = [dabdacdbc]% Ry = (rldlz"'dln)%

Ri = (rdlz---dln)% (note r NOT r')

gmair = g = 8.854x10™ F/m



Modeling Transmission Lines

T

* Resistance Is just the Q per unit length times the length

« Calculate the per phase inductance and capacitance per
km of a balanced 3¢, 60 Hz, line with horizontal phase
spacing of 10m using three conductor bundling with a
spacing between conductors in the bundle of 0.3m.
Assume the line is uniformly transposed and the
conductors have a 1.5 cm radius and resistance = 0.06
Q/km

L Jom - |« oM >
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Modeling Transmission Lines

I®
D. =(10x10x20 y_—12.6m
m

R, =(0.78x0.015x 0.3x 0.3) 3 =0.102m

L=2x10"In 12.6
0.102

=9.63x10""H/m = 9.63x10*H/km

RS = (0.015x0.3x0.3) '3 = 0.1105m
 27x8.854x10™

12.6
In A,1105

» Resistance is 0.06/3=0.02Q/km
— Divide by three because three conductors per bundle

C —=1.17x10"MF/m = 1.17 x108F/km




Untransposed Lines with Ground
Conductors
T

* To model untransposed lines, perhaps with grounded
neutral wires, we use the approach of Carson (from
1926) of modeling the earth return with equivalent
conductors located in the ground under the real wires

— Earth return conductors have the same SR
GMR of their above ground conductor ; o
(or bundle) and carry the opposite current T J | T ,

e S — ﬁ'"" _Earth surface_

 Distance between conductors Is

D, = 658.5 % m l il l

where p Is the earth resistivity in Q-m
with 100 Q-m a typical value




Untransposed Lines with Ground
Conductors

Al
« The resistance of the equivalent conductors is
R,=9.869x10~"xf Q/m with f the frequency, which is

also added In series to the R of the actual conductors

« Conductors are mutually coupled; we'll be assuming
three phase conductors
and N grounded
neutral wires

« Total current in
all conductors
sums to zero

(b) Simplified circuit



Untransposed Lines with
Ground Conductors

Alw
« The relationships between voltages and currents per
unit length is Ep | 1L
EBb Ib
ECC _ . Ic
0 =(R+ joL) N
0 INN

« Where the diagonal resistance are the conductor

resistance plus R, and the off-diagonals are all R,

* The inductances are ,_ =2x10" %%

GMR for the conductor (or bundle) km' = =kk
11



Untransposed Lines with
Ground Conductors

* This then gives an equation of the form

Z4 ! Zp
_ 7 é | a S -
E 4 211 Z12 Z) AV RV ATCIY P
Egy || Z2 £y Z | [ Zoa o L3N Iy
Eee |2 _ 2o  Zn 1 Zw o Zgww ||
0 || Zs Zy) Zy | Zyy Z4(3+N) Iy
: Iﬁ'i\‘r
, , , | , _
| O JLZev Zeinez Zaewns L Zeina o Zesneen) L
W I W
Zc Zp

* Which can be reduced to just the phase values

E,=|Z,-2,2,Z. |1,=2,1,

*  We'll use Z, with symmetrical components

12

o
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Example (from 4.1 in Kersting Book)

T
Given a 60 Hz overhead distribution line with the
tower configuration (N=1 neutral wire) with the phases
using Linnet conductors and the neutral 4/0 6/1 ACSR,
determine Z; in ohms per mile A
— Linnet has a GMR 0.0244ft, and R = 0.306Q/mile |
~ 4/0 6/1 ACSR has GMR=0.00814 ft and R=0. 59ZQ/m|Ie

- Rk-:9.869><10_7><f Q/m T«—'l>£‘ — -j
1S 0.0953 Q/mile at 60 Hz Py
_ Phase R diagonal values "

are 0.306 + 0.0953 = 0.401 Q/mile
— Ground 1s 0.6873 Q/mile

NI NNNNSN q\\\\\\?<%‘\

Figure 4.7 from Kersting 13


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&ved=0CAQQjRw&url=http://en.wikipedia.org/wiki/Common_Linnet&ei=8AzxUv6aCvLCyAHP64CAAQ&usg=AFQjCNEcrFuN7plN5B4eYoyZdd-X9BTJ5A&bvm=bv.60444564,d.aWc

Example (from 4.1 in Kersting Book)

A

« Example inductances are worked with p = 100Q2-m

D, =6585,/109/ ) m=850.1m = 2789 ft

L. =2x10" In(ka'jz 2x107" In(Dkk']

km

km

* Note at 2789 ft, D,,. Is much, much larger than the
distances between the conductors, justifying the
above assumption

14



Example (from 4.1 in Kersting Book)
T

* Working some of the inductance values

L, =2x107 In( 2783 j: 2329x10°H/m  EVven though
0.0244 the distances

* Phases a and b are separated by ﬁre V\{or?ed
2.5 feet, while it is 5.66 feet between  Nere In feet,
the result Is

phase a and the ground conductor _
In H/m because

L, =2x107 In(2789j 1.403x10°H/m  Of the units on
25
Ho

L, =2x10" |n(2789j 1.240x10° H/m
5.66

15



Example (from 4.1 in Kersting Book)

7

« Continue to create the 4 by 4 symmetric L matrix
« ThenZ=R + oL

- Partition the matrix and solve z =z, -7,Z.'Z. |
* The result in Q/mile Is

(0.4576 +1.0780 0.1560+ j0.5017 0.1535+ j0.3849"
Z =|0.1560+ j0.5017 0.4666 + j1.0482 0.1580 + j0.4236
01535+ j0.3849 0.1580+ j0.4236 0.4615+ j1.0651

16



Modeling Line Capacitance
T
* For capacitance the earth is typically modeled as a
perfectly conducting horizontal plane; then the
earth plane is replaced by mirror image conductors

— If conductor is distance H above ground, mirror image
conductor is distance H below ground, hence their

distance apart is 2H

FIGURE 4.23

Method of images

Earth plane

(a) Single conductor and earth plane

17



Modeling Line Capacitance

Al
The relationship between the voltage to neutral and
charges are then given as

an :_qu In km qu km

F)km: L In Hkm *Q
2ne D

km

P's are called potential coefficient: |

Where D, Is the distance o
between the conductors, H,, &
IS the distance to a mirror image
conductor and D, =R,

18



Modeling Line Capacitance

A

« Then we setup the matrix relationship

P, Pp
l’;n Paa Pah Pac' Pan] e panN Ua
’ffm Pba Pbb Pb(‘ an] e anN b
l{'n P{'a Pc'h P{'c P(_'n] e P('HN e
0 Pula Pa1b Puie Puini N T Unl
i 0 i i Pn Na me; PHN( PnNn] Pm’\fm’\f_ i (/nN_
Pc Pp

* Andsolve V,=|P,-P,P;'P; |Q,

19



Continuing the Previous Example

A

* |Inexample 4.1, assume the below conductor radii
For the phase conductor R, =0.0300 ft
For the neutral conductor R, =0.0235 ft

« Calculating some values
g, =8.85x107*F/m = 1.424x 107 uF/mile

p =1 [ 2X200 11 17710 2289 g4 57miterr
0.0300

"2, | 0.0300
P —11.177In @j = 35.15mile/uF
P =11.1771In 04148 = 25.25mile/uF
5.6569

20



Continuing the Previous Example

o

« Solving we get

(77.12 2679 15.84]
P, =| P,—PsP;'P. |=| 26.79 75.17 19.80 | mile/uF
15.87 19.80 76.29
0.0150 -0.0049 -0.0018
C,=[P,] =|-0.0049 0.0158 -0.0030 | pF/mile
-0.0018 -0.0030 0.0137 |

21



Frequency Dependence

T

« We might note that the previous derivation for L
assumed a frequency. For steady-state and transient
stability analysis this is just the power grid
frequency

* As we have seen in EMTP there are a number of
difference frequencies present, particularly during
transients
— Coverage is beyond the scope of this class

— An early paper is J.K. Snelson, "Propagation of
Travelling on Transmission Lines: Frequency Dependent
Parameters," IEEE Trans. Power App. and Syst., vol.

PAS-91, pp. 85-91, 1972
22



Power System Overvoltages
T
« Line switching can cause transient overvoltages

— Resistors (200 to 800Q2) are preinserted in EHV circuit
breakers to reduce over voltages, and subsequently
shorted

« Common overvoltage cause Is lightning strikes

— Lightning strikes themselves are quite fast, with rise
times of 1 to 20 us, with a falloff to %2 current within less
than 100 ps

— Peak current is usually less than 100kA

— Shield wires above the transmission line greatly reduce
the current that gets into the phase conductors

- EMTP studies can show how these overvoltage propagate
down the line 23



Insulation Coordination

Al
Insulation coordination is the process of correlating
electric equipment insulation strength with

expected overvoltages

The expected overvoltages are time-varying, with a
peak value and a decay characteristic

Transformers are particularly vulnerable

Surge arrestors are placed in parallel (phase to
ground) to cap the overvoltages

- They have high impedance during normal voltages, and
low impedance during overvoltages; airgap devices have
been common, though gapless designs are also used

24



Transient Stability Overview
T
* In next several lectures we'll be deriving models

used primarily in transient stability analysis
(covering from cycles to dozens of seconds)

« Goal is to provide a good understanding of 1) the
theoretical foundations, 2) applications and 3)
some familiarity the commercial packages

* Next several slides provide an overview using
PowerWorld Simulator
— Learning by doing!

25



PowerWorld Simulator
T
« Class will make extensive use of PowerWorld

Simulator. If you do not have a copy of v21, the

free 42 bus student version is available for

download at
http://www.powerworld.com/gloveroverbyesarma

 Start getting familiar with this package, particularly
the power flow basics. Transient stability aspects
will be covered in class

*  Free training material is available at
http://www.powerworld.com/training/online-training

26



Power Flow to Transient Stability
T
*  With PowerWorld Simulator a power flow case can be
quickly transformed into a transient stability case
— This requires the addition of at least one dynamic model

*  PowerWorld Simulator supports many more than one
nundred different dynamic models. These slides cover

just a few of them
— Default values are provided for most models allowing easy experimentation

- Creating a new transient stability case from a power flow case would
usually only be done for training/academic purposes; for commercial
studies the dynamic models from existing datasets would be used.

27



Power Flow vs. Transient Stability

T
Power flow determines quasi-steady state solution and
provides the transient stability initial conditions

Transient stability is used to determine whether

following a contingency the power system returns to a

steady-state operating point

— Goal is to solve a set of differential and algebraic equations,
dx/dt = f(x,y), g(x,y) =0

— Starts in steady-state, and hopefully returns to steady-state.

~ Models reflect the transient stability time frame (up to dozens
of seconds), with some values assumed to be slow enough to
hold constant (LTC tap changing), while others are still fast
enough to treat as algebraic (synchronous machine stator
dynamics, voltage source converter dynamics). 28



First Example Case

o

Open the case Example 13 4 NoModels
— Cases are on the class website

Add a dynamic generator model to an existing “no
model” power flow case by:

— In run mode, right-click on the generator symbol for bus 4, then
select “Generator Information Dialog” from the local menu

— This displays the Generator Information Dialog, select the
“Stability” tab to view the transient stability models; none are
Initially defined.

~ Select the “Machine models™ tab to enter a dynamic machine model for the
generator at bus 4. Click “Insert” to enter a machine model. From the
Model Type list select GENCLS, which represents a simple “Classical”
machine model. Use the default values. Values are per unit using the
generator MVA base. 29



Adding a Machine Model

Generator Information for Present - O
Status
4 Y .
Bus Mumber | ~ % |Find By Number O Open
Bus Mame |Bus 4 w | Find By MName (® Closed
= ST
Area Mame |Hl:lme (1) | YES (Online)
Labels ... |n0 labels Fuel Type | Unknown

Generator MVA Base| 100.00 UnitType  |UM (Unknown)

Power and Voltage Control  Costs  OPF  Faults  Owners, Area, etc.  Custom  Stability

Machine Models  Exciters Governors Stabilizers Other Models  Step-up Transformer  Terminal and State

Delete Gen MVA Base | 100.0 Show Block Diagram | | Create ¥Curve

Type | Active - GENCLS w Active (only one may be active)|  Set to Defaults
Parameters

PU values shownfentered using device base of 100.0 MyA  ~
H| 3.00000 )%
D| 0.00000 |5
Ra| 0.00000=
¥dp| 0.20000=

RComp| 0.00000 =

¥Comp| 0.00000 =

0K Save Save to Aux Cancel Help Print

Al%
The GENCLS

model represents

the machine

dynamics as a

fixed voltage
magnitude behind

a transient

Impedance

Ra + jXdp.

Press “Ok” when
done to save the
data and close the

dialog .



Transient Stability Form Overview

Alw
Most of the PowerWorld Simulator transient stability
functionality Is accessed using the Transient Stability
Analysis form. To view this form, from the ribbon

select “Add Ons”, “Transient Stability”

Key pages of form for quick start examples (listed under “Select Step™)

— Simulation page: Used for specifying the starting and ending time for the
simulation, the time step, defining the transient stability fault (contingency)
events, and running the simulation

~ Options: Various options associated with transient stability
- Result Storage: Used to specify the fields to save and where
~ Plots: Used to plot results

- Results: Used to view the results (actual numbers, not plots)

31



Transient Stability Overview Form

AlM

®

Transient Stability Analysis

Simulation Status |N0tIniﬁaIized

Run Transient Stability P
Select Step

- Simulation

-Options

-Result Storage

-Plots

-Results from RAM

- Transient Limit Monitors
-States/Manual Control
-Validation

SMIB Eigenvalues
Modal Analysis
Dynamic Simulator Options

Process Contingencies
@ One Contingency at a time
(Z) Multiple Contingendes

Save Al Settings To

Abo Restore Reference  For Contingency: Find | My Transient Contingency o
Simulation Add... Delete... Rename... Clone Contingency...
Contral  pefinitions ~ Violations

Simulation Time Values

Start Time (seconds)
End Time (seconds)

Time Step {cydes)

(C) Seconds
(®) Cydes

-
-
-

Categories |

Spedfy Time Step in

| Change...

Transient Contingency Elements

Summary Results

Generation  Load

Transient Contingency Manitor Violations

Limit Monitor Mame

Contingency Name

Mone

Insert | | Clear Al Insert Apply/Clear/Open Time Shift (seconds) n =
% "H“' *_.53 ;0_8 Records = Set = Columns = ' H.E' “%:A;E' 4 %' E%'E; fix) ~
Object Pretty Time Time Object
[Cycles) | [Seconds)
Mone Defined
<
Show Transient Contour Toolbar Auto Insert... Critical Clearing Time Calculator. ..

Defined

Help Close

32



Infinite Bus Modeling

T
- Before doing our first transient stability run, it is
useful to discuss the concept of an infinite bus. An
Infinite bus Is assumed to have a fixed voltage
magnitude and angle; hence its frequency is also

fixed at the nominal value.

— Inreal systems infinite buses obviously do not exist, but they can be
a useful concept when learning about transient stability.

~ By default PowerWorld Simulator does NOT treat the slack bus as an
Infinite bus, but does provide this as an option.

— For this first example we will use the option to treat the slack bus as
an infinite bus. To do this select “Options” from the “Select Step”
list. This displays the option page. Select the “Power System
Model” tab, and then set Infinite Bus Modeling to “Model the power

flow slack bus(es) as infinite buses” if it is not already set to do so.
33



Transient Stability Options Page

Power

it Stability Analysis

AlM

®

Infinite

SyStem tus  [Not Initislized /

=nt Stability Pause Abort For Contingency: | Find | My Transient Contingency
I\/I O d e I — Options
o Wﬂges made to option entries are saved immediately and will be applied during the next transi
P ag e torage General Power System Model Remedial Actions  Result Options  Generic Limit Monitors

Common  Load Modeling  Compatibility Options

Us

-Results from FLAM
-Transient Limit Monitors Power System Values Integration Method

-StatesManual Control Mominal System Frequency (Hz) 60.000 5 {®) Second Order Ru
-Validation Initial System Frequency (Hz) £0.000 | O Euler

‘... SMIB Eigenvalues
-Modal Analysis When Using Playin Models Set Initial Hz to Fjrst Value  Infinite Bus Modeling

‘... Dynamic Simulator Options System MVA Base

() No infinite buses {recommended setting)

(®) Model power flow sladk buses as infinite buses
Metwork Equations Solution Options
Frequency Measurement Options

Bus Frequency Measurement - -
Time Constant (Sec.) m -
Minimum PU voltage for relay - -
frequency measurement 8.300]<

[lcalculate Bus ROCOF {(Rate of Change of Freq)

Solution Tolerance (MVA)

Maximum Iterations

Abort after number of failed solutions
Force Metwork Equation Update
IUse Voltage Extrapolation

Inner Loop Mismatch Scalar [Juse Parallel Code

Handling of Initial Limit Violations
{®) Modify Limits and Run

Abort
Process Contingencies O o . ) .
@ One Contingency at a time O Run without Changing Limits

() Multiple Contingencies

Save All Settings To Load All Settings From Show Transient Contour Toolbar Auto Insert... Critical Clearing Time Calculator. ..

stahility run.

Defined Models

— O
” Bus
Distributed Computing  Transfer to Power Flaw
Island Synchronization
Angle Options Frequency Options
(®) Set to Degree Value () set to Hz Value
() set if » Degree Value () setif » Hz Value

()Mo Change (®) No Change

Degree Value = HzValue =

Geomagnetic Induced Current Options
Ignore GIC Effects (Option Set on GIC Form)
[ Just Calculate GIC with No Network Solution

GIC ¥F Time Constant (Sec) z

Help

Close

This page is also used to specify the nominal system frequencgg4




Specifying the Contingency Event
[
 To specify the transient stability contingency go back to
the “Simulation” page and click on the “Insert
Elements” button. This displays the Transient Stability

Contingency Element Dialog, which is used to specify
the events that occur during the study.

« Usually start at time > 0 to showcase runs flat

» The event for this example will be a self-clearing, balanced
3-phase, solid (no impedance) fault at bus 1, starting at
time = 1.00 seconds, and clearing at time = 1.05 seconds.

For the first action just choose all the defaults and select “Insert.” Insert
will add the action but not close the dialog.

For second action change the Time to 1.05 seconds the Type to “Clear
Fault.” Select “OK.,” which saves the action and closes the dialog. 35



Contingency Elements

Click to
Insert
new

elements

Summary
of all
elements

In
contingency
and time of

action

Inserting Transient Stability

M

®

Transient Stability Analysis

Simulation Status Mot Initialized

Fun Transient Stability PaL
Select Step

For Contingency:

Simulation

- Simulation

- Dptions

-Result Storage

-Plots

-Results from RAM
ansient Limit Manitors

y 4

Control

Violations

Definitions

Simulation Time Values

Start Time (seconds) 0.000 =
End Time (seconds) = () Second
e s ) 5 Ocx

Spedify Time Step in

Categories |

Find | My Transient Contingency =
Add... Delete. .. Rename... Clone C
Summary Results
Generation  Load
. Tripped | |:|.|:u:||| |:|.|:u:||
Islanded | 0.00| | 0.00|
| Change...

Transient Contingency Elements

™ Insert | | Clear all Insert Apply/Clear /Open Time Shift (seconds) 0.000 =
% "'| f.;.'g ;':'_E Records = Set~ Columns = * H.E* H&E* T
Object Pretty Time Time Object
[Cycles) | [Seconds)
> 1)Bus Bus 1 &0.0 Bus "1°
2|Bus Bus 1 63.0 Bus "1°
Process Contingencies
@ One Contingency at a time < 5
() Multiple Contingencies
6
Save All Settings To E Load All Settings Fram i Show Transient Contour Toolbar Auto Insert... Critical Clearing Time Calculator.)




Event Contingency Dialog

Available element type will vary with different objects

Transient Stability Contingency Element Dialog
Description 1.000: [Bus Bus 3] FAULT 3PE SOLID =
Insert Save Delete
Object Type Choose the Element
(Z) Branch/Transformer »|sortby (CMame () Number
(® Bus Filter | Advanced | Bus w
() Generator x| [JUse AreaiZone Fiters | Quick || Define || Remove
() Load |
(O switched Shunt 1(Bus 1) [138.0kV]
ODCLine 2 (Bus 2) [133.0kV
e — 3 (Bus 3) [138.0 K
njection Group 4(Bus 9 [13.30 kV]
() Line Shunt
() simulation
(D) Transformer
) Area
Time
Time (Seconds) 1.00000 |
Description
Type Parameters
® Apply Fauit Fault Type Balanced 3 Phase ~
Clear Fault
O Clear Fau Fault Across Solid i
O Open
0.00 :
0.00) 2
Calculate Effective Impedance from Sequer
[ 5elf Clearing Fault
Comment: | \
o OK ? Help x Cancel
N

AlM

®

37



Determining the Results to View
T
* For large cases, transient stability solutions can

generate huge amounts of data. PowerWorld

Simulator provides easy ways to choose which

fields to save for later viewing. These choices can

be made on the “Result Storage” page.

* For this example we’ll save the generator 4 rotor
angle, speed, MW terminal power and Mvar
terminal power.

* From the “Result Storage” page, select the
generator tab and double click on the specified
fields to set their values to “Yes™.

38



Result

Storage
Page

Generdfor
Tab

Result Storage Page

AlM

®

B Transient Stability Analysis

[E=N|EoE Ex3

Simulation Status Mot Initialized
For Contingency: |My Transient Contingency -
Select Step Result Storage
SIE;;:DH Where to Save/Store Results Save Results Every n Timesteps:
E-Result Storage Store Results to RAM (= =
: ] save Results to Hard Drive -

[} Store to RAM Cptions

Generator Save the Results stored to RAM in the PWE file

Store to RAM Cptions | Save to Hard Drive Options |

Mote: Al fields that are specified in & plot series of defined plot will also be stored to RAM,

DC Transmission Line

[ stare Results for Open Devices l Set All to MO for All Types l [ Set Save All by Type ... ]
Area

i Generator |Bus | Load | Branch IDC Transmission Line | Area IZDne |

-Save to Hard Drive Option:

setallno | ] By Ak %8 ;°_8| ik ?ﬁcﬂ Records * Geo v Set+ Columns ~ [Bg- |.E* e

L
=
=
=

4 1 2

Process Contingencies
@ One Contingency at a time

]
) Multiple Contingencies

[+ Plats et B | Options -
[#-Results Mumber |MName of| 1D Ares Save Al | Rotor | Rotar | Speed | Mech (MW Accel |Mwar  [Term.PU Field f
- Transient Limit Monitars From of Bus |Bus MName of Angle | Angle, Input |Terminal| MW |Terminal Voltage |CL
[+
. - LA
[ States/Manual Control Selection: Gen _ _ _NE Shift __ _ __ _ _ :P'-U i
& Yalidation é i g“s i 1 o © 1o 9 1o e o 1o 1o he
- SMIE Eigenvalues Make Plot || =] us o = - = - = - i~ i~ i

Save All Settings To ] l Load All Settings Froyr/
7

v

Double Click on Fields (which sets them to yes) to Store Their Valueg



Saving Changes and Doing
Simulation

Alw
« The last step before doing the run is to specify an ending
time for the simulation, and a time step.

* Go to the “Simulation” page, verify that the end time 1s
5.0 seconds, and that the Time Step is 0.5 cycles

- PowerWorld Simulator allows the time step to be specified in
either seconds or cycles, with 0.25 or 0.5 cycles recommended

« Before doing your first simulation, save all the changes
made so far by using the main PowerWorld Simulator

Ribbon, select “Save Case As” with a name of
“Example 13 4 WithCLSModel ReadyToRun”

* Click on “Run Transient Stability” to solve.
40



Click

to

run

the
specified
contingency

Doing the Run

Transient Stability Analysis

AlM

®

Simulation Status  Finished at 5.000

[ Run Transient Stability ] Pause
Select Step
4 - Simulation
¢ L.Contral
-Definitions
‘. Violations
- Qptions
-Result Storage
-Plots
-Results from RLAM
- Transient Limit Manitors
-StatesManual Control
-Validation
L. SMIB Eigenvalues

Abort Restore Reference | For Contingency: [My Transient Contingency "]

Simulation [ Add... ] [Delete... ] [ Rename. .. ]

Control |Deﬁnition5 | Violations

Simulation Time Values

Start Time (seconds) 0.000 = Specify Time Step in
= Seconds
End Time (seconds) 5.000 = -
@ Cydes
Time Step {cydes) 0.500 =

Categories

Transient Contingency Elements

[ Insert ] [Clear AII] [Insert Apply and Clear Fault| [Tlme Shift {seconds) ] 0.000 =
m % '>||“' f.;'.E ;':_'8 M ?&D Records = Set = Columns = E’E HE" "%‘;Ev ¥ 1%%; fix) = @ Option
Object Pretty Al Time Time Object
(Cycles) | (Seconds)
1Bus Bus 1 &a0.0 1.0000 Bus'1' FALLT 3
2|Bus Bus 1 53.0 1.0500 Bus'1' CLEARFZ

Once the contingency runs the “Results” page may be opened
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Transient Stability Results
T
* Once the transient stability run finishes, the
“Results” page provides both a
minimum/maximum summary of values from the
simulation, and time step values for the fields
selected to view.

« The Time Values and Minimum/Maximum Values
tabs display standard PowerWorld Simulator case
Information displays, so the results can easily be
transferred to other programs (such as Excel) by
right-clicking on a field and selecting
“Copy/Paste/Send”
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Continuing PowerWorld
Simulator Example

Alw
« Class will make extensive use of PowerWorld
Simulator. If you do not have a copy of v19, the free

42 bus student version Is available for download at
http://www.powerworld.com/gloveroverbyesarma

 Start getting familiar with this package, particularly the
power flow basics. Transient stability aspects will be
covered in class

* Open Example 13 4 WithCLSModelReadyToRun
— Cases are on the class website
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Lots of
options
are
available
for
showing
and
filtering
the
results.

Results: Time Values

Transient Stability Analysis

Al

Simulation Status

| Run Transient Stability
Select Step

Paus

Finished at 5.000

4 - Simulation
. - Control
- Definitions
- - Violations
- - Options
- - Result Storage
- Plots
- Results from FLAM
- - Transient Limit Monitors
- StatesManual Control
- Validation
.. SMIB Eigenvalues

Abort Restore Reference | For Contingency: |I'~'1y Transient Contingency

Results from RAM |

Time Values |Minimumﬂ~1.aximum Values | SUMmmary | Events I Solution Details|

Generator | Bus

| Load | Switched Shunt | Branch | DC Transmission Line | VSC DC Line I Multi-Termir

Colurmn Qrder

Rotor Anale. Mo Shift

H s # | Records ~ Set+ Columns = [E

|Clbjer_t then Field - | RURCERIL. e E
Column Fitering Time Gen Bus 4 | Gen Bus 4 | Gen Bus 4 | Gen Bus 4

) ——— #1Rotor | #1 Speed 1MW #1Mvar
Filter | Modify... | Angle Terminal | Terminal

1 i 20, 18 &0 100  58.5305
_ 7] 0.008 20,18 &0 100  58.5305
Use Area/Zone Filters 3 0.017 20.18 &0 100 58.5305
4 0.025 20,18 &0 100  58.5305
. . 5 0.033 20.18 &0 100  58.5305
e Rkl in Oy 6 0,042 20,13 &0 100  58.5305
7] Accel Mw 7 0,05 20.18 &0 100  58.5305
7| Field Current 3 0.058 20,18 80 100  58.5305
7] Field Voltage (ou) g 0.067 20,18 &0 100  58.5305
7] Mech Input 10 0.075 20,18 &0 100 58,5305
11 0.083 20,18 &0 100  58.5305
| Mvar Terminal 12 0.092 20.18 80 100 58.5305
7| MW Terminal 13 0.1 20,18 &0 100 58.5305
¥l Rotor Angle 14 0.108 20,18 &0 100  58.5305
= 15 0.117 20,18 80 100  58.5305

By default the results are shown for each time step. Results can be saved
saved every “n” timesteps using an option on the Results Storage Page
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Results: Minimum and Maximum
Values

Transient Stability Analysis EI@

Simulation Status  Finished at 5.000

Run Transient Stability For Contingency: [My Transient Contingency "]
- = Select Step Results
IVI I n I I I IUI I I ¢~ Simulation

- Time Values From RAM | Minimum/Maximum Values | summary | Events | Solution Details |

=- Result Storage {| Generatars
a n =8 Stare to RAM Options

%_4 +.0 .ou|

]
Records = Set = Columns - '

AliE AR, e fl L SORT o )
Generator 00 4.0 T e~ =7 T % v lm f(x) ﬁ | Options ~
I I laXI I ' |UI ' l fus 4 Mumber | Mame | Area Mame | Original Yolt | Min Valt | Time Min Volt | Max Volt | Time Max Volt | Max-Min v
oa!
Branch 1 1Bus1 Home 1.0477 1.0138 1.153 10816 4,792 0,
] L 2 2 Bus 2 Home 1.0000 1.0000 1.053 1.0000 1.053 0,
V al ues are DC Transmission Line 3 3 Bus 3 Home 1.0303 1,0082 4,525 1.0409 4,792 0.
Area 4 —1|Bus 4 Home 1.0971 1.0630 3.575 1.1143 4,808 a,

Zone

avai I ab I e - Gave to Hard Drive Optiony
[#- Plots

[=- Results

fo r al I --'I'|rne Values From RAM
- Minimum Maximum Values

© iBuses

generators ==

o GUMMAry

-Events

a n d b u S e S i Solution Details

(- Transient Limit Manitors
[#- StatesManual Control
[#- Validation

.. SMIB Eigenvalues

4 1 2

Process Contingencies
(@) One Contingency at a time ;
{7 Multiple Contingencies

Save All Settings To ] l Load All Settings From

AlM
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Quickly Plotting Results
T
« Time value results can be quickly plotted by using
the standard case information display plotting
capability.
— Right-click on the desired column
— Select Plot Columns
— Use the Column Plot Dialog to customize the results.
- Right-click on the plot to save, copy or print it.
« More comprehensive plotting capability is
provided using the Transient Stability “Plots” page;
this will be discussed later.
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Generator 4 Rotor Angle Column Plot

Al

Transient Stability Time 5Step Results Column Plot

E ]
Variables | Scale/Options N t- th t
Haorizortal iz W ariable Gen Bus 4 #1 Rotor Angle O I Ce a
fne v S S S IS | 8 O IS | S S | S| S S A
R R e the result

Vertical Az Yanables R N I I R B
Variable | Field | Plot? |'.'-f'idﬂ1 | Color | Style | Sty a0 ] R I S O, O O I E |
1 Mone  MNO 1 Solid  MNo i E i E i E i -
2|Ti Timein' C 1 solid 22 [ it Rt el e m O
3|Gen Bus 4 =1Rotar AniRator 1 YE3 1 (] Solid o N [ I R F IS un a pe
4|Gen Bus 4 =1 5pee d Speed | 1 [ solic 2] S RN It I O 2
5|Gen Bus 4 =1 MW Termppp Te! 1 I 5ol gzi_ PR R TR T N A S O - -
&Gen Bus 4 £1 Mvar Teriggg Te! 1 [ ol : F N N S T Y B IR R ER
bl damping IS
& H I B A HEEE I HR
I & 20 O EEEE SR D Rl T EF SV (EE
=+ ' ' ' ' ' ' ' -
°° 1111 provided by

Andreplotbychckmg damper

here Vo windings

3 R S S R | Y. A | SR | IR | I
=T T T T T T T T T T T T T T T T T T T T T T T
3 0 02040608 1 12141818 2 22 2426 28 2 3.2 34 38 18
Ime

= —— Gen Bus 4 #1 Rotor anglel
Pot 1 Ciose ~

Starting the event at t = 1.0 seconds allows for verification of
an initially stable operating point. The small angle oscillation

Indicates the system is stable, although undamped. 47



Changing the Case
T
« PowerWorld Simulator allows for easy modification of
the study system. As a next example we will duplicate
example 13.4 from earlier editions of the Glover/Sarma
Power System Analysis and Design Book.

« Back on the one-line, right-click on the generator and
use the Stability/Machine models page to change the
Xdp field from 0.2 to 0.3 per unit.

* On the Transient Stability Simulation page, change the
contingency to be a solid three phase fault at Bus 3,
cleared by opening both the line between buses 1 and 3
and the line between buses 2 and 3 at time = 1.34
seconds. 18



Changing the Contingency
Elements

Transient Stability Contingency Element Dialog = | = | ==
Description | 1.340: [Branch Bus 1 TO Bus 3 CKT 1] OPEN BOTH ~ |
Object Type Choose the Element
Simulation [=) sortby @) Name @) Number
Bus
Generator Search For Mear Bus Select Far Bus, CKT
Load \BLi= 2 (Bus 2) [138 kV] CKT 1
. 2 (Bus 2) [135 k] 3 (Bus 3) [138 kv] CKT 1
Switched Shunt . i - : -
HEnEa Shun 3 (Bus 3) [138 kv] 4 (Bus 4) [13.5 kV] CKT 1
@ AC Line Transformer 4 (Bus 4) [13.8 kv]
DC Line
Time
Time (Seconds) 1.34000 =
Description
Type Parameters
Apply Fault Which End Both Ends -
Clear Fault
@ Cpen
Close Percent Location {near to far) 0,000 =
Bypass
Mot Bypass
P o Ok ] | Save | | Insert | | Delets | | ‘? Help | | X cancel |

Change object type to AC Line/Transformer, select the right line,
and change the element type to “Open”.



Changing the Contingency

Transient Stability Analysis

Elements
AlM

®

Simulation Status  Finished at 5.000

[ Run Transient Stability ] Pause
Select Step
| Simulation
! Control
Definitions
; Violations
> - Options
» - Result Storage
» - Plots
4 -Results from RAM
4 - Time Values
- Generator
- Bus
- Load
- Switched Shunt
- Branch
- DC Transmission Line
- V5C DC Line
- Multi-Terminal DC Rece
- Multi-Terminal DC Com
- Areg
- Zone
- Interface
- Imjection Group
- Minimurm,Maximum Values
- Summary
- Ewents

LT NP S

Abor Restore Reference | For Contingency: lMy Transient Contingency "]

Simulation [ Add... ] [Delete... ] [ Rename... ]
Contral | pefinitions | Violations

Simulation Time Values

Start Time (seconds) 0.000 = = Specify Time Stepin

+ () Seconds
End Time (seconds) 5.000 = -
@ Cydes

Time Step (cydes) 0,500 =

Categories

Transient Contingency Elements

[ Insert ] [Clear J!\JI] [Insert Apply and Clear Fault] [Tlme shift {seconds}] 0,000 =

By ok %9 Records * Set = Columns = B~ | g Al Options -

Object Pretty Time Time Description Enabled|
1|Bus Bus 3 FALLT 3PE SOLID
2|Line Bus 1 TO Bus 3CKT 1 OPEN BOTH
3|Line Bus 2 TO Bus 3CKT 1 OPEN BOTH

Contingency Elements displays should eventually look like this.

Note fault is at bus 3, not at bus 1.

Case Name: Example 13 4 Bus3Fault )



Gen Bus 4 #1 Rotor Angle

140
130
120
110
100

©
o

80

AW N e BN WD O oo N
S & 3 0 oo o &5 o & o
1 1 1 1 1 1 1 1 1

(1 NN NN /N Alsonote

ENERET NN I i oscillation

| - ................. ......... .......... ......... e .......... ........ .......... .......... .......... frequency

Results: On Verge of Instability
T

Gen Bus 4 #1 Rotor Angle

N e that the

has
decreased

L L L I B o o B B L o B B B B L L s e |
0 02040608 1 12141618 2 22242628 3 32343638 4 42 4446 48 5
Time

Gen Bus 4 #1 Rotor Angle I
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A More Realistic Generator Model

AlM
 The classical model is consider in section 5.6 of the
book, as the simplest but also the hardest to justify

~ Had been widely used, but is not rapidly falling from use

 PowerWorld Simulator includes a number of much more
realistic models that can be easily used

— Coverage of these models is beyond the scope of this intro

* To replace the classical model with a detailed solid rotor,
subtransient model, go to the generator dialog Machine
Models, click “Delete” to delete the existing model,
select “Insert” to display the Model Type dialog and
select the GENROU model; accept the defaults.
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GENROU Model
Al

Generatar Infermation for Current Case (3]
Bus Mumber 4 - :—Z‘: | Find By umber | Status Th G E N R O U I ' l d I
= ————— Open e O e
Bus Mame  Bus 4 - | Find By Mame | Generator MVA Base
— @ Closed =
D 1 o) provides a good
AreaName  Home (1) Fuel Type |Llnlmown vl

(] it R T - | approximation for the

Power and Yoltage Control | Costs | OPF | Faults | Owners, Area, etc, | Custom | Stability

Machine Models | Exciters | Governors | Stabilizers | Other Models | Step-up Transformer | Terminal and State be h a'V i O r Of a Syn C h ro n O u S
foIneert | | Delete | Gen MyA Base  100.0 |W| |M| g e n e rato r Ove r th e dyn am i CS

Type | Active - GENROU v | [¥] Active (only one may be active)  Defaults: | -

of interest during a

|PU values shownjentered using device base of 1000 MVA

H  3.0000 = ¥dpp=¥gpp  0.1800 = 5{1.2)  0.0000 = tranSient Stabi I ity StUdy
RZ IZI.EIEIIZIIJE Xl -J.15-J-JE RComp IZI.EIEIIZIIJE (up tO about 10 HZ).

0.0000 = Tdop 7.0000 = KComp 0.0000 =

¥d 21000 = Tgop  0.7500 =

It Is used to represent a
o s solid rotor machine with
three damper windings.

| \/OK | | Save | | xCanceI| | ? Help | | Print
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