Power Flow Analysis and

Vol tage Control usi ng S mul ator

Formulation of the power flow problem
Newton’s method for solving the power flow

Description of the Power World Simulator
Options Dialog accessed from the Options ribbon
tab, Simulator Options button.

Explanation of voltage-related controls
— generator AVR

— transformer taps
— switched shunts
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Overal S mulator Solution
hodol
Methodology

o Simulator actually uses THREE nested |oops
to solve the power flow

« MW Control Loop

— Voltage Controller Loop Voltage
Traditionally | Control

» Inner Power Flow loop| ¢&'dthe Loop aso
Power Flow

covered in

Solution this section

MW Control Loop also covered later
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Formulation of Power Flow:
“Inner Power Flow Loop”

e Goal I1sto solve the nonlinear power balance
equations for all system buses

 For an n bus power system
| = Ybus \
where
| = complex vector of current injection at all buses
V = complex vector of voltage at all buses
Y s = complex n by n bus admittance matrix
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Nonlinear Power Flow Equations

« Complex nonlinear power balance equations
S =V* |
S =V*Y,.V
e Convertto 2(n-1) rea equations
S=9g(x) orf(x)=0
where
S =2(n-1) power injections
X = 2(n-1) voltage magnitudes and angles
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Slack and PV Buses

« Exactly one busin each electrical island is
designated as a slack bus

— provides an angle and voltage reference
— must be a bus with a generator
— voltage angle and magnitude fixed

— real/reactive output of generator free to vary

e Simulator tries maintain them within limits, but if that is not
possible, this generator will violate limits

At AVR generator buses (PV buses)
— voltage magnitude is fixed
— reactive output of generator isfreeto vary

At other buses (PQ buses)
— Power and Reactive power injections are fixed

©2008 PowerWorld Corporation
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Solving the Power Flow

Eguatlons

* Nonlinear equations must be solved
iteratively

 There are a number of common solution
methods

— Newton's Method
o Simulator uses an enhanced Newton’ s method
algorithm
— Fast Decoupled
 an option in Simulator

— Gauss-Seidel

 presently not available in Simulator
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Newton’s Method

Guessinitia value of voltages x°®, k=0
Repeat
While ( [f(xK)| > ¢ ) and (k < k™) Do
Xkl = xk - [J(xK)]L f(xK)
Kk = k+1
End While

Until (no more automatic control changes)

©2008 PowerWorld Corporation
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Newton’s Method

Where
Kk

kmax

wk
f(xK)
e

J(xK)

©2008 PowerWorld Corporation

Iteration count

Maximum number of iterations
Voltages at the k! iteration
Mismatch equations
Convergence tolerance (in MVA)
Jacobian matrix
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Seven Bus Example

e Open case B7TFLAT.PWB, switch into Run
Mode and make sure Message Log visible.

e Toview initial mismatches, go to the Case
| nfor mation ribbon tab and select M odel
Explorer. Inthe Network category select
Mismatches. All mismatches areinitially
lessthan 0.1 MVA.

e Open line from bus 2 to bus 5; refresh the
mismatches. There are now large values at
buses 2 and 5. Solve the case.

©2008 PowerWorld Corporation
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Power Flow Solution

* o tothe Tools ribbon tab and select Single
Solution to resolve the power flow
equations.

* Refresh the mismatch display; notice that
mismatches are again lessthan 0.1 MVA.

* Notice that voltage magnitude has remained
fixed at the generator buses. Thisis
because they are being modeled as PV
buses.
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Simulator Options:

Power Flow Solution Page -

* To customize the power flow solution, go to the
Options ribbon tab and select Simulator Options

->Power Flow Solution page

0 PowerWorld Simulator Options

Select Option Category Power Flow Solution

Case Information Displays

Erviranment Commen Options | Advanced Options || Island-Based AGC || DC Options || General | Storage

File M. t
Lilr:its et Power Flow (Inner) Loop Options Controller (Middle) Loop Options
Meslsage Log MVA Convergence Tolerance 0,100 :: Generator VAR Limits
Cneli
- . Disable Checking Gen VAR Limits
Puwer Flow Solution Maximum Number of Iterations 100 | & . ) g '
[Jcheck Immediately
[Joo only One Iteration

[ pisable switched Shunt {55) Contral

M Control (Outer) Loop Options
[Jpisable LTC Transformer Control

I hi S Wi | | O er] [Jpisable Automatic Generation Contral {AGC)
p [JEnfarce Generator MY Limits [ pisable Phase Shifter Control

Transformer Stepping Methodology
(%) Coordinated Sensitivities

tO t he COm mon () self-Sensitivity Only

[Jrrevent Controller Oscillations

Optionstab by S B
default

<

Restore Defaults

[ o OK ] [Savetohux ] [ X cancel ] l ? Help
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Simulator Options.

Power Flow Solution Page
X

e Common Options Tab

— MVA Convergence Tolerance
* the tolerance for the inner power flow loop
e Must be larger than zero

— Maximum Number of Iterations
 the maximum iterations for the inner power flow loop

— Do only one iteration
e Same as setting Maximum Number of Iterationsto 1.

— Disable Automatic Generation Control (AGC)
disables enforcement of MW interchange for entire
case.
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Simulator Options.

Power Flow Solution Page

e Common Options Tab

— Unchecking Enforce Generator MW Limits
means generator MW limits are not enforced

— Gen MVAR Limits

 Disable Checking means generator MVAR limits
are not enforced

e Check immediately meansthe MVAR limits are
checked and handled first before a solution iteration

IS run
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Simulator Options:

Power Flow Solution Page
X

e Common Options Tab
— Disable Switched Shunt Control (affects entire case)

— Disable LTC Transformer Control (affects entire
case)

— Disable Phase Shifter Control (affects entire case)

— Transformer Stepping Methodol ogy

« Coordinated Sengitivitieslooks at all transformers that are
out-of-range and coordinates the movement to bring all
back within regulation range

» Self-Sengitivity Only looks at each transformer
Individually and determines the sensitivity of its regulated
value with respect to changing its own tap or phase only
©2008 PowerWorld Corporation |'7-14



Simulator Options.

Power Flow Solution Page
X

e Common Options Tab

— Prevent Controller Oscillations

 keeps controlled devices from continually switching
between two control states for the entire case

— Maximum Number of Controller Loop Iterations

* The voltage control loop will be limited to this many
Iterations
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Simulator Options:
Power Flow Solution Page

e Advanced Options Tab

PowerWorld Simulator Options

Select Option Category Power Flow Solution |
Case Information Displays —_———————
Environment Common Options | Advanced Options | Island-Based AGC || DC Options || General | Storage
File Management
Limits [ oynamically add jremave slack buses as topology is changed (Allow Multiple Islands)
Mess_age Leg [ Define Post Power Flow Solution Actions ]
Cneline
Power Flow Solution Power Flow {Inner) Loop Options Control (Middle) Loop Options
[Joisable Power Flow Optimal Multiplier [Jpisable Treating Continuous 555 as PV Buses
[1nitiglize from Flat Start Values [] pisable Balancing of Parallel LTC Taps
Minimurn Per Unit Voltage for [IModel Phase Shifters as Discrete Controls

Constant Power Loads 0.800 |3 Min. Sensitivity for LTC Contral 0.0500 2
rY
Constant Current Loads 0.500 [i§ [Joisable Angle Rotation Processing

Sharing of generator vars across groups of buses during remote regulation
(%) allocate across buses using the user-specified remote regulation percentages
() Allocate so all generators are at same relative point in their [min .. max] var range
() allocate across buses using the SUM OF user-specified remote regulation percentages
Mote: Generators at the same bus always allocate vars so they are at the same
relative point in their [min .. max] var range
Options for Areas on Economic Dispatch

Include Loss Penalty Factors in ED
|:| Enforce Convex Cost Curves in ED

Restore Defaults
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Simulator Options.

Power FHow Solution Page
« Advanced Options Tab

— Dynamically add/remove slack buses as topology Is
changes (Allow Multiple Islands)
 If asingleidand is split into two islands (by opening lines),
then a new slack bus is chosen (generator with the largest MW
limit is chosen)
— Post Power Flow Solution Actions

* Allow you to define alist of conditional actions (much like a
contingency definition) which occur at the end of EVERY
power flow solution.

* An example would be loads that are automatically taken out of
service when the voltage drops too low.

©2008 PowerWorld Corporation |'7-17



Simulator Options:
Power Flow Solution Page

« Advanced Options Tab

— Disable Power Flow Optimal Multiplier

 The optimal multiplier isamathematically calculated step size
for Newton’s Method that prevents the mismatch equations
from increasing between iterations.
— Initialize From Flat Start Values always starts power
flow solutions with voltages at 1.0 per unit and angles
equal to the dack bus angle (not recommended)

— Minimum Per Unit Voltage for Constant Power Loads
and Constant Current Loads

At voltages less than the defined val ues, the constant power
and constant current loads will be reduced

* To disable either of these features, set the valuesto 0
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Simulator Options.
Power Flow Solution Page

« Advanced Options Tab

— Disable Treating Continuous SSs as PV Buses

 Continuous switched shunts are normally treated as buses with
fixed power and voltage inside the inner power flow loop.

— Disable Balancing of Parallel LTC taps

» Paralel LTC taps normally have their tap values synchronized
to prevent circulating Var flow.

— Model Phase Shifters as Discrete Controls
» Phase shifters will switch tap positions discretely based on the
tap step size
— Min. Sengitivity for LTC Control

 Transformers with a sensitivity lower than thiswill be
disabled.
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Simulator Options:
Power Flow Solution Page

* Advanced Options Tab

— Disable Angle Rotation Processing

* Voltage angles are rotated so that the anglerangein anisland is
equally spaced around zero degreesif any angles fall outside +/- 160
degrees

— Sharing of generator vars across groups of buses

 Allocate across buses using the user-specified remote regulation
percentages

» Allocate so all generators are at same relative point in their
[min..max] var range

 Allocate across buses using the SUM OF user-specified remote
regulation percentages

— Options for Areas on Economic Dispatch

* Include Loss Penalty Factorsin ED will consider lossesin

determining the dispatch

» Enforce Convex Cost Curvesin ED will turn units that are operating
outside the convex portion of their cost curve off automatic control

©2008 PowerWorld Corporation 1'7-20




Solution Options Toolbar

« Select the Solution button on the Case Options
ribbon group. Note that most of the settings on the

dialog are available.

Same Setting

Common Options | Advanced Options I Island-Based AM DC Options I General I Storage |

Power Flow {Inner) Loop Optiog Controller (Middle) Loop Options

MyA Convergence Tolerance 0,100 = Generator VAR Limits

- Dizable Checking Gen VAR, Limits
Maximum Mumber of Iterations 50 = 0 ) & !
[ check Immediately

[ Do Only One Iteration
|| Disable Switched Shunt {55) Contral
My Contraol (Outer) Loop Options
[ Disable Automatic Generation Contral (AGC)
Enforce Generator My Limits

[ isable LTC Transformer Contral

|| Disable Phase shifter Contral
Transformer Stepping Methodology
@ Coordinated Sensitivities

() Self-Sensitivity Only

Prevent Controller Oscillations

Maximurn Mumber Controller M
Loop Iterations

©2008 PowerWorld Corporation

Case Information Draw Onelines Tools

7 [ Misc. Power Flow —
T

tinn.=

@‘], Houe g o nCase:: FirstCase:.pwb:Status:: Running (PF) | Simul3tar 13 o T
=

Options

&

Add Ons Window (@

Convergence Tol. 0.1

Edi
dit Mode N
Run Mode Simulator
Options...
Mode cam
(e

Model Explorer: Bu

Explore
Explore | Options | v

Max Iterations |30

Max Control Loop Itr. |20
Only One Iteration
Disable Opt. Mult.
Enforce Gen MW Limits
Disable AGC

4k A H A4k

244
2% | * Records - Geo

[ Recent me Area Name Mom K
= LJET‘groar:ches " & | Disable Gen VAR Limits 3 3
& Branches s Gen VAR Immed. 1 i
X | Disable Shunts
W | Disable LTCs
Min. Sense for LTC |0.01 :
BB Loads - E | Disable Phase Shifters
HH Mismatches Model Phase as Discrete
2 o Prevent Controller Oscill.
i Island-Based AGC |Disable (Use Arez -
=] Aggreéaﬁonls Island AGC Tolerance |5 :
.;EE Areas
Run Mode Solution Animat AC Vier
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Simulator Options:
Power Flow Solution Page

e |dand-Based AGC Tab

0 PowerWorld Simulator Options

- AI I OW | Oad and Select Option Category Power Flow Solution

Case Information Displays
Enviranment

ger]eratl On sl e Island-based Automatic Generation Control (AGC)

Commaon Options | Advanced Options | Island-Based AGC | DC Options | General | Storage

Lirnits
l (") Disable {Use the Area and Super Area Dispatch settings) Island AGC Tolerance
1 Oneline () se Participation Factors of individual generators -
balancin S EmET— o= ,, T
(") Calculate Participation Factors from Area Make Up Power Values

(") Dispatch using an Injection Group (Loads and Generators will respond)

across an island, >
Instead of Areas|
Or SLIper A re% How should reactive power load change as real power load is ramped?

<
Options —

used for — L

Injection
Group
Dispatch (X ] [0
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Simulator Options:
Power Flow Solution Page

« DC Options Tab

— Use DC Approx. in
Power FI OW / —_ © PowerWorld Simulator Options

Select Option Category Power Flow Solution

Case tion Displays =

Environment Common Options || Advanced Options || Island-Based AGC | DC Options | General || Storage

File Management L . .

Limits [l use DC Approximation in Power Flow /OPF/SCOPF

. gﬁzﬁ:ge Log DC Power Flow Model Compensate for Losses
° Ch k th b P Flow Zoluti Mote: These settings also affect the Lossless DC sensitivity by Adjusting the Load
a: I S OX D calculations such as on the PTDF and TLR,/GSF dialogs

DC Power Flow Line Madel

to mOdeI the (%) Ignore Line Series Resistance ()

() Ignore Line Series Conductance (g)

wgerr] us ng a []1gnore Transformer Impedance Correction Tables

Ignore Fhase Shift Angle Effects

D C power f I OW . Compensate for Reactive Power Flows by Adjusting the Branch Limits ...

Compensate for Dispatch Sensitivites with User-Specified Values

Note: Once you convert alarge
system to a DC power flow, it is
very difficult to get the AC o ox [ocwan] [Momee ] [Zreo

system to resolve.
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Simulator Options:

Power Flow Solution Page
a

 DC Options Tab

— Compensate for Losses by Adjusting the Load

« Specify aload multiplier at each bus. When solving the
DC power, Simulator will artificially increase |oads by
this multiplier

— Compensate for Reactive Power Flows by Adjusting
the Branch Limits

— Compensate for Dispatch Sensitivities with User-
Specified Values

 Allows you to make use of loss sensitivities even in the

DC power flow
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Simulator Options:

Power Flow Solution Page
a

 DC Options Tab

— DC Power Flow Modée
* Ignore Line Series Resistance (I)
—b=-1/x,g=0

« [gnore Line Series Conductance (Q)
— b=-x/(r*+x?),g=0
* |gnore Transformer Impedance Correction Tables
and Ignore Phase Shift Angle Effects (default isto
ignore)
— Impedance correction tends to increase impedance and
phase shift effects tend to decrease impedance

— By not ignoring, DC equations become a function of the
system state and removes some of the advantages of the

DC approximation
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Simulator Options:
Power Flow Solution Page

e Generd Tab

© PowerWorld Simulator Options

Select Option Category Power Flow Solution |

Case InFormation Displays
Ervironment

[ lfnmmun r.Ciq:ntil:lns If .ﬁ.d;fanced. Oﬁ.t.ilﬁns .I.s.land-Base;:I F'-GC I DC Cptians General E_Stgrage

File M "
Lilnfits . MonitarfEnforce Contingent Interface Elements
M L e M
oﬁiﬁﬁge g Assumed M4 Per Unit Base | 100,00 | © hever
Power Flow Solution i o () Power Flow/OPF but not CAJSCOPF

ower Flow Salutio Bus Loss Sensitivity Function &

(& Do Mot Caleulate Bus Loss Sensitivities (For Contingency &nalysis, only applicable with
{")Each Electrical Island Full Power Flow Method and AC Power Flow)
(O Each Area Power Uniks For Displays

l{’:}'Eacl'u Area or Superarea P e ar (M A

() Areas Selected on Loss Sensitivity Form Al
{1 User-Specified (leave at present values)

Restore Defaulks

[ Save bo Aux ] [ x Zancel ]

©2008 Power\Wor kemerermoreers
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Simulator Options:
Power Flow Solution Page

e Geneard Tab

— Assumed MV A Per Unit Base
» MV A base used for the entire case

» Default is 100 MVA
— Monitor/Enforce Contingent I nterface Elements

* Determine when the impact of contingent interface
elements should be calculated

— Bus Loss Sengitivity Function

 Discussed when we go over sengitivitiesin the
Sengitivity Training section
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Simulator Options:

Power Flow Solution Page

e Storage Tab

) PowerWorld Simulator Options

Select Option Category Power Flow Solution |

Case Information Displays —
Common Options || Advanced Options || Island-Based AGC || DC Options General| Storage |

Environment
Elll-ﬁiganagement (All settings below are only saved to the Registry)
Message Log Restoring previous solutions and states

Oneline

Power Flow Solution Simulator affers the ahility to restore either the last power flaw
solution state or the state of the system immediately before the

last solution attempt. If your system has insufficient memory and
you are working with large systems, you may wish to disable one
or both of these options,

[ ] bisable "Restore last solution™
[ ] Disable "Restore state before failed solution attempt”

Restore Defaults
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|dlands - Defined

« Often times power system consists of asingle
Interconnected system operating in synchronism

* However sometimes multiple systems exist that are
either unconnected, or connected only through DC
transmission lines.

 Such systems operate asynchronous with one another
and are called “lIslands’.

 Eachidand must have adack bus. Check Allow
Multiple Islands.
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Multiple Islands in Simulator

® ¢ Go to the Optionsribbon tab = Simulator Options
-> Power Flow Solution = Advanced Optionstab

— Check Dynamically add/remove slack buses as topology
IS changed

e OntheB7FLAT casethedack busis?.
* To create two islands, open lines 2-6 and 5-7.

 |f new idland does not have a dlack, Simulator
automatically chooses largest generator

* Repeat with Dynamically add/remove...unchecked
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Case with Multiple Ilands

Case Hourly Cost

100EMW 10w 16968 $/hr
AGC ON @ 40 Mvar - mu ator
- Y Th A s0EMW SI I
SI mUI ator 100:"9 : n.ssnrfe A 30Mvar
A3 3 MW

G311 rou IS modeling

1.00 pu

L o the two
— systems

as being

A completely

Independent

has auto-
matically
chosen
bus 2 asthe
dack.

108 MW 103 MW

164EMW
AGC ON Top Area Cost
8084 $/hr

o MW

200[MwW
0 Mvar
Six

1.04 pu

Seven
1.04 pu
2008Mw
Left Area Cost 0 Mvar

4184 $/hr Right Area Cost

4701 $/hr

Open tie-lines
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|sland Records Display

=10/ x|

slack Bus Nuj Slack Bus MNalSlack Bus Ard Total Buses |Energized |GenMW  |GenMvar [Load MW  [Load Mvar |Scheduled Ex
1 7 T RIGHT 2 YES 401.0 =1.7 400.0 0.0 =250
2 2 2 TOP 5 YES 369.6 129.0 360.0 130.0 25.0
[« | 2
It IS not uncommon to
Model Explorer - Aggregations have multiple islands.
- |Idand Records shows Often casesin the
Information about each island in Eastern United States
the case, including its slack bus. have Five | ands
©2008 PowerWorld Corporation
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Simulator Options:
Message Log Page

 Customize
message |og
notation,
contents, and
appearance

©2008 PowerWorld Corporation

) PowerWorld Simulator Options

Select Option Cakegary

Case Information Displaws
Enwironment

File Managemenk

Limits

Message Log
Cneline
Power Flow Solution

Message Log |

[ show Log

[] show Time Stamps

In Log Messages, Identify buses by

(%) Wumbers
{:} Marnes
() Both

[Jtneclude Mominal Yolkages in Log

Suppress the following messages in the log
(These settings are only saved to the Regiskry)

|:| Generakor AGC MW changes
|:| Generator Yar Limit changes
|:| LTiC Transformer moves
[]Phase shifter maves

[ 5witched Shunt Myar moves

LP Yariable enter/exit messages

“ 0K ’ Save to Aux ]

[ x Cancel ]
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Simulator Options;
Environment Page

Can have
“Blackout”

appear if —— ——|

case does not
converge

Memory [imit
for Oneline
Undo feature

©2008 PowerWorld Corporation

£ PowerWorld Simulator Options

Select Option Cakegory

Zase Information Disilais

File Managemant
LirniEs

Message Log
Cneline

Power Flow Solution

\ Recently Used File Lisk Entries 6

Enwiranmment

(Al settings below are only saved to the Regiskry)

[ show Lag
[ Disable showing Blackauts
Disable &3C When Manually Changing aenerator By

When Opening Case. ..

Cpen Associated Oneline Diagrams
If Associabed Oneline Diagram is Mok Present:
Auko Open Bus Records

Allavy ko Prompk Dialog to Create Oneline Diagran

Auko Set Case as Base Case For Difference Flows when Loaded

@ Mewer

() only if base case is currently empty
() always

4

Undo Memaory Limit Per Oneline 50 Megabytes
(Kewe ] 20w

Cuskom Colors

Edit Custom Colors

{All settings below are only saved
ko the Regiskry)

Clock. Skyle

@ Mane
() Dialog

"C} Stakus Bar

Measurernent Syskem
(%) English
() Mekric (ST
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Simulator Options:
Oneline Page

£ PowerWorld Simulator Options

Select Option Category Oneline .

Case Information Displays ) !

Enviranment (] Do Mot Sclve while Animating (Display Onky) (Al settings belaw are only sawed to the Registry) OWS I n S
File Management Play &nimationSolution Method l

Lirfits @ Power Flow [Jshow oneline Hints <€

() Optimal Power Flow Show ¥, Coordinates W her] Cu r%r

[J5ave Contour Image with oneline file

Solution Animation o )
Display Unlinked Elerents In Run Mode
[ ko Start Solution Animation Over e'ner]

Enable Mouse Wheel Zoomin
] Auto Solve ©n Load 4 .

Display
only; no—"|

o ) Minirurn Screen Font Size 35 &
Wisualizing out-of-service elements
. . []Draw an % through off-ine generatars Minirnurn PrintjCopy Fonk Size z.0 :
S I I |UI ml On [Juse dashed lines Transformer Symbal
[JElink Blinking options (%) Cails
) Circles

Save Onelines when Saving C3
(%) Always

1 Prormpt Diglo
&l utl On Main Cneling File 8[\]8\?8': € \
B7FLAT.PWD v N _ U S
met hod [ Edit Oreling Browsing Path ] On
{These settings are only saved to the Rdgistry) St I e X FR
Wher] [Juse Default Oneline File y

animating symbols

[ o CK l [Save ko Aux ] [ IX Cancel ]

N
Name of default oneline / Name of main onelinefile

fileto oPen for ALL cases for CURRENT case
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Simulator Options;
Fle Manage Page

© PowerWorld Simulator Options

Select Option Category File Managemeant

Case Information Displays

Evironment PoweriWorld Files | EPC and RAW Files | & %a:i aI Opti OnS

Automatic Loading of Auxiliary File

Lirnits

Message Log [] automatically load an Ausiliary File when the present case is opened tab f Or EPC

Auxiliary Fil
Poveer Flovs Solution SEnE

{all settings below are only saved ko the Registry) and RAW f i I %

Automatic Loading of Auxiliary File with ANY case

[J autamatically load an auwsdliary file when ANY case is opened

Auxiliary File

Automatic Archiving of PWE files
e R
[]Enable Auta-archive of PWE Files Autosave Every U |¥ Minutes \
Delimiker in Archive File Mame \A t mat. aI |
| Save Unlinked Elements of contingency, interface u O I C y
< and injection group records in the PWE file

Mate: Unlinked Elements will only be

created after reading an auxiliary File with ﬁve Over

unlinked records

current PWB.

“O" means do
/ not Autosave

Enables previoudly saved PWB files to be automatically

archived each time the file I1s saved with the same name
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Simulator Options;

Case Information Displays

e Thiswas covered in an earlier section on Case

Information Displays

©|PowerWorld Simulator, Options

Zase Information

File Managemenk
Limits

Enterable Field

Message Log
Oreling
Power Flow Solution

Toggleable Field
AL or Exceeding
Mormal Field

aperial External

Background

Set Case Info Factory Default Colors

Displays
{all settings below are only saved ko the Regiskry)

- Change [ wieModify Defaulk Fonk

l

- Diefault Row Height 16
Limit. Field - Show Grid Lines
- Zolumn Heading Qplions
Calurin Headings
Field - (%) Normal Headings

Field not presently used () Use Yariable Mames

Lse Word Wrap

Heading Background Highlight Key and Required
Field Calurmn Headings
Data Fill Background Color .

[C]show Header Hints

CopyiSend Options

[ Light Colars ] [ Dark, Colars ]

Include Object Mame

@ Primary

s
-

Highlight Selected Objects Include Column Headings
O ;';glzgtg:dt?of ]\?EtSS i [isable &uto Refresh
Save As fuxiliary File Data Format [ Set Fackory Defaults
(%) AL, (space) ) AL (comma)

foery Fields bo Use in Subdata Sections

(O Secondary () Label

’ xCancel l ’ ?ﬂelp

©2008 PowerWorld Corpg [sevetosur
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Simulation Options.
Limits Tab

GI Obal Iy %t \ {2 PowerWorld Simulator Options [Z|[E|E]
enforcement of _sclect Option Categry | Limks |

generator limits

Message Log
oneline

Can %t I I neS to Oper] |Power Flow o
automaticaly if — Bl
overloaded for too

[ Highlight Fields of Objects with Limit Yiolations

long in simulation

Text fields can be o ox
highlighted if the

value they display
Isviolating a
defined [imit
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Generator AVR

e Generator AVR isintegrated directly into
the power flow equations. (AVR creates
“PV buses’)

e Generatorson AVR maintain afixed
voltage magnitude at the regulated bus,
provided reactive power output iswithin
limits.

« To change options, right-click on generator
symbol and select |nformation Dialog.
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Generator Dialog (Edit Mode)

M W Contr()l Generator Options El
. - Eus Murnber % = i Skatus
will be discussed | e o | Crndagim) O

(#) Closed

|ater \ e e . | Current reactive

i Unit Type U (Urknav) power OutpUt

Display Information | Power and Yoltage Control | Costs | Fault Parameters | Owner, area,

N\ Pawer Control |
If not checked [ .o ww mrwemme
ther] Mvar OUtput Max, M Qubput | 400.000

Is fixed B

Wolkage Conkrol . -
Regulated Bus Mumber |1

~ e | Check to define
e - | anduseMW
Fixed reactive /| mes— dependent
power limits o m » | capability curve
| f Capabi”ty (L] [ (K] [ 2 ek
curveis not

being used
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Remote Regulation and Var Sharing

e You may specify aregulated bus number which is
not the terminal bus (commonly called “remote”
regulation)

« Multiple generators may regulate the same bus.

— Generators at different buses will share the total Var
requirement according to the option selected for sharing

vars across groups of buses (Advanced Options Tab of
Power Flow Solution Page)

— Generators at the same bus will coordinate Var outputs

so they are within the same relative location inside their
Var range

— Generators can share at the same bus and remotely
regulate at the sametime. In this case the “regulation
©2008 Powerwofpercentage” refersto all the generators at the bus 17-41



Defining Reactive Capability Curve

e To use areactive capability curve, on the
Generator Dialog, check Use Capability
Curve.

e Then usetableto edit the curve. Right-click
on a column of table (a point on the curve)
to elther

— Insert anew point (table column)
— delete an existing point (table column)
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Reactive Capability Curve

* Enter the following capability curve

S00
Min Myar - -3l
Max Mywar Al

* You can view agraph of the reactive
capability curve by selecting Reactive
Capability Curve from the generator menu.
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Capability Curve Graph

_f!ﬂus 1 Generator Reactive Capability Curve

Current MW
_®0 T and Mvar
= w0t ~ operating point

| of the generator

2
& 0.0 ! < | |
R| ght-CI | Ck _% 0 100 200 300 400
on genera- 3207
] (t
tor to view 50,0 ——
|tS |OCa| -menu Generator Power (MY

Start the simulation, and then use the spin button to the right
of the generator to change the MW output of the generator.
Notice how the operating point on the graph changes.
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Saving Reactive Capability In
Text Fle

* All power system data, including the
generator reactive capability curve, Is saved
In PowerWorld Binary format (*.pwb) files

* Reactive capability curve datais not saved
In most text-based power flow formats, such
as PTI RAW or GE EPC files.

e Simulator provides the ability to save this
datain text files for easy transfer between
Cases.

©2008 PowerWorld Corporation
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Saving In Text Files

« To savereactive capability datain atext file
— Go to the Model Explorer = Network - Generators
— Right-Click and choose Save As > Auxiliary File
— Choose the filename to save under and Click OK

— Y ou will then be prompted regarding saving the Bid
Curve and Reactive Capability Curve datato the AUX
file. Choose Y esto the Reactive Capability Curve

 Reactive Capability Curves are stored in SUBDATA sections
of the AUX file

— the *.aux file can then be manually edited
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Switched Shunt Control

« Switched shunts can automatically change their
shunt susceptance to control voltage at a regulated
bus.

¢ Switched shunts on continuous control are integrated
directly into the power flow equations. (They create
“PV buses.”)

« Automatic switched shunt control can be disabled in
three places
— for entire case on Simulator Options dialog
— for area on Area Records display
— Individually on Switched Shunt dialog

— All three of these flags must be set to enable switched
shunt control in order for a shunt to move.
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Switched Shunt Control

* Open Case B5R

* Verify the switched shunt control is enabled

on Power Flow Solution Options dialog
| Disable Switched Shunt Control

* Verify control enabled on the Area Records
B

Tot Sched MW |Int MW |ACE MW |Lambda |Loss Auto Shunts

Area Mum | Area Mame | AGL Status |G
1 1 Home ED 405.71  400.00 0.00 005 005 1578  565]YES ES
2 22 99.95  100.00 0.00 -0.05 -0.05 18.00 0.00] YES ES

* Right-click on switched shunt shown at bus
3 to display the Switched Shunt dialog.
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Switched Shunt Dialog

Actua Mvar will differ if
bus voltage is not 1.0 pu.

Automatic control
requires the mode be
elther discrete or

continuous \ T
Contraol Mode

Bus Shunt (Fixed) is
the same as Fixed /

(flag used to support
GE EPC file format)

Switched Shunt Options

X)

I | Skak
Bus Number 3 {i{ Find By Murmber N o
- - £ ] - (=) Open
Bus Name Bus 3 || Find By Mame
L ) ¥ ) Closed
no labels .
Mumber - MName :
Area 1 | |Home |
Zane I It
Substation |
_Disp_lag-j Parameters | Control Parameters I Fault Parameters | Custom
N e See next page
Contral %gulatinn Settings
O Fixed @ voltate Highvalue | 1.0000 |3
() Discrete | T ]
() Generatar Myar Low Walue | 1.0000 |5
() Continuous | . i
. | 3 1.0000
() Bus Shunt (Fheed) Req. Bus # | | Target Value | |+
Sitched Shunts Blocks
| Mumnber of Steps 4
|Mvars per Step Il-t00 200
| | ©

4

[ o OF ] [ Sa\af/]

5

Status must be closed to work

In discrete mode
high value must
be strictly

greater than
/ low value
When avaue goes
out of range,
Simulator algorithms

attempt to set the
value to the target

7

|7 Regulated bus

usually the terminal

[ X Cancel] [ ? ﬂe;p l

bus

/
Specify the “blocks’ of Mvar which are available for shunt
dispatch. This example demonstrated a shunt which has the
©2008 Poweabitity toprovide-30, -20, -10, 0, 20, 40, 60, or 80 Mvars
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Switched Shunt Control of
Generator Mvar Outputs

« Switched Shunts may be used to control the Mvar
output of generation

e Todo thischange the Control Regulation
Settings to Generator Mvar

— Setting Reg. Bus now means to control the total
generator Mvar output for generators which control the
voltage at the bus specified.

<

OOOOOOOOOOOOOOOOOOOOOOOO

Mvar output of all 16
generators controlling it’s

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

. » P
©2008 g\l/’vrer;uvrg)ﬁld grlgoration 1'7-50



Example Shunt on B5R Case

» Bus3 presently hasa l?ﬁm 0T
voltage of 0.950 per unit. e 3™ o o
* From earlier dide, we set = T 1008mw
the control range for the OIMVR SOEMVR
shunt to 0.99 to 1.00 per
unit, and switched in the lz‘ﬁi o | o
ShUI’]t Bus 31 s SOI_\g\;Apru
o Thisresultsin the shunt - T 1o0imw
moving to 80 Mvar / 79MVR SOEMVR

 |If you decrease the load at
the bus, the voltage starts
to increase, so eventually

the shunts reduces
©2008 PowerWorld Corporation
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Transformer Tap Control

« Some transformers can automatically change
either their tap ratio or their phase angle to control
either

— voltage - Load Tap Changing (LTC) transformer
— MVAR flow - LTC transformer
— MW flow - phase shifter

e Again, Automatic control can be disabled in three
places
— for entire case on Simulator Optionsdialog
— for areaon Area Recordsdisplay
— Individually on Transmission Line/Transfor mer
dialog

— All three of these flags must be set to enable switched

shunt control in order for a shunt to move.
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Transformer Control

* Verify the transformer control is enabled on
Power Flow Solution Options dialog

| Disable LTC Transformer Contral | Disable Phase Shifter Control
Min. Sensitivity For LTC Cantrol | Model Phase shifters as Discrete Conkrols

| 0.050

* Verify control enabled on the Area Records

* Right-click on transformer shown between
buses 4-5 to display the transformer dialog.
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LTC Transformers

Transmission LinefTransformer, Options

RI ght_CI I Ck on _ FromBus  ToBus  Cireuit

transformer | s

&
= Current

1 Area Mame -.Hnme('lj | "Home(.l.) [ .
meDl to V|aN the Marninal kY 138..0' : 34,.5. : []From End Metered | Off_noml nal

Transmission turnsratio

| Display | Parameters Transformer Control | Fault Info | Creings 7 Zong, Sub || Custom |

L I ndTranS_ Ul e ornatic Control Type and ph&

OFf-nominal Turns Ratio 50'95625 Transformer Control is

-I: Orm er dl al Og Phase Shift (degrees) :_ 0.0 Yolkage Regulation (YR Shl ft

[ Change Automatic Control Options...

Humber

Transformer Control Info g] ontrol Enabled

Automatic Control Tvpe

Mo Automatic Conkrol
(¥)voltage Regulation (AVR)
OReactive Paower Control

I ransf Or mer (O Phase shift Contral I phase shift is always on the From Bus side)
Regulated Bus Mumber [s [ ]

— Must be

| lsformer Bases and Impedances. ..

» Present Reg. Bus Voltage '9.99839
LTC options | == checked to
\ Regulation Minimurm Yoltage |0.9900
Regulation Maximumn Yoltage |1.0000

enable

Regulation Target Type @ Middle ) Max/Min

Present Tap Ratio ;E_l.95625 |

Minimum Tap Ratio |01.5000 CO nt r OI
Mapimum Tap Ratio 5@.1000

Tap Step Size E_IEi.UU.éZS. I

Voltage ko Tap Sensitivity | =
Impedance Correction Table i | \ %I &t to VI e/v
[ Insert Transformer Correction Table ]

[ o | [XCanceI] [ P telp ] LTC Opti Ons
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Example LTC on B5R Case

* Busb startswith avoltage

of 0.998 perunit—

e On previous slide we
showed that tap (on the
bus 4 side) was set to

Bus 4% 0.960 pu
0.95625 tap

Bus 5 0.998 pu
100y M)
0sMV| g s 4 0.923 pu
0

control voltage at bus 5 90625 tap
between 0.99 and 1.00 / us 5 0.999 pu
« Asweincrease load tap 28%%’\")&"
MOVEs Bus 4% 0.975 pu
 Aswe decrease load tap 10.97500 tap
MOVeS Bus 5—— 0.999 pu
" 309Mw
0yMVR
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Detalled Overview of PowerWorld
Simulator’ s Power flow

Special Pre-processing Techniques
Power Flow Algorithm
Control Switching Hierarchy
MW Control



® What Does It Meanto do aSingle
Solution?

 Single solution should not be confused with a
single Newton-Raphson (or other technique)
power flow

o Simulator’s“Single Solution” encompasses three
nested |oops that iterates between a power flow
routine, logic for control device switching, and
generation control until the power flow Is solved
and no more device switching is detected
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Overview of Single Solution
Routine

* Pre-processing
— Angle Smoothing
— Generator remote regulation viability
— Estimate MW change needed

e Three Nested Loops Solution Process

— MW Control Loop
* Voltage Controller Loop Traditionally Voltage

caled the Control Loop
— Inner Power Flow loop ot Elow oo coverad i

Solution this section

MW Control Loop also covered later
©2008 PowerWorld Corporation
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Pre-processing

* Angle Smoothing

— Reduces large angle differences across
transmission e ements that have recently been
closed in to reduce initial power flow
mismatches

— Previoudly if you closed in aline with alarge
angle difference, the power flow would diverge
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Pre-processing

* Generator Remote Regulation Viability

— Checksfor aviable transmission path between a
generator bus and its remotely regulated bus

— |f agenerator has no transmission path, or if all possible
transmission routes to the regulated bus are intercepted
by other voltage controlled buses, then the generator is
internally turned off of voltage regulation

If agenerator on left are set to OFEN I%REAK ER
control voltage at the bus on } N ; E
the right, then thiswould
! - A - 1
cause convergence difficulty & & 56
©2008 PowerWorld Corporation
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Pre-processing

e Estimate MW Change

— Stores theinitial output of the generators for
referencing during participation factor control

— Modifies generator outputs in each area, super area, or
Island (depending on what control is being used) to
meet approximate ACE requirements

— Attempting to prevent slack bus from changing by
drastic amounts during the first Newton-Raphson
power flow calculation in the inner loop
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MW Control Loop

MW Control (Outer Loop)
— Repeat
 Voltage Controller Loop

— Inner Power Flow Loop

« Change generation/load to meet ACE requirements

— Redispatches generation and/or load using the selected
AGC control method for each area (superarea, or island)

— Until no more generation/load changes are
required

©2008 PowerWorld Corporation
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Power Flow and Control Loop

 Voltage control switching and Inner Power
Flow Loop
— Repeat
 1: Inner Power Flow loop
» 2: Generator MVAR Limit Checking
e 3: DC Line Solution
 4: Switched Shunt Control Switching
 5: Transformer switching

— Until no more control switching is required
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Step 1: Inner Power Flow Loop

« Step 1: Repeat (Inner Power Flow |oop)
— Evaluation Mismatch

— Generator MV AR output automatically calculated for PV
buses

— Optionally (enforce Generator Generstor VAR Limis
MVAR limitsat each step) (T ommmmns]
— Perform power flow step
» Newton’s Method (thisisin rectangular form)
» Decoupled Power Flow
» Polar Form Newton’s Method

e Until no more mismatch
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Step 2: Generator MVAR Limits
Step 3: Solve DC line equations

» Step 2: Generator MV AR Limit Check

— Backs off or enforces MVVAR limits
— Checks for controller oscillation

» Generators that appear to be oscillating between
control settings are internally set off of control

— Updates mismatch and voltage vectors

» | ncorporates voltage vector changes by processing
generatorsin series

» Step 3: Solve DC line equations
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Step 4: Switched Shunt Control

« Step 4: Switched shunt control

— Checks regulated buses for voltage limit violations and adjusts
switched shunt control appropriately

» Also can control the total VAR output for generators
controlling the voltage at a particular bus (good for
modeling a shunt which maintains VAR reserves)

» Shunts are adjusted by one at atime in series with each
shunt only considering it’simpact on the regulated bus’
voltage. Theinteraction of between different shuntsis not
modeled here.

— Checksfor controller oscillations

» Switched shunts that appear to be oscillating between
control settings are internally set off of control

— Updates mismatch and voltage vectors
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Step 5: Transformer Switching

e Step 5: Transformer switching

— Checksregulated Voltages, MV AR flows, and MW flows for
limit violations and adjusts transformer controls in a manner
dependent on the Transformer Stepping M ethodol ogy

Coordinated Sensitivities: tap change calculation requires
the construction and factorization of afull matrix
dimensioned by the number of transformers which need to
be switched. Normally a small number are changed.

Self-Sensitivity Only: each transformer does not consider
how it affects other transformers. This calculation is much
faster, but may be less accurate and lead to more iterations

— Checksfor controller oscillations

» Transformers that appear to be oscillating between control
settings are internally set off of control

— Updates mismatch and voltage vectors

f* Coordinated Sensitivities
(™ Self-3ensitivity Only

©2008 PowerWorld Corporation
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Complete Process

* Pre-processing
— Angle Smoothing, Remote Viability Check, Area Generator Estimation
° Repeat (M W ContrOI I_ Oop) © PowerWorld Simulator Options

Select Option Category Power Flow Solution

— Repeat (Controller Loo -
ep p Ervironment Comman Options | Advanced Optiop aN-Based AGC | DC Options | General | Storage

File Management

« 1: Repeat (InnerPower Flow loop) L
— Evaluation Mismatch Oneine

Power Flow Sziuoon
— Optionally (enforce Generator MVAR—]
limits at each step) m cor

— Perform power flow step
» Newton’s Method
» Decoupled Power Flow
» Polar Newton

Controller (Middle) Loop Options
Generator VAR Limits

[Jisable Checking Gen VAR, Limits
[ check Tmmediztely

[ pisable Switched Shunt (55) Control

[ bisable LTC Transformer Control

[ Disable Phase shifter Control
Transformer Stepping Methodology

Automatic Generation Control (AGC)

fforce Generator MWW Limits
Coordinated Sensitivities
() self-Sensitivity Only

[Jrrevent Controller Oscillations

Maximum Number Controller -~
|3

 Until no more mismatch (or max iteration) e
o 2. Generator MV AR Limit Checking
° 3 DC LI ne SOI utl on [ o OK I/I/SEVELUAUX] [ XK cancel ] [ ? telp ]

* 4: Switched Shunt Control Switching

5: Transformer switching
— Until no more control switching isrequired (or at max iteration)
— Change generation/load to meet ACE requirements
» Redispatches generation/load using the AGC control method for area (island)

* Until no more generation changes are required
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