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Overview

* Detailed Overview of “Single Solution”
— Pre-Processing

— MW Control Loop D

— Voltage Control Loop e
— Inner Power Flow Loop - Full Newton

 Power Flow Solution Advanced Options
— Minimum Per Unit Voltage for Constant Power and Current Loads
— Parallel Tap Balancing
— Regulation Range Correction
— Minimum Tap Sensitivity
— Generator Mvar Sharing
— Switched Shunt and Transformer Solution Options

* Area Control with Multiple Islands
e Solution Diagnosis Aids
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= What Does It Mean to do a

Single Solution

Zisww  Single Solution in Simulator?

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

* Simulator’s “Single Solution” encompasses
three nested loops that iterate 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

* Three Nested Loops Solution Process
— MW Control Loorp

e VVoltage Controller Loop Traditionally
called the
— Inner Power Flow loop | o, -/ Flow

Solution

Voltage Control
Loop covered
in this section

MW Control Loop covered later
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Pre-processing

* Angle Smoothing P
A \%
— Reduces large angle differences across g eow: i e

A
transmission elements that have recently R T NS T B
been closed to reduce initial power flow
mismatches s

— If disabled, closing a line with a large angle
difference often causes the power flow to
diverge — e

— Angle smoothing also works for a series of N
branches that are closed together

* Following a topology change, Simulator

also adjusts zero-magnitude voltages in e

groups of buses connected by low Jy S

impedance branches gl £ S S
- I
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Pre-processing

 When pre-processing the voltage profile of a
solution before solving, Simulator will now look
at groupings of buses connected by very low
impedances lines. If a bus in a grouping of
energized buses has a zero voltage while other
buses in the group do not, the zero voltage will
be changed to the first non-zero voltage found
in the grouping.
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Pre-processing

* Generator Remote Regulation Viability

— Checks for a viable transmission path between a
generator bus and its remotely regulated bus

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

regulation
If a generator on left is set to control E ] | H
voltage at the bus on the right, this
would cause convergence difficulty @3% @% 2%
B 2 {EE
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Pre-processing

* Estimate MW Change

— Stores the initial 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

e 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 (Super area or island)

— Until no more generation/load changes are
required
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Power Flow and Control Loop

* Voltage control switching and Inner Power Flow
Loop

— Repeat

* 1: Inner Power Flow loop
— 1a: Continuous SVC Switching

e 2: Generator MVAR Limit Checking

3: DC Line Solution

* 4: Switched Shunt Switching

e 5: Discrete SVC Switching

* 6: Transformer Switching —— -
e 7: D-FACTS Switching e )

— Until no more control switching is required or
maximum control loop iterations reached
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Step 1: Inner Power Flow Loop
Step 1a: Continuous SVC Control

e Step 1: Inner Power Flow loop, Repeat...
— Evaluate Mismatch
— Generator MVAR output automatically calculated for PV buses
— SVC MVAR output automatically calculated for continuous SVCs

— Optionally (enforce Generator Generator VAR Limits N
. Disable Chedkdng Gen VAR Limits
MVAR limits at each Step) (This results in unlimited Mvar outputs)
— Optionally (allow generators to only back off Check Immediately
Mvar ||m|ts) Check Badk Off Immediately

— Perform power flow step
» Newton’s Method (this is in rectangular form)

» Decou pled Power Flow Power Flow (Inner) Loop Options
» Polar Form Newton’s Method MvA Convergence Tolerance | 0.1000 | 3
e _Unti | NnO Mism atch Mandmum Mumber of Iterations 100 (2

[ ]Da Only One Iteration

e Step 1a: Continuous SVC Limit Check and
Discrete Component Switching

— Check MVAR limits on continuous SVCs

» SVSMO1 and SVSMO3
— Switch any fixed shunts controlled by continuous SVCs
— Goto Step 1 if any SVCs or controlled fixed shunts move
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Step 2: Generator MVAR Limits
Step 3: Solve DC line equations

* Step 2: Generator MVAR Limit Check

— Backs off or enforces MVAR 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
» Incorporates voltage vector changes by processing each
generator
* Step 3: Solve DC line equations

— DC Lines will be discussed later, but to the power flow solution
they look like a fixed MW injection with a Mvar injection that is
a function of the AC line terminal voltages
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Step 4: Switched Shunt Control

e 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 that maintains VAR reserves)

» Shunts are adjusted one at a time with each shunt only
considering its impact on the regulated bus’ voltage. The
interaction between different shunts is not modeled here.

— Checks for 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: Discrete SVC Control

e Step 5: Discrete SVC Control
— Only SVCs that are discrete-type SVCs are switched in this step
» SVSMO2

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

» Any fixed shunts controlled by the SVC are adjusted in this
step

» SVCs are adjusted one at a time with each SVC only
considering its impact on the regulated bus’ voltage. The
interaction between different SVCs is not modeled here.

— Checks for controller oscillations

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

— Updates mismatch and voltage vectors
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Step 6: Transformer Switching

e Step 6: Transformer switching

— Checks regulated Voltages, MVAR flows, and MW flows for limit
violations and adjusts transformer controls in a manner dependent
on the Transformer Stepping Methodology

» Coordinated Sensitivities: tap change calculation requires the
construction and factorization of a full matrix dimensioned by
the number of transformers which need to be switched.

| Normally a small number are changed.
Transformer Stepping Methodolgefy

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

» Note: If more than 50 transformers are involved, Simulator
always uses Self-Sensitivity Only

— Checks for controller oscillations

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

— Updates mismatch and voltage vectors
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Step 7: D-FACTS Control

e Step 7: D-FACTS Control

— D-FACTS devices attempt to keep the current on a branch
within a specified range

— Impedance of the D-FACTS is modified to adjust the current

— D-FACTS that appear to be oscillating between control settings
are internally set off of control

— Updates Ybus with new impedance values
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Complete Process

. Pre-processing
— Angle Smoothing, Remote Viability Check, Area Generator Estimation
. Repeat (MW Control Loop)

—  Repeat (Controller Loop)

*  1:Repeat (Inner Power Flow loop)
— Evaluate Mismatch

PowerWorld Simulator Options ? “

N\
Comman Options |ndvanmaﬁons I Island-Based AGC I DC Options I General I Shorage|
ptio

Select option category

> - Power Flow Solution

i~ Environment
- Generator MVAR output automatically > - Oneline Power Flow (Inner) Loop O Controller (Middle) Loop Options
calculated for PV buses 1+ - File Management MVA Convergence Toleran 0.1000 = Generator VAR Limits

—  SVC MVAR output automatically calculated for -+ Case Information Displays
continuous SVCs

—  Optionally (enforce Generator MVAR
limits at each step)

—  Optionally (allow generators to only back off
Mvar limits)

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

*  Until no more mismatch (or max iteration)

- 1a: Continuous SVC Limit Check and Discrete
Component Switching

—  Goto Step 1 until no more SVC switching L
*  2:Generator MVAR Limit Checking

e 3:DC Line Solution

| Disable Checking Gen VAR Limits
(This results in unlimited Mvar outputs)

[[] chedk Immediately
[ check Back Off Immediately

Message Log 50 =

.. Distributed Computing

Disable Switched Shunt (35) Control
[ Disable SVC Contral

[ bisable LTC Transformer Control
[ pisable Phase Shifter Contral
Disable D-FACTS Contral

Transformer Stepping Methodology
(@ Coordinated Sensitivities
() Self-Sensitivity Only

\

Prevent Controller Oscillations

Maximum Number Controller x

[ VZU ’
e  4:Switched Shunt Control Switching

e 5:Discrete SVC Switching —— LA /

e 6:Transformer Switching == Lo || cae |
e 7:D-FACTS Switching

—  Until no more control switching is required (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

W\

W\
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Example Message Log 1/2

(Image Only)

Area Loop
Iteration #0

4 Inner
Iterations

Voltage Loop
Iteration #1

3 Inner
Iterations

Voltage Loop
Iteration #2

Finisred wdtge conimod oo Iheralon: 2

S2: Advanced Power Flow

Estimation of Generation

Inner Power Flow

Generator Var Limit Checking
DC Transmission Line Adjustments

Iransformer Tap Ratio Changes
lransformer Phase Angle Changes

Inner Power Flow

© 2022 PowerWorld Corporation

Colors of Messages
determined by the Simulator,
Message Log colors

PowerWorld Simulator Options

= e ==

Select Option Category Message Log
[~ Power Flow Solution
- Environment FlshowLog Suppress the following messages in the log
-~ Oneline (These settings are only saved to the Registry)
[+~ File Management [Clshow Time stamps
- Case Information Displays In Log Messages, Identify buses by [7] Generatar AGC MW changes -
(@ Numbers [ Generator Var Limit changes -
Limits (0 Names [CILTC Transformer moves ]
() Both
- [T Phase shifter moves -
[C] indlude Nominal Voltages in Log [ Switched Shunt Mvar maves -
LP Variable enter fexit messages -
[ o 0K ] [ Save to Aux ] [ X cancel ] [ ? tep
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Example Message Log 2/2
(Image Only)

3 Inner

o S Inner Power Flow
Iterations e

| Eamrst ATOIE g Aok o ar e

EEus  off var Il Check Immediately Mvar Limit Checking

b,
[

Miamier: 3 MaxP
Voltage Loop
Iteration #3

Colors of Messages
determined by the Simulator,
Message Log colors

Murmier: O MaxP

2 Inner
Iterations

Inner Power Flow
Check Immediately Mwvar Limit ‘Checi{ingé

Voltage Loop
Iteration #4

Flinlsies] wodtage coniro

Migmiper: O MaxP;

e e nome = S Inner Power Flow

Voltage Loop
Iteration #5

Area Loop Area Automatic Generation
Iteration #1 C :
ontrol Iteration
PowerWorld Simulater Options [E=R(E=E ===
Select Option Category Message Log
Power Flow Solution
S— i Clsronieg e et e b e 0 g
2 Inner I nner PDW'E‘I' FI oW le Management Elsnan Tine stz [ Generator AGC MW chany ]
| i s Information Displays In Log Messages, Identify buses by ges
.‘l'E'r'EtIDr'ﬁ (@ Numbers [] Generator Var Limit changes -
- Limits [ ) Names [F]LTC Transformer moves ]
- (Beth [l Phase shifter moves e
- [] tndude Nominal Voltages in Log 7] Switched Shunt Mvar maves -
LP Variable enter jexit messages -
Inner Power Flow
[wox ] [ save to aux | [ % cancel | [ 7k
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[ E
Simulatar
Options...

Advanced Options for

Power Flow Solution

O

* To customize the power flow solution, go to the Options ribbon
tab and select Simulator Options = Power Flow Solution page

PowerWorld Simulator Options

— Advanced Options Tab : I

Ba[H
Simulataor
Options...

Select option category

[ Power Flow Solution |

» - Power Flow Solution
Environment

> Oneling

> - File Management

i Case Information Displays
i Message Log

. Distributed Computing

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

’ Define Post Power Flow Solution Actions ]

Power Flow {Inner) Loop Options

|| Disable Power Flow Optimal Multiplier

[ nitialize from Flat Start Values
Minimurn Per Unit Voltage for

Dynamically add fremove slack buses as topology is changed

Control (Middle) Loop Options
|| Disable Treating Continuous 555 as PV Buses

|| Disable Balancing of Parallel LTC Taps
[~ Model Phase Shifters as Discrete Controls

Also on the
Quick Access Toolbar

g = T

) @B E H) =

)

Case Information Draw Onelines Tools
Metwork -

Edit Mode

B v

S2: Advanced Power Flow

Agareacation -

Constant Power Loads 0.700 Disable Transformer Tap Control if Tap Sens.

Constant Current Loads 0,500 = is the Wrong Sign (Mormally Check This)

Min. Sensitivity for LTC Control 0.0100 =

Pre-Processing
[ Disable Angle Smoathing

Post-Processing
|| Disable 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

ZBR. Threshald 0.000200 =

QOptions for Areas on Economic Dispatch
Include Loss Penalty Factors in ED

|:| Enforce Convex Cost Curves in ED

Restore Defaults

[ oK H Cancel ]

© 2022 PowerWorld Corporation
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Simulator Options:
Power Flow Solution Page

* Advanced Options Tab

— Dynamically add/remove slack buses as topology is
changed (Allow Multiple Islands)

* If a single island is split into two islands (by opening
lines), then a new slack bus is chosen (usually generator
with the largest MW limit that regulates its terminal bus)

— Post Power Flow Solution Actions

» Allow you to define a list 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
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Simulator Options:
Power Flow Solution Page

o Ad Va n Ce d O pt | O n S Ta b Power Flow (Inner) Loop Options
. . ... [ Disable Power Flow Optimal Multiplier
— Disable Power Flow Optimal Multiplier [ nitilize from Flat Start Values

Minimurm Per Unit Vialtage for

* The optimal multiplier is a mathematically I W

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 solution with voltages and angles set to specific values

* Generator buses or buses regulated by a generator are set to the setpoint
voltage of the generator

e 1.0 per unit for all other buses
* Angles equal to the slack bus angle (not recommended)
— Minimum Per Unit Voltage for Constant Power Loads and Constant
Current Loads

e At voltages less than the defined values, the constant power and constant
current loads will be reduced

* To disable either of these features, set the valuesto 0

Constant Current Loads 0.500

4 4
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Minimum Per Unit Voltage for

Constant Power and Current Loads

 When a bus voltage is below these thresholds
the constant power or current load will
gradually decrease to zero MW at zero voltage
— Constant Power Loads
* Uses a cosine function

— Constant Current Loads

e Uses a sine function multiplied by voltage

e Functions are chosen so that the derivative of
the load with respect to voltage is continuous
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Minimum Per Unit Voltage for
Constant Power and Current Loads

* Minimum Per Unit Voltage
for Constant Power

MW (V)= Sgw [I_CO{Vﬂva D

S min pu

Minimum Per Lnit Voltage for

( Defa u It Va I ues Constant Power Loads 0.70d
are 0 . 7 an d O . 5) Constant Current Loads 0,500

 Minimum Per Unit Voltage
for Constant Current

|7V, )
MW (VIOUI ): LoV o sm[ , Vlm: - J

© 2022 PowerWorld Corporation
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| Svw !
i Vpu
: >

Vminpu

Derivatives with
respect to voltage
remains continuous
at min per unit value

IMW

Vlminpu*IMW

Vpu
>

Vlminpu
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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 real power and

voltage inside the inner power flow loop
Control (Middle) Loop Options

Disable Balancing of Parallel LTC taps Disable Treating Continuous SSs as PV Buses
e Parallel LTC taps normally have their tap values Disable Balancing of Parallel LTC Taps
synchronized to prevent circulating var flow Model Phase Shifters as Discrete Controls
Model Phase Shifters as Discrete Controls 7] Disable Transformer Tap Control if Tap Sens.
* Phase shifters will switch tap positions is the Wrong Sign (Normally Check This)
discretely based on the tap step size Min. Sensitivity for LTC Contrel  0,0100 =

* Normally users do not model the discrete
properties of the phase-shifters. Including
this can slow power flow solution.
Disable Transformer Tap Control if Tap Sens.
is the Wrong Sign (Normally Check This)

* |If a transformer is regulating one of its own terminals, the voltage-to-tap sensitivity should
be positive if regulating the from bus and negative if regulating the to bus

* Sensitivity with the wrong sign indicates an unusual system condition

Min. Sensitivity for LTC Control
* Transformers with a sensitivity lower than this will be disabled
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_AdvancedOptions.pwb

Example: Parallel Tap Balancing
and Minimum Tap Sensitivity

 Choose Open Case
— ...\S02_AdvancedPowerFlow\AdvancedOptions.pwb

e Do NOT solve yet

* Open the Bus View
= — Choose Views > Transformer Taps

J‘J.J_
Bus . .
wer.. — This 1S a Custom
. . Bus View for Boardwalk_100
View that is
. <‘.:| - |::> = Bus |Boardwalk [66 kKN [ 100] : Find... Options = Wiews = History =
a rea dy d efl n ed Define Custom View
Boardwalk
i Input Data
Bus: Boardwalk (100)
f Nom kV: 66.00 '  System State

1  Area: Area 590 (590)

|  zone: Zone 182 (182) 1Transformer Taps
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Parallel Tap Balancing

AdvancedOptions.pwb

* On Bus View, go to Bus : Boardwalk (100)

Parallel
Transformers
should have
the same tap
ratios

S2: Advanced Power Flow

Boardwalk 365.4 MW
-23.6 Mvar
Bus: Boardwalk (100)
Nom kV: 66.00
Area: Area 590 (590)
Zone: Zone 182 (182) D 1 0.00 MW
0.00 Mvar
17%25% 0.97850 pu 0.97850 pu 1 0.97850 pu 1 0.97850 pu
: 4.05000 o1 408000 . 4. 05000 n., 1 gmpll
-5.19
Not Valid $/MWh 1.01250 1.01250 0.94787 0.93617
A A A A

VA M1.0125 tap WA M1.0125 tap WA 0.9479 tap MA 0.9362 tap
/ V4 / / /

¥ CKT 1 ¥CKT 2 CKT 3 CKT 4
| Park Place |
101
0.98 pu
225.48 KV
— Pennsﬂibnia Ave
102
— North Carjolina Ave
103
[Pacific Ale
105
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AdvancedOptions.pwb

Parallel Tap Balancing
and Regulation Range Correction

* On Bus View, go to Bus : Water Works (106)

Two Transformers Regulate the Water Works Py

2.5 Mvar
Bus: Water Works (106)
same bus (106), but have NomKV: 4.16
different regulation ranges

Area: Area 530 (530)
e: Zone 677 (677)

ID1

1“1’3 b 0.99600 pu 0.98800 pu
; Simu|ator : 1.02100 pu 1.01300 pu
Left Right _ r\?gt'z\?aﬁ:ga;/MWh [0.98820 [1.02360
will use the WAV, »/NAgs

Range | Range

i nterse Cti on M\;AV\QO.QSSZ tap M\;A 1.0236 tap
1.021
CK

of the ranges
1.013 1.013 1CKT 1

[ Electric Company
107
0.996 0.996 [inois Ave I
109
1.01 pu
0.98& 140.07 KV
If no intersection, then control turned off
. . . Ave
Error: The following parallel transformers have control ranges (Reg Min - Reg Max) which do not overlap. 7358
Transformer 16102 TO 10382 CKT 2 has been turned off control. kyAve
Transformer 16102 TO 10382 CKT 1 has been turned off contral. 7376
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Parallel Taps Regulated Bus Error
Checking

Note: Sample case does not have this problem. Slide is just example

* Parallel transformer taps Bus: (55643)
which do not have the

1.06 pu 1.01300 1.05000 pu
Ssame regulated bus 265445 KV ¥ 1.05100 pu ¢ 1.10000 pu

85.35 Deq 0.939660 1.00000
— Transformer will be turned ¥ 56643 ¥ 55649

off control if this occurs

— Log message will be shown WV

Errar: The following parallel transformers do not share the same regulated bus
Transformer 55649 TO 55649 CKT T2 has been turned off control. s
Transformer 56649 TO 55549 CKT T1 has been turned off control.

— Also allow control if the
regulated buses are within

0.9966 tap ... 1.0000 tap

CKT T1 CKT T2
the a group of buses HANSMSV |, :
connected by very low 5?'5;15
. 04 pu
impedance branches 143.57 KV

S2: Advanced Power Flow © 2022 PowerWorld Corporation 29



AdvancedOptions.pwb

Minimum Tap Sensitivity

* On Bus View, go to
Bus : Atlantic Ave
(108)

Because the Generator at bus 110
controls the voltage at bus 111,

The two transformer taps will not
be able to influence their voltages

Taps will only be useful when
generator hits its Mvar limits

Atlantic Ave

Bus: Atlantic Ave (108)
Nom kV: 21.00

Area: Area 550 (550)
Zone: Zone 659 (659)

1.00 pu
21.09 KV
67.93 Deg
Not Valid $/MWh
Gen
Control

S2: Advanced Power Flow © 2022 PowerWorld Corporation
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1.02000 pu
1.05000 pu
0.97500
111

Tap
Control

CKT 1
Tenness¢e Ave
111

1.05 pu
138.60 KV

St Jamés Prace

112

[New Yolk Ave

113

30



AdvancedOptions.pwb

What Simulator does with these

* Click Single Solution

- Full Newton

g E B &)

* Open the Message Log ~ e

Starting Solution using Rectangular Newton-Raphson

Transformer 101 TO 100 CKT 1 tap ratio moved from 1.01250 to 0.96250 to balance with parallel LTCs
Transformer 101 TO 100 CKT 2 tap ratio moved from 1.01250 to 0.96250 to balance with parallel LTCs Boa rdwa | k
Transformer 101 TO 100 CKT 3 tap ratio moved from 0.94787 to 0.97128 to balance with parallel LTCs
Transformer 101 _TO_100 CKT 4 tap ratio moved from 0.93617 to 0.96217 to balance with parallel LTCs

The following parallel transformers have control ranges (Reg Min - Reg Max) that are not the same.
Reg range of 0.99600-1.01300 is being used for all (intersection of the control ranges).
Transformer 107 TO 106 CKT T1 Reg Range specified: 0.99600-1.02100
Transformer 107 TO 106 CKT T2 Reg Range specified: 0.98800-1.01300 Water Works
Transformer 107 TO 106 CKT T1 tap ratio moved from 0.98820 to 1.00000 to balance with parallel LTCs
Transformer 107 TO 106 CKT T2 tap ratio moved from 1.02360 to 1.00000 to balance with parallel LTCs

Calculating Transformer Tap Sensitivities for 23 Transformers
Transformer 110 TO 108 CKT 1 can not effectively control voltage at bus 108; control will be ignored until the
tap sensitivity magnitude increases

Atlantic Ave

Transformer 108 TO 111 CKT 1 can not effectively control voltage at bus 111; control will be ignored until the
tap sensitivity magnitude increases
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AdvancedOptions.pwb

Simulator Options:
Power Flow Solution Page

* Advanced Options tab o

— Disable Angle Rotation Processing  [ossbe s rottonprocessing

* Voltage angles are rotated so that the angle range in an island is
equally spaced around zero degrees if any angles fall outside +/- 160
degrees

Pre-Processing

— Disable Angle Smoothing Diszble Angle Smosthing

» Solution difficulties can result if branches are closed with large
angle differences across them. Angle smoothing attempts to
reconcile these differences prior to the power flow solution.

— Sharing of generator vars across groups of buses

. Sharing of generator vars across groups of buses during remate regulation
o Al I O Cate a C rOSS b u S e S u S I n g t h e @) Allocate across buses using the user-spedified remote regulation percentag
u Se r—s pe C ifi e d re m Ote reg u | atio n Allocate so all generators are at same relative point in their [min .. max] var
Allocate across buses using the SUM OF user-specified remote regulation pe
percentages

ZBR Threshold 0.000200 =

* 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
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Simulator Options:

Power Flow Solution Page

* Advanced Options tab
— ZBR Threshold

* Determines which buses will be considered the same because
they are connected by low impedance branches

* This affects
— Generator and switched shunt regulation
— Parallel transformer tap balancing
— Voltage pre-processing Options for Areas on Economic Dispatch

Incude Loss Penalty Factors in ED

— Options for Areas on Economic Dispatch Do comexcostcunves neo

* Include Loss Penalty Factors in ED will consider losses in
determining the dispatch

* Enforce Convex Cost Curves in ED will turn units that are
operating outside the convex portion of their cost curve off
automatic control
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Sharing of Generator

AdvancedOptions.pwb

Vars across a group of buses

* On Bus View, go to Bus : Connecticut Ave (122)

— Generators

at 115, 116,

117, 118

all regulate
the voltage
at this bus

S2: Advanced Power Flow

742.9 MW 33.0 MW 27.0 MW 815.0 MW 33.0 MW 27.0 MW
121.8 Mvar 16.0 Mvar 131 Mvar  121.8 Mvar 16.0 Mvar 13.1 Mvar
11¢ Y 1D \ /{:)1 ‘ 115 ID\ ID1
[Short Line RR\ | B&O Railroa
%1.0500 tap %1 .0500 tap
Bus: Connecticut Ave (122) 83%,% 90000 pu 98 / 0 90000 pu
Nom kV: 500.00 mA_ g *
Area: Area 510 (510) \7}&&? pu 1 et
Zone: Zone 707 (707) v ’ 0 v 0
Sloogoplliv ) pu ) § pu 2 0.90000 pu 2 0.90000 pu
118-70 Deg V pu v 1.10000 pu 1.10000 pu
Not Valid $/MWh Y 1.08000 Y 1.08000 A 1.0:760 A 1.03760
A TA AL W

CKI'2 CKI'1

Amps Amps
1.0476 tap 1.0476 tap
MVA MVA
y Jf/\ - Vf/\
Virginia Ave CKT 1 CKTr2

States Ave | St. Charles Pllice

114 [Vermont Ave _ *|
1.08 pu 9023
537.87 KV 1.03 pu
237.47 KV
Oriental Avb
8969 —[Baltic Ave |
Bus 58941
58941 Mediterr: nAve
-Bus 5923 I 123
59235 —[Pennsyi{&fa RR
117
—[Readingl&|
118
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AdvancedOptions.pwb

Var “Responsibility” Sharing

G O t O IVI O d e I E X p | O re r Sharing of generator vars across groups of buses during remote regulation

@ Allocate across buses using the user-specified remote regulation percentages

— N M t t N t k 9 Allocate so all generators are at same relative point in their [min .. max] var range
a V I g a e O e WO r Allocate across buses using the SUM OF user-specified remote regulation percentages
Generators

— Present setting is to “Allocate across buses using the
user-specified remote regulation percentages”

X Generators (Filter:Railroads)] 3 Buses

D T "Hi' .;..;. 4 .;. ?&D ¥+ Records~ Geo~ Set~ Columns - ﬁE* H.E "”HE ¥ %* fig%:. ) ~ @
Filter |Advanced = |Generator = |Railroads = | Find... Remove Quick Filter =
Y Numbei Mame of Bus |ID|Status | Gen MW]|Gen Mvar Remote |Min M?ar‘ hlax Mufar‘ Set Volt AUR{
Bus Reg %

1 115 B&O Railroad 1 Closed 815.00 121 ?SD 35.001 -270.70 270,70 1.08000 YES

2 116 ShortLine RR 1 Closed 742.88 121.78 3500 -270.70 270,70 1.08000 YES

3 117 Pennsylvania RR 1 Closed 330.00 52,19 15.00 -115.00 5.00 1.08000 YES

4 118 Reading RR 1 Closed 330.00 52,18 12,00 -115.00 5,00 1.08000 YES
121.78 52.19
0.35 347.96 347.96
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AdvancedOptions.pwb

Var “Responsibility”
Sharing using Remote Reg %

* If you modify the values for Min Mvar and Max Mvar,
the Gen Mvar values will not change

— Change the Max Mvar value for generator at
bus 115 to 150 Mvar

Y Numbe{ Name of Bus |ID|Status | Gen MW| Gen Mvaij Remote |Min Mvar‘ Max Mvar Set Volt [ AV

Bus W‘ ’ Reg % i
_1 1153 B&O Railroad 1 Closed 815.00 121.78 35.00 :"Z'D 150.00]1.02000 YES
_2 116 Short Line RR 1 Closed  742.88 121.78 3300 -270.70 skl | 08000 YES
| 117 Pennsylvania RR.1 Closed  330.00 5218 5 115.00 08000 YES
4 118 Reading RR 1 Closed 330.00 5218 E

_#  — Click Single Solution
""" — No change in Gen Mvar outputs are seen

— Change the Max Mvar value for generator at
bus 115 back to 270.7 Mvar

Y Numbe{ Name of Bus |ID|Status | Gen MW Gen Mvar| Remote |r'~.-'1ir1 Mvar‘ hax Mvar‘ Set Vaolt | AV

Bus W‘ Reg % . |
_ 1] 115 B&O Railroad 1 Closed 815.00 121.78 'D 350001 270 P00l YES
_2 116 Short Line RR 1 Closed 742,88 121.78 3500 27070 & YES
| = 117 Pennsylvania RR.1 Closed  330.00 52.18 5 115.00 YES
4 118 Reading RR 1 Closed 330.00 52.18 YES
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AdvancedOptions.pwb

Var “Responsibility” Sharing
using relative [min..max] var range

* Open the Simulator Options Dialog again
— Go to Power Flow Options, Advanced Options

Simulataor

»=e:. — Change to “Allocate so all generators are at same
relative point in their [min..max] var range”

— Click Single Solution

the same as the Remote Reg % values
270.70  0.35

115.00 0.15

— To see the different behavior, change Min Mvar and
Max Mvar values
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Var “Responsibility” Sharing
using relative [min..max] var range

* If you modify the values for Min Mvar and Max
Mvar, the Gen Mvar values will change

— Change the Max Mvar value for generator at
bus 115 to 150 Mvar

T nNumbe{ MName of Bus |ID|Status | Gen MW‘Gen Mvar Remioie |Min Mvar|r~.ﬂax Mvar‘Set Volt AUR‘
Bus Reg % | N
_1 115 B&O Railroad 1 Closed 215.00 01.24 M 150.00] 08000 YES
_2 116 Short Line RR 1 Closed 12,88 1536.60 08000 YES
] 117 Pennsylvania RR. 1 Clozed 56.33 5.00 5.00 1.08000 YES
_4- 118 Reading RR. 1 Closed 6.5 3 -115.00 115,00 1.08000 YES
- : : : 61.34 — (—270.7)
£ — = 0.789
B Click Single Solution 500 = (<2707~ °
— Gen Mvar outputs change 156.6 — (—270.7)
- 2707 — (=2707) _ 7%
» We enforce constant ratio of 7= (=270.7)
GenMvar — MinMvar 66.53 — (—115.0)
: = Constant 115.0 — (=115.0) _ 787
MaxMvar — MinMvar : ( .0)
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Power Flow Solution:

AdvancedOptions.pwb

Switched Shunt-Specific Features

* Each Switched Shunt has
an option to allow it to
switch during the inner
power flow loop

— This allows discrete
switched shunts to be
treated as PV buses initially
and then revert back to
discrete shunts after an
initial solution

— Reverting back to discrete
shunts is done in Step 1a of
the overall power flow
solution process. This will
cause additional inner
power flow loop iterations.

S2: Advanced Power Flow

Switched Shunt Information for Present - O X
- - Status Energized
Bus Number ||1|:|4|:| = Find By Mumber () Open NO (Offine)
Bus Name [Bus 1040 ~| | Find By Name (@) Closed YES (Orline)
shunt ID Fnd . Status Branch
Labels ... |n|:| labels | |
Choose Branch Remove
Parameters Control Options  Faults  Owners, Area, Zone Custom  Stability  GIC
Advanced Options  Time Step Options  SVC Control Options  SVC Fixed Shunt Options
Discrete Control Options
. Continuous Element Parameters
[single Largest Step n
H Allow switching in the inner § | T =2
pawer flow loop .
|| Use Continuous Element .
[]use High Target Voltage
1.08200 :
oK Cancel Save Save to Aux Help Print
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Power Flow Solution:
Transformer-Specific Features

* With each transformer, @ [ mme i x

Common Options  Time Step Options

° l( °
Automatic Contral T
field called “Re gu lation O Mo futrmnic Cne Reguton M Votage 0.875000
@ "."D|tEIgE Regulation (A".l'R:) B eaulatinn Mavimom Vnltane 1. 021000
——— o o S —
) () Reactive Power Control . - -
a n g e a r g e y p e I S () Phase Shift Contral Regulation Target Type | @ Middle () Max/Min
. Present Tap Ratio 1.043800 Regulated Bus Number 52469
a Va I I a b e Minimum Tap Ratio 0.900000 Present Reg. Bus Voltage 0.993259

Maximum Tap Ratio 1, 100000 Valtage Errar 0.000000

_ C h ') i ces are Tap Step Size 0.006250 Voltage to Tap Sensitivity -0.9545

Values above are on System Voltage Base
|:| Use Line Drop Compensation

Impedance Correction Table

° M id d | e Of Re Ra n e Line Drop Compensation Resistance (R) 0.000000
g g View Transformer Correction Table

Line Drop Compensation Reactance (X) 0.000100
Automatic Control Enabled

[ ] M a X/ M i n Of Reg R a n ge Line Drop Impedances are given on the system MVA Base

— Determines what the
“target” is for the
transformer control when
It is not meeting its
regulation range

D
B s

. \/DK . Cancel i Help
Ed
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Area Control with Multiple Islands

* When an area spans multiple electric islands,
the MW Interchange Control for that area may
not be possible

e An error check is done to allow for more
complex situations

— An area that belongs to multiple islands can be
placed on control only if at most one of these
islands contains multiple areas
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Areas Spanning Multiple Islands:

Example for Area

1 Control

Control Allowed Control NOT Allowed

Only Island C has multiple areas Island A and Island C have multiple areas

Island B

Area #1

Island A Island C

Island B

Area #1

Island A Island C

7
Island C has multiple areas

This situation occurs for WAPA and
ERCOT in Eastern Interconnect cases

’ Island C has multiple areas
Island A has multiple areas
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Areas Spanning Multiple Islands :
Why control is NOT Allowed

* Not allowed because Simulator doesn’t have
enough information to know which generators
should respond when transactions are specified
— For example: Area 1 — Area 2 transfer

— Should transfer occur in Island A or Island C?
 Because Simulator doesn’t know, control is NOT allowed

Island B

Area #1

Island A Island C
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Power Flow Solution:
Solution Diagnosis Aids

* Displays for showing which devices
remotely regulate a particular bus
are available (generators, LTCs, and
shunts)

— Appears on Run Mode Bus dialog

On Model Explorer under Solution
Details\Remotely Regulated Buses
display

Total MW

Total Mvar

Load Informa
Current MW

Current Mvar

Actual

L |
I:I

tion

o [~
e

Bus Shunt Admittance
Actual

Bus Information for Present x
Bus Mumber = Find By Mumber Find ...
Status

Nom. Volta 500.000

Sl (O Disconnected

Labels ... |no labels | (® Connected

Number Name View Area Dialog

Area 510 Area 510 View Zone Dialog
Zone g =y View Island Dialog
Substation
Owner 230 Owner 230 View Owner Dialog
Voltage (p.u.) [1.0800 Voltage fo) 540000 —
Angle (deq) 118.711 Angle {rad) 2.07189
Data
Maintainer
Device Info OPF  Geography Custom GIC Branches

Generator Information Switched Shunt Information Bus Voltage Regulation

Nominal

HD

[

Nominal

1
\_1

G (M)

T —

View All Flows at Bus

I

Desired PU Voltage | 1.0800

Bus Voltage Regulator Devices
Regulated by :

Generators:
115 (B&0 Railroad_ 25.0) =1
116 (Short Line RR_ 25.0) #1
117 {Pennsylvania RR_ 22.0) #1
118 (Reading RR_ 22.0) #1

oK Save Save to Aux Cancel Help Print
X Remotely Regulated Buses X Switched Shunts X Generators 3 Buses
17 & Al %0 5% @ 8% 55 Records~ Geo~ Set~ Columns - [Bx- gi- MU 5° BEH- S fg- B options -
Filter |Advanced = |Bus - = | Find... Remove Quick Filter =
Mumber, Mame Area PUVolt| Set | WVolt |AVR| Total | Mwvar | Mvar Fem Fegs [gen) Fem Regs [XFME)
Mame Volt | Diff kvar ki Max
1 100 Boardwalk Area 590 1.01994 0.0 0.0 0.0 LTCs: 101 TO 100 CKT 1, 101 TO 1M
2 106 Water Works Area 530 1.00712 0.0 0.0 0.0 LTCs: 107 TO 106 CKT T1, 107 TQ
3 108 Atlantic Ave Area 550 1.00410 0.0 0.0 0.0 LTC: 110 TO 108 CKT 1
4 111 Tennessee Ave Area 550 1.05000 1.050 0.0000 Yes -68.8 -B87.0 1220 Generator: 110 #1 LTC: 108 TO 111 CKT 1
5 114 Virginia Ave Area 510 1.07580 0.0 0.0 0.0
& 122 Connecticut Ave  Area 510 1.08000 1.0280 0.0000 Yes 351.0 7714 6507 |Generators: 115 1, 116 =1, 117 =1, 118 =1 |
7 123 Medite ||ar'| an Ave Area 510 1.03004 0.0 0.0 0.0
8 1025 Bus 1025 Area 560 1.02600 1.026 0.0000 Yes 770 574 37.7 Generator: 21451 #1
9 1040 Bus 1040 Area 560 1.08436 0.0 0.0 0.0
10 1058 Bus 1058 Area 560 0.99679 0.0 0.0 0.0 LTC: 51033 TO 1058 CKT 1

-
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Power Flow Solution:
Solution Diagnosis Aids

* There is a field for buses called Solution\Type (PV, PQ, Slack, etc.)
— Descriptive strings to better help understand the power flow solution
— Column is shown by default on Network\Mismatches table
Slack, PQ, and PV
PV (Remote Reg Master)

PQ (Continuous Shunts at Var Limit)
PQ (Remotely Regulated at Var Limit)

PQ (Remote Reg Slave)
PQ (Gens at Var Limit)
PQ (Remotely Regulated)

Model Explorer: Mismatches - O X
T P X Mismatches 3 Remotely Regulated Buses X Switched Shunts 3 Generators Buses
% '>||‘f' f.jE ;':_'3 M ?&D Records = Geo * Set~ Columns = * H.E* "lg_@* v %' E%EET:- fiw) = @
Explore = Fields
Filter |Advanced - |Bus - + | Find... Remowve Quick Filter =
hd Solution Details A
ﬁ Bus Zero-Impedance Branch Gra Mumber Mame | Area Mame Type | Mismatch MW |Mismatch Mvar |I".-1ismatch [ T| "~
@ Fast Decoupled BP Matrix 1 16374 Bus I%-E-E-l Area 580 PO 0.00 -0.00 0.00
HH Fast Decoupled BPP Matrix 2 16871) Bus 16871 FQ 0.00 -0.00 L
3 3765 Bus 8765 PV [Remote Reg Primary) -0.00 0.00 0.00
@ out 4 3364 Bus 3364 PV [Remote Reg Primary) 0.00 -0.00 0.00
utages - 5 8729 Bus 3729 PV [Remote Reg Primary] 0,00 0,00 0.00
SLPOWer Flaw s0olution Al us 1898 emote Reg Prima -0 . ]
@ Post Po r Flow Solution Actiol g 1898 B 1808 PV (R, te Reg P ryl 0.00 0.00 0.00
B Power Flow Jacabian 7 1829 Bus 1829 PO 0.00 0.00 0.00
@ Remaotely Regulated Buses g 8497 Bus 6497 PV [Remote Reg Primary) 0.00 0.00 0.00
@ Subnets ) 53883 Bus 53383 PY [Remote Reg Primary] -0,00 0.00 0,00
@ Superbuses 10 4199 Bus 4199 PY [Remote Reg Primary] -0,00 0.00 0,00
@ Time Step Actions 11 51873 Bus 51873 PC [Remote Reg Secondary) 0,00 -0,00 0,00
o s - . 12 71352 Bus 71352 PV [Remaote Reg Primary) -0,00 0.00 0.00
b ) o 13 1958 Bus 19538 PY [Remote Reg Primary] -0,00 0.00 0.00
Case Information and Auxiliary 14 10034 Bus 10034 PV [Remote Reg Primary) -0.00 0.00 0.00
Trmtimonn o B 15 1943 Bus 1943 PV [Remote Reg Primary) 0,00 0.00 000 Vv
Open New Explorer Search Search Mow Options -
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Power Flow Solution:
Solution Diagnosis Aids

O

Bus Zero Impedance branch groupings display

— Model Explorer under Solution Details\Bus Zero-
Impedance Branch Group

Model Explorer: Bus Zero-Impedance Branch Group = O X
Explose z X Bus Zero-lmpedance Branch Group X Mismatches 2 Remotely Regulated Buses X Switched Shunts 4 | *
I B "| .;..;. + .;. ﬂ ?&D Records = Geo~ Set~ Columns - * H.E* H&E* ¥ Eﬁi*
Explore = Fields

Filter |Advanced = |Bus - = | Find... Remove
A Solution Details ~

h e MNumber -J Mame | Area Name Mom kW |ZBR Bus F‘rimar}.r|ZBR Bus Meighbor List T|
@ Fast Decoupled BP Matrix 1 60507) Bus 60507 -f'-.I-Ea %f{' 13%.5{' 60507 9351, 60507
ﬁ Fast Decoupled BPP Matrix 2 9380 Bus :3%-\. -?".I"EEI ih' 115.00 9380 9380,9386
@ Mismatches 3 9353 Bus 9353 Area 510 100,00 9353 9353,59322
@ out 4 9341 Bus 9341 &rea 510 100,00 9341 9341,59316

utages o 5 9320 Bus 9320 Area 510 100.00 9320 9320,9332
EH Post Power Flow Solution Actiol 3 9284 Bus 9284 Area 510 100.00 9234 9284 59256
HH Power Flow Jacobian T 9227 Bus 9227 Area 510 100.00 G227 9227, 59202
@ Remotely Regulated Buses ] 9212 Bus 9212 Area 510 100.00 9212 921259187
HH subnets 9 9077 Bus 9077 Area 510 100.00 9077 9077,9266
HH superbuses 10 8867 Bus 5867 Area 520 230.00 8867 836758842
BH Time Step Actions 11 8660 Bus 5660 Area 530 69.00 3660 8660,58023
@ VB - i i 12 57372 Bus 57372 &rea 530 69.00 57372 8630,57372

us ) - 13 57291 Bus 57291 &rea 530 138.00 57291 8618 57291
Case Information and Auxiliary v 14 58164 Bus 58164 Area 530 240.00 53164 860358164
i e o fmmlenic 15 58386 Bus 538326 Area 530 138.00 58386 8357, 58386 b
Open New Explorer Search Search Now Options =
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Power Flow Solution:
Solution Diagnosis Aids

* |sland Information dialog lists the buses,
generators, loads, and switched shunts that are
part of an island

Island Information = m| X
Information  Island Buses Island Gens  Island Loads Island Switched Shunts  Tie Lines (AC)
BT B Ak %8 5% @& # 5 Records~ Geo- Set~ Columns~ B~ B~ WUl- 9 BH- W qq - B

Mumber [ Mame of Bus |ID | Status |Gen MW Gen Mvar|Min MW|Max MW|AGC|AVR|RegBus|Set Volt |Min Mvar| Max Mwar|Er &

of Bus Mum M

Li

1 110 Marvin Gardens 1 Cle -63.79 0.00 00 YES YES 111 3 7.00 ) YE

2 115 B&O Railroad 1 Cle 61.34 0.00 00 YES YES 122 0.70 ) ¥E

3 116 ShortLine RR 1 C 156.60 0.00 00 YES YES 122 070 ) YE

4 117 Pennsylvania RR. 1 C 66.53 0.00 00 YES YES 122 oo YE

5 118 Reading RR 1 C 66,53 0.00 00 YES YES 122 -115.00 ) YE

= 1085 Bus 1085 1 C 5.60 0.00 50 YES YES 1085 1. ] -4.50 .60 ¥E

o} YES YES YE

] 1115 Bus 1115 1 C 1.00 0.00 0.00 1.00 YES YES ), 00 ) YE

9 1127 Bus 1127 1 C 0.00 2.56 0.00 46,00 YES YES ) ¥E

10 1127 Bus 1127 2 Cl 0,00 2.56 0.00 46,00 YES YES ) YE

11 1199 Bus 1199 3 |C 82.00 1513 0.00 02.50 YES YES A0 .20 YE

Q YES YE

13 1202 Bus 1202 1 C oo 7.1% 0.00 YES 51180 1.03400 -63.30 39.10 ¥E

14 1202 Bus 1202 C o0 718 0.00 YES 51180 1.03400 -63.30 39.10 ¥E

O YES YE

o} YES YE

17 1226 Bus 1226 1 C 0,00 51.00 0.00 0.00 YES YES - ] 51.00 ¥E

13 1286 Bus 1286 1 Cl 67.00 -18.87 0.00 89.00 YES YES 51.10 ¥E
19 1364 Bus 1364 1 C 3.00 0.00 0.00 12.00 YES YES 0.00 YE o

< >

? Help Print
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