Steady-State Power System Security Analysis with
PowerWorld Simulator

S3: Techniques for Conditioning Hard-to-Solve
Cases

@ PowerWorld

Corporation

2001 South First Street support@powerworld.com
Champaign, lllinois 61820 http://www.powerworld.com
+1(217) 384.6330



Example Cases

e Solving Real Power Flow Cases

— Low impedance mismatches
e ...\S03 GettingACaseToSolve\Initial Mismatches.raw

— Controller Settings, Area Control
e ...\S03 GettingACaseToSolve\Unspecified Interchange.raw

 Make use of the Check Immediately option for Generator MVar Limits
— ...\S03_GettingACaseToSolve\Check Var Immediately.pwb

e Loss of reactive support, Voltage Collapse, and Low-Voltage Solutions
— ...\S03_GettingACaseToSolve\Voltage Collapse.pwb

e Use of the Robust Solution Process
— ...\S03_GettingACaseToSolve\Voltage Collapse.pwb
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Initial Mismatches.raw

Reading a Solved
Text-File, Public Power Flow Formats

* You receive a case from someone that is supposed to be solved, but
it won’t solve

e |ssues with initial case
— Large mismatches from low impedance lines

— Voltage Controllers

* Transformers
e Switched Shunts

— Area Interchange Control

e These are not errors with the case or with Simulator, but should be
understood

— May require you to turn off some controllers
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Initial Mismatches.raw

Very Large Initial Mismatches

e Very large initial mismatches

— Primarily caused by “low-impedance” branches

e Other software treats branches below a threshold impedance as exactly zero
— The buses at either end of the branch are then merged and the transmission line is ignored

 PowerWorld never merges buses this way
— We do have minimum R and X of values however
» Minimum R =0.0000001 = (1/1,000,000)
» Minimum X = 0.00001 = (1/100,000)
» Simulator will not let you set the values lower than this
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Initial Mismatches.raw

Example Case with
Large Initial Mismatches

e Choose File =2 Open Case
—...\S03_GettingACaseToSolve\lnitial Mismatches.raw

* Open the Model Explorer

— Navigate to the case information display
Network\Mismatches

* You will notice that there are very large initial mismatches
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Initial Mismatches.raw

Initial Large Mismatches

* Notice mismatches come in

Mumber Name Area Name| Type |Mismatch MW‘Mismatch Mvar‘Mismatch 5 4
. . “" . ”
OppOS|te|y S|gned pa | rs 1| 5110/ MORDOR Area 5 PQ -3373.97 -620.15 343049
2 5460 LIVERPOOI] Area 5 PO 250905 344 55 2532 50
3| | 5148 BUS 5148 Area 5 PQ -1567.40 -471.51 1636.79
—_ - 1567 |V| W’ 4| (5152 BUS 5152 Area 5 PQ 1566.34 46731 1634.56
5| | 5150 BUS 5150 Area 5 PQ -1073.87 -147.56 1083.96
6| 5147 BUS 5147 Area 5 PQ 1073.51 146.64 1083.48
— + 1 5 66 M W 7 269 BUS 269 Area 1 PQ -1053.99 -12237 1061.07
8 93 BUS 93 Area 1 PQ (Re 1051.58 116.70 1058.03
. . 9| [ 1281 BUS 1281 Area 3 PQ 1016.82 -233.10 1043.20
e MORDOR is more complicated —g liwsssiues aec: pa  iwoss 160 1036
11| 5140 BUS 5140 Area 5 PQ -690.37 -728.98 1004.00
. . 12| 5198 BUS 5198 Area 5 PQ 896.89 135.79 907.11
® LlVERPOOL IS More Comphcated 13| 5197 BUS 5197 Area5  PQ -896.87 -135.59 907.06
14| 5115 NURN 2 Area 5 PQ 843.58 159.77 858.58
15| 5122 NURN 4 Area 5 PQ 84351 159.79 858.51
16/ 5117 NURN 1 Area 5 PQ 843.76 151.06 857.18
17| 5116 NURN 2 Area 5 PQ 84351 148.47 856.48
18| 5105 BUS 5105 Area 5 PQ 691.37 495.10 850.36
19] 5259 RIS 5759 Area 5 PO -50A.77 -78.09 A01.85
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Initial Mismatches.raw

Open Oneline:
Mordor Nurn.pwd

e ..\S03 GettingACaseToSolve\Mordor Nurn.pwd

; MORDOR

MW Mismatch  -3373.97 MW
MvVar Mismatch  -620.15 Mvar

] 0.00 MW u 0.00 MW ] 0.00 MW, ] 0.00 MW

Verv Small Imnedances

0.000000 bu MN 000000 bu 000000
0.000080 Du/ 0.000080 0.000030 U -3 5550 ou

0.00 MW 0.00 MW 0.00 MW 0.00 MW

= NURN 4 = NURN 3 — NURN 2 = NURN 1
o122 5115 5116 5117
843.51 MW 843.58 MW 843.51 MW 843.76 MW\
159.79 Mvar 159.77 Mvar 148.47 Mvar 151.06 Mvar

MW Mismatches sum to nearlv zero
MVar Mismatches sum nearlv to zero
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Initial Mismatches.raw

Open Oneline:
Liverpool.pwd

e ..\S03 GettingACaseToSolve\Liverpool.pwd

LIVERPOOL
MW Line Flows i 5460
MW Mismatch 2509.05 MW
MW Mismatch 344.55 Mvar
s 000OMW g 0.00 MW a 0.00 MW 0.00 MW w 000MW g 0.00 MW
Verv Small L ances
0.000100 pu
0.000100 pu 0.000000 bu
9-990000 b—" 0000000 0.0000000u T 0.000100 ou
' 0.000100 pu 0.000100 pu
0.00 MW 0.00 MW 0.00 MW 0.00 MW 0.00 MW 0.00 MW
T pennyLANET BARBERSHOR T BANK FIRE STATIONT SHELTER _"  ROUNDABOUT
5463 5464 5465 5466 5467 5468
B2538 MW -364.13 MW ~428.04 MW ~414.53 MW\ 39311 MW =390.19 MW
-167.97 Mvar  -61.35 Mvar -41.35 Mvar 38.80 Mvar 11569 Mvar ~ -7.01 Mvar

MW Mismatches sum to nearlv zerc
MVar Mismatches sum nearlv to zero
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Solve Initial Case

Initial Mismatches.raw

Disable All Controllers to Start

 First remove mismatches due to

the low-impe
without movi

dance branches
ng any controllers

On Simulator Options dialog

PowerWorld Simulator Optio

Select option category

-Power Flow Solution
Environment

-Oneline

-File Management
Case Information Displays
; Message Log
i... Distributed Computing
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ns E
Power Flow Solution

Commen Options  Advanced Options  Island-Based AGC  DC Options General Storage
Power Flow {Inner) Loop Options
MVA Convergence Tolerance | 0.1000 =

Maximum Number of Iterations 2

Controller (Middle) Loop Options
Generator VAR, Limits

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

[ check Immediately
~ Check Back Off Inmediately

oo only One Tteration

MW Control (Outer) Loop Options
Disable Automatic Generation Control (AGC) [~]Disable Switched Shunt (55) Control

Enforce Generator MW Limits
[[]use Loss Factor For DC Line tielnes

LA Dicahle Sic Contral

Disable LTC Transformer Control ]
tral

e o =)

[“IDisable Phase Shifter Control
LA piszhle D Line Tranck I

Topology Processing Options

[Juse Topology Processing
(This is a Full-Topology Model)
[ Close Breakers to Energize Switched Shunts

[~] Disable D-FACTS Contral
Transformer Stepping Methodology
(® Coordinated Sensitivities
() self-Sensitivity Only

Options Ribbon Tab

HE i Fl%% & ﬂf_t E @% @ X) 5) ~ T

File Case Information Draw

Misc, Power Flow -

Edit Mode

Onelines Tools Options

A — Solution - Thumb Mail
Eun Maode | Simulator ) Cineline _
Options... Case Info Options - Options... Draw Grid
Mode Case Options Oneline Op
Solution - |
. | Disable AGC
Dlsab/e AGC | Disable LTCs
| Disable Shunts
o /| Disable 5VCs
Dlsab/e LTCS | Disable Phase Shifters
. Convergence Tol. 0.1
Dlsab/e Sh unts Max fterations |50
Only One Iteration
DISGble SVCS Disable Opt. Mult.
| Enforce Gen MW Limits

Disable Phase Shifters
Disable DC Line Taps
Disable D-FACTS ¥

© 2024 PowerWorld Corporation

Disable Gen VAR Limits

Gen VAR Immed.

Transformer Stepping |Coordinated | -
Min, Sense for LTC |0.01

Model Phase as Discrete

Prevent Contraller Oscill,

Max Control Loop Itr, |20

Island-Based AGC |Disable (Use Area C =
Island AGC Tolerance |3



Initial Mismatches.raw

If Initial Case was truly
solved, Solution Will Converge Quickly

* Click Single Solution button _ =

Max P: 3373.966 at bus 5110 Max Q: 728.978 at bus 5140
Max P: 1555.962 at bus 5110 Max Q: 335.451 at bus 5140
Q
Q

L SOlUtiOn RESUltS: Max P: 374.296 at bus 5110 Max 81.281 at bus 5140

Max P: 3.776 at bus 1433 Max Q: 11.993 at bus 1443
Max P: 0.034 at bus 1443 Max Q: 0.025 at bus 1318
Etc... (generator Mvar limit checking)

* Flows on low-impedance branches are the same as the
original mismatches

MW Line Flows E/J%DOR

By 85527 MWy iy 84357 MW iy 84351 MW iy 4376 MW
A A A A

A A A A

A A A A

A A A A

A A A A

A 85527 MW A 84357 MW A 84351 MW A 84376 M\
N NURN 4 N NURN 3 N NURN 2 N NURN 1

—A 51 —A 5715 —A 5716 —4A 571y
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Initial Mismatches.raw

Now Restore the Voltage Controllers

e Turn on the Switched Shunt Solution ~
Controllers First /| Disable AGC

i Mlis o ln | T
* Solve Power Flow —|
| Disable Shunts
o Tu rn on SVCS ¥ | DTEanE SYis
e Solve Power Flow + | Disable Phase Shifters
° Convergence Tal, 0.1
Then the LTCS Max fterations 50
* SOIVe Power FIOW Only One Iteration
e Then the Phase Shifters Disable Opt. Mult
° Solve Power F|OW v | Enforce Gen MW Limits
. Disable Gen VAR Limits
 Then DC Line Transformer Tap and D-FACTS Cen VAR Immed.
d Why WOUld prOblemS OoCCu r? Transformer Stepping | Coordinated | =
— Depends on the controller settings Min. Sense for LTC [0.01 :
in the other software package Model Phase as Discrete

+ | Prevent Contraller Oscill,

— Controller settings are not included
Max Control Loop Itr, |20

in some of the text file formats
* RAW format has not solution parameters
e EPC format has some solution parameters

Island-Based AGC Disable [(Use Area C| -
Island AGC Tolerance |5
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Initial Mismatches.raw

What Happens for this Example?

e Switched Shunts
— Very little movement is noticed (a few move)

e Tap Changing (LTC) Transformers

— Error Checking Occurs
 Many transformers are set off control because no regulated bus is specified
* Many parallel transformer have their taps balanced automatically
* Transformers that regulated the same bus which have different Regulation Ranges are modified

— Many LTC transformers are not meeting their regulation requirements

— Solution is achieved, but obviously the initial file did not represent a case solved with
transformer tap switching enabled

e Phase Shifting Transformers
— Some phase-shifting transformers are not meeting their regulation

— Again solution is achieved, but obviously the initial file did not represent a case solved
with phase-shifter switching enabled

S3: Conditioning Hard-to-Solve Cases © 2024 PowerWorld Corporation
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Initial Mismatches.raw

Area Generation Control (AGC)

 Before you try to enable the AGC, ensure that the case was truly
solved while on AGC control

 The best way to check this is to do following
— Open Model Explorer
— Go to Aggregations\Areas
— Look at the ACE MW column
— |f values are very large, the original case was not solved using area control
— They look OK for case Initial Mismatches.RAW

ities X Owners X Zo

uses X Balancing Auth

BT Bl %0 5% &4 88 5 Records~ Geo~ Setv Columns~ B~ @i~ U. ¥ BH- 30 fo - B options -
Filter |Advanced - Area - ~ | Find... Remave Quick Filter =
Area Num|Area Mame|AGC Status| Gen MW/|Load MW‘ Shunt MW‘ Dist M\N‘Tot Sched MW‘ Int MW |ACE | 1| Lambda |Loss M\N‘Auto Shunts| Auto XF‘A
1 5 Areas Off AGC  25795.84 24990.65 -162.93 0.00 115.85 14403 28.08 Off Control ~ 824.09 YES YES
2 4 Aread Area Slack 30887.31 30733.53  -176.29 0.00 -1225.33 -1248.65___-23.32 Off Control 1378.72 YES YES
3 1 Aread Area Slack 10673.83  9576.97 | -1063.87 0.00 1900.50 1896.61 -3.89 Off Control  264.13 YES YES
4 2 Area?2 Area Slack 12036.43 12154.99 300.09 0.00 -665.61 -667.23 -1.62 Off Control ~ 248.57 YES YES
o 3 Area3 Area Slack 24642,79 2606596 -1985.24 0.00 -126.35 -124.81 154.04f Control  688.87 YES YES
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Unspecified Interchange.Raw

When Case is Not Solved with AGC

e Choose File =2 Open Case
...\S03_GettingACaseToSolve\Unspecified lnterchange raw

W E-SREHEERE X

. G O to O ptlo ns RI b bo n Ta b _ﬁ Case Informatio Draw Onelines Tools Options

e Misc, Power Flow -

— Choose the Solution menu
— Check Disable AGC

e Click Single Solution

Max Iterations |30

o o
o
Y
o i
T
W
=
[l

Only One Iteration

¢ SOIUtion SucceSSfUI Disable Opt. Mult,

v | Enforce Gen MW Limits
Disable Gen WAR Limits

 Open Model Explorer

Transformer Stepping |Coordinated -

— Aggregations\Areas O
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Are a ACE MW, Unspecified Interchange.Raw
Unspecified MW Transactions

e Large ACE Values
e Unspecified MW interchange does not sum to zero

X Areas X Buses X Zones X Owners X Balancing Authorities X Mismatches

D T BhAE %D 5% g4 ?&D 7 Records* Geo~ Set+ Columns~ Bz~ (§E- M. S BH- E%Rg; fig - BB Options ~

Filter | Advanced ~ |Area - - | Find... Remove Quick Filter =
_ — N
Area Num(Area Mame|AGC Status| Gen MW Load MW| Shunt MW] Dist MW]| Tot Sched MW Int MW |ACE MW I Lambda |Loss MW Auto Shunts| Auto ¥R Area Slack Buf| Unspec. MW| 2GC Tolerance
i ! I
1 10| Area 10 Off AGC 202.00 273.06 0.00 0.00 -73.80 -73.90 Off Control 2.84 YES YES 0.00 10.00
2 11 Area 11 Off AGC 63.44 108.12 0.00 0.00 -45.39 -45.39 Off Control 0.71 YES YES 0.00 10.00
3 12 Area 12 Off AGC 319.14 525.77 0.00 0.00 -214.02] -214.02 Off Control 7.40 YES YES 0.00 10.00
4 13 Area 13 Off AGC 177.71 273.80 0.00 0.00 -97.43 -97.43 Off Control 1.34 YES YES 0.00 10.00
5 14 Area 14 Off AGC 4.04 0.00 0.00 -4.84 -4.84 Off Control 0.20 YES YES 0.00 10.00
3] 15 Area 15 Area Slack 1702.83 1628.80 0.00 0.00 0.00 58.05 58.05 Off Control 15.98 YES YES 5451 0.00 1.00
7 16 Area 16 Area Slack 46.00 10.00 0.00 36.00 35.99 -0.01 Off Control 0.01 YES YES 3030 36.00 1.00
8 17 Area 17 Off AGC 80.00 253.00 0.00 0.00 0.00 -173.86] -173.86 Off Control 0.86 YES YES 0.00 0.00
9 18 Area 18 Off AGC 395.00 0.00 393.76] 393.76 Off Control 1.24 YES YES 0.00 10.00
10 19 Area 19 Off AGC 32075 404.00 0.00 0.00 0.00 -110.010 -110.11 Off Control 26.85 YES YES 0.00 0.00
11 20 Area 20 Off AGC 462,00 0.00 0.00 0.00 0.00 454.81) 454,91 Off Control 7.09 YES YES 0.00 10.00
12 21 Area 21 Off AGC 172630 2166.89 0.00 0.00 0.00 -493.87) -493.87 Off Control 53.28 YES YES 0.00 0.00
13 22 Area 22 Off AGC 2500.00 0.00 245896 245896 Off Control 41.04 YES YES 0.00 0.00
14 23 Area 23 Area Slack 128830 2234.23 0.00 0.00 0.00 -990.79) -990.7% Off Control 45.86 YES YES 5143 0.00 1.00
135 24 Area 24 Area Slack 371895 6297.81 0.00 0.00 000 -753.53] -753.53 Off Control  173.67 YES YES 4853 0.00 1.00
16 25 Area 23 Area Slack 644480 3080.31 0.00 0.00 49744 325931 2761.87 Off Contral 105,18 YES YES 4247 497,44 1.00
17 26 Area 26 Area Slack 3601.65 4137.50 0.00 0.00 -700.00 -575.01 124,99 Off Control 39.16 YES YES 3348 700.00 1.00
18 27 Area 27 Off AGC  16728.67 18080.03 0.00 0.00 0.00 -1557.84| -1557.94 Off Control  207.58 YES YES 0.00 0.00
19 28 Area 28 Off AGC 04,34 0.00 0.00 -94.34 -24.34 Off Control 0.01 YES YES 0.00 10.00
20 29 Area 29 Off AGC 76,00 45957 0.00 0.00 -384.71) -384.71 Off Control 1.14 YES YES 0.00 10.00
21 30 Area 30 Area Slack 23835.60 24238.93 0.00 0.00 0.00 -1091.25] -1091.25 Off Control  667.92 YES YES 36 0.00 1.00
—/ —/
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Unspecified Interchange.Raw

Area Unspecified MW Interchange

 Each area can have an export specified which does not have a
“receiving” end specified

e This is called Unspecified MW Interchange
 These unspecified values should sum to zero

— |f they do not sum to zero, you have an “export to nowhere”

— When this occurs, the Area with the island slack bus will be turned off
AGC and all unspecified interchange will be sent to the island slack bus
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What to do If Unspecified Interchange.Raw
Interchanges don’t look right?

* Open Model Explorer
— Go to Aggregations\MW Transactions

— On the Case Info Toolbar, choose Records = Clear Transactions
and auto-insert tie-line transactions

Model Explorer: MW Transactions = = ER

Explore g || X MW Transactions | X Buses | X Areas | % Mismatches | X Mismatches | % Bus Zero-Impedance Branct * | *

Explore Fields % '>||" f.;.'g ;':_'E Records = Set = Columns « * H.E* “&Q* b %* EEE ) - ﬁ -
> | _J Recent - . Insert -
Filter
» | Metwork
4 [ Aggregations Matrix of Transactions | List of Trans

:Eﬁ Areas _—
. EE_‘:'_I Injection Groups Export | ExportArea | 1] OPFF De

. s Area Mame . . . . ispatchable |in
E[_n_, Interfaces Mumber M Clear Transactions and auto-insert tieline transactions

] Islands Mone|Defined
£ Multi-Section Lines
:Eﬁ MW Transactions
> E[_n_, Nomograms
:Eﬁ Owners
:Eﬁ Substations
:Eﬁ Super Areas
:Eﬁ Tielines between Areas il « b
FH Tinlimoar batissnnm Fomae

= Area/Zone/Owner Filters

m

’ Open Mew Explorer Search sedrch Mow Options -
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What to do If Unspecified Interchange.Raw
¢ Interchanges don’t look right?

 Another option is to set the
o . Cotumns -~ B~ | 8- WA ¥ B 9 g - B | Options -
unspecified interchange equal to |

V| Tot Sched MW | Int MW |ACE MW | Lambda Auto Shunts
Inter.

t h e a Ct u a I i nte rC h a n ge D -1091.25-1091.25  0.00 Off Control 867.92 YES ves  THeE2cizanat T -ng 25]

Loss MW

38471 -38471  0.00 Of Control  1.14YEs | L] Show Dialog... 54,71

94.34 9434 0.00 Off Control 0.01 YES % Display/Colurmn Options... 94.34

_ G 0 tO Area S ) 1557.95-1557.95  0.00Off Control 207.58 V&S | a g 5
) 575.01 -575.01  0.00 Off Control  39.15 VES 75.01

2 525631 3259.31 0.0 Off Control 105.18 vEs | ek Search for Text... 59,31

. . ) 753,53 -753.53 0.0 Off Control 175.67 YES Insert... 53.53

—_ ng ht—CI IC k on U nspec. MW Inte r. 1 99079 93079  0.00 Off Control  45.85 YES Delete 50.79
2458.95 2458.96  0.00 Off Contral  41.04 YES 58,96

. 2 433,87 -493.37  0.00 Off Control  53.28 YES Gl > bis7

fl e I d ) 454,91 45491  0.00 Off Contral  7.09 YES Plot Y baa1

I -110.11 -110.11 000N Crntral | 26 85 YES Geographic Data View * 10,11

— Choose Set/Toggle/Columns - Set > e s | TN B CopyPosrsnd > 73

3599 3599 | yug Select Col e, , 5599
. ) 58.05 saos |db Select Column(s) L s 58.05

All Values to Field... aseyon B seeafows 2 oos > Lo
47.43  -97.43 Hzxx Get Column Metrics... % Advanced Filter... 57.43

-214.02 -214.02 E Contour Column... 1%?;; Advanced Sort... 14.02

— Choose Interchange\Actual MW e e e e (irmEmeen. e
-73.90 -73.90 0,00 Ot Control 2.84YES Define String Expression... v3.90

Export
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Unspecified Interchange.Raw

What does Clear Transactions and auto-insert tie-line
transactions do?

* All MW transactions in the case will be deleted
e All Unspecified MW transactions for each area will be set to zero

e New MW transactions will be created between each pair of
areas directly connect to one another

— The amount of the new MW transactions will be set equal to the
actual sum of the flow on the tie-lines between the connected areas
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Use of Generator Mvar

Check Immediately

* Normally inside the Inner Power Flow Loop, the choice about whether a bus
is a PV or a PQ bus is not changed
— If a bus is considered PV, it is allowed to inject/absorb unlimited Mvar
— If a bus is considered PQ, its Q output is fixed

 The choice to switch between a PV and PQ bus is normally made in the
Voltage Control loop.

e The Check Immediately option for the Generator VAR Limits changes this

— Choosing this means that buses with voltage-controlling generators (or continuous
switched shunts) will check whether they hit or back-off a limit after each inner

loop iteration
* This may help in some situations with solution
 However, this will slow down the solution process

S3: Conditioning Hard-to-Solve Cases © 2024 PowerWorld Corporation 20



Check Var Immediately.pwb

Generator Mvar Modeling:
Example Check Immediately

* Choose File 2 Open Case

— ...\S03_GettingACaseToSolve\Check Var Immediately.pwb
e Click Single Solution &

ingle Solution
- Full Newton

162 MW 162 MW 162 MW 388 MW
0 Mvar 0 Mvar 0 Mvar 0 Mvar
Max Mvar 140 Mvar 140 Mvar 140 Mvar 196 Mvar
. Min Mvar 0 Mvar 0 Mvar 0 Mvar 0 Mvar
Setp0|nt Voltages Setpoint Voltage 1.00 pu 1.00 pu 1.00 pu 1.00 pu
Actual Voltage 1.02 pu 1.02 pu 1.02 pu N7 1.02 pu
are all 1.00
PQ (Gens at Var Limit) PQ (Gens at Var Limit) PQ (Gens at Var Linit) PQ (Gens at Var Linit)
1.02 pu y 1.02 pu 1.02 pu - 1.02 pu
. Y 9 \" Y
Terminal voltages X X X ¢
are all 1.02 1.02 pu e 5 . S 1.02 puU
' 7o
All Generators are “
stuck at Min Mvar | B R T NE &

< €< € € € € € €€ €€ <<t
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G ene ratO I MVa r M Od eli ICheCk Var Immediately.pwb
A branch outage occurs

* Take the branch Iabeled “Open This” out-of-service
e Hit Single Solution = See depressed voltage:

FIIN hD

. Volt Coll
e Results in an unsolved power flow OTaBE OTaReE
162 M\N 162 M\N 162 MWV 388 MW \

0 Mvar 0 Mvar

Max Mvar 140 Mvar 140 Mvar 140 Mvar 196 Mvar
Min Mvar 0 Mvar 0 Mvar 0 Mvar 0 Mvar
Setpoint Voltage 1.00 pu 1.00 pu 1.00 pu 1.00 pu
Actual Voltage 0.75 pu 0.75 pu 0.75 pu 0.75 pu
Starting Solution using Rectangular Newton-Raphson PQ (Gens at Var Lirmit) PQ (Gens at Va- Lirmit) PQ (Gens at Var Lirrit) PQ (Gens at Var Lirrit)

Number: 0 Max P: 423.735 at bus 12429 Max Q: 144.062 at bus 13236 0.75 pu 0.75 pu 0.75 pu .75 pu
Mumber: 1 Max P: 92.749 at bus 12429 Max Q: 99.603 at bus 12429
MNumber: 2 Max P:  4.850 at bus 13236 Max Q: 11.887 at bus 12429

Mumber: 3 Max P:  0.527 at bus 13236 Max (@ 4.351 at bus 12834

MNumber: 4 Max P: 0.338 at bus 13236 Max Q: 3.592 at bus 12834 0 n
Mumber: 5 Max P:  0.338 at bus 13236 Max Q@ 3.592 at bus 12834
MR PowverFlows - Power flow unable to converge 0.75 pu ; 0.75 pu
Solution Finished i~ 0.475 Seconds

IESimuIation: Power Flow did not Converge! I .

[ Open [
This -

O,

&

\

N
N/
N/
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What about the "
Generator MVar voltage support?

* Notice that the generators are all still operating at 0 Mvar output in the
system

— The power flow started with the generator buses flagged as PQ buses because
they started at their minimum Mvar

e |f they were operating with more Mvars providing more support, they
might have prevented the collapse

— The Inner Power Flow Loop did not achieve solution, thus the generators didn’t
have an opportunity to enter the Voltage Control Loop and switch to a PV bus (and
thus provide the Mvar support)

e We can use the Check Immediately option on the Simulator Options to
achieve a solution in this situation
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eChe'ck Var Immediately.pwb

Redo Solution whil
Checking Mvar Limits Immediately

e Go to the Tools Ribbon Tab, Restore menu

B - e B i IE] EE @ X GR T T Case: Check Var Immed

- Choose State before _ﬁ CaseInfD_rmatiDn Draw Onelines Tools Options Add Ons Window
failed solution attempt corwose et ] e s, £ 7

[5 Log 5ol .
Run Mode ) Single Solution  Simulator | —— Contingency  Sensitivities
8 script - - Full Newton  Options,,, ([RELUre™ Analysis... T ™
Mode Log Power Flow Tools Last successful solution

State before failed solution attempt

 Open Simulator Options, Power Flow Solution, Common Options
— Choose Check

Ba c k ff Common Options  Advanced Options  Island-Based AGC  DC Options General Storage

[ ]
I m m ed Iate Iy Power Flow (Inner) Loop Options Controller (Middle) Loop Options
MYA Convergence Tolerance | 0.1000 = Generator VAR Limits

n Disable Checking Gen VAR, Limits
Maximum Mumber of Tterations = (This results in unlimited Mvar outputs)

[l chaclk Immadiatal,

Power Flow Salution

x [ 10o only Cne Iteration
E Chedk Back Off Immediately

i H it Si n g I e S 0 I u t i O n Single ?gltlttoonn MW Control (Outer) Loop Options

- Full

- [ ] Disable Automatic Generation Contral (AGC) (] Disable Switched Shunt (55] Control

S3: Conditioning Hard-to-Solve Cases © 2024 PowerWorld Corporation 24



Successful Solution using

Check Var Immediately.pwb

Check Immediately Mvar solution option

* A successful solution is achieved

— Note that generators all back-off their minimum limit and are now

providing support

162 M\N 162 M\N

Max Mvar 140 _\Mv/a

162 M\N

Min Mvar 0 Mvar 0 Mvar
Setpoint Voltage 1.00 pu 1.00 pu
Actual Voltage 1.00 pu 1.00 pu

1.00 pu 1.00 pu

0.98 pu

] (] Open
This

75 Mvar

140 _Mva 196 ar
0 Mvar 0 Mvar
1.00 pu 1.00 pu
1.00 pu 1.00 pu

1.00 pu 1 00 pu
0.98 pu

|

S3: Conditioning Hard-to-Solve Cases © 2024 PowerWorld Corporation
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Check Var Immediately.pwb

Message Log Comparisons

Voltage Collapse Check Back Off Immediately Enabled
Starting Single Solution using Rectangular Newton-Raphson Starting Single Solution using Rectangular Newton-Raphson
Number: 0 Max P: 423.806 at bus 10383 Number: 0 Max P: 423.806 at bus 10383
Max Q: 145.311 at bus 10000 Max Q: 145.311 at bus 10000
Number: 1 Max P: 43.263 at bus 10383 Number: 1 Max P: 43.263 at bus 10383
Max Q: 91.818 at bus 10383 Max Q: 91.818 at bus 10383
Number: 2 Max P:  2.940 at bus 10292 Gen(s) at bus 10203 has backed off var limit max
Max Q:  9.099 at bus 10292 Gen(s) at bus 10292 has backed off var limit min
Number: 3 Max P: 1.047 at bus 10292 Gen(s) at bus 10293 has backed off var limit min
Max Q: 6.477 at bus 10292 Gen(s) at bus 10294 has backed off var limit min
Number: 4 Max P: 1.028 at bus 10292 Other Gen Var Changes
Max Q: 6.414 at bus 10292 Number: 2 Max P:  2.627 at bus 10383
Number: 5 Max P:  1.028 at bus 10292 Max Q: 2.024 at bus 10000
Max Q: 6.414 at bus 10292 Number: 3 Max P:  0.002 at bus 10383
Number: 6 ax P: 1.028 at bus 10292 Max Q: 0.003 at bus 10383
Max Q: 6.414 at bus 10292 Transformer, Gen Var, AGC Changes, etc.
NR PowerFlow - Rower flow unable to converge Number: 0 Max P:  0.020 at bus 10313

Single Solution Finished in

0.0089 Seconds

Simulation: Power Flow did not Converge!

Voltage Collapse Occurs — This is seen
by the fact that the Reactive Power
Equations can not converge

S3: Conditioning Hard-to-Solve Cases

Max Q:
Number: 1 Max P:
Max Q:

0.008 at bus 10315
0.020 at bus 10313
0.008 at bus 10315

Finished voltage control loop iteration: 1

Solution Finished in  0.0941 Seconds
Simulation: Successful Power Flow Solution

© 2024 PowerWorld Corporation
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Voltage Collapse.pwb

Voltage Collapse Example

* Choose File 2 Open Case
— ...\S03_GettingACaseToSolve\Voltage Collapse.pwb

e Hit Single Solution
e Open Message Log

Single Sol

lution

\\\\\\\\ wion

s
LT

— Power Flow did not Converge!

e On Onelines Ribbon Tab,
choose Contouring 2
Recalculate Contour

ME-CRHOkE & -

_m Case Information Draw Cnelines Tools

Edit Mode

Run Mode

' Mode

S3: Conditioning Hard-to-Solve Cases

e
b TP

COneline
Options...

» i

Contouring LIS

Topls = Display ~

'_', .
== Contouring.

Recalculate Contour

Remove Contour

Maximum 1.1

= e
‘m e | e 6

Case Information

PU Volt

p
pu
pu
p

_—
1.060
—1.000

'D.gm u
0.800

pu

Opt

E HEE | qy
: iew 52V
LSt oh vie

© 2024 PowerWorld Corporation
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Voltage Collapse.pwb

Look at the Problem Area

 Close the Message Log

* Remove the Contour iy
_ On Onelines Ribbon Ta b’ ChOOse m CESEIHTD.F:I.'IatiDr'I Draw Onelines Tools M“Gp'
: Edit Mode ' B < AP El = la
Contouring =2 Remove Contour | o ‘B 20 gt sa
- |Run Mode Oneline Contouring GI5 List 10 Vie

Options... i Tools = Display =
Eq Contouring...

e A Saved View is available for

Cygnus | Remove Contour | ‘
— On Onelines Ribbon Tab, choose _
. l“a o Al E
Save View = Cygnus

Edit Mode

Run Mode

Mode

S3: Conditioning Hard-to-Solve Cases © 2024 PowerWorld Corporation 28



et

Voltage Collapse.pwb

Saved View: Cygnus

/

)

Reactive Support
Available but offline

0.72 nu

NC6
2414

"1 i / > ® 0.71 nu

NCl24 = Pecasus
i M/ 5 v
w\T /0.74 ou
v v iy b o e

20657 (.76 pu e A

S3: Conditioning Hard-to-Solve Cases
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* Close the
Switched Shunt at
X-1(2416)

e Hit Single Solution - .
e Solution Successful

— Bus voltages are a
0.60 per unit!

Close in Capacitor at
Bus X-1 (2416)

Voltage Collapse.pwb

G

llllllllll

t

J
— This is a “low voltage” solution

S3: Conditioning Hard-to-Solve Cases

© 2024 PowerWorld Corporation
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Voltage Collapse.pwb

Verify Low Voltage Solution

* Calculate the voltage sensitivity with [ dv
respect to a change in reactive power | dQ

M B - we %ﬂ' 5 EF] ﬁ X R T T Case: Voltage Collapse.pwh Status: Running (PF) | Simulator 18
% E O n Too I s R I b b O n Ta b’ “ Case Information Draw Onelines Tools Options Add Ons Window
T«#  choose Sensitivities = el 0 B | E e B

t £ Time Step Simulation... —
Sensitiv

b
1] Run Mode % e o Single Solution  Simulator Contingency | Sensitivities Limit
F I OW a n d VO Ita ge I hcde Lag T AT T Power Transfer Distribution Factors (FTDFs)...
BT

-Full Newton  Options..  Restore - Analysis... - Line Loading Replicator... Maonitoring...
TLR Sensitivities / Generation Shift Factors..,

Se n s itivitie s Line Outage Distribution Factors [LODFs)...

LODF Screening...
| Flow and Voltage Sensitivities..,

Loss Sensitivities...

— Go to the Self Sensitivity tab
— Click the Calculate Sensitivities button

Line Flow/Interface/Bul Sensitivities = O
Single Meter, Multiple Transfirs  Single Transfer, Multiple Meters  Self Sensitivity  Multiple Meters, Single Control Change  Multiple Meters, Multiple Control Change
The Bus Sensitivities resul s assume an injection of power at the bus in the Results Summary 5164 Slack Buses (shown for information)
respective row of the resllts with the power absorbed at the slack bus. The MNumber of Buses Bus 1042 (1042); in Area Area 117 (117)
_re_sul;s give the sensitivity of voltage at the respective bus due to the power Minimum dv/dP Value 0.00411
injection.
Maximum dv/dP Value 0.04436
Calculate dv/dP valles Mote: Sensitivities are only calculated for the -
M f buses shown in the list below. Filter the list to Minimum dV/dQ Value -0.00174
Calculate dv/dQ 1"'"_'4'35 narrow the number caloulated. Maximum dv/dQ Value 0.12792
Calculate Sensitivities Alternative Solution Buses | a5

S3: Conditioning Hard-to-Solve Cases © 2024 PowerWorld Corporation 31



Voltage Collapse.pwb

Negative Values of dV/dQ

Mumbern Mame |Mom kv]Area Mum|Area Mame| dv/dP dv/dQ & |MNegative Li
reactance lines| 5

1 2415 MNC5 38.00 14 Area 114 -0.00281922 -0.00173926 NO ¥
Z 2185 Ruys 2185 38,00 14 Areg 174 -0,00280306 -0.00164082 MO Y
3| 2416 -1 69.00 14 Area 114 -0.00374903 NO ¥
4 2059 Bus 20549 .00 4 Area 114 -0.002024871 000701184 MNO b
5 2183 Bus 2783 38.00 14 Area 114 -0.00271904 -0.00155650 MO Yl
] 2186 Bus 2186 38.00 14 Area 114 -0.00241818 -0.00151128 NO ¥l
7 2181 Bus 27817 38.00 14 Area 114 -0.00260238 -0.00146718 MO ¥l
8 2182 Bus 2182 38.00 14 Area 114 -0.00253934 -0.00140442 MO ¥l
g 2180 Bus 2180 38.00 14 Area 114 -0.00244979 -0.00138295 MO Yl
10 2065 Lyra 38.00 14 Area 114 -0.00198874 -0.00135069 NO ¥l
11 2412 Bus 2412 38.00 14 Area 114 -0.00254295 -0.00134735 MO ¥l
12 2413 Bus 2413 38.00 14 Area 114 -0.00240206 -0.00132264 MO ¥l
13 2176 Bus 2776 38.00 14 Area 114 -0.00250047 -0.00131325 MO Yl
14 2177 Bus 2177 38.00 14 Area 114 -0.00247028 -0.00130708 NO ¥l
15 2178 Bus 2778 38.00 14 Area 114 -0.00249596 -0.00130260 MO ¥l
16 2188 Bus 2788 38.00 14 Area 114 -0.00247336 -0.00123120 MO ¥l
17 2414 MNCo 29,00 14 Area 114 -0.00389243 -0.00115479 MO Yl

S3: Conditioning Hard-to-Solve Cases
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Negative values 714
including at bus
2416 dQ
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Determine location

Voltage Collapse.pwb

of negative dV/dQ buses

e Determine Path Distances to Buses

X-12416

Determine Path Distances to Buses — [m] *

Start

Element Type +| Sortby (O)Name (@) Numb

® Bus [ 2418

(O substation -

O Area

O Zone

O Super Area " ALt

(O Injection Group 2418 (NC3) [13.80 kv] O n Iy C I 0 S e d
2419 (NC1) [13.80 kv] v
2470 MBoe 24MY_T138 0 LWl

I Z I Distance Measure Lines to Process Bus Field to Populate
\| X Qi |Cusb3m\,FIoaﬁng Foint 1 | |Find... “
L2
Length

O Number of nodes O Filter Choose Filter Define... e

(O Other Find... (O selected

Results

P Bk R 0% g 8

AR

i) Records~ Geo~ Set~ Columns ~ ' E "&E' 4 %' i = HH options -

S3: Conditioning Hard-to-Solve Cases

Mumber Mame Area Name | Zone Name | Cust Float 1 & | Sub Name PU Volt ‘ Angle (Deg) | Lo: ™
1 2416 X1 Area 114 Zone 123 0.000000 K 69.00 059881
2 2414 MNCE Area 114 Zone 123 I 0.045747 69.00 0.59022
2 2189 Rocinante  Area 114 Zone 123 0.050223 69.00 0.58600
4 2190 Pegasus Area 114 Zone 123 0.062428 69.00 0.38535
5 2415 MNC5 Area 114 Zone 123 0.076293 138.00 0.61523
6 2187 Deneb Area 114 Zone 123 0.084617 69.00 0.58164
T 2185 Bus 2185 Area 114 Zone 123 0.086636 138.00 0.61835
8 2059 Bus 2059 Area 114 Zone 123 0.088455 138.00 0.61902
9 2183 Bus 2183 Area 114 Zone 123 0.095950 138.00 0.62135

© 2024 PowerWorld Corporation

Im
m
in

N0 B

1 Connections

. B i

Determine Path Distances to Buses...

Determine Shortest Path Between...
Facility Analysis ...

Branches that Create Islands...

Bus Field Custom\Floating
Point 1 is populated with
result of calculation
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Voltage Collapse.pwb

Revisit Negative dV/dQ values

d V d Line Flow/Interface/Bus Sensitivities _ o x
Single Meter, Multiple Transfers  Single Transfer, Multiple Meters  Self Sensitivity | Multiple Meters, Single Control Change  Multiple Meters, Multiple Control Change

The Bus Sensitivities results assume an injection of power at the bus in the Resitts Summary Siga Slack Buses (shown for information)
respective row of the results with the power absorbed at the slack bus. The Number of Buses Bus 1042 (1042); in Area Area 117 (117)
. . re_i';s give the sensitivity of voltage at the respective bus due to the power Minimum dV/dP Value -0.00411
injectionmn
. U S e D I S I a C O | O t I O S t O oo oo
] Calculate dWP Val Note: Sensitivities are only calculated for the "
p y u I I l I l p I | e ales buses shown in the listbelow. Fiter the fisttg  "inimum dV/dQ Value 1 -0.00174
Caleulate dv/dQalues narrow the number calculated. Mandimum dv/dQ Value 0.12792
Caleulate Sensiﬁvr‘t‘ - Alternative Solution Buses | 25
[ ] [ ] ]
a u St o m F o a t I n P o I n t e
E B il Wi %8 da '?&,, ' Records~ Geo~ Set~ Columns ~

i~ M- 7 BH- Bt - B Options -
[Jonly show the primary bus T:r each superbus &H Advanced Filter...
MNumber] Name |MN&m kV|Area Mum| Area Name|  dV/dP ‘Y dvy/dQ ‘Cust Floi Quick Filter... Ctrl+Q PU Volt ~

e Sort by Cust Float 1 which is N~

15 2120 B T=a.00 -0.00244879 -0.00138295

«  Use Area Zone Filters

Area/Zone/Owner Filters...

30| 1001 0.00000062 -0.00007489 Aggregations 4

3 1004 0.00002389 -0.00028202 0

1 e -
e What about the last 67

16| 2176 W08250647 -0.00131325 Demausilics
M 17] 2178 -0.00249596 -0.00 750268 TS
nOW O u a e WI Ou r a 18] 2177 14 -0.00247028 -0.00130708
p 19| 2413 14 -0.00240206 -0.00132264 3W Transformer v
20] 2188 14 -0.00247336 -0.00123120 Sranch ,
- 21| 2417 14 -0.00270790 -0.00031009 Tt e ,
22| 1016 14 -0.00276965 -0.00021300 © Transmiss :
D I Sta n Ce 23| 2184 14 -0.00190352 -0.00085049 GICKFormer »
24| 2195 14 -0.00072048 -0.00008633 Conerator N
25| 2025 14 -0.00111881-0.00012283
26| 2072 14 -0.00000683 -0.00015584 Load '
. e 27| 2068 14 -0.00000674 -0.00015441 Multi Terminal DC Record ~ »
* First 25 entries are very near X- — = § DO M o
20| 2071 14 0.00000151 -0.00012282
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Voltage Collapse.pwb

Other Negative dV/dQ values

Mumber Mame |[Mom kV]Area Mum|Area Name|  dv/dP Y dv/dQ |Cust Floi & |MNegative
reactance lines|
26 2072 Bus 2072 345,00 114 Area 114 -0.00000683 -0.00015584 0.69826464 |YES
27 2068 Bus 2068 345.00 114 Area 114 -0.00000674 -0.00015441 0.692836468 YES
28 2070 Bus 2070 345.00 114 Area 114 0.00000141 -0.00012416 0.71765423 YES
29 2071 Bus 2071 345.00 114 Area 114 0.00000151 -0.00012282 0.71775424 YES
30 1001 Bus 1001 1.000 114 Area 114 0.00000062 -0.000074589 0.90446508 YES
31 1004 Bus 1004 1.000 114 Area 114 0.00002389 -0.00028202 092172718 YES
 Buses next to the branches with negative series reactances may have

negative dV/dQ
— This is normal behavior for these buses
— Field “Negative Reactance lines” = YES

e 2068, 2070, 2071, and 2072 are next to Series Capacitors

e 1001 and 1004 are both fictitious “star” of a three-winding transformer
— Bus View of 1001 and 1004
— (Starting in Version 23 in April 2023, stars say NO here)

S3: Conditioning Hard-to-Solve Cases © 2024 PowerWorld Corporation



Other Helpful Fields

Bus Sensitivities (Filter:Negative dv/dQ)

=lul-¥

.0 0
00+

| ¢4 9,

Records =

[Jonly show the primary bus for each superbus

Geo = Set~ Columns =

AliR . ALE 3
- ® |

'ﬁ Opions =

Megative
reactance lines|load or shunts

Has closed gen,|Likely

Alternative
Solution (Firs
Meighbors)

MO YES

YES

Number| Name |Mom kV|Area Num|Area Name| dW/dP | dv/dQ |Cust Flo: &fNegative Has closed gen,|Likgfly PU Volt
reactance lines(load or shunts |Alfernative
lution (Firs
eighbors)

1 2416 ¥-1 -0.00374%01 -0.00162335 0. MO YES ES 0.59881
2 2414 NCE -0.00389242 -0.00115478 0, MO YES YES 0.59022
3 2189 Rocinante -0.00405262 -0.00112346 0, MO YES YES 0.58600
4 2190 Pegasus -0.00401255 -0.00113711 0. SNO YES YES 0.58535
5 2415 MNCS -0.00281921 -0.00173924 0, MO YES YES 0.61523
& 2187 Deneb -0.00411145 -0.00102099 0, MO YES YES 0.58164
7 2185 Bus 2185 -0.00280304 -0.00164081 0. S6QNO YES YES 0.61835
8 2059 Bus 2059 -0.00262430 -0.00161183 0, MO YES YES 0.61902
9 2183 Bus 2183 -0.00271963 -0.00155648 0, & (e} YES YES 0.62134
10 2186 Bus 2186 -0.00241817 -0.00151127 0, MO YES YES 0.62371
11 2181 Bus 2181 -0.00260236 -0.00146717 0, MO MO MO 0.62576
12 2182 Bus 2182 -0.00253932 -0.00140440 0.11823810QNO YES YES 0.62727
13 2412 Bus 2412 -0.00254294 -0.00134793 0.12134670JNO YE! YES 0.62829
14 2065 Lyra -0.00198873 -0.00135067 0.12213808JNO M MO 0.63564
15 2180 Bus 2180 -0.00244577 -0.00138294 0, TNO MO 0.62933
16 2176 Bus 2176 -0.00250646 -0.00131324 0, MO o} MO 0.62890
17 2178 Bus 2173 -0.00249595 -0.00130258 0. S58TINO ES YES 0.62905
18 2177 Bus 2177 -0.00247027 -0.00130706 0. MO MO 0.62962
19 2413 Bus 2413 -0.00240205 -0.00132263 0. MO MO 0.63118
20 2188 Bus 2183 -0.00247335 -0.00123119 0. YES YES 0.62923
21 2417 NC4 -0.00270789 -0.00031007 0. MO MO 0.60053
22 1016 MNC2 -0.00276964 -0.00021299 0. MO MO 0.61523
23 2184 Bus 2134 -0.00190351 -0.00085047 0, YES YES 0.64432
24 2195 Bus 2195 -0.00072047 -0.00008633 0, YES YES 0.67952
25 2025 Bus 2025 -0.00111880 -0.00012282 0, YES YES 0.67020
26 2072 Bus 2072 -0.00000683 -0.00015584 0, MO MO 1.01543
27 2068 Bus 2063 -0.00000674 -0.00015441 0, MO MO 1.01548
28| 2070 Bus 2070 [C:00000144]-0.00012416 0. NO NO 1.01432
29 2071 Bus 2071 0.00000151 -0.00012282 O MO MO 1.01546
30 1001 Bus 1001 0.00000062 -0.0000748% O MO MO 1.0055%4
31 1004 Bus 100 114 Area 114 0.00002389 -0.00028202 0.921727134ES MO MO 10435

S3: Conditioning Hard-to-Solve Cases
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Negative Reactance Lines

 Will return YES for the following Buses

adjacent to branches with a negative Series X
— Except for terminals of three-winding
transformers which can have a negative

impedance to the fictitious star bus or the star
bus itself

S3: Conditioning Hard-to-Solve Cases © 2024 PowerWorld Corporation
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reactance lines




Has closed gen, load or shunts

 Returns YES if there is at least one closed
generator, load or shunt at a bus

Number=

S3: Conditioning Hard-to-Solve Cases

0.00196 0.00196 pu -0.00196
0.07841 p 0.07841 pu -0.07841
0.00000 pi 0.00000 pu 0.00000
0.00000 pi 0.00000 pu 0.00000
85.00 MVA 85.00 MVA 0.00 MVA
85.00 MVA 5.08 MVA 0.00 MVA
/gﬂ)% MVA 0.00 MVA

W\ E
A VW
N

050KV M ckr

13.80 KV

Has closed gen,
s|load or shunts

YES
YES
YES
YES

Negative Reactance Line = NO

Because it is terminal of 3-
winding transformer

Has closed gen, load shunts = NO

© 2024 PowerWorld Corporation
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Likely Alternative Solution

* YES only if the 3 conditions are met

—dv/dQ <0 Likely
. . _ Alternative
— Negative Reactance Lines = NO Solution (Firs
e Terminal buses of branches with negative reactance Meighbors]
might have negative dV/dQ for a normal solution YES
YES
— Has closed gen, load or shunt = YES YES
YFS

* A bus without a gen, load or shunt is not going to drive
the system to a low voltage solution, so ignore these

* |n a system with a low voltage solution, there will be at
least one other nearby bus with a gen, load or shunt
that shows YES for Likely Alternative Solution
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Voltage Collapse.pwb

Robust Solution Process

e Sometimes a Flat Start followed by the Robust Solution Process
can achieve a successful solution

B - e B f:_i 5] B @ X R T T Case: Voltage Collaps
. A I Fl t St t t C _ﬁ Case Information Draw Onelines Tools Options Add Ons Window
d dl't tO Lase - - £ 4
p p y Edit Mode & (0O el ® ’ A
[5 Log e Solve - 4 T
imulat:

Bun Made ) single Solution  Simulator - - .
A8 Seript - N f@ single Solution - Full Newton Lir

T M T - Full Mewton  Options..,
— GO to OO s RI On a Mode Log Power Flow Tools Single Solution - Fast Decoupled Ed'

Palar MR Power Flow
a DC Power Flow
* Choose SOIVe v Reset to Flat Start
Reset to Flat Start
. Flat Start Options o = &R
e Click OK | S
Choose the options you would like regarding flat start below,
O n d I a I Og Bring Generator MVAR autputs within their imits
t h a t a p p e a rs V| set Voltages = Setpoints and Angles = sladk angle

Increase Switched Shunts MVAR half way to maximum

Set LTC Transformer Taps To Middle Of Range

Set Phase Shifter Angles To Middle Of Range

li [ o OK ] |xCancel|
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Robust Solution Process

e Now Perform the Robust Solution

Process
— Go to Tools Ribbon Tab

e Choose Solve = Robust Solution

| Mode Log FPower Flow Tools

B - ue B ;’Jf ] IE‘I% @ X EE - T Case: Voltage Collaps
m Case Information Diraw Onelines Tools Options Add Ons Window

: (%) Abort & @ _ i
Edit Mode = @ ' b d{c‘/
__ | B - 4 ¢

Solve

Run Mode | W8 script - Single Solution  Simulator

- Full Newton Options... @ Single Solution - Full Newton Lii
Single Solution - Fast Decoupled id
Polar MR Power Flow

DC Power Flow

Process

— Successful Solution is achieved, but
let’s look at the bus voltage contour
* On Onelines Ribbon Tab, choose

‘)l Robust Solution Process |

SRLLEEIENS

se Information Draw Onelines Tools Options Add Ons Window
i ‘- i 2 | ayers v o g& Dynamic Formattin
R Y ] PME Save View ~ (] (5] B cCustom Hint Values

neline Contouring Gl5 List — )
ptions > Tools™ Display™ ieu Save View B7% - | Default Drawing

Save View = Milky Way

e On Onelines Ribbon Tab,
choose Contouring 2>
Recalculate Contour

S3: Conditioning Hard-to-Solve Cases

Active Tygnus m Ta Geneg
Milky Wa
Wage Collapse ' | e

WE-TRETmME K- -

_m Case Information Draw Onelines Toaols Opt

Edit Made T:_u l: | __L £ Lay
Run Mode | Oneiir:e Contouring .G.IS List — S.av
Options... - Tools = Display ~ |20 Viev
¥ dade -:ﬁ Contouring...
Recalculate Contour ]
Remove Contour

Maximum 1.1

© 2024 PowerWorld Corporation
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* Solution is achieved! .

S3: Conditioning Hard-to-Solve Cases

Result after:
Robust Solution Process

PU Volt

© 2024 PowerWorld Corporation

Voltage Collapse.pwb

42



What does the Voltage Collapse.pwb
Robust Solution Process do?

e Starts by disabling all controls
— Disable LTC, Phases, Switched Shunts, SVCs, AGC, Gen MVar Limit Enforcement

e Solve using a Decoupled Power Flow

e Solve using the Rectangular Newton
 Enable Gen MVar Limits

e Enable Shunts, Solve Newton

e Enable SVCs, Solve Newton

e Enable LTCs, Solve Newton

e Enable AGC, Solve Newton

 Enable phase shifters one at a time and solve

S3: Conditioning Hard-to-Solve Cases © 2024 PowerWorld Corporation
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Voltage Collapse.pwb

Problems with
Decoupled Power Flow Solution

° Decoupled Solution has trouble Open\l.ln and Solve CIose\Llne and Solve
with transmission lines with high
R/X ratios — oy
* For the Xanadu Region _
R=0.00513 u R=0005130u | HOOP
— R/X values are very large! Safreseiallte X=0.00294 pu
3048 3048
of lce
— Normal Value about 0.2 T Camarie ~o1oore, | 10000
. _ . X=0.11222 pu
— These are 1.5 and higher. O T o 043
. Paradff _ U 0900
 This can be resolved Re0Bou (O e 01964300 -
— Opening the Line Peccure ome Peesure bome
P 8 R= 0.7085L pu 0.000u R=070851 pu 0.98 DU
— Single Solution .. XE0ARE T e A P
. . o R= 0.00000 bU jorseravhad R=0.00000bu o
— Closing the line X=09200000 M e X=09200000 05
. . Mad Immnortal Mai OMA Mad Inmmortal Man
— Single Solution & Biacs) 000w OMac) 0%

Newton solution has no trouble with R/X ratios
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Other Problems with Decoupled

 The Robust Solution Method often works great in the WECC and
the ERCOT cases, so do not hesitate to use it there

* However, we have not had great success on extremely large
cases of the Eastern Interconnect
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