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Example Cases

e Solving Real Power Flow Cases

— Low impedance mismatches
* ...\S03_GettingACaseToSolve\Initial Mismatches.raw

— Controller Settings, Area Control
 ...\S03_GettingACaseToSolve\Unspecified Interchange.raw

* Make use of the Check Immediately option for
Generator MVar Limits
— ...\S03_GettingACaseToSolve\Check Var Immediately.pwb
* 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
* |ssues with initial case

— Large mismatches from low impedance lines

— Voltage Controllers
* Transformers
* Switched Shunts

— Area Interchange Control

* 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

* Choose File 2 Open Case

—...\S03_GettingACaseToSolve\Initial
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

® N Ot i Ce m is m atc h e S £ Bus Real and Reactive Power Mismatches i ;E

. . Bushurn' BusMamz' "' Areaklame BusMismatchP | BusMismatch() | BusMismatch W

CO m e I n O p p 0 S Ite |y 1 BODLL| BCWMARVL 110 337397 620,15 43043 -
7 BN47E | CLATRYIL M0 2509.05 344,55 537,59
3 BO04 BHLJEGED 1] 158740 ERVS 163679
S ig n ed “" p a i rS” 4 | 90053 BRIIEEGE M0 1566.34 467,31 1634.56
B BO0S1 BRUISELE MO -1073.87 -147.56 105336
3 50045 BRUJESEL M0 107351 146,61 105345
7 2EPHE LICOVE METC 105158 116,70 1058, 05

_— - 1 5 67 M W B 35459 1EPALISA VETC -1051.56 -116.71 1053.01 J
’ [ 70509 5B RCTOR MEPOOL 116,62 23310 1043, 20 ]

10 F0708 5B PAR MEPOOL -1020,496 175,60 103563
— + 1 5 6 6 M W 11 30041 CLAIRVIL Mo -690.37 -726.95 1004.00
1z BONY MEYRSADY Mo 06,9 135.79 a07.11
13 80055 MEPISE0E Mo 506,57 135,59 907,06
. 14 80016 DARLNGHZ Mo 843.55 150,77 85555
L] B OW M A N V L | S m O re 15 80023 DARLNGHL ™Mo 43,51 159.79 858,51
16 50015 DARLNGH4 Mo 843,76 151.06 857,18
. 17 80017 DARLNGHZ Mo 843.51 148.47 856,45
C O m p I I C a t e d 15 80006 CHERRYWD MO 691,37 495,10 850.36
13 47129 HARDCHER  SEC 40,5 -107.47 4,60
] 80165 DEOLP JT Mo 505,77 FE09 601,85
. 21 80051 PINARD Mo 506,75 75.00 601,62
[ ] C LAI RVI L IS m 0 re 77 B0 MEYRSECH Mo 553.62 -42.09 555.21
23 80097 MEVPEEEE Mo 5361 42.00 BEE.20
. 24 80481 CLAIRYTL Mo 525,38 -167.97 551.57
C O m p I I C a t e d 75 BNNTE BRLITESES M0 46160 -719.08 510,95
26 80052 BRUISEIE Mo 452,04 216,14 510,94
77 743499 REACELS YISO 50778 23,48 508,32
75 74345 SPREROCK YIS0 507,42 2705 508,14
79 FEON1 BGC PAR YIS0 504,96 -a6.94 506,31

a0 75005 EGE DUM YISO 504.91 3665 506,24 v
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Initial Mismatches.raw

Open Oneline:
Bowmanvl Darlington.pwd

» ...\S03_GettingACaseToSolve\Bowmanvl Darlington.pwd )
il b

WD, SRR
o o E o
Very Small I nces

_Toppen T pee ¥ opmaes B pow
S35, MREMY, HEBM, B3 ZEMN,

MW Mismatdhes sum to nearly zero
MVar Mismatches sum nearly to zero
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Initial Mismatches.raw

Open Oneline:
Clairvil.pwd

» ..\SO3 GettingACaseToSolve\Clairvil.owd

CLAIRVIL
80476
MWMisnatch 2509.05 MW
MW Misnatch  344.55 Mvar
= = = = =
Very Snall
8030008 ——— 6806208 B
U ooo0000pu — o 280000
8302 0:999009pu/  \ 0000000 pu
%4!}18?[71 CLAIRV72 (LAIRV73 (LAIRV74 (LAIRV75 C(LAIRV76
e SAhw Gabaw fimaw o Eua  Bilowm

MW Mismatches sum to nearly zero
MVar Mismatches sum nearly to zero

S3: Conditioning Hard-to-Solve Cases © 2015 PowerWorld Corporation 8




Initial Mismatches.raw

Solve Initial Case
Disable All Controllers to Start

* First remove mismatches Options Ribbon Tab
H-RREHEHRE O®- -

due to the low-impedance

Draw Onelines Tools Options
branches without moving T
| | P Solution - i Thumb Mail
Run Mode Simulator ) Oneline _
I I SRR o i Options... Case Info Options - Options.,, Draw Grid
a ny Contro ers Mode | Case Options | Oneline Op

On Simulator Options dialog

_ | solution - |
.F 08 A VT 2 Disable AGC
et [ Disable AGC
Frower Fit Soikitian - . — = - X
Evarment Comemon Opers | advanced Dpons | st ased wi | oc ppbons | Gererst | swcage Disable Shunts
Creine Fower Flow (Inner} Loop Opsons Controller {Mickde} Loop Optons . Disable SVCs
Fim Marssggmrrmt MVA Corvergence Toler 0,200 1= G ke VAR Limits: D bl LTC
Cate Informaton Disglays - - Dusable Cheding Gen VAR Limis Isabie S Disable Phase Shifters
Message Lag Madmum hmber of Theraboes @ - (Ths resuits in unlmited Muar outpats)
e —— Canvergence Tal. |0.1 [ =
v Chmck sty

Do Orly One Tneration

DISGble Shunts Max Iterations |50 \‘

Only One Tteration

Dlsab/e SVCS Disable Opt. Mult.

| Enforce Gen MW Limits
Disable Phase Shifters e

Transformer Stepping | Coordinated ‘v

MW Carttiol (Duiler) Lo Optiors FjOtsabie Switched Sunt £25) Contrel
[FTTr fusnmnt Cereration Corirel (AT ¥

| Enforce Ceneratnr M Lmes
Topkogy Provessny o
Lise Topology Processng
[Thin s Pl Topmsongy M)
Close reshers to Lnergire Switched Shunts

Min. Sense for LTC 0.01 ‘ =
Model Phase as Discrete
| Prevent Controller Oscill,

T Max Control Loop . |20 [z

— o % Island-Based AGC | Disable (Use Area C‘ e

L o] o] Island AGE Talerance 5 E
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Initial Mismatches.raw

If Initial Case was truly
solved, Solution Will Converge Quickly

« Click Single Solution button

Single Solution

- Full Mewton
. Max P: 3373.966 at bus 80011 Max Q: 719.507 at bus 80041
* Solution  yax -~ 78.161 at bus 2 Max Q: 273.859 at bus 23
Resu]ts: Max P 7.836 at bus 2 Max Q: 4.020 at bus 23
Max P 0.003 at bus 70708 Max Q: 0.014 at bus 36314

Etc... (generator Mvar limit checking)

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

%3 15 mgr §§3 14 mgr 34 Mvar :%3%8 War
sgg g% Mvar sgg gg Mvar 147. (5:7 Mvar ?gg'ig Mr
e o+
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Initial Mismatches.raw

Now Restore the Voltage Controllers

* Turn on the Switched Shunt Solution - |
Controllers First j i
Disable LTCs
* Solve Power Flow 7] Disable shunts
° Turn on SVCS V| Disable SWCs
| Disable Phase Shifters
* Solve Power Flow =
b Then the I_TCS Max Iterations |50
Only One teration
e Solve Power Flow - oot o
* Then the Phase Shifters V| Enforce Gen MW Limits
Disable Gen VAR Limits
* Solve Power Flow e e
* Why would problems occur? T St [Cominted B
— Depends on the controller settings Min. Sense for LTC [0.01 :
in the other software package Model Phase as Discrete

| Prevent Controller Oscill.
Max Control Loop Itr, |20

— Controller settings are not included
In some Of the teXt flle formats Island-Based AGC Disable (Use Area | =

* RAW format has not solution parameters Island AGC Tolerance |5
* EPC format has some solution parameters
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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

* 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
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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

— If values are very large, the original case was not
solved using area control

— They look OK for case Initial Mismatches.RAW
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Initial Mismatches.raw

Area Records for Case:
ACE Column

Medel Explorer: Areas
[Explore Q| X AreaRecords | X Transformer Controls | X Buses | X Mismatches |
Explore | Fields | P[] B ell a8 5% | @4 88 | 5 Records - Geo - Ser~ Columns - | g~ . §* BH- W fg B | oprions ~
o g ﬁz::;tk 1% Filter Advanced - Area - - Findemgamaye
[C3 Branches By Type Area Num|Area Name |AGC Status| Gen MW |Load M |Shunt M (Tot Sched Mw| IntMw JACE M| Lambda |Loss MW |Auto Shunts|Auto XF[  Area Slack Bus  |Unspec. Mwy| =
HH Branches Input Inter. K
[ Branches State 1] 702 NYISO Arez Slack 30687.3130733.25  34.41 334,00 -1000.36] -16.36 Off Control 920,02 YES YES  ROSEGN1(74190) 984,00
(] Buses 2 147 TVA Off AGC  32370.66 30604.01 0.00 1180.00 1189.08|  9.09 [Off Control 577.56 YES YES  N3BFN (18137) 1180.00
{#H DC Transmission Lines 3| 208 CIN Arez Slack 13181.99 13278.11 0.48 -549.00 -544.75|  4.25 Off Control 448,16 YES YES  DBBCKIDS (25895) -543.00
B Generators 4 356 AMRN Arez Slack 1091162 11522.91 0.00 -821.00 -823.08) -2.08 DffControl 211.79 YES YES  OSAGE (31400) -805.00
] : 5 357 1P Arezslack 428118 4146.10 56.00 57.82) 182pffControl 77,27 YES YES  HAVANA (32407) 56.00
ITPEdE”EE Correction Table: 3 35 DPBL AreaSlack  2924.37 3886.71 0.00 -1064.00 -1062.22 1.78 Dff Control 99,88 YES YES IR4 (9219) -1064.00
EH Line shunts 7 703 IMO Arez Slack 25768,36 24990.65 0.55 0.00 132|  L32[0ff Conrel 775.85 YES YES  LAKEVWGS (30900) 0.00
[ Loads 8 3J1PSEAG  ArezSlack  6906.48 10312.64 0.00 -3474.00 -3474.81) -0.81 Off Control  €8.86 YES YES ~ SEWARENZ (5121)  -3474.00
HH Mismatches 9 28 ICPAL arezslack 371684 5829.86[_____]  -2365.00 -2365.65) -0.65 Off Control 252,63 YES YES ~ OCGEN (2895) -2365.00
HB Multi-Ter ) 10 707 CORNWALL Off AGC 45.00 -45.00 -45.57| -0.57[0ffControl  0.57 VES YES ~45.00
[ Switched Shunts 11 146 50CO Arez Slack 46844.58 44752.00 4108 1180.00 1179.52] -0.48 [Off Control 871.90 YES YES  1GASTONS (15100) 1180.00
. 12 37 RECO Area Slack 0.00 419.00 0.00 -421.00 -420.62| 0.38 DffControl 162 YES YES  SO.MAHWA (79356)  -421.00
(] Three-Winding Transformers & 13 144 5C ArezSlack 425431 4225.04  -0.06 -73.00 -72.63]  0.37]pffContrel 10196 VES YES  1CROSS1(13042) 73.00
EEi Tra“s_f"rm” Controls 14 704 HQTE OFf AGC  24907.55 21440.59 1.69 2615.00 2615.31 0.31/0ff Control 850,07 YES YES  BERS-1 (84033) 2615.00
El [3 Aggregations 15 701 NEPOOL  OFFAGC  24424.7126128.96  214.26 -2596.00 -2595.73]  0.27 ff Control  677.22 YES YES  BP #3GN (72370) -2596.00
[ Areas 16 401 FPL Arez Slack  16907.98 20705.45 0.00 -4384.00 -4383.77)  0.23 Off Control 586.30 YES YES ~ CAPECANZ (40363)  -4384.00
H D roups 17 25 PIMS00  Arez Slack 13044.48  0.00 0.00  12892.00 12892.20)  0.200ff Control 15228 VES YES  PCHETM 2 (39) 12892.00
BB Interfaces 18 523 GRRD ArezSlack 125166  761.00 467.00 467.13)  0.190ff Control  23.47 VES YES  SALINA 5 (5446) 0.00
{ Islands 19 600 XEL-NSP  AreaSlack 8145.16 9512.56 0.00 -1643.47 -1649.30]  0.17 Off Control  281.90 YES YES  SHERC32G (50001)  -157L.00
" : 0 30 PECO ArezSlack  6066.80 B136.08  -1.09 -2190.00 -2189.83]  0.17 Off Control  121.54 YES YES  EDDYSTMZ (4112 -2190.00
{5 Mt Secton Lines 21 26 PENELEC  AreaSlack  3802.16 2531.50 5.26 1106.00 1105.84| -0.16 Off Control 98,55 YES YES  SHAWVL 1(424) 1106.00
| MW Transactions 2 652 WAPA  AreaSlack 438553 205493  0.00 125200 1252.14)  0.140ff Control 178,45 YES YES  OAHE 1G (66559) 1248.00
23] 536 WERE arez Slack  5842.04 5484.96 0.00 204.21 20435 0.14[0ff Control 15273 VES YES  LECUS (56663) 0.00
24 545 INDN ArezSlack 21579 303.80 -80.00 -90.13) -0.13[0ffControl  2.01 YES YES  BLUVLY 2(59806) 0.00
25 205 AEP arez Slack 24244.65 23419.18 0.00 137.00 137.12]  0.12[0ff Control 688.36 YES YES  DS5SPORNA (22987) -113.00
- % 706 NS ArezSlack  1078.44 1233.48 -200.00 -199.88]  0.12 Dff Control 39,84 YES YES  TRENTONG (39088) -200.00
[ Tielines between Areas 27 29 PPL arez Slack  7416.08 6670.00  -45.60 636.00 636.11)  0.11[0ffControl 155.57 YES YES  MTNCK 3 (3150) 635.00
[ Tielines between Zones 28 140 CPLE Arez Slack  10579.76 11623.00 0,42 -1253.00 -1253.11)  -0.11Off Control 208,45 YES YES  1ROX #2 (10870) -1253.00
o 25 364 ALTE Arez Slack  3596.04 237257 0.00 1126.51 1126.62)  0.11[offControl  96.85 YES YES  COLG2 (39153) 941.00
ansrert = 30 363 NI Arez Slack 22865.50 22203.70 0.00 196,00 196.10) 0,10 Off Contrel 465,71 YES YES  COLLI;1U (37526) 186.00
[ zones 31 546 SPRM arezSlack  619.53  740.59 0.00 -130.00 -130.10) -D.10DffControl  9.05 YES YES  IRPS#5 1(59899) 0.00
[£3 Solution Details 32 680 DPC ArezSlack 111232 873.90 0.00 16474 16465, -0.09 Off Contrel 68,77 YES YES M (69542) 132,00
[£3 Case Information and Auxdlary 33 608 MP AreaSlack  1648.63 1603.10 0.00 -26.00 -26.03) -0.09offControl 7162 VES YES ~ BOSWE43G (61774) -26.00
3 Contingenc Analusis b 34 640 NPPD Arez Slack 293411 2827.59 0.00 1.00 1.09]  0.09Off Control  105.43 YES YES  GENTLM2G (§4711) 59,00~
Open Mew Explorer Search Search Now Options ~

ACE values are reasonable
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Unspecified Interchange.Raw

When Case is Not Solved with AGC

* Choose File = Open Case

— ...\S03_GettingACaseToSolve\Unspecified

Interchange.raw

* Go to Options Ribbon Tab
|Run Mode | CE]\;I‘.IG\ator
— Choose the Solution menu .

— Check Disable AGC
* Click Single Solution
e Solution successful

 Open Model Explorer
— Aggregations\Areas

S3: Conditioning Hard-to-Solve Cases
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Draw Onelines Tools

Options

Misc. Power Flow -

Solution - |

' | Disable AGC
Disable LTCs

Disable Shunts
Disable SVCs

Disable Phase Shifters
Convergence Tol, (0.1
Max Iterations |50
Only One Iteration
Disable Opt. Mult.

Enforce Gen MW Limits
Disable Gen VAR Limits
Gen VAR Immed.

Transformer Stepping |Coordinated

Min, Sense for LTC |0.01

Model Phase as Discrete

15

Area ACE MW,

Unspecified Interchange.Raw

Unspecified MW Transactions

* Large ACE Values

e Unspecified MW interchange does not sum to zero

Model Explorer: Areas =& ===
[Explore 1| X AreaRecords | X Buses | X Transformer Controls | X Mismatches
Explore | Fields | i ] B Ak b % | ¢ 2 | 3 Records - Geo - Set~ Columns - [He- | @B~ ME- § BH- 0 fg E | options -
jz:::::k “ i Filter Advanced = Area - ~ Find... Remove
3 Branches By Type Area Mum|Area Name |AGC Status| Gen MW |Load MW |Shunt MW |Tot Sched M| Int MW | [ACE MW | Lambda  |Loss MW ([Auto Shunts|Auto ¥F|  Area Slack Bus  |Unspec. MW
HH Eranches Input Inter.
HH Branches State 1 1 ONCORTSP Area Slack 2383560 24258.93 0.00 0.00 -1091.2{ -1091.25 Dff Control 667,92 YES YES  THSE 2G (3404) 0.00
[ Buses 2 2 RYBRNTSP Off AGC 76.00  459.57 0.00 -334.7] -384.71Dff Control  1.14 YES YES 0.00
[ DC Transmission Lines 3 3 TEXLATSP  Off AGC 94.34 0.00 -94.34 -34.34DOffControl  0.01 YES YES 0.00
& Generators = 4 4HPTSP OffAGC  16729.66 13080.03 0.00 0.00 -1557.94 -1557.95 Off Control  207.58 YES YES 0.00
~ ) 5 5 CPSTSP  AreaSlack 3601.65 4137.50 0.00 -700.00 -575.0] 124.99 Dff Control  38.16 YES YES  VHB3 (5028) -700.00
EH 1mpedance Correction Table 6 7 LCRATSP  AreaSlack 6444.80 3080.31 0.00 497.44 3259.3] 2761.87 Dff Control 105,18 YES YES  FERGUSG1(7000) 497,44
HH Line Shunts 7 8 AEPTSP  AreaSlack 5719.95 6297.81 0.00 0.00 -753.5{ -753.53Dff Control 175.67 YES YES DAV #1 (8459) 0.00
[ Loads 8 9 AENTSP  AreaSlack 1289.30 2234.23 0.00 0.00 -990.7{ -990.79 Dff Control 45,86 YES YES  DECKR G2(9001) 0.00
HH Mismatches ] 10 5TP Off AGC  2500.00 0.00 2458.9¢ 2458.96 Off Control 4104 YES YES 0.00
FE Multi-Terminal DC 10 11 BEPCTSP OffAGC 172630 2166.89 0.00 0.00 -493.8] -493.87 Off Control ~ 53.28 YES YES
{H switched Shunts i 11 12 TMPATSP  Off AGC 46200  0.00 0.00 0.00 454.9] 454.910ff Control  7.09 YES YES
{ Thres-Winding Transformers 12 13 STECTSP  Off AGC 320,75 404.00 0.00 0.00 -110.1] -110.110ff Control 26,85 YES YES
iy - - 13 14 SANMIGUL Off AGC 395.00 0.00 393.7¢ 393.76 Off Control 1,24 YES YES
(& Transformer Controls 14 15 BPUB TSP Off AGC 80.00  253.00 0.00 0.00 -173.8¢ -173.86 Off Control  0.86 YES YES
= [ Aggregations 15 16 DCEAST  AreaSlack  46.00  10.00 36.00 359 -0.01pffControl  0.01 YES YES  DCEAST (5925)
16 17 TMMP TSP AreaSlack 170283 1628.80 0.00 0.00 53.0§ 58.05Dff Control  15.98 YES YES  TMPOMNE#1 (39960
17 18 SHRY TSP Off AGC 4.64 0.00 -48{ -4.84DffControl  0.20 YES YES
B8 Interfaces 18 19 DENTNTSP Off AGC 17771 e [__] 0.00 -57.4] -97.43DffControl  1.34 YES YES
[ rslands 19 20 GRLNDTSP Off AGC 319.14 525.77 0.00 -214.0] -214.02Dff Control 7.0 YES YES
" Mult-section Lines 20 21 GRNVLTSP  Off AGC 63.44  108.12 0.00 -453Y -45.39Dff Control 0,71 YES YES
B MU Transacto - 21 22 BRYNTSP Off AGC 202,00 273.06 0.00 -73.90 -73.900ff Control 2,84 YES YES
Search Search Now Options ~
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Unspecified Interchange.Raw

Area Unspecified MW Interchange

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

* This is called Unspecified MW Interchange

* These unspecified values should sum to zero

— If 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

S3: Conditioning Hard-to-Solve Cases © 2015 PowerWorld Corporation 17

What to d 0O 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

Meodel Explorer: MW Transactions = [ ¢
Explore 0| X MWTransa ctions |X Busesl X Areas | x Mismatchesl X Mismatches I ¥ Bus Zero-Impedance Branct * | *

Explore | Fields : [ Bl %8 5% | dh 23 | Records~| Set- Columns- - |@R- WE- T BH- I - B -

> [_J Recent o — =| Insert

> | Metwark : £

4 3 Aggregations | Matrix of Transactions | List of Trans
ﬂﬁ Areas

1 HB Injection Groups . Export

| ¥ Area/Zone/Owner Filters

Export Area 1 OPF De

Clear Transactions and auto-insert tieline transactions [zetatie i

I

b P P S R JU R

| Open Mew Explorer |

S3: Conditioning Hard-to-Solve Cases © 2015 PowerWorld Corporation 18




® Wh at t o) d o) | f Unspecified Interchange.Raw
Interchanges don’t look right?

. .
« Another option is to set

the unspecified _—
v|Tot Sched MW| Int MW ‘ACEMW

-1091,35 -1091.25 0,00 Off Control 667,92 YES vP=  meeeaciaana I ineros

.
interchange equal to the ! |

. -384.71 -384.71 0.00 Off Control 1.14|YES % Show Dialog... :34,71
actual interchange ol s wnptow) e i o

57.95
| @4 Find... Ctrl+F

Lambda |Loss Mw|Autc shunm|Aum xF| Area SlackBus  |Unspec, MW

-575.01) -575.01 0.00 Off Control 39.16 YES [7s.01

b

3 |
3 3259.31 3259.31  0.00 Off Control 105.18 vEs | b Search for Ted.. 59,31
- G (0] tO Area ) ) 753.53 -753.53  0.00 Off Contrel| 17567 YES |  Insert.. 53.53
3 990.73 990.79  0.00 Off Control 4586 vES |  Delete 50.79
. . 2458.96 2458.96 0.0 Off Control|  41.04 YES 58.95
- nght‘CIle on UnSpeC. MW 1 493,87 -493.87  0.00 Off Control  53.28 YES Areafecoids T
b 45491 45491  0.00 Off Control 709 ves | Plot 54.91
Inter fl e I d ) 10,41 110,41 000 OFF Contl| 36 85 YFS Geographic Data View ¥ 110,11
. 93.76| 39376 |k Set All Values To.. | _set/Toggle/Columns ____+ [FR3
1 e -7ass | B Copy/Paste/Send v 7388
-_ C h OO S e 3 :;32 :;32 ;:[lgl:é[: Select Celumn(s) :*:m: Save As :;32
434 434 |H Select Row(s) &~ Load L3 4,84
Set/ToggIe/coI u m ns 9 Set 07.43| 97.43 E§< Get Column Metrics... % Advanced Filter... b7.43
214,02 21402 | Contour Column... W Advance d Sort... t4.02

All Values to Field... TR om0
— Choose Interchange\Actual
MW Export

S3: Conditioning Hard-to-Solve Cases © 2015 PowerWorld Corporation 19

Unspecified Interchange.Raw

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

e All MW transactions in the case will be deleted

e All Unspecified MW transactions for each area
will be set to zero

* 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

S3: Conditioning Hard-to-Solve Cases © 2015 PowerWorld Corporation 20




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
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Check Var Immediately.pwb

Generator Mvar Modeling:
Example Check Immediately

* Choose File & Open Case
— ...\803_GettingACaseToSolve\Check Var Immediately.pwb

Click Single Solution

Single Sclution
- Full Newton

a
o

162 MW 16 MW 162 MW
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
Setpon’]t 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 1.02 pu
are all 1.00
PQ(Gens at Var Limit) PQ(Gens at Var Limit) PQ(a:saVaani) PQiGmsatVa-Lni)
1.02 pu 1.02 pul 1.02 pu
Terminal voltages
are all 1.02

W x—ffi—
Open
This

All Generators are
stuck at Min Mvar
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Generator MVar Modeling:
A branch outage occurs

* Take the branch labeled “Open This” out-of-service

. L] .o
* Hit Single Solution 2. ™S
-Fil v See depressed voltage:
e Results in an unsolved power flow Voltage Collapse
162 MWV 162 MV 162 MV 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
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
Message Log: Check Var Immediately.pwh E3]
Starting Solution using Rectangular Newton-Raphson PQ (Gens at Var Liit) PQ (Gerts at Var Limit) PQ (Gens at Var Lirit) PQ (Gens at Var Limit)
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
Number: 1 MaxP: 92.749 at bus 12429 Max Q: 99.603 at bus 12429
Number: 2 MaxP: 4.850 at bus 13236 Max Q: 11.887 at bus 12429
Number: 3 MaxP: 0.527 at bus 13236 Max Q:  4.351 at bus 12834
Number: 4 MaxP: 0.338 at bus 13236 Max Q:  3.592 at bus 12834
Number: 5 MaxP: 0.338 at bus 13236 Max Q:  3.592 at bus 12834
MR PovserFlove - Power flow unable to converge
Solution Finished 04755 d
i Simulation: Power Flow did not Com g
S3: Conditioning Hard-to-Solve Cases © 2015 PowerWorld Corporation 23

What about the "
Generator MVar voltage support?

* Notice that the generators are all still operating at O
Mvar output in the system
— The power flow started with the generator buses flagged as
PQ buses because they started at their minimum Mvar
* |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)

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

Redo Solution while
Checking Mvar Limits Immediately

* Go to the Tools Ribbon Tab, Restore menu

@ G - e | ®E- = Case: Check Var Immed
(=2 £ E
— Choose State before  mm covme on cume wn oon sson s
%) Abort i df 47
Edit Mode . " i 5 4
ailed solution a emp Hie B s N 7 e
Mode | Single Solution  Simulator Contingency  Sensitivities
|| WBsaigt - | e fewton  Options. [Restore = | | “Analysis... - Lin
. Mode | Log | Pourer Flow Toals Last successful solution i
State before failed solution attempt
L&

* Open Simulator Options, Power Flow Solution,
Common Options

PowerWorld Simulator Options =
C h Oose Ch eCk Select option category
. > - Power Flow Solution P o - I |

I m m e d I ate I Sy —— t P ‘ Advanced Options. I Island-Based AGC I DC Options | General I Storage

» - Oneline Power Flow (Inner) Loop Options Controller (Middle) Loop Options

» -File Management MVA Conver gence Tolerance 0.1000 = Generator VAR Limits

- Case Information Displays = DDisabIe Checking Gen VAR Limits

Message Log Maximum Number of Iterations 50 = (This.rasults inuolimited Mvar outputs)
- Distributed Computing
[~ Do Only One Iteration

.. Hit Single Solution
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% k Varl mediately.pwb

Successful Solution using
Immediately Mvar solution option

e A successful solution is achieved

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

16? 167
Max Mvar 140 Mvar 140 Mvar 140 Mvar 196 Mvar
Min Mvar 0 Mvar 0 Mvar 0 Mvar C:D 0 Mvar
Setpoint Voltage 1.00 pu 1.00 pu 1.00 pu 1.00 pu
Actual Voltage 1.00 pu 1.00 pu 1.00 pu 1.00 pu
P PV
1.00 pu 1.00 pu 1.00 pu 1.00 pu
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Check Var Immediately.pwb

Message Log Comparisons

Voltage Collapse

Starting Single Solution using Rectangular Newton-Raphson
Warning - Total of case transactions do not sum to zero -
Case has 332.00 MW more imports than exports

Check Immediately Enabled

Starting Single Solution using Rectangular Newton-Raphson
Warning - Total of case transactions do not sum to zero -
Case has 332.00 MW more imports than exports

Number: 0 Max P: 424.429 at bus 6JASPER (12429) Number: 0 Max P: 424.428 at bus 6JASPER (12429)
Max Q: 144.033 at bus 6PURRYSB (13236) Max Q: 144.033 at bus 6PURRYSB (13236)
Number: 1 Max P: 93.170 at bus 6JASPER (12429) Number: 1 Max P: 93.225 at bus 6JASPER (12429)
Max Q: 99.728 at bus 6JASPER (12429) Max Q: 99.736 at bus 6JASPER (12429)
Number: 2 Max P: 4.865 at bus 6PURRYSB (13236) Gen(s) at bus 1JASPGT1 (12831) has backed off var limit
Max Q: 11.950 at bus 6JASPER (12429) Gen(s) at bus 1JASPGT2 (12832) has backed off var limit
Number: 3 Max P:  0.532 at bus 6PURRYSB (13236) Gen(s) at bus 1JASPGT3 (12833) has backed off var limit
Max Q: 4.336 at bus 1JASPST1 (12834) Gen(s) at bus 1JASPST1 (12834) has backed off var limit
Number: 4 Max P:  0.337 at bus 6PURRYSB (13236) Other Gen Var Changes
Max Q: 3.565 at bus 1JASPST1 (12834) Number: 2 Max P:  1.860 at bus 6JASPER (12429)
Number: 5 Max P: 0.337 at bus 6PURRYSB (13236 Max Q: 3.816 at bus 12JEFFH6 (13028)
Max Q: 3.565 at bus 1JASPST1 (12834) Other Gen Var Changes
NR PowerFlow - Power flow unable to converge Number: 3 Max P:  0.163 at bus 6JASPER (12429)
Simulation: Power Flow did not Converge! Max Q: 2.064 at bus 12JEFFH6 (13028)
Single Solution Finished in  3.047 Seconds Number: 4 Max P:  0.002 at bus 6JASPER (12429)

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:
Other Gen MW Changes
Generation Adjustment Completed.

0.015 at bus 12JEFFH6 (13028)

Number: 0 Max P:  3.056 at bus 1AMW (12800)
Max Q: 0.015 at bus 12JEFFH6 (13028)

Number: 1 Max P:  0.017 at bus 1VOGTLE2 (15102)
Max Q: 0.026 at bus IAMW (12800)

Number: 0 Max P:  0.017 at bus 1VOGTLE2 (15102)

Max Q: 0.026 at bus IAMW (12800)
Simulation: Successful Power Flow Solution
Single Solution Finished in  2.516 Seconds

© 2015 PowerWorld Corporation

Solution sees
the voltages
begin to fall and
backs off the
minimum MVar
limits to provide
voltage support
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Voltage Collapse.pwb

Voltage Collapse Example

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

* Hit Single Solution &
* Open Message Log fi

— Power Flow did not Converge!

* On Onelines Ribbon Tab,

choose Contouring =
Recalculate Contour

@ E- % eilEmE
7“ Case Information

Draw

s il -
Edit Mode JLE l‘ E"I
|Run Model Oneline Contouring 15 List
Options... = Tabols = Display =

Mode Contourin

Tools

Opt
28 Loy
e Sav

2D Viev

Recalculate Contour

—t

]

Remaove Contour

Maximum |1.1

S3: Conditioning Hard-to-Solve Cases

Problem
[
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Voltage Collapse.pwb

Look at the Problem Area

* Close the Message Log

* Remove the Contour T = g R

— On OnEIines Ribbon Tab’ m CaseInfo.r:lation Draw C;erlines Toaols Lm.mOp.
Edit Mode Bt ‘: ﬁ" E E;:

choose Contouring 2 S | L .
I |—Run MUdE‘ DC:‘]r;iEl‘]l:_lﬂ;E CUHtO'UFII"Ig Toillss‘ - Disl_;:;y -
Remove Contour | | " [38 contouring.

Recalculate Contour

A Saved View is available (" Remove contour )

Maximum 1.1 |
I

for Laredo -
. . BE-SeiomE Ow- - (
- On OﬂEIInES Rlbbon Tab, m Case Information Draw Onelines Tools Options Add Ons

2D Vie

—

ARG

—

. * =y :
9 ; il l: N B Layers + &® e
Edit Mode B e =2 S e
choose Save View & 5 i e P
Fun Mod Oneline Contouring GIS List ST T ————
La redo —_— e[ Options.., = Tools - Display = s Save View ;1_563
Mode Active Alamito Zoon

All Texas
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Voltage Collapse.pwb

Saved View: Laredo

Very Low Voltages

0.00 Mvar
L .
Reactive Support

Available but offline

'
NLARSWW4 !& @ @
se0oM (.76 pu e T

1
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Voltage Collapse.pwb

Close in Capacitor at
Bus LAREDO 2 (8290)

* Close the il

0.59pul m & m 0.59 pu
c——

Switched Shunt at = wwsy Futs -
Laredo 2 (8290)

21.82 Mvar - ) -.—O—SZQA(?AJ'I'CR
Y . B N 3294
.60 DU]_ EmE g 3 G
LAREDO 2=+ e Q
E m B

m 0.59 pu

__ Hit Single Solution LAR 1k 3 it
g ‘8285® O e —— J__sess

. Solution Successful L

— Bus voltages are at e tl, o e
it CECNS
0.60 per unit!

— This is a “low voltage” solution
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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

O T I R b b T b WE-LREOHREOE- - Case: Voltage Collapse.pwb Status: Running (PF) | Simulator 18
n oo S I O n a m Case Information Draw Onelines Tools Options Add On: Window
catmoge | (0 Abert B- ® # _LI szFaultAna\ysis - (=2
Choose Sen5|t|V|t|es I_E‘fl-g .ﬁ Solve 4 "/ %) Time Step Simulation... L0
gf ode| Single Solution  Simulatoi c t g ngy | Senstiitie ) ) Limit
W Script - - Full Newton  Options... Restore - Line Loading Replicator... Monitoring...

:‘:_,-’) FIOW a nd Vo Itage . Mode | lLog | Power Flow Taols | power Tra ution Factors (FTDFs)..

ILR Sensitivities / Generation Shift Factors...
S t t Line Outage Distribution Factors LODFs)...
sensitivities DE€NSITIVITIES LODF Sceering..
- Flow and Voltage Sensitivities... ]

Loss Sensitivities...

— Go to the Self Sensitivity tab

— Click the Calculate Sensitivities button
Line Flow/Interface/Bus Sensitivities /

| Single Meter, Multiple Transfers I Single Tr#ﬁer, Multiple Meters ‘ Self Sensitivity | Multiple Meters, Single Control Change I Multiple Meters, Multiple Control Change

The Bus Sensitivities results assume 2 injection of power at the bus in Slack Buses (shown for information)
the respective row of the results yfith the power absorbed at the sladk WAPS (48925); in Area HLP TSP (4)
bus. The results give the sensitivity of valtage at the respective bus
due to the power injection,

Caloulate Sensitivities
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Note: Sensitivities are only calculated for
the buses shown in the list below. Filter
the list to narrow the number calculated.




Voltage Collapse.pwb

Negative Values of dV/dQ

Number| MName |Area Num|Area Name| dvjdP | dvfdQ L|
1| 8293 LAREDO 4 3 AEP TSP -0,00239623 -0.00179957 .
_ 2| 8645 DEL MAR4 8 AEP TSP -0.00288083 -0.00170152 Negative values dV
i 8290 LAREDO 2 8 AEP TSP —0:00384095 —0:00169288 mcludlng at bus d
_ 5| 8647 UNIVERSS 8 AEP TSP -0,00279659 -0.00161705 8290 Q
_ 6| 8643 MINESRD4 8 AEP TSP -0.0024%009 -0.00156981
_ 7| 8649 GATETPE4 8 AEP TSP -0.00257809 -0.00152733
8| 8648 GATEWAY4 8 AEP TSP -0,00251444 -0.00146456
_9| 8650 GATETRW4 8 AFP TSP -0,00252324 -0.00144244
10| 8296 WORMCP 4 8 AEP TSP -0.00251839 -0.00140832
11| 8909 MLARSWW4 8 AEP TSP -0.00205367 -0.00140637
12| 8295 WORMSR 4 3 AEP TSP -0,00247487 -0.00138204
13| 8655 SIRVIST 3 AEP TSP -0,00258155 -0.00137348
14| 8654 SIRVIST 8 AEP TSP -0.00254468 -0.00136706
15| 8653 S.NINO 4 8 AEP TSP -0,00257097 -0.00136276
16| 8641 SIEVISTA 8 AEP TSP -0,00254819 -0.00129175
17| 8294 ZACATCR 3 AFP TSP -0,00398982 -0.00122976
18| 8636 HEIGHTS2 8 AEP TSP -0.00411332 -0.00121342
19| 8639 ANNAST2 8 AEP TSP -0.00415424 -0.00119949
20| 8642 WASH 5T2 8 AEP TSP -0,00421556 -0.00109894
21| 8646 RIOBRAV4 3 AEP TSP -0,00195807 -0.00090851
22| 8283 LAR #3 8 AEP TSP -0,00278332 -0.00037728
23| 80012 LAR 8 AEP TSP -0.00234695 -0.00028247
24| 99393 STAR BUS 8 AEP TSP 0,00002389 -0.00028201
25| 8985 YGMACIO 8 AFP TSP -0,00116852 -0.00017545
26| 8901 LHEDM 3 AEP TSP -0,00000683 -0.00015584
27| 8905 LHEDL 8 AEP TSP -0.00000674 -0.00015441
28| 8619 ENCINL 4 8 AEP TSP -0,00075043 -0.00013283
29| 8903 LHRHM 3 AEPTSP  0,00000141 -0.00012416
30| 8902 LHRHL 8 AEPTSP  0,00000151 -0.00012282
31| 99996 STAR BUS 8 AEP TSP 0,00000062 -0.00007439
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Voltage Collapse.pwb

Determine location
of negative dV/dQ buses

e Determine Path Distances to = I Lt

Modify Case
| Connections

B u S e S r Detevrm'lne Path Di stancethZn:;:.:r I
Laredo 8290

Determine Shortest Path Between...

Determine Path Distances to Buses / === Eacility Analysis ..
Start
Element Type [=)Sort 1By Name  © ByJdmber Branches that Create Islands...
@ 8us 8290
8285 (LAR #1) [134 -
8237 (LAR 2200135 kV]
I 8 i 2) [69kv]
5953 (LAREDO 4] [138 KV

8 AREDO
8254 (ZACATCR) [69 kV]
8295 (WORMSR 4) [138 k]

2908 ANMDMFD A% T122 Lul

(©) Injection Group

| Z I Distance Measure
g

() Number of nodes

Only Closed

Bus Field to Populate

Custom\Floating Point 1 -

- - e Caleuiate
Find... (@) selected e e

B Bh Al 9 5% | dh 88 | ¥ Records - Geo - Set - Columns - B~ ‘ . i, < W o H ‘ Options ~

Number Name | Areahame | zoneame | nomkv | custrloat 1 B
|ROANSFRA  BEPC TSP BEFC 133.00 0.875790 [

Lines to Process
Al

Bus Field Custom\Floating
Point 1 is populated with
result of calculation

rol =
3l @

4
i‘ g
i

ko

2] 4 I0LA BEPC TSP BEPC 138.00 0.924262
3 5 I0LA BEPC TSP BEPC 69.00 1.066128
4| 9 BEDIAS BEPC TSP BEPC 69.00 1.182593
5 13 KETTH BEPC TSP BEPC 69.00 1.245730
& 17 CARLOSSW BEPC TSP BEPC 89.00 1.347146
7| 21 CARLOS BEPC TSP BEPC 69.00 1.473489
8 25 NTHZULCH BEPC TSP BEPC 69.00 1.369260

o

38 RO AED- TED AFDC £a.nn 1 nEAT73
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Revisit Negative dV/dQ values

Advanced Filter using

) Line Flow/inerface/Bus Sensithities

Sgle Meter, Mudugle Trarsfers | Srgle Transfer, Musple Meters | 5ol Sermathaty
Shack Fuses (shewn foe infoemason)]

The Bus Seraiivities resuts assume o imection of power at the busin
" the results with

Negative dV/dQ

Use Display/Column
Options to add

VE T worer abworbed at the slack
sty of voltage at the respective bus

har b the power injection.

. | Note: Senemnes are only
Calculate Sensttes | the buses shown in the st below. Fiter
) © the st to narrow the rumber calulated.

B Sevmitrities. (Fitee Hogative o4/}

OBk % M8

Ony show the primary bus for each superbus

WARS (4925); In Area HLP TSP (4]

|tomber | Hame | Areatim |weorome| ovir [T avia o
i s B A T

Custom\Floating Point1

Sort by Cust Float1 — |
which is now populated |
with our Path Distance

First 25 entries are very
near Laredo

What about the last 6?
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Other Negative dV/dQ values

Number| Mame |Area Num|.ﬁ.rea Mame | dv/drF | dvidQ | Cust Float 1 &

| 26| 8901 LHEDM 8 AEP TSP -0.00000683 -0.00015584 0.69820466
| 27| 8905 LHEDL 8 AEP TSP -0.00000674 -0.00015441 0.69830468
| 28| 8903 LHRHM 8 AEP TSP 0.00000141 -0.00012416 0.71765423
| 29| 8902 LHRHL 8 AEP TSP 0.00000151 -0.00012282 0.71775424
| 30| 99996 STAR BUS 8 AEP TSP 0.00000062 -0.00007489 0.90446502
31| 99993 STAR BLS 8 AEP TSP 0.00002389 -0.000253201 0.92172718

e Buses next to the branches with negative series
reactances can result in negative dV/dQ

— This is normal behavior for these buses
* 8901, 8902, 8903, and 8905 are all next to Series
Capacitors
— Bus View of 8901 and 8903
99993 and 99996 are both fictitious “star” of a three-
winding transformer
— Bus View of 99993 and 99996
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Robust Solution Process

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

EE-ERTEmE &

Solutlon - St Inemato : :
(3) Abort By @ ﬁ g1 4
- B et 4 R

Case: Voltage Collaps

Tools Options Add On: ‘Window

{
[Run Mode| Single Solution  Simulator - n
%Spt - Full B ﬁsm\t ~Full Newton Lit
d Ap p Iy F I at Sta rt to Case Mode | | Fu”NEMOPZWE’DF‘p:‘I::;U'S i :I Solution - Fast Decoupled e
Polar NR Power Flow
. DC Power Flow
— Go to Tools Ribbon Tab )
Robust Selution Process
* Choose Solve =,
Flat Start Options o B R
Reset to F I at Sta rt Choose the options you would ke regarding flat start below.
[ ] C I i C k O K Bring Generator MVAR. outputs within their limits
. Set Voltages = Setpoints and Angles = slack angle
O n d I a I Og [ Increase Switched Shunts MVAR half way to maximum
[ SetLTC Transformer Taps To Middle Of Range
t h at a p p e a rs [~ set Phase Shifter Angles To Middle OF Range
‘f[ Zo] [Koma)
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Robust Solution Process

* Now Perform the Robust =s esssmaaw -

File Case Information Draw Onelines Tools Options Add Ons Window

. .
4
Solution Process = A &7
[F Log | saive - | 4 T / G

| Run Mode | single Solution  Simulator | | -
. N Mode] | W seript - e B single Solu i Il Newton Li
— Go to Tools Ribbon Tab e Foue o0 | Syt soston-Fstpees 8

Polar NR Power Flow

* Choose Solve = Robust e
SOIUtion Process M Robust Solution Pracess ]

— Successful Solution is

EE-LelomE XW- - c
H U
aChleVEd, but Iet S Iook at m CaseI:oEahon D:J' C-JT|‘E\Vir|Es Taools Options Add;
the bus voltage contour e R OE B
* On Onelines Ribbon Tab, i:fiﬁl ks
choose I
Save View - All Texas T & R
* On Onelines Ribbon Tab, i e ‘: !ﬁ i
choose Contouring > o] oviee | o | 5w
Recalculate Contour H — ]
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Result after:
Robust Solution Process

e Solution is
achieved! o
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What does the Voltage Collapse.pub
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

* Solve using the Rectangular Newton

* Enable Gen MVar Limits

* Enable Shunts, Solve Newton

* Enable SVCs, Solve Newton

* Enable LTCs, Solve Newton

* Enable AGC, Solve Newton

* Enable phase shifters one at a time and solve
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Problems with
Decoupled Power Flow Solution

* Decoupled Solution has

. J—Au o4 J—Au 104
trouble with ] ]
transmission lines with o — TN _teere
h|gh R/X ratios et L S el L e

H H —— BRFANT2 —— BRNANT2
* For the Alamito Region | ...\ .
X= 0.00294 pu @] X= 0.00294 pu O
— R/Xvalues are very large! | eea R
—T— CIENEGA2 —T— CIENEGA2
— Normal Value about 0.2 R= 0.19597 pu 0.00 pu R= 0.19597 pu 1.00 pu
X= 0.11222 pu X= 0.11222 pu
— These are 1.5 and higher. O s .
. R= 0.34303 pu B0 R= 0.34303 pu 0.99 pu
[ ] Th|s Can be reSOIVed X= 0.19643 ﬁu X= 0.19643 \?u
. 6683 . 6683
. . —T— SHAFTER2 =T SHAFTER2
— Opening the Line R=o7ossipu | 000pu R=o7ossipw | 098P
. . X= 0.40626 pu X= 0.40626 pu
— Single Solution - R 3 ooes
. . 56 {y 0.00pu =Y |, 0.95pu
— Closing the line X- 092000 P O g X 092000 Of  gqgn
. I S I . = p— —T— PRSIDIO R _!_ PRSIDIO
— Single Solution = Bty oo BNty oo

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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