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Analysis with PowerWorld Simulator

S3: Techniques for Conditioning 
Hard-to-Solve Cases
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• 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

• Use of the Robust Solution Process
– ...\S03_GettingACaseToSolve\Voltage Collapse.pwb

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

• Issues 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

Reading a Solved
Text-File, Public Power Flow Formats

Initial Mismatches.raw
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• Very large initial mismatches
– Primarily caused by “low-impedance” branches

• 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

Very Large Initial Mismatches
Initial Mismatches.raw
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• Choose File 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

Example Case with 
Large Initial Mismatches

Initial Mismatches.raw
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• Notice mismatches 
come in oppositely 
signed “pairs”
– -1567 MW, 
– +1566 MW

• BOWMANVL is more 
complicated

• CLAIRVIL is more 
complicated

Initial Large Mismatches
Initial Mismatches.raw
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• …\S03_GettingACaseToSolve\Bowmanvl Darlington.pwd

Open Oneline:
Bowmanvl Darlington.pwd

Initial Mismatches.raw

MW Mismatch
MVar Mismatch

Very Small Impedances

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

BOWMANVL
-3373.97 MW
-620.15 Mvar

80011

DARLNGH1
843.51 MW
159.79 Mvar

80023 DARLNGH2
843.58 MW
159.77 Mvar

80016 DARLNGH3
843.51 MW
148.47 Mvar

80017 DARLNGH4
843.76 MW
151.06 Mvar

80018

0.000080 pu0.000000 pu 0.000080 pu0.000000 pu
0.000080 pu0.000000 pu0.000080 pu0.000000 pu
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• …\S03_GettingACaseToSolve\Clairvil.pwd

Open Oneline:
Clairvil.pwd

Initial Mismatches.raw

MW Mismatch
MW Mismatch

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

Very Small Impedances

80476
2509.05 MW

CLAIRVIL

344.55 Mvar

80481
-525.38 MW
CLAIRV71

-167.97 Mvar
80482
-364.13 MW
CLAIRV72

-61.35 Mvar
80483
-428.04 MW
CLAIRV73

-41.35 Mvar
80484
-414.53 MW
CLAIRV74

 38.80 Mvar
80485
-393.11 MW
CLAIRV75

-115.69 Mvar
80486
-390.19 MW
CLAIRV76

 -7.01 Mvar

0.000100 pu
0.000000 pu

0.000100 pu
0.000000 pu

0.000100 pu
0.000000 pu

0.000100 pu
0.000000 pu 0.000100 pu

0.000000 pu
0.000100 pu
0.000000 pu
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• First remove mismatches 
due to the low-impedance 
branches without moving 
any controllers

Solve Initial Case
Disable All Controllers to Start 

Disable AGC
Disable LTCs

Disable Shunts
Disable SVCs

Disable Phase Shifters

On Simulator Options dialog

Options Ribbon Tab

Initial Mismatches.raw

C
ss
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BOWMANVL
80011

DARLNGH180023 DARLNGH280016 DARLNGH380017 DARLNGH480018

-843.51 MW-159.19 Mvar

843.51 MW
158.93 Mvar

-843.57 MW-159.18 Mvar

843.58 MW
158.92 Mvar

-843.51 MW
-147.94 Mvar

843.51 MW
147.67 Mvar

-843.76 MW
-150.50 Mvar

843.76 MW
150.25 Mvar

• Click Single Solution button

• Solution 
Results:

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

If Initial Case was truly 
solved, Solution Will Converge Quickly

Max P: 3373.966 at bus 80011 Max Q:  719.507 at bus 80041
Max P:   78.161 at bus     2 Max Q:  273.859 at bus    23
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)

Initial Mismatches.raw
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• Turn on the Switched Shunt 
Controllers First

• Solve Power Flow
• Turn on SVCs
• Solve Power Flow
• Then the LTCs
• Solve Power Flow
• Then the Phase Shifters
• Solve Power Flow
• Why would problems occur?

– Depends on the controller settings 
in the other software package

– Controller settings are not included 
in some of the text file formats
• RAW format has not solution parameters
• EPC format has some solution parameters

Now Restore the Voltage Controllers

Initial Mismatches.raw
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• Switched Shunts
– Very little movement is noticed (a few move)

• 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

What Happens for this Example?
Initial Mismatches.raw
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• 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

Area Generation Control (AGC)
Initial Mismatches.raw
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Area Records for Case:
ACE Column

ACE values are reasonable

Initial Mismatches.raw
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• Choose File Open Case
– …\S03_GettingACaseToSolve\Unspecified 

Interchange.raw
• Go to Options Ribbon Tab

– Choose the Solution menu
– Check Disable AGC

• Click Single Solution
• Solution successful
• Open Model Explorer

– Aggregations\Areas

When Case is Not Solved with AGC
Unspecified Interchange.Raw

n menu
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• Large ACE Values
• Unspecified MW interchange does not sum to zero

Area ACE MW, 
Unspecified MW Transactions

Unspecified Interchange.Raw
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• 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

Area Unspecified MW Interchange
Unspecified Interchange.Raw
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• Open Model Explorer
– Go to Aggregations\MW Transactions
– On the Case Info Toolbar, choose Records Clear 

Transactions and auto-insert tie-line transactions

What to do if 
Interchanges don’t look right?

Unspecified Interchange.Raw
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• Another option is to set 
the unspecified 
interchange equal to the 
actual interchange
– Go to Areas
– Right-click on Unspec. MW 

Inter. field
– Choose 

Set/Toggle/Columns Set 
All Values to Field…

– Choose Interchange\Actual 
MW Export

What to do if 
Interchanges don’t look right?

Unspecified Interchange.Raw
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• All MW transactions in the case will be deleted
• 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 

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

Unspecified Interchange.Raw
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• 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. 

• 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

Use of Generator Mvar
Check Immediately
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• Choose File Open Case
– …\S03_GettingACaseToSolve\Check Var Immediately.pwb

• Click Single Solution

Generator Mvar Modeling:
Example Check Immediately

Open
This

Max Mvar
Min Mvar

Setpoint Voltage
Actual Voltage

162 MW  0 Mvar 162 MW  0 Mvar 162 MW  0 Mvar 388 MW  0 Mvar

1.02 pu 1.02 pu

PQ (Gens at Var Limit) PQ (Gens at Var Limit) PQ (Gens at Var Limit) PQ (Gens at Var Limit) 

140 Mvar
  0 Mvar

140 Mvar
  0 Mvar

140 Mvar
  0 Mvar

196 Mvar
  0 Mvar

1.00 pu
1.02 pu

1.00 pu
1.02 pu

1.00 pu
1.02 pu

1.00 pu
1.02 pu

1.02 pu 1.02 pu 1.02 pu1.02 pu

Check Var Immediately.pwb

Setpoint voltages 
are all 1.00

Terminal voltages 
are all 1.02

All Generators are 
stuck at Min Mvar
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Open
This

Max Mvar
Min Mvar

Setpoint Voltage
Actual Voltage

162 MW  0 Mvar 162 MW  0 Mvar 162 MW  0 Mvar 388 MW  0 Mvar

0.75 pu 0.75 pu

PQ (Gens at Var Limit) PQ (Gens at Var Limit) PQ (Gens at Var Limit) PQ (Gens at Var Limit) 

140 Mvar
  0 Mvar

140 Mvar
  0 Mvar

140 Mvar
  0 Mvar

196 Mvar
  0 Mvar

1.00 pu
0.75 pu

1.00 pu
0.75 pu

1.00 pu
0.75 pu

1.00 pu
0.75 pu

0.75 pu 0.75 pu 0.75 pu0.75 pu

• Take the branch labeled “Open This” out-of-service
• Hit Single Solution
• Results in an unsolved power flow

Generator MVar Modeling:
A branch outage occurs

s at Var Limit) 

6 Mvar
Mvar

0 pu
5 pu

5 pu

75 pu

See depressed voltage:
Voltage Collapse

Open

162 MW  0 Mvar

imit) PQ (Gensnsnsnsnssa

r
r

u

flow

Check Var Immediately.pwb
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• 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
• If 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

What about the
Generator MVar voltage support?

Check Var Immediately.pwb
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• Go to the Tools Ribbon Tab, Restore menu
– Choose State before 

failed solution attempt

• Open Simulator Options, Power Flow Solution, 
Common Options
– Choose Check

Immediately

• Hit Single Solution

Redo Solution while 
Checking Mvar Limits Immediately

Check Var Immediately.pwb
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Open
This

Max Mvar
Min Mvar

Setpoint Voltage
Actual Voltage

162 MW 33 Mvar 162 MW 33 Mvar 162 MW 33 Mvar 388 MW 75 Mvar

0.98 pu 0.98 pu

PV PV PV PV 

140 Mvar
  0 Mvar

140 Mvar
  0 Mvar

140 Mvar
  0 Mvar

196 Mvar
  0 Mvar

1.00 pu
1.00 pu

1.00 pu
1.00 pu

1.00 pu
1.00 pu

1.00 pu
1.00 pu

1.00 pu 1.00 pu 1.00 pu1.00 pu

• A successful solution is achieved
– Note that generators all back-off their minimum 

limit and are now providing support

Successful Solution using Check 
Immediately Mvar solution option

Check Var Immediately.pwb
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Message Log Comparisons

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:  424.428 at bus 6JASPER (12429) 

Max Q:  144.033 at bus 6PURRYSB (13236)
Number:   1 Max P:   93.225 at bus 6JASPER (12429) 

Max Q:   99.736 at bus 6JASPER (12429)
Gen(s) at bus 1JASPGT1 (12831) has backed off var limit
Gen(s) at bus 1JASPGT2 (12832) has backed off var limit
Gen(s) at bus 1JASPGT3 (12833) has backed off var limit
Gen(s) at bus 1JASPST1 (12834) has backed off var limit
Other Gen Var Changes
Number:   2 Max P:    1.860 at bus 6JASPER (12429) 

Max Q:    3.816 at bus 12JEFFH6 (13028)
Other Gen Var Changes
Number:   3 Max P:    0.163 at bus 6JASPER (12429) 

Max Q:    2.064 at bus 12JEFFH6 (13028)
Number:   4 Max P:    0.002 at bus 6JASPER (12429) 

Max Q:    0.015 at bus 12JEFFH6 (13028)
Other Gen MW Changes
Generation Adjustment Completed.
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 1AMW (12800)
Number:   0 Max P:    0.017 at bus 1VOGTLE2 (15102) 

Max Q:    0.026 at bus 1AMW (12800)
Simulation: Successful Power Flow Solution
Single Solution Finished in     2.516 Seconds

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)

Max Q:  144.033 at bus 6PURRYSB (13236)
Number:   1 Max P:   93.170 at bus 6JASPER (12429) 

Max Q:   99.728 at bus 6JASPER (12429)
Number:   2 Max P:    4.865 at bus 6PURRYSB (13236) 

Max Q:   11.950 at bus 6JASPER (12429)
Number:   3 Max P:    0.532 at bus 6PURRYSB (13236) 

Max Q:    4.336 at bus 1JASPST1 (12834)
Number:   4 Max P:    0.337 at bus 6PURRYSB (13236) 

Max Q:    3.565 at bus 1JASPST1 (12834)
Number:   5 Max P:    0.337 at bus 6PURRYSB (13236) 

Max Q:    3.565 at bus 1JASPST1 (12834)
NR PowerFlow - Power flow unable to converge
Simulation: Power Flow did not Converge!
Single Solution Finished in     3.047 Seconds

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

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

Voltage Collapse Check Immediately Enabled

Check Var Immediately.pwb

29)
mit
mit Solution
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• Choose File Open Case
– …\S03_GettingACaseToSolve\Voltage Collapse.pwb

• Hit Single Solution
• Open Message Log

– Power Flow did not Converge!
• On Onelines Ribbon Tab,

choose Contouring 
Recalculate Contour

Voltage Collapse Example

Problem

Voltage Collapse.pwb
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• Close the Message Log
• Remove the Contour 

– On Onelines Ribbon Tab, 
choose Contouring 
Remove Contour

• A Saved View is available 
for Laredo
– On Onelines Ribbon Tab, 

choose Save View 
Laredo

Look at the Problem Area 
Voltage Collapse.pwb

able 
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Saved View: Laredo
Very Low Voltages

Reactive Support 
Available but offline

Voltage Collapse.pwb
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• Close the 
Switched Shunt at 
Laredo 2 (8290)

• Hit Single Solution
• Solution Successful

– Bus voltages are at 
0.60 per unit!

– This is a “low voltage” solution

Close in Capacitor at 
Bus LAREDO 2 (8290)

Voltage Collapse.pwb
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• Calculate the voltage sensitivity with
respect to a change in reactive power
– On Tools Ribbon Tab, 

choose Sensitivities 
Flow and Voltage
Sensitivities

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

Verify Low Voltage Solution
Voltage Collapse.pwb

dQ
dV

e Calculate 
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Negative Values of dV/dQ
Voltage Collapse.pwb

Negative values 
including at bus 
8290
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• Determine Path Distances to 
Buses

Determine location
of negative dV/dQ buses

Laredo 8290

|Z|
Only Closed

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

Voltage Collapse.pwb
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• Advanced Filter using 
Negative dV/dQ

• Use Display/Column 
Options to add 
Custom\Floating Point1

• Sort by Cust Float 1 
which is now populated 
with our Path Distance

• First 25 entries are very 
near Laredo

• What about the last 6?

Revisit Negative dV/dQ values
Voltage Collapse.pwb

mn 

Po
t 1

int1
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• 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

Other Negative dV/dQ values
Voltage Collapse.pwb



37© 2015 PowerWorld CorporationS3: Conditioning Hard-to-Solve Cases

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

• Apply Flat Start to Case
– Go to Tools Ribbon Tab

• Choose Solve 
Reset to Flat Start

• Click OK
on dialog 
that appears

Robust Solution Process
Voltage Collapse.pwb

bon Tab

g 
pears
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• Now Perform the Robust 
Solution Process
– Go to Tools Ribbon Tab

• Choose Solve Robust 
Solution Process

– Successful Solution is 
achieved, but let’s look at 
the bus voltage contour
• On Onelines Ribbon Tab, 

choose 
Save View All Texas

• On Onelines Ribbon Tab,
choose Contouring 
Recalculate Contour

Robust Solution Process
Voltage Collapse.pwb

b, 
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• Solution is 
achieved!

Result after:
Robust Solution Process

Voltage Collapse.pwb
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• Starts by disabling all controls
– Disable LTC, Phases, Switched Shunts, SVCs, AGC, Gen MVar

Limit Enforcement
• 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

What does the
Robust Solution Process do?

Voltage Collapse.pwb
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• Decoupled Solution has 
trouble with 
transmission lines with 
high R/X ratios

• For the Alamito Region
– R/X values are very large!
– Normal Value about 0.2
– These are 1.5 and higher.

• This can be resolved
– Opening the Line
– Single Solution
– Closing the line 
– Single Solution

Problems with
Decoupled Power Flow Solution

Open Line and Solve Close Line and Solve

Newton solution has no trouble with R/X ratios

Voltage Collapse.pwb
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• 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

Other Problems with Decoupled 
Voltage Collapse.pwb
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