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Voltage Stability Concepts

e \oltage stability is the ability of a power system
to maintain acceptable voltage at all buses
under normal operating conditions and after
being subjected to a contingency

e \oltage stability is a local phenomenon, but its
consequences may have a widespread impact

— A local voltage collapse can and does lead to a
widespread collapse of the power system
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Voltage Stability Studies

e Characteristics of interest are the relationships
between transmitted power (P), receiving end
voltage (V), and reactive power injection (Q)

* Traditional forms of displaying these
relationships are PV and QV curves obtained
through steady-state analysis

e \V-Q sensitivities can also be used as indicators
of voltage stability
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PV Study

e The “PV” (Power-Voltage) analysis process
involves using a series of power flow solutions
for increasing transfers of MW and monitoring
what happens to system voltages as a result

e Relationship of voltage to MW transfer is non-

linear, which requires the full power flow
solutions
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PV Study

e Traditionally, MW transfer is designed to model
increasing load in a part of the system

* Specific buses must be selected for monitoring
and PV curves are plotted for each bus
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Typical PV Curve Plot

Note: This curve is very non-linear. This non-

Voltage linearity is the reason that faster linear sensitivity
(the “V”) methods cannot be used with PV curve analysis.
Critical | ______ ] |
voltage

» MW Transfer

Maximum (the “P”)

Transfer
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PV Curve Results

e Atthe “knee” of the PV curve, voltage drops
rapidly with an increase in MW transfer

* The power flow solution fails to converge beyond
this limit, which is indicative of instability

— You may remember the term “Maximum Power
Transfer” from electrical engineering courses. This is
the same topic.

e Operation at or near the stability limit risks a large-
scale blackout

— A satisfactory operating condition is ensured by
allowing sufficient “power margin”
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PV Curve Example

e Use the MAIN 10,452 bus example
— Midwest.RAW
— Midwest Injection Groups.aux

— Midwest PV Options.aux
— ARPINCTG.aux

 We will study a transfer of power from

generators in MAPP to an increasing Wisconsin
load

e First step - define an injection group containing
MAPP generators to serve as the source
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Injection Groups

* Injection Groups in Simulator PVQV define
which region or regions will import the transfer

and which region or regions will supply it
 These are discussed in section I5: Data
Aggregation
e The groups will act in unison to implement a
power transfer

* One side is the source - the other is the sink
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Defining Injection Groups

e Select Aggregations =2 Injection Groups from the Model
Explorer

* Presently reads None Defined. Right click and select Insert
from the local menu.

e Rename the group MAPP (default: DefaultiG1)
* This opens the following display

[ Injection Groups F=H EoR (=5

# Gens 0 % MW Gen Part. 0.00

Meme  [MaAPP - B

=]

# Loads % MW Load Part. 0,00

| Mew ... | | Save | | Delete | (.Rename # Shunts i % MVR Load Part,  0.00

% MVR Shunt Part. 0,00

Participation Points | custom
Insert Points {or right-dlick to insert or delete points)

% ‘*H" fc.-B ;'3_3| | Records = Set = Columns - ' |H.E* “g;@' Area/Zone/Owner Filters... BE'EI* 1%%; fix) - @
Point Type Mumber | MName |ID | AutoCalc? | Initial Value | ParFac |
one Defined
| ?ﬂelp H o CK ‘ ‘ xCanceI‘
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Defining Participation Points

&

* Now add the points of injection to the group

e To do this, click Insert Points or choose Records =2
Insert on the Participation Points list

¢ T

nis opens the dialog below

Add Participation Points

Gens |Lnads I Shunts I Groups|

Points for Injection Group MAFP

@ Sort by Name

[®] 374 entries
[=] sort by (7) Name

(@ Number

() Sort by Number

= lE =

Filter[.ﬂ.dvanced v][Generatnr v”

] Use Area/Zone Filters

3] [ searchmext | [

Search Al

60202 (SUBS01WS) #1 [69 kV]
60203 (SUBSD1ES) #2 [69kv]
60204 (SUB90GNS) 21 [69 kV]
60207 (SUBS0658) #2 [69kv]

60212 (SUB911 8) #1 [62 kV]
60283 (FT CA31G) #1 [22kv]
60284 (NEBRC31G) #1 [18 kV]

‘fou can use wildcard characters or ?

Clear All

[ Select all ] [

)

Participation Factors ZsH 7

g 5T 7
- . -

l () Specify a value: 2 T

Define/Fin| - N 2
[—'ﬂ: () Use present participation factor 2
] (@) Base on positive reserve f
_ o

(C) Base on negative reserve TETIS1-80

() Base on MW capability EIH =T
- BTH 5T.5

() Use Custom Field: | CustFloat 1

~ | [CRrecaloulate factors dynamically

AIMALE &G

[ Edit Area/Zone Filters l
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[ Set Selected Field. .. l
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Use Filters to Choose Points

e Click the button Edit Area/Zone Filters
e Set all areas to No except MAPP

e Close the Area/Zone Filters display

* Check the box Use Area/Zone Filters

* The list of generators will now only show those
generators which are in MAPP
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Defining Participation Points

e Select all the generators in the list by clicking
the button Select All

e For this example, assume all generators will
participate proportional to their MW reserves

— Therefore, select Base on Positive Reserve

e Use Add -> key to move the selected
generators into the participation point list
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Defining Participation Points

 Each generator will have a participation factor
calculated for it based on the method of
calculation selected, or will use the pre-defined

values

* In this case, the participation factors will be
proportional to the MW reserves

* Hit OK to add points to injection group
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Define the Sink Group

* Process is very similar

e Change area/zone filters so that only areas 64-
67 (WPL, WEP, WPS, and MGE) are set to YES

 Open Injection Groups display again. Select
Records =2 Insert

e Call this group WUMS
e Choose Insert Points or Records = Insert

e Switch to Load Tab, because we want the loads
to serve as injection points
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Define the Sink Group

e Select all the loads in the list

 Use Base on Size to calculate the participation
factor, so that the larger loads will participate
more heavily in the transfer

* (Click the Add -> button to move loads into the list

[ ~dd Participation Paints ===

Points for Injection Group WUMS

| Gens | Loads | Shunts I Groups | @ Sort by Name () Sort by Number
] 574 entries ] Participation Factors LOAD  12TH AVE (38835) £1 58020 -
(=) Sortby ) Name @ Number LOAD  1ST AVE (38574) #1  13.4000 m
Filter [Advanced v][Load v] l v] ©) Specfy 2 value: LOAD 205 138 (33230) £1  21.1180 T
® [ ; . i ' = LoD 22 ST 1 (3E533%) #1  1E.6310
[#]use Area/zone Filters m (@) Base on size =TREMOVE | 170Anv 28 ST 1 (38537) #1  23_2880

&) [ Searchiext | [ SearchAl | ) Use Custom Field: E LOAD 22 ST 2 (3853&) #1  23.2E880

‘fou can use wildcard characters *or ? LOAD 28 ST 2 (38538 £1 27.34€0

I:‘RECEI|CLI|EItE factors dynamically LOAD 30TH AVE (38825 £1 =.3850
LORD 4TH AVE (38622) £1  16.8130
38001 (NED 69 ) #1 [69 kV] LOAD €8 ST 7 (3B522) #$1 54_3840
38001 (NED 69 ) #99 [69 kV] LORD &8 ST & (38523) £1  48.4330
38003 (HLM 69 ) #99 [69 kv] B LOAD  S&TH 12 (38486) £1 128_5&10
38007 (DAR 69 ) #99 [69 kv] LoAD  RO3 138 (39236) #1 3.8130
38016 (EEN 69 ) #1 [69 kv] LOAD  ABY (2BB43) £1 4_5330
38016 (EEM 69 ) #95 [69 kV] [ Edit Area/Zone Filters ] LOAD  ACR &9 (38216) $99 43.8360
38024 (LAN 69 ) #1 [69 kv] ’ ] LOAD ACC/JRT (38850) $1 5.2420
Set Selected Field... LOAD AL DE N2 (33129 $£1 0.6440

[ selectAl | [ CearAl ] LOAD  ALA CITY (3B5E81) £1 5.0000 i
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Saving the groups

 We have now defined a set of source and sink points.
The PV study will model an increasing transfer from
source to sink.

e This procedure involved a lot of steps, so you don’t want
to have to redefine the groups for a slightly different
case

Win . To save the injection groups, select an injection group
and use the Save Auxiliary Menu

e This will save the groups in a text file along with any
other auxiliary data you may have

e The data can then be loaded into a different case as
needed
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Contingency Definition

* In addition to analyzing the system for its
current topology, you may want to examine a

specific set of contingencies

e Simulator’s contingency analysis is fully
integrated into the PVQV package to allow you
to gauge the impact of contingencies

e To define a contingency list, go to Tools =2
Contingency Analysis
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Contingency Definition

e For this example, we will use a pre-defined contingency
called WPS-ARP2e which is a common contingency in

the MAIN list
OPEN Branch ARP 345 (39244) TO EAU CL 3 (61853) CKT 1

OPEN Branch WIEN (39706) TO T-CRNRS7 (61866) CKT 1

e Also only monitor the regions in MAIN
— Open Tools = Limit Monitoring Settings and Violations
— Go to the Area Reporting tab
— Set MAIN areas to Report Limits = YES. (Areas 56-68). Set all
other areas to NO.

 The file ARPINCTG.AUX contains the contingency
definition and the Area Monitoring Settings

19
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Performing a PV Curve Study:

Open the PV Study

 We are finally ready to perform the PVQV
study. Select Add Ons ribbon tab = PV
Curves.

* This form is organized in a series of pages, that
are arranged in the order they should be
considered

 We will use this form to set up a transfer from
MAPP to WUMS
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Setup: Common Options

Transfer Definition

 Under Source, click on the drop-down box and
select MAPP, our predefined injection group

e Under Sink, select WUMS

* You can also define these groups from this
dialog by selecting View/Define Groups
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Setup: Common Options

E} PV CURVES = = 2
4-5etup Setup
| Common Options
Injection Group Ramping Options Ramping Method Transfer power between the following two groups:
Interface Ramping Options (@ Injection Group Source/Sink Source MAPP -
‘. Advanced Options - [ View / Define Groups
» - Quantities to track @ Interface MWW Flow Sink WIIMS -
- Limit violations
- PV output
- QV setup Common Options | Injection Group Ramping Options | Interface Ramping Options | Advanced Options
= - PV Results
- Plots

Critical Scenarios

Stop after finding at least 1= critical scenarios

-

Base Case and Contingencies

[ skip contingendies [ Manage contingency list ... ]

[]run base case to completion [Base Case Solution Options ]

Vary the transfer as follows:

Initial Step Size (MW): 100,00 =
Minimimum Step Size (MW): 10,00 =
When convergence fails, 2.00 =
reduce step by a factor of M=

[ stop when transfer exceeds 0.00 =

ISBVE Auxiliary ... l [Load Auiliary ] [ Launch QV curve tool ... ] l-'L Close
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Setup: Common Options
Vary transfer options

e [nitial Step Size
— The rate at which transfer will increase initially
— 100 MW for example

e Minimum Step Size

— Whenever Simulator fails to converge at a particular transfer level, it will
return to the previous one and use a smaller increase. This is the
minimum.

— 10 MW for example
e Reduce step by a factor of

— Amount Simulator will reduce the transfer by in case of non-
convergence (Not MWs)

— 2 for example
e Stop when transfer exceeds

— When checked, the PV analysis will stop after a specified MW transfer
level has been achieved

— Unchecked for example
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Setup:
Injection Group Ramping Options

PV CLRVES o= = =

4 -ngp Setup

i-- Common Options

- Imjection Group Ramping Options Ramping Methad Transfer power between the following two groups:

o Interface Ramping Options @ Injection Group SourceSink Source MAPP -

- Advanced Options _ [ View [ Define Groups
+ - Quantities to track (0 Interface M/ Flow Sink WUMS -
- Limit violations
- PV output
S$:EETE Common Options | Injection Group Ramping Options | Interface Ramping Options I Advanced Options |
o esu
. .Plots Injection Group Options

Island-Based AGC Tolerance 5.0000)S

[] Allow only AGC units to vary
[ Enforce unit M limits
[T Do not allow negative loads
Generator Merit Order Dispatch
Use  Use Economic
Source ||

Sink [l

(Enabled injection group-spedfic scaling options
will override these options. Injection
group-spedific options do not indude the AGC
Tolerance.)

[Sa'u'e Auxiliary ... I [Load Auxiliary I [ Launch QW curve toal ... ]
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Setup:
Injection Group Ramping Options

e |sland-Based AGC Tolerance

— Tolerance used in the MW control loop when solving
the power flow during implementation of the transfer

— General rule of thumb is that Minimum Step Size
should be at least 1 to 2 times larger than this value

— Simulator will modify this so that MVA convergence
tolerance < AGC Tolerance < Minimum Step Size

— 5 MW for example
e Allow only AGC units to vary

— In Simulator each unit may be on or off of AGC. If this
box is checked only those set on AGC can vary.

— Unchecked for example
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Setup:
Injection Group Ramping Options

e Enforce unit MW limits

— When checked generators will only participate in the transfer if they are
within their min/max MW limits

— Unchecked for example, so we may examine the transfer capacity
regardless of reserve in MAPP

Do not allow negative load

— When this box is checked, loads will be prevented from being set below
Zero

— Unchecked for example
e Generator Merit Order Dispatch

— When in use, each individual generator will be moved to its min/max in
succession in order of descending participation factor (as set in its
injection group participation point)

— Can choose to do this for the source only, sink only, or both

— Can also choose to Use Economic merit order dispatch to maintain units
within an Economic Min/Max

— Unchecked for this example
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Setup: Common Options

e Stop after finding at least ... critical scenarios

— Minimum number of critical scenarios that will be
found

— 1 for example

e Skip Contingencies
— Check this box to run the analysis for the base case only
— Unchecked for example

e Run Base Case to Completion

— When checked, the critical transfer point is found for
the base case in addition to the number of specified
critical scenarios

— Unchecked for example
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Setup: Advanced Options

PV CURVES = = 2
F] -Sn_atup Setup

i Common Options

Injection Group Ramping Options

Interface Ramping Options

Transfer power between the following two groups:

Ramping Method

(@) Injection Group Source,/Sink Source MAPP -
----- Advanced Options - ! P 5 [ View [ Define Groups
» - Quantities to track () Interface MWW Flow Sink wumMs -
- Limit violations
- PV output
PQ:RSEU"TE Common Options | Injection Group Ramping Options | Interface Ramping Options | Advanced Options |
o esu
. Plats Haowe should reactive power load change during ramping? Reverse Transfer
_ i i i i)
Miaximum Reverse Transfer (v } 1000,00 |=
& As MW changes, change the MVAR ata 1.0000 = =

- power factor of

(If enabled, injection group spedific scaling options wil
override these options.)

Load Component Variation prMUIt

@ Al changes apply to constant power (S MW, 5 MVAR)
() Vary in proportion to existing Z,1,P ratios
(7 Vary using proportions specified below:

pfspecified

er (S Too|= [ 1002 1002 [ 1002
Current (1 0.00/2 [ o002 0.00 : 0.00[
Impedance (Z) | 0.00= 0.00f= 0.o0 0.00|=

\f/

[Save Auxiliary ... ] [Laad Auxiliary ... I [ Launch Q¥ curve tool ... ] ¥ Help

Each column must sumto 1l
S6: PV Curves e e - -
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Setup: Advanced Options

* How should reactive power load change during
ramping?
— Maintain the MW/MVAR ratio at each load, but
then scale MVAR by a factor of

pf = cos tanl(QEXiS“”g]
I:)Existing

AQ = tan (cos™ (pf ))* AP * pfQMult

— As MW changes, change the MVAR at a power

factor of
ALtoro AQ:tan(cos‘l(pfSIOecifieol ))*AP
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Setup: Advanced Options

e Load Component Variation
— Total load (P,Q) at a load can be specified as the

sum of constant power (S), constant current (l), and
constant impedance components (Z)

— Constant current and constant impedance
components are both functions of voltage at the
bus

— These options determine the proportion of the
load change that each component receives
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Setup: Advanced Options

e Load Component Variation
e All changes apply to constant power (S MW, S MVAR)
AP, = AP, AP, =0,AP, =0,AQ, = AQ,AQ, =0,AQ, =0

* Vary in proportion to existing Z,|,P ratios
— Existing ratios determined based on the existing total nominal

10ad (P,5y Qo) PIiOF to any change due to the transfer
Kps = T;oms Ko, :%’“_’kQS — (énoms ""'kQZ _ ((ggnomz

— Ratios are multiplied by the total nominal load change to
calculate the nominal load change for each component

AI:)nomS = kPS *AP AP = kPI >X<AI:)nom yeeed A(gnomS = kQS * AQ

nom'? noml nom***

S6: PV Curves © 2014 PowerWorld Corporation 31



Setup: Advanced Options

e Load Component Variation

e Vary in proportion to existing Z,|,P ratios

— The total nominal power change is determined based on the
total real power change required due to the transfer, the
calculated ratios, and present voltage at a bus

AI:)nom - AP 2
Kos + Ko, *V + ko, *V
— Change in nominal reactive power is determined based on the
option selected for how reactive power should change during

the transfer
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Setup: Advanced Options

e Load Component Variation

e Vary using proportions specified below

— Proportions are grouped by real and reactive power and then
source or sink

— Proportions for each group must sum to 1 so that component
changes sum to the total load change

— Same calculations as option to use existing Z,I,P ratios except that
the ratios are user-specified

 Apply Reverse Transfer

— For any contingency that does not solve in the base
case, apply a transfer from the Sink to the Source in an
attempt to find a solution

— Must specify the Maximum Reverse Transfer because it
is possible that a solvable point will not be found
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Interface MW Flow Ramping Method

PV CURVES = B ==
Fp Sn_amp Setup
Common Options
Injection Group Ramping Options Ramping Method Interface X AEP-CIN
~+ Interface Ramping Options () Injection Group Source,Sink Use Interface ¥
‘- Advanced Options - =
5 . Quantities o track @) Interface MW Flow Interface ¥ AEP-CIPS
- Limnit violations Angle 0.00 =
- PV output
- QV setup | Common Options | Injection Group Ramping Options | Interface Ramping Options | Advanced Options |
[+ - PV Results
» - Plots
Use Interface Z
Interface Z AEP-IP -
MW Setpaint 100 =
Save Auxiiary ... ] ’Luad Auxiliary ] ’ Launch QV curve toal ... ? Help

S6: PV Curves

© 2014 PowerWorld Corporation

34



Interface MW Flow Ramping Method

e Requires the OPF add-on

 Ramps transfer by increasing flow on 1 or 2 interfaces
— Search direction determined by Step Size and Angle

e Optional constraint to maintain flow on a third interface

A
Interface Y X, = X, + StepSize*cos(6)
Y, =Y, + StepSize*sin(0)
Ach
Direction
Extra Constraint
V. Interface Z = ZSetpoint
. >
X, Interface X
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Quantities to Track

 On the Quantities to track page, there are several
sub pages that allow you to track values for
various devices

g4 Let’s monitor the following bus voltages (use the
Find button):
— ARP 138 (39245)
— SPG 138 (39114)

* And this line’s MVA

— 39244 (ARP 345) to 61853 (EAU CL 3) circuit 1. Monitor
in the direction (TO-FROM)

e Search for the fields and toggle to change values
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Quantities to Track

'® PV CURVES = B E3
4 - Setup Quantities to track |
A;T:_zzd gp?jzsns Mote: Any gquantities which are defined as part of a plot on the New Plots area will also result in that guantity being tracked.
4 - Quantities to track Buses |Generators | Groups | Lines | Transformers | Shunts I Interfaces | Case I Devices At Limits|
1 Buses r:l % "'| f.;.'g ;':'_3 ﬂ ?&D 137 Records ~ Geo~ Set~ Columns ~ ' '%HE' H&E' ii ﬁ' 1%%; fix) -
- Generators o
- Groups Number Name | Nom kv | Voltage? T| kv Voltage? | Angle? | MW/ Load? | Myar Load? | dv ~
- Lines 1 39114|5PG 138 138.00 YES MO NO MO MO MO |_|
- Transformers 2 39245 ARP 133 138.00 YES MO NO MO MO MO
- Shunts 3 24 LIMERICK 300,00 MO MO NO MO MO MO
- Interfaces 4 13 PEACHETM 500.00 NO NO NO NO NO NO
- Case 5 32 KEYS G1 22,00 MO MO NO MO MO MO
) . 5] 33 KEYS G2 22,00 MO MO NO MO MO MO
- At Limits
Lot F'TV:':T: i 7 35 PCHETM 3 22.00 NO NO NO NO NO NO
- Limit vinlatians 8 249 SENECA#1 13.80 NO NO NO NO NO NO
- PV output g 36 SALEM G1 22.00 NO NO NO NO NO NO
- GV setup 10 19 BURICHES 500,00 NO MO NO MO MO MO
PV Results 11 38 5UsQ 2 24,00 NO MO NO MO MO MO
> -Plots 12 39 HOPE CG1 22,00 NO MO NO MO MO MO
13 40 CCLF1 25.00 MO MO NO MO MO MO
14 41 CCLFZ 22,00 MO MO NO MO MO MO T
P |:| P
- — - - Mote: The active defined contingendes affect the
’ Modify Existing Bus Tracking to Track Only Single Bus Per Super Bus ] selection of super buses and resulting tracked
buses.
[]Incude ATC Extra Monitars [ Define ATC Extra Maonitors ]
Warning: Do not track too many quantities, Simulator stores all the data in memary in your computer, If you track too much you will run out of
’Saue Auxiliary ... ] ’Load Auxiliary ] ’ Launch Q¥ curve toal ... ] ? Help l-'L Close
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Quantities to Track:
Devices At Limits

e Can track devices that hit or back off limits
during the analysis

— Limits are only tracked during the base case
ramping and not during contingencies
e Generator var, switched shunt var, LTC
transformer tap, line thermal, and interface
thermal limits can be tracked

e Limit the amount of elements that are tracked

by defining filters for each type of element
tracked
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Limit Violations

'® PV CLURVES

[+ - Setup Limit violations |
[» - Quantities to track

it Limit violations

PV output Identify bus voltages with ...

QY setup [] Low voltage Viclations

[+ - PV Results Always Report Lowest Voltage
[+ - Plots [ High Veltage Violations

Voltage Violations

To change the pu limits, see Limit Group Definitions

[ Limit Group Definitions ...

Inadequate voltage level

[ 5top when voltage becomes inadequate
[] store inadequate voltages
Interpolate inadequate voltages
Voltage Level to consider inadegquate
(@) Spedify voltage for all buses in pu 0.00001=
|Use Low Voltage Violation Limits for each bus

Use a spedified Low Yoltage Limit Set A

Do not consider radial buses to have inadequate
voltage (incuding buses that become radial due to a
contingency)

MNegative dv/dQ Sensitivities

[7] stop when dv/dQ sensitivities become negative

Save Auxiliary I anad Auxiliary I [ Launch QV curve tool ... ] [ ? Help ] [ l-'LCInse ]
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Limit Violations

e Use the Identify Bus Voltage Violations with...
section to tell the PV tool to keep track of buses
that violate their voltage limits as of the last
successful solution for each scenario

— Low Voltage Violations

e Always Report Lowest Voltage will report a voltage even if it
does not violate a low voltage limit

— High Voltage Violations

e Selecting either one of the two voltage violation
boxes will make available a few tools and fields on
the Overview table on the PV Results page
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Limit Violations

e Limit Monitoring Settings determine which buses are
monitored and how high and low voltage violations are
identified for each bus

— Limit Group Definitions... button will open the Limit Monitoring
Settings dialog

* |nadequate voltage level

— Stop when voltage becomes inadequate

* A scenario will be judged critical once any monitored voltage falls below
the inadequate voltage level

— Store inadequate voltages

e Keeps track of inadequate voltages without considering a scenario to be
critical

— Interpolate inadequate voltages

* Allows linear estimation of where a voltage becomes inadequate
without having to reduce the step size in order to exactly determine
when a voltage becomes inadequate
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Limit Violations

e |nadequate Voltage Level

— Specify voltage level to consider inadequate
e Specify voltage for all buses
e Use Low Voltage Violation Limits for each bus
* Use a specified Low Voltage Limit Set

— Do not consider radial buses to have inadequate voltage

e Buses that are connected by only a single in-service branch are
considered radial. If buses are connected by more than one branch,
all but one of the branches is open.

e Buses that are radial for a given scenario, even those that become
radial due to a contingency, will not be monitored

e Limit Monitoring Settings option to not monitor radial lines and
buses will exclude from monitoring those buses that are connected
by a single branch in the base case
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PV Output
Save results to file

e Simulator records the value of each monitored quantity at each
transfer level for each contingency being studied

e Data only present in memory unless storage file and location
specified
e Save results to file
— Check and specify the file path and name

— Results stored with transfer level in rows and tracked quantities in
columns

— Comma-separated file regardless of file extension chosen
— For this example, choose file c:\temp\voltage.txt
 Transpose results

— Results stored with tracked quantities in rows and transfer levels in
columns

* Single Header File

— Only a single header is shown at the top of the file rather than repeating
the header at the start of each scenario section
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PV Output
State Archiving

* Entire system can be saved during the analysis

e Directory and prefix must be specified to help in distinguishing
between separate PV runs

e (Cansave as PWB, AUX, or both

e This can require significant disk space, but can be quite helpful to
examine a particular transfer level
e Save only the base case for each critical contingency

— Base case without contingency but with critical transfer level
implemented will be saved for each critical scenario

e Save all states
— All states at each valid transfer will be saved

— Non-critical states will be saved with contingency implemented. Only
base case saved at the critical transfer level.

— Base case state without contingency implemented will be saved for all
scenarios at all transfer levels at which that scenario will solve
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Save/Load Auxiliary Options
/ y Op

e This form has a large number of options

e These do not have to be set every time - just
use the Save Auxiliary button at the bottom of
the form to transfer options between case

e Options are saved in Simulator’s Auxiliary File
format

 You may also load options back in by choose
the Load Auxiliary button
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PV Results
Performing the Analysis

 Go to the PV Results page to initiate the PV
Curve analysis. Click Run to begin.

PV CURVES = [E 52
. Setup PV Resuilts |
- Quantities to frack
Limit viclations Run Stop
PV output
- QV setup Proceszing scenario wWPS-ARP2E
» PV Results
. - Flots Prezent nominal shift 1700.000 Gen MW  Load SMW Load IMW Load ZMW [ T D R ]
Source  22116.93  0.00 0,00 0.00
Present step size  100.000 :
sink  0.00 12006.91 0,00 0.00 [ Other actions >3 ]

Mo limiting cases found yet.

Overview | Legacy Plots | Track Limits |

70 B Al % % 88 28, | Records - ser- Cowmns - EH- Y8 WE- P BH- 3 fo- B Oprons -
PV Scenario Critical? Critical Reason ‘ Max Shift |I'~"Iax Export | Max Imp
1jpase case MO
2 [WPS-ARP2e MO
FR b

ISEVE Auxiliary ... ] ’Luad Auiliary ... Launch QV curve toal ... ? Help
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PV Results
Overview, Plot

e When the PV run is completed, the Overview
list display will show a summary of the results

e Critical scenarios (contingencies) are identified
along with information about the critical buses
and maximum achieved transfer levels

* Plots of tracked quantities can be made from
the Legacy Plots tab or Plots page

e System state is left at the transfer level of the
last studied critical scenario with any
contingency restored
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PV Results
Legacy Plots Tab

 Once the PV tool has completed running, you may plot the
results using the Legacy Plots tab of the PV Results page

PV CURVES - = Iz

| b %ehn PV Results |
Choose —
H o r ZO nta I AXIS There are no more limiting cazes left to find.
and Vertical Present nominal shift 2050.000 GenMW Load SMW Load IMW Load ZMW I S E—— I

resent cten die Source  33464.44  0.00 0.00 0.00
. resen
Axis values e Sk 0.00 12163.56 0.00 0.00 | Otheractions >> |
Found 1 limiting case.
DOverview Legacy Plots | Track Limits
#brizontal axis value [T Pre-contingency For these scenaros ... [ Always include base case h h . h
o a Mominal Shift -
FOF Ve rtlcal aXIS, Vertical axis value type PV Scenario |Critiu:a|4 Plot? | C O(?SG w !C
0 PLI Yalt » |base case MO 0 I
choose which wPs. a2z = FER SIS
Flot values for these elements ... to i n CI u d e on
elements to plot i Description | Pt | he ol
o 5PG 135 _138.0 (39119 YES the plot

with selected ARP 138 _138.0 (39245) = P
values

1
Enter a tit | e fo r Plottite PV Curve for MAPP-WUMS Transfer Clear I [ Plot j | Cl ICk tos h ow

the plot

th e plOt ILoad Auxiliary I I Launch QV curve toal ... I ﬂ Close
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PV Results
Legacy Plots Tab

 The plot tab allows the user to plot all of the
values that were designated to be monitored
during the analysis

 For example, we can plot the bus voltages vs. the
size of the transfer

* For Horizontal-Axis, select Nominal Shift
e For Vertical-Axis, select PU Volt

e Select all the buses as elements

e Select all PV Scenarios

e Use appropriate title
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PV Results
Example PV Curve

Notice the “jaggedness” of the plot. This is caused by the switched shunt and LTC
transformer control actions trying to pull the voltages up.
Traditionally when performing PV runs, one should disable this control switching.

PV Curve for MAPP-WUMS Transfer\

1.02 H H

N

81335 Right-click on the
0.97 S .
0.96] AR eSS SN SN SN S — - N plot to Save it as

0.95-

o a bitmap,
0.93- ~  metafile, or JPEG,

0.92

s or to copy or

0.9
0.89 ;

oo ] print the plot
0.87
0.86-

PU Volt

A

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000
Nominal Shift

base case: SPG 138 _138.0 (39114) base case: ARP 138 _138.0 (39245)
—— WPS-ARP2e: SPG 138 _138.0 (39114) WPS-ARP2e: ARP 138 _138.0 (39245)

Build Date: August 16, 2010

S6: PV Curves © 2014 PowerWorld Corporation 50



PV Results
Track Limits

"% PV CURVES = = EE

- Setup PV Results |
» - Quantities to frack

- Limit violations Stop
- PV output
- QV setup There are no more limiting cases left o find.
4Py Results
Civeryview Prezent nnminal Shrﬂ: 2050.000 Gen MW LDEd SMW Lﬂad MW LDEd ZMW ’ View dEE“Ed rESUltS ]
... Legacy Plots _ Source 33464.44 0,00 0.00 0.00
: = Present step size ]
» + Track Limits Sk 0.00 12163.55 0.00 0.00 ’ Other actions > ]
. . Plots Found 1 limiting case,
| Overview | Legacy Plots | Track Limits |
[ | Filter out devices that never hit or backeff a limit during the PV run
Generator Var Limits (Filter:Generators in..) | Shunt Var Limits | LTC Var Limits | Line Thermal Limits | Interface Thermal Limits |
D % "'H" f.;.'E ;':_'E ﬂ f&n ‘_ Records = Geo = Set~ Columns - * '%H.E* "EE* ? %* i%?g;, fix) - b
Mumber of Bus| NameofBus | I | 000 | w000 | 20000 | 30000 | 4000 | soo.oc~
i L
2 33109 SPUG1 1 Within Range Within Range Within Range Within Range Within Range Within Rar
3 33175 PDS 31 1 Within Range Within Range Within Range Within Range Within Range Within Rar
4 33177 PDS G2 2 Within Range Within Range Within Range Within Range Within Range Within Rar
5 33301 KIL G1 1 Within Range Within Range Within Range Within Range Within Range Within Rar
& 33330 CAR 1 1 Within Range Within Range Within Range Within Range Within Range Within Rar
8 33549 KAL CEN 1 At Max At Max At Max At Max At Max AtMax 7
4 [ 3

’Sa‘ue Auxiliary ... ] ’Luad Auxiliary ] ’ Launch QV curve toal ... ] ? Help
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PV Results
Other actions

e View activity log

— Outlines step-by-step the activities the PV tool performed during
the run

e View detailed results

— Opens a text file that contains the detailed results including the
values of the tracked quantities at each step for each scenario

e C(Clear results

— Purges the currently stored results from memory
e Restore Initial State

— Brings back the case that was in memory prior to the PV run
e Restore Last Solved State

— Brings back the solved power flow model that depicts the system
at the largest transfer level that was studied. This is a base case
state with no contingency implemented.
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PV Results
Other actions

e Save critical contingencies

— Saves contingency settings and records in an auxiliary file
for each scenario where a critical state was reached

e Set current state as initial

— Removes the case that was in memory at the beginning of
the PV run and replaces it with what is currently in memory

e Start Over

— Removes all results from memory, restores the initial case,
and removes all entries from the activity log

e Run QV tool

— Launches the QV tool using the case that is currently in
memory as its basis
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Time Saving Measures

 Only define a few contingencies - each
contingency monitored can add significant time

to the PV study

* Try to limit the number of Quantities to Track.
There is no hard limit on this, but the amount
of computer memory can become substantial if
you try to monitor too much.
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Plot Designer

[®) PV CURVES o =R
- Setup Plots |
[ - Quantities to track —'—‘ i
- Limit violations Flot Designer | plot Definition Grids [ Choose PY Scenarios to Plot ]
~PV output Device T (1) Select the Device Type Generate Selected Plots Close All Plots
..... OV sety Eviee TvpE [Bus v] (2) select a set of fields and a set of ohjects I I [ ]
i II:I Choose Fields (3) Click the Add> = button
4-FVResults # Angle (Deg) -
: Overview # dv/dg Plots, Subplots, Axis Groups | Plot I Title Blodcl Chart |Horizvn13| Axis I Vertical Axis I Plot Series List
i Legacy Plots & Load Mvar - 4 [ Bus_PU Volt Mote: The chart attributes are assigned to one subplot, ‘
i > Track Limits & Load MW == m PU Volt _ Bus 'ARP 1
4 -Flots # PU Volt W PU volt _Bus 'SPG 138 Bus PU Volt 53
i~ Plot Designer ] .
‘ # Switched Shunts Mvar Add »=| | 4 [ Add new plots here
> - Plot Definition Grids & Volt (V) G,-Dlgp [W Add objects/field comt MAPP-WUMS Transfer
Fi
& P Sensitivity s
Choose Objects ’E‘d ==
roup
[+]) Sortby @ MName () Mumber Objects
SPENCER7 (54263) [115kV] ~
SPENCERS (50581) [69 kV]
SPENCERS (54264) [34.5kV] o o |
SPENCR. 8 (50580) [69 K
SF'G 138 (39114 135 k] e
SPG 69 (38127) [69 k] el Riok
SPGVTP 2 (57715) [69 kv] ( Collapse Al d Al
pse Expan
SPIRI7IG (60616) [13.8 kv] [ )| ]
SPIRI72G (50617) [13.8 kV] - . . j . . . j j : :
[ select All ] [ Clear All ] [ Save Plot Definiions to Auxilia 0 200 400 600 800 1,000 1,200 1,400 1,600 1,500 2,000
I basze case, P Volt, Bus 'ARP 135_135.00
Save Auxiliary ... ] [Load Auxiliary ... l [ Launch QV curve toal ... ] v WPS-ARP2e, PU Yolt, Bus '&RP 1:38_138.00'
I3 basze caze, P Volt, Bus "SPG 135_135.00
I WRS-ARPZe, FU Yolt, Bus 'SPG 136_138 00°
=
PV Example
February 14, 2013 17:58:07 (=)
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