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Traditional Transient Stability Analysis

 For decades, transient stability analysis has consisted of the
following general steps
— 1. Setup a stability run
— 2. Save results to a file — a really large file

— 3. Query the results through the use of plots and other post-
processing to determine if any reliability criteria were violated.

 PowerWorld Simulator supports this through Results Storage to RAM and to
Hard Drive as well as the integrated plotting tools
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Pros and Cons

* Pros e Cons
— All the results are available in your — Storage requirements can become
results files to look at later extreme
— Plots reaffirm that the software (and — What if we run 1000 stability
you) are doing something simulations?
— Plots are needed for displaying your * Terabit hard-drives
results when violations occur — Reduce storage by only saving

results every 10 time-steps
* May miss something

* Frequency dip for only 2 time steps may
be missed.

T10: Transient Limit Monitors © 2025 PowerWorld Corporation



Analogy to Contingency Analysis

* Keeping all these results is like storing every branch flow and
every bus voltage for every contingency solution

e |sthis really necessary?

e Alternative: run transient stability and only store violations (like
contingency analysis)
— Options: Generic Limit Monitors
— Transient Limit Monitors
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Generic Limit Monitors: Synchronous Generators

* Synchronous Generators Limit Monitors

— Absolute Angle Deviation
 Monitors change in rotor angle change relative to initial rotor angle
e Crude attempt to monitor for out-of-step generators

— Over Speed

 Monitors high speed generators
— Under Speed

 Monitors low speed generators

— Can specify that they not be applied to generators which already have
relay models
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Generic Limit Monitors

e Available under Options\Generic Limit Monitors

Options
Note: Changes made to option entries are saved immediately and will be applied during the next transient stability run.
General Power System Model Remedial Actions Result Options Generic Limit Monitors  User Defined Models  Distributed Computing Transfer to Power Flow
Synchronous Generator Limit Monitors
Only Apply to Generators Without Relays

Monitor Type Action to Take Pickup Value Pickup Time
Absolute Angle Deviation | Ignore v 180.0| 5 Deg 0.000[5 Seconds
Over Speed Ignore v 1.02[< pu 2.0015 : Seconds
Under Speed Ignore v 0.97|% pu 2.000|2 Seconds

Note: speed pickup values are in per unit. Thus a value of 1.0 means synchronous speed for the generator.

Breaker Delay Time (Cydes) 0.0(%
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Generic Limit Monitors:
Action to Take

* Pickup Value, Pickup Time

— For Under Frequency, value must fall below the pickup value and stay
below the pickup value for a during of Pickup Time

— For Over Frequency and Absolute Angle Deviation are same except
they must go above the pickup value.
— This will cause the A /\

monitor to be violated Pickup / 4 \/\/\
Value /

and the Action to Take
will be used Pickiip Time
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Generic Limit Monitors:
Action to Take

e Action to Take

— Ignore

e Don’t do anything. Disable the Monitor.

e Default for Absolute Angle Deviation monitor

e Default for Over Frequency and Under Frequency monitors for systems smaller than 100 buses
— Log Warning

e Will create an Event in the Transient Stability Results indicating that a violation occurred and
when it occurred

— Trip
e Will cause the generator to trip after a time delay specified by Breaker Delay Time
e Default for Over Frequency and Under Frequency for system larger than or equal to 100 buses

— Abort

* Will immediately abort the simulation
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WSCC 9Bus.pwb

Example: Generic Limit Monitors
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The left figure shows the initial power flow solution for the WSCC 9 bus case. The right figure
shows the generator angles for a fault on the line between buses 5 and 7 near the bus 7 terminal,
which is cleared after 0.077 seconds by opening the bus 5 to 7 line. Change the fault clearing time
to verify that system loses stability for a clearing time between 0.079 and 0.08. This fault and the
associated plots are already set up in the case, starting with a clearing at 0.077 seconds.
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Example: Generic Limit Monitors

WSCC 9Bus.pwb

e Because this case has no governors and no infinite bus, the bus frequency
keeps rising throughout the simulation, even though the rotor angles are

stable.

e Go to the Generic Limit Monitors tab of the Options page. Set the
generators to automatically trip as above.

Options

Note: Changes made to option entries are saved immediately and will be applied during the next transient stability run.
General Power System Model Remedial Actions Result Options Generic Limit Monitors  User Defined Models  Distributed Computing
Synchronous Generator Limit Monitors

Only Apply to Generators Without Relays

Change to

Monitor Type Action to Take Pickup Value Pickup Time
Absolute Angle Deviation | Ignore v | 180.0 -2 Deg v - Seconds 1 " O 2 p u
Over Speed Trip (Open) v 1025 2,000/ Seconds
Under Speed Trip (Open) ~ 0.97[3 pu | 2.000|2 Seconds
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WSCC 9Bus.pwb

Example: Generic Limit Monitors

Gen_Rotor Angle Bus_Frequency
Results from RAM
Time Values  Minimum/Maximum Values Summary Events Solution Detals Power Flow States 100
D T Bk 6 5% 4 fk, Records > Set~ Columns ~ B~ R 7 B ;?;: fog~ B  Options - 20
Choose which Events to display by level AND Object Type. (Note: Events are still recorded and stored according to the Result Options settings. Unchecdking this box only hides them in this visual table.) 80
Event Levels: Contingency [Time (Cycles)|Time Time Object Model Type Description Level 70
MName (Seconds)
MError (Seconds) 60
1 Transient 60.0 1.000000 1.000000 Branch ‘7" 'S TXLine Apply Solid Fault (3PB) User 50
77000 T3 T.V! 3 User
X b 1 TXGenericGen eneric Limit Monitor, : Open (TipMW=71. fo 40
@USH My Transient 508.0 8.466667 B | TXGenericGen Generic Limit Monitor, Speed over 1.02 pu for 2.000 seconds: Open (TripMW=85) fo
[ Transition 5120 853333 7 LXGenericGen > 0 /= fo 30
[JModel Tr 6| My Transient 512.0 8.533333 Bus Topology Processing Open Info
¥ 7| My Transient 512.0 8533333 Bus Topology Processing Open Info 20
Relay Trip 8|My Transient 512.0 8.533333 Bus Topology Pracessing Open Info
DS User 9|My Transient 512.0 8.533333 Bus Topology Processing Open Info 10
10| My Transient 5120 8 Bus Topology Processing Open Info 0
Remedial Action 11| My Transient 512.0 Bus Topology Processing Open Info
Object Types: 12| My Transient 512.0 Bus Topology Processing Open Info 10
13| My Transient 512.0 Bus Topology Processing Open Info
[ simuiation 8 1iuunm — = e nfo =D
A = 1§ My Transient 512.0 PW(Caselnformation Island Number of Viable Islands Changed from 1to 0 ‘ l'-fo 2
Load from Hard Drive File into RAM results spedfied by Store to RAM Options Clear Time Values from RAM /Max Values, Summary, Events, and/or Solution Details from RAM 0
-50
- T T
Gen_Rotor Angle *  Bus_Frequency 0 1 2 - | 4 5 6 7 8
62 -
619 Jl?— Rotor Angle_Gen Bus 2#1 ¥ = Roto nBus 3#1 [ — RotorAngle_Gen Bus1#1 |
61.8-
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616 H
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A
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80.9 Nt =
60.8 v .
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60.4 ] . .
- simulation aborts as there are no longer an
60.2 y
60.1 7
60 T T . L3
S . = & F 5 viable islands
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Transient Limit Monitors

Transient Limit Monitors in Simulator provide a great deal of flexibility for automatic monitoring during
the simulation without having to store much data

Similar to Limit Monitoring in traditional power-flow-based contingency analysis, only violations of
limits will be reported

 Monitor a particular field for all objects of a type to meet a specified transient performance
requirement

— You will choose a field of a type of object
— Then build a description of what is considered a limit violation

[i} Transient Stability Analysis —_ O *
Simulation Status  |Initialized
° ° . Run Transient Stability Pauss Abort Restore Aeference | For Contingency: | Find | My Transient Contingency ™
On the Transient Limit | s — prmrerre
Simulation ~ = T _ : :
) Options ransient Limit Monitors - Monitor Violations  Limit Logic
M onitors page Of the Result Storage  EIT B Al '8 % 4 #88, Records~ Set~ Columns- EF- WS- W2 BY- ¥ my- BB | Options-
Plots MNote: Use this button to re-evaluate the results stored to get the transient limit monitor violations. First it will look
Result Analyzer - Damping Re-evaluate to Get Limit Monitor Violations at the results stored in RAM and then, if not found, look into the Hard Drive *.tsr. If button is press under Multiple
N = Results from RAM Contingencies mode then it wil re-evaluate all the contingendies results in the same order as before, J
Tra n S | e nt St a | | ty v Transient Limit Monitors Name Logic | Active |Category| Abort [Abort Delaj  Max Object | Variable | Filter |Limit Value| Limit Side
Transient Limit Monitor: Variabl Violations Type Name Duration
° . Monitor Violations
Analysis dialo e
States/Manual Control I aE s Y5 loo 000 100Bus ___ TSBusvPU Nonload( .30.000
validation 2| =
v V
CMTR Eimamiiakiar 3w Pusrabine @ ¥FC tmm A0 100 Buc. 00 TCRUDH | aad Oinbe 90 000
< > alw
Process Contingendies
(®) One Contingency at a time
(O Multiple Contingencies < 2
Save Al Settings To Load All Settings From Show Transient Contour Toolbar Auto Insert... | | Critcal Clearing Time Calaulator.., Help Close
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Built-In Transient Limit Monitors

| [.] Transient Stability Analysis

Simulation Status {Inmahzed

Run Transient Stability

Under Records menu, choices
are available to Build WECC |
Category B Standard . |

| Pk
Result Analy?eneQamping

Monitors (also C) P

Name
Transient Limit Monitors
Monitor Violations o
Build WEC
Limit Logic
States/Manual Control O
Validation H -
. SMTR Finars/ah ee s 3w Build W
 WECC 2016 Fault Clearin : ol
Process Contingendes
. (®) One Contingency at a time
Standard Monitors WR1 1.3 Onoecominss | |
L]
Save All Settings To Load All Settings From Show Transient Contour Toolbar

For Contingency: Find | My Transient Contingency

Transient Limit Monitors

Transient Limit Monitors

Re-evaluate to Get Limit Monitor Violat

B Ak %68 5% &4 28 | Records~

Monitor Violations ~ Limit Logic

nsert

Delete

Pan to Object on Open

Build WECC 201

Set ~

E
E
ECC
E

Col

6NoF

Pre-20

16 Cat

Pre-2016 Ca

Auto Insert...

Onelines..

C 2016 Fault Clearing Standard Monitors

ault Standard Monitors

egory B Standard Monitors

tegory C Standard Monitors

umns ~ B~ Go- WA B B o9~ B options -

t the transient limit monitor violations. First it will look

the Hard Drive = tsr, If button is press under Multiple
Hes results in the same order as before

Max
lations

Object
Type

Variable
Name

Filter

Limit Value

Limit
rati

Side

Critical Clearing Time Caladator...

Help

Close

— Monitor all load buses for voltages

below to 80% of the initial value voltages for a duration of 20 seconds.

e WECC 2016 Fault Clearing Standard Monitors WR1 1.4 Part 1
— Monitor all load buses for voltages below to 70% of the initial value voltages for a duration of 30

cycles. Will start monitoring voltages if they are above 80% of the initial value.

e WECC 2016 Fault Clearing Standard Monitors WR1 1.4 Part 2

— Monitor all load buses for voltages below to 80% of the initial value voltages for a duration of 2

seconds. Will start monitoring voltages if they are above 80% of the initial value.
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Built-In Transient Limit Monitors

Under Records menu, choices (W st

= O b
Simulation Status | Initialized
. [ —
a re a Va I I a b I e to B u I I d W Ecc | | RunTransient Stability 0 ore Ref For Contingency: Find | My Transient Contingency
| Select Step Transient Limit Monitors
Simulation A
Category B Standard LS Rem [
g y ¥ Result Storage D = % Ak %8 28 44 e“h Records * Set > Columns ~ ' 5.%."- ".ﬂa"'—a,' == ;{:f i)~ BH Options ~
| L icait t the transient limit monitor violations. First it will look
° | Result Analf2eneQamping Re-evaluate to Get Limit Monitor Violat the Hard Drive = tsr, If button is press under Multiple
M 0 n Ito rs a I S O ‘ | Results from RAM Delete Hes results in the same order as before
w - Transient Limit Monitors | Name Max Object | Variable Filter Limit Value| Limit Sid
mmmmm t Limit Monitors Pan to Object on Open Onelines.. |ations Typ Name Durati
Monitor Violations Build W
d W

Limit Logic

States/Manual Control O Build

Validation 2
E W Build W

4w Build WE

< . >
Process Contingendies
. W E N O F a t (®) One Contingency at a time
u (_) Multiple Contingendies

St a n d a r d M O n it O r. S . Save Al Settings To Load Al Settings From Show Transient Contour Toobar | | Auto Insert... | | Critical Clearing Time Calulator... Help Close
WR1 1.5 Part1

— Monitor all load buses for voltages below to 70% of the initial value voltages for a
duration of 30 cycles.

e WECC 2016 No Fault Standard Monitors WR1 1.5 Part 2

— Monitor all load buses for voltages below to 80% of the initial value voltages for a
duration of 2 seconds.
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Built-In Transient Limit Monitors

Under Records menu, choices L s

Simulation Status | Initialized

a re ava i I a b I e to Bu i I d WEcc Run Transient Stability 0 ore Reference  For Contingency:  Find | My Transient Contingency v

Select Step Transient Limit Monitors
Simulation A
c t r B S t r Options Transient Limit Monitors  Monitor Violations ~ Limit Logic
a eg( , y i’ ' Idi’ d Result Storage B Bl %8 % &4 2% Records~ Set- Columns~ g~ @o~- 8- BH- I g~ B options -
Plots T t the transient limit monitor violations. First it will look
° Ragt Analyzer - Damping Re-evaluate to Get Limit Monitor Violat the Hard Drive =.tsr. If button is press under Multiple
Monitors (also C ooy | o | v | P
w - Transient Limit Mofagg Name Max Object Variable Filter  |Limit Value| Limit Side
Transient Limit Monitort Pan to Object on Open Onelines.. |ations Type Name Duration
-~ Monitor Violations Build WECC 2016 Fault Clearing Standard Monitors
Limit Logic
States/Manual Control | M, VT — Build WECC 2016 No Fault Standard Monitors
Validation 2/ v - Se— S — - - =
L v 3w Build WECC Pre-2016 Category B Standard Monitors
AW Build WECC Pre-2016 Category C Standard Monitors

Process Contingencies
(®) One Contingency at a time

i WECC Pre_2016 Category B (O Muitiple Contingendes % ‘ = : .
Voltage Dip for Non-Load Buses maino® |Liousaranm | | Sor e orier Tt | | et | [l vt e o

— Monitor all non-load buses for any voltage dip of 30% below the initial voltage value at any time
e WECC Pre-2016 Category B Voltage Dip for Load Bus

— Monitor all load buses for a voltage dip of 25% below the initial voltage at any time
e WECC Pre-2016 Category B Voltage Dip for Load Bus Duration

— Monitor all load buses for a voltage dip of 20% below the initial voltage for a duration of 0.3333 seconds (20
cycles)

e WECC Pre-2016 Category B Frequency
— Monitor all load buses for a frequency dip below 59.6 Hz for a duration of 0.10 seconds (6 cycles)
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Built-In Transient Limit Monitors

e Differences as compared to Category B standards are
highlighted in Red.
— WECC Pre-2016 Category C Voltage Dip for Any Bus

 Monitor all buses for any voltage dip of 30% below the initial voltage value at
any time

— WECC Pre-2016 Category C Voltage Dip for Any Bus Duration

 Monitor all buses for a voltage dip of 20% below the initial voltage for a
duration of 0.66667 seconds (40 cycles)

— WECC Pre-2016 Category C Frequency

 Monitor all load buses for a frequency dip below 59.0 Hz for a duration of 0.10
seconds (6 cycles)
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GSO_37Bus.pwb

Example: Transient Limit Monitors

e Open “GSO_37Bus”
 Open the Transient Stability Analysis dialog to the Transient Limit Monitors page

* |nthe current case, there are several Transient Limit Monitors which are all initially
Inactive

 Toggle all items in the Active column to YES
This case has Bus and Gen Object monitors

Transient Limit Monitors

Transient Limit Monitors  Monitor Violations  Limit Logic

Note: Use this button to re-evaluate the results stored to geN\the transient limit monitor violations. First it will look LI I I I It d etal |S

Re-evaluate to Get Limit Monitor Violations at the results stored in RAM and then, if not found, look into e Hard Drive *.tsr, If button is press under Multiple

Contingencies mode then it will re-evaluate all the contingencies\esults in the same order as before. l
Togg | e tO Y ES BT Bk %8 % 8% Records~ Set~ Columns -~ B~ R~ W~ B~ B foo - Options ~ [ \
Name Logic || |Active|Category|Abort|Abort Delay| Max Object|] Variable Name Filter Limit Value|Limit Side Type
to enable the =
TranSIe nt LI I I I It 1JWECC Category B Voltage DI Mes=bgad Bus ] E Log 100§ Bus SBusVPU Non-Load Onl 000 Lower Percent Deviation
. 2| WECC Category B Voltage Dip Load Bus E Log 1004 Bus SBusVPU Load E‘I“.I;.' 000 Lower Percent Deviation
I\/I O n Ito rS 3|WECC Category B Voltage Dip Load Bus Duration E Log 100§ Bus [ SBusVPU Load Only Lower Pe wt Deviation
4|WECC Category B Frequency E Log 100] Bus :rquen' Load Only D Lower "‘u
5| Generator Qut-of-Step E Log 1004 Ge nDeltaNoshift LDL Actual Deviation

Field that the limit monitor applies to 7 \Object filters in use
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GSO _37Bus.pwb

Transient Limit Monitors Dialog

e Right click on a Transient Limit Monitor and v
Select {(ShOW Dia Iog” Name  WECC Category B Voltage Dip Non-Load Bus v

Save Save As Rename Delete

e Same options are available here as on the case

What to Monitor  When to Monitor

information display

 Meaning of values specified (Examples) o B ..

(®) Non Load Buses Only

— For a system with 60 Hz nominal frequency, the
following are equivalent

(®) Log Violation Only
(O Abort Simulation Mk riberof

o ACtUCI/ VCI/UE ) lel t Va/ ue = 596 HZ O Trip (Open) Device :ﬁﬁ?;nfno;g:fhmit 100::
e Deviation from initial value, Limit Value = -0.4 Hz e -y

leltDurahon’ 0-0000‘: Seconds () Cydes value ‘

— When monitoring voltage, the following A —
a re eq u iva Ie nt (® Lower O Actual value
e Percent of initial value, Limit Value = 70% s e
e Percent deviation from initial value, Limit Value = -30% L e st bl

Limit Duration Units = Initial

| -30.00[% % p Value—2—
(®) Seconds [

O Upper (O Percent of initial value

: V' oK ; Help X cancel
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Transient
Limit Monitoring Dialog

* When does transient limit monitoring

Name |WECC Category B Voltage Dip Non-Load Bus ~

St a rt ? Save Save As Rename Delete
M

[] Active ‘ategories

What to Monitor When to Monitor

— Normally transient limit monitoring does not | = essswmmammns

. . Stop monitoring if a value is above | @: %
start until AFTER the last user contingency sertmrnarotave e 0] 00 %

Stop monitoring if a value is below O 0.00 (3 %
e V e n t Start monitoring if a value is below ] 0.00[= %

— Special options can be specified to start or

(O custom Time

stop limit monitoring as well

Time to Stop Checking

(O For Custom Duration

e Values specified in special triggers obey the
Meaning Of values specified (®) Never (global option is always never)

v oK Help X cancel
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Defining Transient Limit Monitors

e When creating a new Transient Limit Monitor, give it a name and check the
“Active” checkbox to make it active

e Set a particular object type and a particular field or variable name to which
the limit should apply

e Set the value and type of the limit (Actual, Deviation, Percent Actual,
Percent Deviation)

e Optionally, set the simulation to stop when limits are violated

e Optionally, set when monitoring of the limit should start and stop

— “Stop below,” “Start below,” “Stop above,” “Start above”
values, plus YES/NO fields to enable each

— This allows the monitoring of a limit to be used for
customizable situations

Start
Below
Use

Start
Below

Start
Above
Use

Start
Above

Stop
Above

Stop
Above
Use

Stop
Below

Stop
Below
Use
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Transient Limit Monitoring Dialog

Define what is monitored

Uncheck toignore = &

Transient Limit Monitoring Dialog >
MName |WECC Category B Voltage Dip Non-Load Bus v
Save Save As Rename Delete
ategories

What to Monitor  When to Monitor

monitoring temporarily
Choose a particular Field and

Device Type

Can abort the simulationor trip __—
device a specified time after violation

Choose Filter for which devices to monitor
Filter decision is based on the power flow
solution (initial steady state)

Objects and Field Monitored
Device Type Filter objects for monitoring
Bus v Q All
(O Meets Filter
Field
() Load Buses Only Jefine Filte
v pu v Jer Iter
(®) Non Load Buses Only
(O Area/Zone Filters
Action To Take

7 (®) Log Violation Onl 002
Abort Simulati : i
3 I ' [ 100 S —— |

store
Limit Duration Units

Maximum number of
violations of this limit
mnnitor tn

Maximum
— number of
violations to
store

= Initial ~, Violati
%] o, - I \qlolﬁtnon
(®) Seconds 4 S
Limit ++
Seconds () Cydes Value ‘ .
V___ Limit Duration
Meaning of the values specified
(O Actual value
O Upper (O Percent of initial value
(O Deviation from initial value
(®) Percent deviation from initial value
[ aBs: After using meaning, take absolute value
X corce

T10: Transient Limit Monitors
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Transient Limit Monitoring Dialog

o N o Transient Limit Monitoring Dialog o
Deflne What IS conSIdered Name  WECC Category B Voltage Dip Non-Load Bus v
I ° ° t ° I t o Save Save As Rename Delete
a I m I VI 0 a I 0 n [ Active ‘ategories & l C
What to Monitor  When to Monitor ) \\ omma
%?;ites:::eﬁe'd Montored Filter objects for monitoring D e I i m ite d St ri n g
Bus ~ O All
el Gt Categories
O Load Buses Only Define Filter...
Vpu b
(®) Non Load Buses Only

(O Area/Zone Filters

Action To Take

Specify Limit Value and Duration ®Logvoatonory
\ () Abort Simulation Maximum number of oli
(O Trip (Open) Device violations of this limit X
i +o ctara
-l Limit Value -30.00 : % Limit Duration Units Lrglt:'jeg Violation
. . . ? - (®) Seconds o " TR
Is this an Upper or Lower Limit: it Ouraton | 0.0000]E] seconds | O cyces T
o U Limit Duration
Limit Type Meaning of the values specified
-A (® Lower O Actual value

(O Percent of initial value

Specify how the Limit Value and Ouize o | Oremsfuminis
SpeCiaI triggers are interpreted (®) Percent deviation from initial value

/ [ aBs: After using meaning, take absolute value

Help X cancel
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Transient Limit Monitors: Monitor Violations

e As atransient stability run is processed, any violations of the Transient Limit
Monitors will be shown in the Monitor Violations table

— Shows which Limit Monitor was violated
— Shows contingency under which violation occurs
— Shows violated device

e |f violations are found, you can revisit the run and store appropriate results

* Option to “Make a New Plot” on the Records Menu and right-click menu,
will automatically generate a new Plot Definition

W it h m u It i p I e Transient Limit Monitors

Transient Limit Monitors  Monitor Violations  Limit Logic

ContlngenCIeS’ you \_ % A %8 %0 | % M pecords+ Set~ Columns ~ By~ E' “%Ev b 4 ﬁ' _“:E: i)~ B Options ~

. wait Monitor Name Contingency Name Violated Device| Limit Monitor Initial |Actual Value| Converted |[Time of|Actual Value| Converted |Time of| Actual Value | A
Ca n Se e W h I C h O n e \NM\ Variable Value Value |Value |[Start Value Start|Value Extreme
Start
1JWECC Category B Frequency My Transient Contingencyj Bus ‘3 Frequency 60.000000 59.597542 59.597542 4.,7000 59.599815 59.599815 4.5917 59.592346
Ca u Se d e a C h 2|WECC Category B Frequenc} My Transient Contingencyf Bus '5° Frequency 60.000000 59.597450 59.597450 4.7000 59.599785 59.599785 4.5917  59.592316
3|WECC Category B Frequency My Transient Contingencd Bus "10° Frequency 60.000000 59.597546 59.597546 4,7000 59,599815 59.599315 4.5917 59,592323
. . 4|WECC Category B Frequency My Transient Contingencg Bus "12° Frequency 60.000000 59.597523 59.597523 4.7000 59.599804 59.599804 4.5917 59.592323
VI O | at I O n 5|WECC Category B Frequency My Transient Contingencg Bus 13 Frequency 60.000000 59.597511 59.597511 47000 59.599785 59.599785 4.5917 59.592316
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Transient Limit Monitors: Monitor Violations

 Two other places where the Monitor Violations can be seen:

Transient Stability Analysis = a X
. . . .
Simulation: Control and Violation Tabs e T B
R \%ﬁﬁm Pause Abort Restore Reference  For Contingency: | Find | My Transient Contingency ~
Select Step . Add... | Delete... Rename... | Clone Contingency...
~ -Simulation Viokadi
.. Contral Control Definfions Violations
Dvi::: : B Bk 8 S 2  *H Records~ Set~ Columns~ H§- @R~ 8- ¥ B Y - B | options -
i Limit Monitor Name Contingency Name Violated Device Limit Initial Actual |Converted | Time of | Actual Converted | Time of | ~
::ssto Monitor | Value Valug Value | Value |Value Start|Value Start| Value
Transient Stability Analysis n— Variable start
Plots 1 My Transient Contingency  Bus 3 Frequency 60.000000 59.597542 59597542 4,7000 59599815 59599815 4.5917
= Result Analyzer - Damping 2|WECC Category B Frequency My Transient Contingency  Bus 'S Frequency 60.000000 59.597450 59.597450 47000 59.599785 59.599785 4.5917
Simulation Status [F"’“M at 20.000000 Results from RAM 3|WECC Category BFrequency My Transient Contingency  Bus “10° Frequency 60.000000 53.597546 59.507546 47000 59599815 59599815 4.5917
v Transient Limit Monitors 4|WECC Category BFrequency My Transient Contingency  Bus '12° Frequency 60.000000 59.597523 59.597523 47000 59.599804 59.599804 4.5917
Run Transient Stabiity Pause Abog Restore Reference  For Contingency: | Find | My Transient Contingency v Transient Limit Monitors S|WECC Category BFrequency My Transient Contingency  Bus ‘13 Frequency 60.000000 53.597511 59.587511 47000 59599785 59.599785 4.5917
Select s - Mordtor Violationa 6| WECC Category BFrequency My Transient Contingency  Bus ‘14° Frequency 60.000000 53.597466 59.597466 47000 59599907 59599907 4.5917
tep || Si Add... Delete... Rename... Clone Contingency... 7|WECC Category BFrequency My Transient Contingency  Bus 15 Frequency 60.000000 59.597431 59.597431 47000 59.599766 59.599766 4.5917
v Simulation g 8|WECC Category BFrequency My Transient Contingency  Bus 16 Frequency 60.000000 59.597446 59.597446 4.7000 59.599773 59.599773 4.5917
- Control Control Definitions  Violations States/Manual Control 9|WECC Category BFrequency My Transient Contingency  Bus 17 Frequency 60.000000 59.597527 59.597527 47000 59599796 58.599796 4.5917
Validation 10| WECC Category B Frequency My Transient Contingency  Bus ‘18 Frequency 60.000000 59.597477 59.597477 47000 59599773 59.599773 4.5917
Definitions Simulation Time Values Summary Results SMIB Eigenvalues 11|WECC Category BFrequency My Transient Contingency  Bus '19° Frequency 60.000000 53.597530 59.597530 47000 59.599796 59.599796 4.5917
Violations = Generation  Load Modal Analysis 12| WECC Category BFrequency My Transient Contingency  Bus 20 Frequency 60.000000 59.597519 59.597519 47000 59.599960 59.599960 4.5917
Options Start Time (seconds) 0.000 -5 Specify Time Stepin Tripped I 0.00 0.00 Dynamic Simuator Options 13| WECC Category BFrequency My Transient Contingency  Bus ‘21° Frequency 60.000000 53.597416 59597416 47000 50.589766 53.599766 4.5917
a 14|WECC Category BFrequency My Transient Contingency  Bus 24 Frequency 60.000000 59.597431 59.597431 47000 59599777 59599777 4.5917
Result Storage End Time (seconds) 20.000 | OSemnds Relay Tripped 0.00 15|WECC Category B Frequency My Transient Contingency  Bus 27" Frequency 60.000000 59.597458 59.597458 4.7000 59.599777 59.599777 4.5917
Plots 2] (®Cydes —]] 16|WECC Category B Frequency My Transient Contingency  Bus '30 Frequency 60.000000 59.597576 59.597576 4.7000 59.599854 59.599854 4.5917
Time Step (cydes) 0.500|-> Modd Trgped 0.00 17| WECC Category B Frequency My Transient Contingency  Bus '33° Frequency 60.000000 59.597565 59.597565 4,7000 59599907 59599907 4.5917
Result Analyzer - Damping 2 18| WECC Category BFrequency My Transient Contingency  Bus ‘34 Frequency 60.000000 59.597492 59.597492 47000 59599926 59.599926 4.5917
Results from RAM Categories | I Change... Islanded 0.00 0.00 19| WECC Category B Frequency My Transient Contingency  Bus ‘37" Frequency 60.000000 53.597477 59.597477 47000 59599773 59599773 4.5917
v .Tr ot Limit Monitors s Jf I b 20| WECC Category B Frequency My Transient Contingency  Bus ‘44" Frequency 60.000000 59.597424 59.597424 47000 59599812 59.599812 4.5917
aTye i 21|WECC Category BFrequency My Transient Contingency  Bus '48' Frequency 60.000000 53.597416 59.597416 47000 59599773 59599773 4.5917
ransient Limit Monitors Transient Contingency Elements » Process Contingendes 22| WECC Category BFrequency My Transient Contingency  Bus '53° Frequency 60.000000 59.597427 59.597427 4,7000 59599758 59.599758 4.5917
Monitor Violations i [aw Tia Il Limit Monitor Violations  Resuit Analys:s Violations (® One Contingency at a time 23| WECC Category BFrequency My Transient Contingency  Bus '54° Frequency 60.000000 59.597424 59.597424 47000 59.599766 59.599766 4.5917
N ser lear sert Apply/Clear /Open =T : = : o — < >
Limit Logic Limit Monitor Name Contingency Name  |Violated Device| Limit Initial (O Muitple Contingences
States/Manual Control : M & b e ] [ R Monitor [ Value
R mM: o = R e Y - Variable Save Al SettingsTo || Load All Settngs From Show Transent Contour Toobar || Auto Insert... | | Critical Clearing Time Calcultor... Helo Close
SMIB Eigenvalues Object Pretty|Time |Time Enabled 1JWECC Category B Frequeng] My Transient Contingency Bus 3 Frequency 60.0 ——
Modal Analysis | | (Cycles)) (Seconds) 2|WECC Category B Frequency My Transient Contingency Bus 5 Frequency 59.
D Simulator Option: | 1jcen BLTG9 #1]  60.0 1.000000 CHECK 3|WECC Category B Frequency My Transient Contingency Bus "10 Frequency 5
YT lator Options 4|WECC Category B Frequency My Transient Contingency Bus "12 Frequency 59.597
S5|WECC Category B Frequency My Transient Contingency Bus 13 Frequency 5
6| WECC Category B Frequency My Transient Contingency Bus 14 Frequency 59.597
7|WECC Category B Frequency My Transient Contingency Bus "15 Frequency L
8|WECC Category B Frequency My Transient Contingency Bus "16 Frequency 5
9|WECC Category B Frequency My Transient Contingency Bus "17 Frequency 5
10|WECC Category B Frequency My Transient Contingency Bus ‘18 Frequency 5
11|WECC Category B Frequency My Transient Contingency Bus '19 Frequency 59.
12|WECC Category B Frequency My Transient Contingency Bus 20 Frequen 5
e e 13|WECC CateguzBFreguen({'r.!;Tlanmnt Comlngeng Bus "21 Fregueng 5
(®) One Contingency at a time ¢ 5 = =
(O Multiple Contingencies
Save All Settings To Load All Settings From Show Transient Contour Toolbar Auto Insert... Critical Clearing Time Calculator... Help Close
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Transient Limit Monitors: Monitor Violations

e Values reported by Monitor Violations

Initial 1
— Violation (Point C) Value = AV
e Value Limit / \'\"/\/\

e Time of Value Value J :J_"‘[_:

— Extreme (Point B) Limit Duration

e Extreme Value
e Time of Extreme Value
* Note: could be after point C also

— Start of Violation (Point A)
e Value Start
* Time of Value Start

— Value no longer violating (Point D)
* Value No Violation
e Time of Value No Violation
* Note: Point may not exist i Limit Duration

\ 4

Limit Value
D
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Monitor Violations: Example

e Run the simulation

e Open the Transient Limit
Monitors page and view the

Limit Value

AL

violations

e The “Generator Out-of-Step”
limit monitor has several
violations

For this example, points A
and C are the same because
the Limit Durationis O

Limit Duration

Monitor Violations Tab- View the violations

Transient Limit Monitors { \

Transient Limit Monitors Monitor Violations  Limit Logic

D) Egdk %68 5% &4 8 57 Records~ Set~ Columns~ B~ o~ Ul ¥ BH- O ﬂxm Options ~ . A ' ’ ’

Limit Monitor Name Contingency Name Violated Device| Limit Monitor Initial [Actual Value| Converted |Time of|Actual Value|Converted |Time of| Actual Value | Converted |Time of| Actual |Converted|Time of|
Variable Value Value |Value |Start Value Start|Value Extreme Value Value |[Value No |Value No |No
Start Extreme |Extreme| Longer |Longer |Longer
My Transient Contingency Bus '3 Frequency 60.000000 59.507542 50.597542 4.7000 59.599815 59.509815 4.5017  50.592346 50.592346 5.4500 50.600174 59.600174 6.3667
2|WECC Category B Frequency My Transient Contingency Bus 'S’ Frequency 60.000000 59.597450 59.597450 4.7000 59.599785 59.599785 4.5917 59.592316 59.592316 5.4500 59.600231 59.600231 6.3667
3|WECC Category B Frequency My Transient Contingency Bus "10' Frequency 60,000000 59.597546 59.597546 4,7000 59.599815 59.599815 4.5917 59,592323 59.592323 5.4500 59.600128 59.600128 6.3667
4|WECC Category B Frequency My Transient Contingency Bus 12 Frequency 60.000000 59.597523 59.597523 4,7000 59.599804 59.599804 4.5917 59,592323 59.592323 5.4500 59.600159 59.600159 6.3667
5|WECC Category B Frequency My Transient Contingency Bus '13' Frequency 60.000000 59.597511 59.597511 4.7000 59.599785 59.599785 4.5917 59.592316 59.592316 5.4500 59.600155 59.600155 6.3667
6| WECC Category B Frequency My Transient Contingency Bus "14' Frequency 60.000000 59.597466 59.597466 4.7000 59.599907 59.599907 4.5917 59.592388 59.592388 5.4500 59.600105 59.600105 6.3500
7|WECC Category B Frequency My Transient Contingency Bus "15° Frequency 60.000000 59.597431 59.597431 4.7000 59.599766 59.599766 4.5917  59.592278 59.592278 5.4500 59.600182 59.600182 6.3667
8|WECC Category B Frequency My Transient Contingency Bus 16 Frequency 60.000000 59.597446 59.597446 4,7000 59.599773 59.599773 4.5917 59,592289 59592289 5.4500 59.600182 59.600182 6.3667
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Monitor Violations: Example

* You can add Plot Definitions for variables which are violating the
limit monitors

e Select all the violations, right click, choose “Make New Plot”

Transient Limit Monitors

Transient Limit Monitors  Monitor Violations  Limit Logic

T Bk %8 %8 44 98 T Records v Set~ Columns ~ - B0 W OB - B options -
‘ re a te P I Ot Limit Monitor Name Contingency Name  |Violated Device| Limit Monitor Initial |Actual Value| Converted [Time of|Actual Value|Converted |Time of| Actual Value | Converted |Time of| Actual |Converted|Time of
Variable Value Value [Value [Start Value Start|Value Extreme Value Value |Value No |Value No [No
Start Extreme |Extreme| Longer [Longer |Longer

. . . 1|§enerator§u‘t-o!-§teg g iz s - i TSGenDeltaNoshift 17.725307 -163.117813 180.843124 3.3500 -2043.583984 2061.309326 20.0000
D efl n It I O n S fo r 2|Generator Out-of-Step | Show Data View | TSGenDeltaNoshift 22.623854 -158.105499 13 355 3.3
3|Generator Qut-of-Step Display/Column Options... | TSGenDeltaNoshift 2.574129 -17!}453751 181.027908
4|Generator Out-of-Step . 2 | TSGenDeltaNoshift 24.365929 -156,319229 180.685150
. . . 5|Generator Qut-of-Step Show Field Descriptions | TSGenDeltaNoshift 24,365929 - 180.685150
VI O I at I n fl e I d S 6|Generator Out-of -Step | TSGenDeltaNoshift 3.176225 - 180.925400 76 180925400 3 2
7|Generator Qut-of-Step #h Find... Ctrl+F | TSGenDeltaNoshift 10.092613 - 7 180.569885 80 180.569885 -2047.111206 2057.203857 20.0000
2 3g€€17 173 139907 180 4677 3917 .17 2202 180.4877 .2050.164795 2057.530273 20.0000
8| Generator Out-of-Step #m Iy e SO | TSGenDeltaNoshift 7.365517 -173.132202 180.497711 3.3917 -173.132202 180.497711 2050.164795 2057.530273 20.0000
Delete
Delete All
Transient Limit Violation records | **  Bus View Oneline...
Set/Toggle/Columns ' Substation View Oneline
EE:’ Cnpyf'Paste/‘Send i Find and open Areva/Allstom oneline..
'ﬁ"ﬁ Save As » 9 Area/Zone/Owner Filters
MR Load »

Pan to Object on Open Onelines...
Quick Filter...

Make New Plot...
% Advanced Filter...
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Monitor Violations: Example

Plots

Plot Designer  plot Definition Grids

Device Type Generator bt
Choose Fields
® Efd ~
® I Add >>
® Id Add >>
® Mvar By Field
® Mw Add >>
® MW Accel By Object
® MW Governor Ref
® MW Mech
® Power Angle
@ Rotor Angle
® Rotor Angle No Shift b
Choose Objects Show Filter

~ Sortby @ Name () Number

I J

BOB6E9 (48) #1 [69.00kV]
J0345 (28) #1 [345.0kV]

30345 (28) #2 [345.0 kv]
LAUF69 (44) #1 [69.00 kV]
ROGER69 (50) #1 [69.
SLACK345 (31) #1 [34
WEBER69 (14

Select All Clear All
[] show only objects available in results

T10: Transient Limit Monitors

Generate Selected Plots .Ciose Plots
Show/Save Selected Plot Data Save Plot Images for Auto-Save Options

Plots, Subplots, Axis Groups

v Gen_Speed_All Mote: The vertical axis contains the list of plot series below

(W Speed _ Gen WEBER69 #1 : = :
= ete A

m Speed _Gen JO345 1 Axis Group Number Add Axis Group Delete Axis Group
(W Speed _ Gen 10345 #2 : \— % Ak 49 3% 44 ﬁ‘r&tn Records * Set~ Columns ~ '
(W Speed _ Gen SLACK345 #1 . - - :
m Speed _ Gen LAUF69 #1 ‘ Object Variable \gl:: Style|Visible| Color [Fade|Thickness|Dashed
(W Speed _ Gen BOBGS #1 1[Gen 53 1]TSGenDeltaNoshift Actual Line VES 0 1 Solid
(W Speed _ Gen ROGERS9 #1 2|Gen ‘44" "1 TSGenDeltaNoshift Actual Line vEs [N o 1 Solid
(W Speed _Gen BLT138 #1 3|Gen '48' '1' TSGenDeltaNoshift Actual Line vEs [ © 1 Solid
(W Speed _Gen BLT69 #1 4|Gen '28' 1" TSGenDeltaNoshift Actual Line YES [ © 1 Solid

v Gen 5|Gen '28' "2’ TSGenDeltaNoshift Actual Line vEs | o 1 Solid
/W Rotor Angle No Shift _ Gen BLT138 #1 §]Gen '14' 1" TSGenDeltaNoshift Actual Line YES ] 0 1 Solid
m Rotor Angle No Shift _ Gen LAUF69 #1 7|Gen '50' *1' TSGenDeltaNoshift Actual Line vE5 [ o 1 Solid

S 8|Gen 31" '1" TSGenDeltaNoshift Actual Line YES [ © 1 Solid

(W Rotor Angle No Shift _Gen BOB&S #1
(W Rotor Angle No Shift _ Gen JO345 #1
(W Rotor Angle No Shift _Gen J0345 #2
(W Rotor Angle No Shift _ Gen WEBERS9 #1 L.
[W Rotor Angle No Shift _Gen ROGERS9 #1 N P I D f d
(W Rotor Angle No Shift _ Gen SLACK345 #1 eW Ot e Inltlons Create

v Add new plots here o o o
(W Acd bjects/fid combinations here from Monitor Violations

Add Plot Delete Plot
Collapse Al Expand All <
Save Plot Definitions to Auxiliary File Load Auxiliary File

Plot

Title Block Chart

Horizontal Axis Vertical Axis Plot Series List
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