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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.

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

e Pros e Cons

— Storing all these results

— All the results are .
can get a little large

available in your

. extreme
results files to look at _ What if we run 1000
later stability runs?

— Plots reaffirm that the * Terabit hard-drives
software (and you) are — Reduce storage by only
doing something saving results every 10

time-steps

— Plots are needed for e May miss something
displaying your results * Frequency dip for only 2
when violations occur time steps may be

missed.
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Analogy to Contingency Analysis

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

e |s this 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

e 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 Frequency Action

e Monitors high bus frequency
— Under Frequency

e Monitors low bus frequency

— 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

Opftions
MNote: Changes made to option enfries are saved immediately and will be applied during the next transient stability run.
General [ Power System Model 1 Result Options | Generic Limit Monitors _

Synchronous Generator Limit Monitors

(V] Only Apply to Generators Without Relays

Monitor Type Action to Take Pickup Value Pickup Time
Absolute Angle Deviation {Igmnre v] 180.0 = Deg 0.000 = Seconds
Over Frequency [Trip v] 62.40 = Hz 2.000 = Seconds
z - .
Under Frequency LTn|:|| v] 57.60 = Hz 2.000 - Seconds
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 L A N\

monitor to be violated pickun /\/ \[\/\

and the Action to Take  Value 114
will be used u pPickup Time

T10: Transient Limit Monitoring © 2012 PowerWorld Corporation 7



Generic Limit Monitors:
Action to Take

e Action to Take

— Ignore
* 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

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

— Trip

* Will cause the generator to trip after a time delay specified by Breaker
Delay Time

* Default for Over Frequency and Under Frequency for system larger than
or equal to 100 buses

— Abort
e Willimmediately abort the simulation
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Example: Generic Limit Monitors

Open “WSCC 9SBus”

Bus 9
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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
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Transient Stability Analysis

Simulation Status  Finished at 10.000

Run Transient Stability

Select Step

Pause Abort
Options

¢+ Simulation

4 - Options

- General

- Power System Model
- Result Options

- Generic Limit Monitors

: - Distributed Computing
- - Result Storage

- Plots

- -Results from RAM

- - Transient Limit Monitors

- - States/Manual Control

- - Validation

\..SMIB Eigenvalues

Process Contingencies
(@) One Contingency at a time
() Multiple Contingencies

£

REsTore Re

erence | For Contingency: [My Transient Contingency w7 ]

Note: Changes made to option entries are saved immediately and will be applied during the next transient stabi

| General | Power System Model | Result Options | Generic Limit Manitors |Dist’ibuhed Computing |

Monitor Type
Absolute Angle Deviation
Over Freguency

Under Freguency

Breaker Delay Time (Cydes)

Synchronous Generator Limit Monitors

Only Apply to Generators Without Relays

Action to Take Pickup Value Pickup Time
180.0 2/ Deg 0.000 ) seconds
Trip (Open) | 61.30 = Hz 2.000 = Seconds
-
2 Hz 2.000 = Seconds

Trip (Open) | ‘Q

0.0

Maximurm Allowable Angle Difference (degrees)

Change to
1.3 Hz

Set to Trip

1080.0 =

[ Save All Settings To ] [ Load All Settings From ]

’ Show Transient Contour Toolbar ]

(2% ) [flow)

© 2012 PowerWorld Corporation

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.

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

Results from RAM

| Time Values I Minimurm,Maximum Values I Summary | Events |50Iution Demils|

OPT. A G SORT ¥
[l & Ak io.gllﬁ f&n| Records * Set» Columns = [Ef~- |,Ev . S oEH. W

Contingency Name  [Time Object Model Type Description Level
{Seconds)
1y Transient Contingenc 1.0000 Branch '7'5''1' TkLine Apply Solid Fault Info
2lea T L & e 1 o—o0 D T T L o VI To Lo
Elmy Trisient ContingEncy 3.6583 Gen '3 "1 T¥GenericGen GENROU Civer Freguency: Cpen Info l
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Gen_Rotor Angle (=] Bus_Frequency (=]
Gen_Rotor Angle | Bus_Frequency | Gen_Rotor Angle Bus_Frequency
i T : 815 : T
1 : 6141 | :
oy 1.3
sy 51.2 |
Ty B1.1
B0 61 4
S04 60.9
40 : 60.5
oy 60.7 |
a] 505 |
w0l 505
of 50.4 |
A0 E 60.3
aof 602§
B 508'10 1
| o 1 2 3 ! 5 6 7 g 8 10
-50 4.
: ¥ —— Frequency_Bus Buz1 | —— Freguency_Bus Bus 2 W —— Frequency_Bus Bus 3
v —— Frecuency_Bus Bus 4 W —— Freguency_Bus Bus 5 W —— Frequency_Bus Bus B
v Rotor Angle_Gen Bus 2 #1 [ Rator &ngle_Gen Bus 3 #1 v Rotor &ngls_Gen Bus1 #1 l ¥ —— Frequency_Bus Bus 7 W —— Freguency_Bus Bus 8 W —— Frequency_Bus Bus 9
[E] [E]
[ ]

Now, Generators 2 and 3 to trip out
between 7 and 8 seconds (with a 0.077
seconds clearing).

If all generators trip out (as will
happen if this simulation keeps
running), the simulation aborts as
there are no longer any viable islands.
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Example: Generic Limit Monitors

O

e Change the End Time of the simulation to 20 seconds

and re-run the analysis e Now all three

generators

¥ Transient Stability Analysis [ | =[] . o
Simulation Status ~ Aborted with error at 15.850 W I | | t rl p O u t
Run Transient Stability ] Pause Abort Restore Reference | For Contingency: [M\y Transient Contingency '] - -
et o | e The simulation
- Simulation -
4-Options | Time Values I Minimurm,Maximum Yalues I summary | Events |50Iution Deiﬁilsl a b O rts a t
-~ General D % A fan 0 | dh ?&D | Records = 3et ~ Columns ~ ' | “.E' H%}}E' T %' 1%?;; fix) - }:
-Power System Model
- Result Options Contingency Mame  [Time Object | Model Type LETR |LE“E' 1 5 8 5 S e C O n d S
- Generic Limit Monitors (5econds) ¢
.. Distributed Computing 1|My Transient Contingency 112222 Hrancl: 'I_; '2' '} L}&::.?ne ippl\; Solid Fault ing .
4 Result Sto Uiy Teansient Contingency P ins pso Q V t h
es:m ;:%;M Op = 3|My Transient Contingency  8.6583 Gen '3 "1 T¥GenericGen GENROU Over Frequency: Open Inv ® I eW e
re |:| ans 4|My Transient Contingency 15.8250 Gen'2''1' T¥GenericGen GENROU Under Frequency: Open Infa
-~ 5ave to Hard Drive Opt 5|My Transient Contingency 15,8417 Gen'1''1' TXGenericGen GEMROU Under Freguency: Open Info E Ve n ts t a b O n
+-Plots 6 |My Transient Contingency 15.8417 Bus '1' Bus Topology Processing Open Info
4 -Results from RAM 7|My Transient Contingency  15.8417 Bus '2' Bus Topology Processing Open Info
- Time Values 8|My Transient Contingency 15,8417 Bus '3 Bus Topalogy Processing Open Info t h e R e S U | t S
- - MirimumMasdmum Valu 9 |My Transient Contingency 15.8417 Bus '4 Bus Topology Processing Open Infa
; Summary 10 |My Transient Contingency 15.8417 Bus'5' Bus Topology Processing Open Info
= 11|My Transient Contingency 15,8417 Bus ‘&' Bus Topology Processing Open Info a e fo r
: ven_ ] 12 My Transient Contingency 15,8417 Bus '7' Bus Topology Processing Open Info
""" Solution Details 13|My Transient Contingency 15,8417 Bus '8’ Bus Topalogy Processing Open Info o
- - Transient Limit Monitors 14|My Transient Contingency 15,8417 Bus '?' Bus Topology Processing Open Info d e t a I I S
« = m ] b 15|My Transient Contingency  15.8417 Island Mumber of Viable Islands Changed from 1 to 0 Info
- - 16 |My Transient Contingency 15.8500 Mo Viable Islands -- Solution Aborted Erroj
Process Contingendes
@) One Contingency at a time
() Multiple Contingencies [ Load from Hard Drive File into RAM results spedified by Store to FLAM Options ] [ Clear Results in RAM ]
[ Save All Settings To l [ Load All Settings From ] [ Show Transient Contour Toolbar ] ’ ? Help ] [ IL Close ]
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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

e 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

Transient Stability Analysis = EoR(Ex)

O n th e Simulation Status Mot Initialized
Run Transient Stability For Contingency: ’My Transient Contingency - ]

Tran S I e nt L i m it Select Step Transient Limit Monitors |

- Simulation Transient Limit Monito - —
M O n |t0 rS pag e __ Options ransient Limit Manitars |Mon|tor Violations |
" Elei;ﬂtsb:uh'lew D % Al %8 % | & ?&n | Records = Set = Columns = ' | .E' H&EE' EE\EI - E%%L fix) EH | Options ~
[+ Plo
Of th e --Results MName Active|Abort| Abort Delay|Object Type| Variable Filter Limit Value| Limit | Side Type
. Pr- Transient Limit Monitors Name Curation
TranSIe nt ¢ b Transient Limit Monitors e —— — . ——— | — —L —
¢ | Monitar Violations WECC Category B l.oltage D!p Mon-Load Bus .T.ES NO Bus TSBus.. PU MNon-Load Only 30,000 0.00000 Lower Percent De.!at!on
. 2VECC Cateqgory B Voltage Dip Load Bus JYES NO Bus TSBusVPU Load Only -25.000 0.00000 Lower Percent Deviation
Stabl I Ity " StE!hesJ."Manual Contral 3|WECC Category B Voltage Dip Load Bus Duration YES =~ NO Bus TSBusVPU Load Only -20.000 0.33333 Lower Percent Deviation
[#- Validation 4|WECC Category B Freguency YES NO Bus Frequency Load Only 59,600 0.10000 Lower Actual
. .- SMIB Eigenvalues 5! C Category C Voltage Dip Any Bus YES NO Bus T5BusVPU -30.000 0.00000 Lower Percent Deviation
An alySIS = = 6 |WECC Category C Voltage Dip Any Bus Duration YES ~NO Bus TSBusVPU Load Only -20.000 0.66667 Lower Percent Deviation
P_rocess Conﬁngenaes i 7|WECC Category C Freguency YES NO Bus Frequency Load Only 59,000 0.10000 Lower Actual
- @ One Contingency at a time
d I al Og () Multiple Contingencies J L
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Built-In
Transient Limit Monitors

Transient Limit Monitors ‘

e Under Records menu, ntmt on
h ices ar-e available Transient Limit Monitors |Mnr1|tor "-I'Iolahur15|
C O m % A *s0 o0 | M HECD |m Set * Columns - , |RUHB HIJHH B‘:jﬂ‘ i%?g; B | -

L0+ .0

to Build WECC e I
Category B Standard —.
Monitors (also C)

Variable Filter

Mame

H_V

1
b

s
[

[0 WL Woltage Di
WECC Category B Voltage
WECC Category B Voltage D||:|

WECKC Category B Frequency
WECC Category C Voltage Dip Any Bus

— WECC Category B Voltage D|p for Non-Load Buses
e Monitor all non-load buses for any voltage dip of 30% below the initial
voltage value at any time
— WECC Category B Voltage Dip for Load Bus
e Monitor all load buses for a voltage dip of 25% below the initial voltage at
any time
— WECC Category B Voltage Dip for Load Bus Duration

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

— WECC Category B Frequency
e Monitor all load buses for a frequency dip below 59.6 Hz for a duration of
0.10 seconds (6 cycles)

Build WECC Category B Standard Monitors

1

L= My v iy v
[

(o]

Build WECC Category C Standard Monitors

1

]
o Mmoo
O & C ¢
[

=] -

[T
SR =,
000 &

§ |5 |2

L

ous

Jh

= 1

O N

LU
R
LU

ous

o
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Built-In
Transient Limit Monitors

— Differences as compared to Category B standards are
highlighted in Red.

— WECC 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 Category C Voltage Dip for Any Bus Duration

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

— WECC 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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Example: Transient Limit Monitors

e Open “GSO_37Bus”

e QOpen 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 |M|;|'|itgr '|,.'i.;.|aﬁ.;|-.5| \ lelt detalls
i === | | iy ?&J Records = Set * Columns ~ [Eg~- |HE* "&E'%' W o B | Options - ( A \
MName Active | Abort | Abort | Max  |Object| Variable Mame Filter Limit Value Limit Side Type HDR
Delay |Violations | Type Duration
1RVECC Category B Voltage Dip Mon-Load Bus YES NO 100 Bus TSBusvVPU Mon-Load Only -30.000 0.00000 Lower Percent Deviation NO
2|WECC Category B Voltage Dip Load Bus YES MO 100 Bus TSBusvPLU Load Qnly -25.000 0.00000 Lower Percent Deviation MO
3|WECC Category B Yoltage Dip Load Bus Dur YES NO 100 Bus TSBusvVPU Load Only -20.000 0.33333 Lower Percent Deviation NO
4|{WECC Category B Frequency YES MO 100 Bus Frequency Load Qnly 59.600 0,10000 Lower Actual NO
5|Generator Out-of-Step ki NO 100 Gen  TSGenDeltaMoshift 180.000  0.00000 Lower Actual Devistion YES

t
Toggle to YES to Field that the limit  Object filters

enable the Transient monitor applies to  in use
Limit Monitors
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Transient Limit Monitors Dialog

e Right click on a Transient Limit Monitor and select “Show Dialog”
e Same options are available here as on the case information display

. oo ransient Limit Monitoring Dialo (=
e Meaning of values specified (Examples) |~ =
. . Mame |WECC Category B Voltage Dip Non-Load Bus - |
— For a system with 60 Hz nominal [sae | [saess] [Remame]| [ ockte ]
frequency, the following are equivalent Brwe
Objects and Field Monitore:
e Actual value, Limit Value = 59.6 Hz r;wceme | TemmnT— o
e Deviation from initial value, Limit Value = - e Mecorter [_ .
0'4 HZ |‘-" {pu) 'l @) Non Load Buses Only Hefne Rl

AreafZone Filters

— When monitoring voltage, the following | .

1 @ Log Violation Onl 0.00]5
a re eq u Iva |e nt -E‘bi"t 5imU|5ﬁ°"'y Manimum number of violations of 100 =
e Percent of initial value, Limit Value = 70% e
. . e ey .. imit Value -30.00 5 % imit Luratian Lol e ./ Violation
e Percent deviation from initial value, Limit o ST esewns WPV
Va/ue — _30% Limit Duraton ~ 0.0000 - Seconds Cydes Value J L _H.D—H_ .
mit Duration
Limit Type Meaning of the values spedfied —
@ Lower Actual value
Upper Percent of initial value

Deviation from initial value
@ Percent deviation from initial value

ABS: After using meaning, take absolute value
| Show Special Triggers to Start or Stop Transient Limit Monitoring |

o OK ? Help x Cancel
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Transient

Limit Monitoring Dialog

e When does transient limit
monitoring start?

— Normally transient limit
monitoring does not start
until AFTER the last user
contingency event

— Special options can be
specified to start or stop limit
monitoring as well

e Click Show Special Triggers to

Transient Limit Monitoring Dialog

Mame |WECC Category B Voltage Dip Non-Load Bus - |

| Save | |Save.ﬁ.s|

| Active
Objects and Field Monitored
Device Type Filter objects for monitoring
Bus - Al
Meets Filter
Field Load Buses Only

V {pu) w | (@ MNon Load Buses Only

Area Zone Filters

Action To Take

@) Log Violation Only
Abort Simulation
Trip {Open) Device

Maximum number of violations of

this limit monitor to store 100

30.00 = o Limit Duration Units {a@'.'f.ﬁl A, iOI_ ion
7 T

Limit Value
@ Seconds

Limit Duration  0.0000 =~ Seconds Cydes \'fgﬂj%

Limit Type Meaning of the values spedfied

Start or Stop Transient Limit™
Monitoring

e Values specified in special
triggers obey the Meaning of
values specified

T10: Transient Limit Monitoring © 2012 PowerWorld Corporation

@) Lower Actual value
Upper Percent of initial value
Deviation from initial value
@) Percent deviation from initial value
ABS: After using meaning, take absolute value
Hide Special Triggers to Start or Stop Transient Limit Monitoring

Spedial Triggers to Start or Stop Transient Limit Monitoring

Use Value
Stop monitoring if a value is above 0.00 =

Start monitoring if a value is above 0,00 =

S
%o
Stop monitoring if & value is below 0.00 = %%
Start monitoring if a value is below 0.00 : S

? Help

o OK X cancel

18



Defining Transient Limit Monitors

* 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)

 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

Stop
Below
Use

Stop
Below

Start
Below
Use

Start
Below

Stop
Above
Use

Stop
Above

Start
Above
Use

Start
Above

ooooo
Ooooo
E§6668
Ooooo
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Transient
Limit Monitoring Dialog

DEfI new h at |S Transient Limit Monitoring Dialog 3]
mon | to red Mame [WECC Category B Voltage Dip Mon-Load Bus v]
| (oewne)  (ooske)
Uncheck to ignore L T
monitoring temporarily Objects and Field Moritored
Device Type Filter objects for monitoring
us - (Al
. [B ] (") Meets Filter
Choose a particular Field ) Load Buses Orly r——
. . ['u' {pu) v] (@) Mon Load Buses Cnly
Field and Device Type © Areafzone Filters
Action To Take M aX| mum
(@) Log Violation Only
Can abOI’t the 7' 1.-5._I:.u:|rt Simulation Maximum number of violations of 100 = e—— 1 num ber Of
. . . . () Trip (Open) Depte this limit monitor to store . I t
SImUIatlon or trlp deVICe / . a Limit Duration Units ~ Initial <™, Miolati violations
1Fi Limit Value 000 % @ Seconds ValuerS— ""':'“!_E_'E'_':':'_ tO StO re
a_' Specflfled ) I ] Limit pdfation  0.0000 = Seconds | | Cydes 'I.Hanl-'.,lﬁe JI
Limit Duration
tl me a ter VIO atlon Li_mitTy'pE Meaning of the values spedified :
(@) Lower () Actual value
Choose Filter for which / e e
d eV| ces to mon |t0r (@) Percent devia.ﬁcun fru:um. initial value
FI Iter dECISIOI’l IS based on the [ Show Slp:eljji:ri':;t:rrsutinsgmn::zl:lgiptitz:::::-Ilfm:ftar[ﬂu:nitoring ]
power flow solution (initial
Py stote)
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Transient
Limit Monitoring Dialog

Transient Limit Monitoring Dialog 3]
Defl new h at IS Mame [WECC Category B Voltage Dip Mon-Load Bus v]
considered a limit [ save |  [saveas|  [Rename | [ Dekete |
violation [¥] Actie
Objects and Field Maonitored
Device Type Filter objects for monitoring
[Bus v] ! : 1 All
(7 Meets Filter
Field (") Load Buses Only e ——
['u' {pu) v] (@) Mon Load Buses Only
(") AreafZone Filters
Specify Limit Value and Action To Take — .
. @) Log Violation Only B
D u rath n { | Abort Simulation Maximum number of viclations of 100 =
() Trip (Open) Device this limit monitor to store x
. “ Limit Duration Units | Initial ™ Violation
-30.00 o P
Limit Value = % @ Seconds "l.".ah..JE ,'I Vi Hﬁuﬁ
Is th IS an U p per or Limit Duration  0.0000 = Seconds () Cydes Hgﬂ,j}& J
. R Limit Duration
Lower Ll m |t’) Limit Type Meaning of the values spedified
. L @ Lower () Actual value
Specify how the Limit © Upper © Percent of itial value
. . (") Deviation from initial value
Val ue an d S peC [ al tl’l g g ers (@) Percent deviation from initial value

are Interpreted / [] aBs: After using meaning, take absolute value
/4/ Show Spedial Triggers to Start or Stop Transient Limit Monitoring ]

Absolute Value
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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
o |f viollations 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

Transient Limit Monitors |

| Transient Limit Monitors | Monitor Viclations |

% 'PH‘* '_'.;.'3 ;':'_E | ﬁ ?&D | Records *~ Set ~ <Columns - ' | H.E' "&E* %* E%"EL i) @ | Options =

Limit Manitor Mame Contingency Mame Violated Device|  Limit Value |Time of | Value [Time of [Valus Time of

Monitor Value Start | Value |Extreme| Value
Variable Start Extreme
1|WECC Category B Frequency My Transient Contingency 1 Bus 'a’ Freguency 59.957 1.1600 59.623 1.1200 59,623 1.1200
2|WECC Category B Freguency My Transient Contingency 1]Bus '8' Frequency 59.968 3.5400 59,934 3.5000 59,954 3.6000
3|WECC Category B Frequency My Transient Contingencyl Bus's Frequency 59.982 3.5800 59,988 3.5400 59,930 3.6000
4|WECC Category B Freguency My Transient Contingency Bus's Freguency 59.935 1.1600 59.641 1.1200 59.641 1.1200
5|WECC Category B Frequency My Transient Contingency Bus '8 Freguency 59.977 3.5800 59.989 3.5400 59.973 3.6000

When running multiple contingencies, you can see

which one caused the violation
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Transient Limit Monitors:
Monitor Violations

e Values reported by

Initial T
L] L ] L ] L A
I\/Iorptor V|ola?:|ons Vélu.e / \V/ \/\/\
— Violation (Point C) Limit N7
Value M
e Value J > )
e Time of Value Limit Duration ,

— Extreme (Point B)
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)
e Value No Violation
e Time of Value No Violation

* Note: Point may not exist
T10: Transient Limit Monitoring © 2012 PowerWorld Corporation 23
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Monitor Violations: Example

e Run the simulation

e Open the Transient Limit Monitors
page and view the violations

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

Monitor Violations Tab-

View the violations
For this example, points A and C are the

same because the Limit Duration is 0

Limit Value

A

L|m|t Duratlon

Transient Limit Monitars | -
Transient Limit Monitors | Monitor Violations | A
B Akt 5% b ?&D Records * Set~ Columns ~ B~ | o ’&}E' =2 1%%; fix) ~ BEH | Options + \ K
Limit Manitor Name Contingency Name Violated Device| Limit Monitor  |Actual Value (Time of Valug Actual Value | Time of | Actual Value |Time of Value [Actual Value|Time of
Variable ValueStart | Extreme Extreme

frt A MNa Lsger [J!::‘r

1|Generator Qut-of-Step My Transient Contingency Gen '53''1 TSGenDeltaMoshift -162,646545 . -162.646545 3.3417 -1981. 796875 20.0000
2|Generator Qut-of-Step My Transient Contingency Gen '44' '1' T5GenDeltaMoshift -157.619003 3.350000 -157.619003 3.3500 -1974,850093 20,0000
3|Generator Out-of-Step My Transient Contingency Gen '48''1' TsGenDeltaMoshift -177.951309 3.350000 -177.951309 3.3500 -1995.511353 20,0000
4|Generator Out-of-Step My Transient Contingency Gen '28''1' TSGenDeltaMoshift -155.887604  3,358333 -155.887504 3.3583 -1972.189941 20.0000
5|Generator Cut-of-Step My Transient Contingency Gen '28''2 TSGenDeltaMoshift -155.887604  3,358333 -155.887004 3.3583 -1972.189941 20.0000
6 |Generator Qut-of-Step My Transient Contingency Gen '14'1' TsGenDeltaMoshift -177.231720 3. 366667 -177.231720 3.3667 -1992.630359 20.0000
7|Generator Qut-of-Step My Transient Contingency Gen '50° "1 TSGenDeltaMoshift -169,956432 3. 366667 -169.9564582 3.3667 -1985.413574 20.0000
8 |Generator Out-of-Step My Transient Contingency Gen '31' "1’ TsGenDeltaMoshift -172. 705673 3.383333 -172.705673 3.3833 -1983.474a09 20,0000

T10: Transient Limit Monitoring © 2012 PowerWorld Corporation GSO 37Bus 24



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
Bl 05t i ?&n Records * Set = Columns = ' .E' H%EE' - E%'EEL fix) - B} | Optons -
Limit Monitor Name Contingency MName Violated Device|  Limit Monitor  |Actual Value [Time of ValugActual Value | Time of | Actual value |Time of Value |Actual Value|Time of
C P | Variable Start Value Start | Extreme Extreme |MoLonger (Mo Longe
re ate Ot 1|Generator Out-pf Ctom bl Teomminmt Cambinasmen, S TSGenDeltaMoshift -162.646545 3.341667 -162.645545 3.3417 -1981. 796875 20,0000
. - 2|Generator Out-o % Display/Column Options... TSGenDeltaMoshift -157.613003 3.350000 -157.619003 3.3500 -1974.850098 20,0000
D efl n Itl O n S 3|Generator Out-o TSGenDeltaMoshift -177.951309 3.350000 -177.951309 3.3500 -1995.511353 20,0000
4|Generator Out-o M Find... Ctrl+F TSGenDeltaMoshift -155.887604 3.358333 -155.887504 3.3583 -1972.189941 20,0000
- - 5 |Generator Out-o 24 TSGenDeltaMoshift -155.857604 3.358333 -155.887a04 3.3583 -1972.189941 20,0000
for V|O|at| ng 6|Generator Out-of e 2€arch for Text.. TSGenDeltaMoshift -177.231720 3386667 -177.231720 3.3667 -1992.630859 20.0000
7|Generator Out-o Delete TSGenDeltaMoshift -169.956482 3.366667 -169,955432 3.3667 -1935.413574 20,0000
- 8 Eenerator Out-o TSGenDeltaMoshift -172, 705673 3.383333 -172.705673 3.3833 -1938.474609 20,0000
fields Delete Al
Transient Limit Viclation records Make New Plot...
Set/Toggle/Columns 4
B Copy/Paste/Send »
Rl Save As 3
AR Load »
Quick Filter...
BH  Advanced Filter...
f.]%'EEL Advanced Sort...
f{} Define Expression...
Define String Expression...
HH Refresh Display
Help (F1)
Form Control 4
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Monitor Violations: Example

O

Plots |
Plot Designer | Plot Definition Grids
i (1) Select the Device Type Generate Selected Plots
Device Type [Generator b ] (2) Select a zet of fields and & set of objects [ ]
Choose Fields (3) Click the Add=* button | Show Selected Plot Data in Case Info |
& Field Current - ) - - - - .
& Field Voltage (pu) B Plots, Subplots, Axis Groups | Plot | Chart | Horizontal Axis | Vertical Axis | Plot Series List |
# Mech Input . = [ Gen_Speed_all Mote: The vertical axis contains the list of plot series below
# Myar Terminal = (W Speed _Gen ,14, ,1, Axis Group Number 1 Add Axis Group Delete Axis Group
& MW Terminal W* Speed _ Gen '28"'1
# Rotor Angle Hgd > W Speed _ Gen .28. .2. FE] By el el %8 | dh 94 | Records  Set+ Columns + [Eg~ | . s, . ¥
& Rotor Angle, Mo Shift LT (W Speed _Gen'31''1
# Speed Fields Wy Speed _ Gen '44 1 Object Variable | Style |Visible | Color Thidcness‘ Dashed |513irs Symbel | Symbol ‘\.ﬂ
N Lag 141 Every
# Stabilizer v Speed _Gen '48' 'L
! "Z:Lrj s "gd > ﬂﬂﬁ Speed _Gen's0' 'Y 1Een 12T JTsGenDeltalline VES 1 Said No 0
erm. Dt;]‘:g (W Speed ~ Gen'53 T 2|lcen'28'1"  TsGenDeltalline vES [ 1 Solid Mo 0
& VOEL peed_ten 55 1 3|Gen'28''? TsGerDeltailine  vES [ 1 Solid MNao 0
& VUEL < (W Speed _Gen's4''1 4|Gen'31'Y  TSGenDeltalline vES [N 1 Solid No 0
Choose Cbjects El [ Gen Sleen'44 't TserDeltalline  vES [N 1 Salid Mo 0
[ Sortby © Name @ Number (W Rotor Angle, No Shift _ Gen 6lcen'48''’'  TscenDeltalline YES | 1 Solid No 0
{W Rotor Angle, No Shift _ Gen 7|Gen 50t TSGerDeltalline  vES [ 1 Solid Mo 0
/W Rotor Angle, No Shift _ Gen 8/Gen'53 ' TSGenDeltalline  YES N 1 Solid MNo 0
14 ('l.l‘a'EflEF!.ﬁ?] #rl: [ﬁs_r kvl /W Rotor Angle, No Shift _Gen 9|cen's4 1"  TscenDeltalline  vES [ 1 Solid No 0
g Eg;g :; %;g tz} fl,h Rotor Angle, Mo Shift _ Gen
31 (SLACK345) #1 [345kV] (W Rotor Angle, No Shift _ Gen
44 (LAUFG9) #1 [69 kV] (W Rotor Andle, No shift _ Gen .
48 (80889) #1 [69 /] (V¥ Rotor Ande, No Shift _Gen New Plot Definitions
50 (ROGERS9) #1 [69 kv] ﬂf\- Rotor Angle, Mo Shift _ Gen
53 (BLT138) #1 [138 V] ) 3 Add new plots here i
e ot created from Monitor
< | 1 | 3 VlOlaUOnS
Add Plot Delete Plot
[ Colapse Al | [ Expandal | = .
[ selectal | [ clearal |
[7] show only objects available in results [ Save Plot Definitions to Auxiliary File l [ Load Auxiliary File l
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