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First a Bit of Load Model History

< 1990 e 1990s and before

— Interconnect-wide transient stability runs exclusively use algebraic functions of
voltage and frequency for load models (IEEL, WSCC model)

P=L (alv”' +a,v" +a," )(1 +a,Af)
0=0,. (a4v”‘ +a,v" +ayv" )(1 + aSAf)

— Software tools had 3-phase induction motor models, but they were not typically
used in large interconnection wide simulations

1996 e 1996 — 1997 Blackouts in the Western Interconnect

— Software simulations of the events leading up to the blackout did not show the
same instability that occurred in the real event

— One of the reasons for this deficiency was there were not any dynamics
associated with loads

 WECC added an “interim load model” named MOTORW from about 2000 until 2015
which treated a fractional part of the load as a single-cage induction motor
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1996 Blackout Example Oscillations

* The below graph shows an oscillation that was observed during
a 1996 WECC Blackout

Measurements

- Unstable

Simulation
- Stable
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Journey to the Composite Load Model

1997-2012

2015-2020 °

2025

WECC utilities spent 15 years researching an appropriate new load model

— BPA, PNNL, LBNL, Sandia, and other National Labs (I wasn’t around, but others could speak
to this work)

WECC switched to using the CMPLDW model for interconnection wide studies in
approximately 2015

— Fractional 3-phase induction motor model included (with built in tripping and
reconnection)

— Fractional 1-phase induction motor model (performance model LD1PAC)
— Fractional Electronic Load Model (LDELEC)

— Fractional Algebraic function of Voltage and Frequency (IEEL)

— Included an equivalent model of the distribution system

Utilities within WECC work through the appropriate use of the CMPLDW model in
interconnection wide models

— Ongoing process
— Nearly all WECC-wide transient simulation use CMPLDW

Eastern Inteconnection and ERCOT presently are in the 5-year “adoption period”
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EPRI Work on modeling Electronic Load Models

2012 °* LDELEC-This is in the composite load model now
— A multiplier on a constant power
— Frcel says what fraction reconnects

— No concept of the timing of >
ceasing and reconnecting

Al
Al + Bl

Vrfrac =

vi'' V2

 LDFVD_A —this was a Variable Frequency Drive model
2019 introduced by EPRI several years ago.

— Same fractional voltage cease/reconnect as LDELEC

— Adds some derivative blocks for characteristics related to variable
frequency drives
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Simple VFD Model: LDVFD_A

This model was never really adopted by industry

2019

https://powerworld.com/WebHelp/#TransientModels HTML/Load%20Characteristic%20LDVFD
A.htm

Derivative blocks come from original work EPRI did with a simple Variable Frequency
Drive (VFD) models

— The mechanical/energy system for VFD reduced power at fault inception, but then recovers
some of the energy lost when the voltage recovers

MW or Mvar vary with the derivative of the terminal voltage

— Set Kvp=0 or Kvq=0 to disable this 2 Quashout
At fault inception the voltage drops, Vs ] P
the derivative will be negative L, % 8
. 1+4+T;s T _/ Network
— MW and Mvar will reduce g IS
temporarily for a voltage drop T
. . K
At fault clearing the voltage increases, o e e
the derivative will be positive U
— MW and Mvar will increase .“f:‘éfxffi‘;i‘;ifn“”w_°_ff‘fa" from steacystate
temporarily at clearing Ll [/l iy L ot oS
1@ Mvarii = MWy (“;;‘:;“‘)
vg‘-‘ V1 Vrfrac = “‘:b ExtraVars are aggregated with CompLoad

If not CompLoad admittance added
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EPRI Presentation from March 2019 - LDVFD_A

* Testing on some Variable Frequency Drives

Load
Decreases
temporarily
after a Fault,

then recovers
back

Voltage sag to 0.9pu for a period of 120 cveles

1.1

Active power (pu)

0 1 2 3 4 5
Time (s)

Load Increases
temporarily
immediately
after the Fault
Clears, then
recovers back

Think of it as
“buying back”
the energy it
lost after fault
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1-Phase Induction Motor “Phasor-based” model
INDMOT1P or MOTORC

2008 * An alternative to the LD1PAC model
— Models the flux dynamics of the motor explicitly
— Allows stalling and reacceleration to be modeled explicitly

— Research by Bernie Lesieutre while he was at Lawrence Berkeley
National Lab doing work with Joe Eto (Bernie is now at
University of Wisconsin) (2008 time frame)
2021  Work done at PowerWorld with Joe Eto at LBNL fully

documented the numerical implementation of this model

— https://www.powerworld.com/WebHelp/#TransientModels HT
ML/Load%20Characteristic%20INDMOT1P.htm
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Power Electronic Reconnecting and Ceasing (PERC1)

https://powerworld.com/WebHelp/#TransientModels HTML/Load%20Characteristic%20PERC1.htm

EPRI introduces concept

2022

model“EV1”

PERC1 is based on the
EV1 model

2025

of Electric Vehicle Charger

Load Characteristic Model: PERC1

Model is under development, available in October 27, 2025 path of Version 24
PERC1 is an acronym for the Power Electronic Reconnecting and Ceasing

load model. It is based on LDEV1 which was based on the model developed by

EPRI summarized in the November 2022 report entitled

"A Positive Sequence Model for Aggregated Representation Electric Vehicle
Chargers”

EPRI Project 1-116982
written by L. Sundaresh and P. Matra

Load Characteristic PERC1

Load Characteristic PERCI

Power Electronic Load Model With Reconnecting and Ceasing

States
1 - Petrl
2 - Qctrl MW init Vinie = Voltage per unit in initial condition < Vogase)
3-dp MBase = (—) M = MW in initial condition < MinVoltILoad )
:' d% Lfm If used inside a modular load model, TH?E}; % d=| o'l)l bei A and
5 - wiilt o W his model will be ignored, and a
Then Mvar,; = QPragia*MW,
5 1 it ratio init e :
S“ ?;ﬁlt Aw —»! — Kdroop Else Muar, ;. =Mvar ininitial condition constant impedance used instead
2 7
® imm - R i
P
Others MW, 1 + o 1+ 5Ty, Vrae\" 1 pmw
/ init—Ple— X = =— _— Puw
1-Pmw MBase + 1+ 5Ty, 9 Vinie 1+ T,
2 - Qmvar SK. 3 ’nmm
3-Ipv Shyp
4-1lqv 1+sT, == Boundary
5 - FracOn Vt = @ 1 Vrie SH acon Equations
erm > > See
1+sT, @ hetaw Veerm modela
$Kuq ® Require current
. i injection
1+ 5T, ] | T, 2 4 * TimeStep )
<+ qmax
1 + L+ 5Ty | @[ Vuy™ 1 1 Lqmvar
Mvari,in b 4=y (J‘i) — [ —> MBase Oy
MBase 1+ 5Ty Vinie Vie | _/ Iy 1+ sT, v
Tosn O,

Cease and Reconnect Logic

® 4 Ve
Viecon
Vceﬂse
Teease
e
- »
5 T
FracOnrepresents | FracOn i delay
a faction of the load 1.0

that is operating
based on the cease
and reconnect logic.

1= Feoase +Frecon’

ceuse

1= Fease

(Frocon)Fecase
v

g iy
10 )

Cease Logic

If Vrite < Viease for T > Tyease seconds Then
Start Delay timer.

If Delay Timer > Tgejqy then
FracOn = 1 — Fgpqe

Reconnect Logic
If Vrite > Viecon fOr T > Thpcon seconds

Record reconnect time (7, ¢ namy)
If(T > T » T Tramp) Then
FracOn = (1 = Fuase) + (Freconfeease) (and stop ramping)
Else
T—TsrartRan
Fracon = (1= Foesse) + (FresonFerase) (- oethone)
ramp

Note: The actual logic is described in detail in pseudo-code
below. It is possible for additional voltage dips to interrupt the
reconnecting ramp.
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Power Electronic Ceasing and Reconnecting PERC1

* Model was originally developed by EPRI for use in Electric Vehicle Charging
loads

— It has been modified slightly to add a Frecon parameter (fraction that reconnects)

* Model is very generic
— Power is an exponential function of voltage, and adds current limits
— Derivative Blocks (same as LDVFD_A)
— Frequency Droop with dead-band

— Special Reconnecting and Ceasing timing logic

* Timing will be useful in modeling behavior of Uninterruptible Power Supply in the context of
computing loads such as Crypto mining, Data Centers, Al loads

* Goalis to represent how the load impacts the AC transmission system
— Not representing all the details of the load itself

© 2025 PowerWorld Corporation 10
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Initial Condition

* Under a minor disturbance where
(1) frequency recovers back to 60 Hz
(2) voltage recovers to the same per unit values
(3) no permanent fractional tripping occurs

Model brings the

MW and Mvar back
to the same value as
the initial condition

Aw —» 1 » 7-|-L »| Kdroop
1+ sTf @
dbfl,dbfh + — - "pn/la_x
1 + 1+ sT, Vi 1
MW, —» ap _p(f‘”) > —»(X —»
LGl % 1+ 5T, @ Vinit Veue | _/ Ly Ai} 15T}
SKvp 4 ? Ipmin
P
1+ STvp @ 1 Vfi[t FracOn
Vtgrm L 2 P —9—p Sce —
@ 1+ sT, @ below .
sKyq Require
1+ 5T, i ; Ty = 4 » TimeStep
+ @ A\ 4 gqgmax v
1 i 1+ sT, Veie \" 1 /[ 1
Mvari,in: — R (ﬂ) — X )—> > MBase
LI MBase 1+ 5Ty, Vinit Vriue I_/ IQUO 14sT; G)

© 2025 PowerWorld Corporation
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pmw
_CBME'—’?_’ Pyw
7

Vterm

Boundary
Equations
model a
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injection

lqmvar
.(") ’ QMvar

11



<Public>

Temporarily reduced load at Fault Inception,
Temporarily increased load at Fault Clearing

* Derivative blocks come from original work EPRI did with a simple Variable
Frequency Drive (VFD) models

— The mechanical/energy system for VFD reduced power at fault inception, but then
recovers some of the energy lost when the voltage recovers

* MW or Mvar vary with the derivative of the terminal voltage
— Set Kvp=0 or Kvg=0 to disable this

1

e At fault inception the voltage drops,  my 1+ T, _’@ 7+L_’Kd’"""p
so the derivative will be negative, i dbfl,dbfh 4y - —
. <4
— MW and Mvar will reduce MWinic— S " T
temporarily for a voltage drop S —

. . o —

* At fault clearing the voltage increases, 1+5Tw|@) [
so the derivative will be positive Vierm . ¥
— MW and Mvar will increase SKvq .
temporarily at clearing =y
1 + 1+
ﬂ/‘rl}'arminl—> MBase ﬁ
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Real Power Frequency Droop

* Real power may respond with a Frequency Droop with deadband
characteristic

— As frequency increases, the load would increase
* Typical input data will not use this feature right now (Kdroop = 0)

Aw —p 1+1 = —b7-|-L—>Kdr00p
— s
L dbﬂ Bk + -~ Network B.oundary
7 ’ T L+ sT Vi nP T /— 1 Ly Equations
Mert-’ ar Ly (—) — % —» MBase T PMW
MBase + 1+ 50, @ Vinit filt _/ Ly 1+ sT; 5
K . A T l'rpmin @
1 : W;r Bound
+s oundary
v = @ 1 Vrire FracOon Equations
term L 4 P 1 n STU @ L 4 —p gz]eow ] Vterm model a
sk @ Require Sl
1+ 5T, i T, = 4 * TimeStep injection
+ @ Y Iqmax
1 - 1+ 5Ty, Veue\"™ 1 / Y 1 lgmvar i
o —p{ [ 122 > MB
Mvartinine—» MBase 1+ sT, (V- ; ) Veae | /1 >® ” 1+ sT, Pa Qmvar
q init I . qv t (8-)
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Dynamic Response

* Lead-Lag blocks added to allow modeling of some dynamic response
— This is “future-proofing the model”

— Typical input data will not use this feature right now (Tap=Tbp= 0)

1
Aw —» e 7+L —»| Kdroop

1+ 5T @

dbfl,dbfh + o NetV\éork 1t3ioundary
i ’ i NG 1 1 I quations
MBase 1+ 5Ty, @ Vinit Veae |/ Ly 1+ sT, w

A T Ipmin @ 3

1+ 5T, @
sK,q @

+
1 + 5T, i g T, = 4 * TimeStep injection
+ A 4 gmax
1 + 1+ .S‘Taq Vfilt nQ 1 /_ h 4 1 Iqmvar
ini '(%) > —» (— > X > MBase—p(f)_,
Mvar inint — MBaso T+ Squ (V ) _/ ] PO QMvar

% —P
init filt qv i STt (8-)

Boundary

1 Vrie SFezaCOn v Equations
1+sT, @ ' i i term modela

Require current

Vterm 4 '

l’nmin
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Steady-State Behavior as a function of voltage

* At the core of this model, it is just an algebraic load model

which is a function of voltage

— nP and nQ exponents as input

* Modeling the Power as
voltage raised to an exponential

— nP=nQ=2 means Constant Impedance
— nP=nQ=1 means Constant Current
— nP=nQ=0 means Constant Power

© 2025 PowerWorld Corporation

"pmax

1+ STap (Vfut)np i
1+ 5Ty, @ Vinit Vrire -
A A Ipmin
1 Veue FracOn
—— +—> See —
1+ sT, below
h 4 v Iqmax
1+ STaq @ (Vfilt)nQ 1 Y _
1+ 5Ty, o Vi | 7 g0 :

Inmin
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Convert to a Current Signal and Apply Limits

* Convert Power value to a current by dividing by voltage

* Apply Ipmax/lpmin and Igmax/lgmin current limits

1
Aw —» e 7-|-L »{ Kdroop
dbfl,dbfh  + = - ’pn/agx
1 + 1+ sT, Vei
MWinit—»] e ( f”t) | Vi
MBase + 1 + 5Ty, @ Vinit rue | _/
% A A Ipmin
> vp
T,
1+ 5T, @ 1 Wit FracOn
Vierm ® b 9—p See —
@ 1+ sT, @ below
SKyq
1+ 5T,
+ @ A 4 \ 4 Iqmax +
1 - 1+ sT, Veirr \"? 1 o 1
Mvari, . —» A (—f‘“) —» —>
inint MBase 1+ 5Ty, Vinis Vrie _/ qu>® 1+ sT,

Inmin
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FracOn = Reconnecting and Ceasing Modeled

* This is the most important part of the model -
thus why it has the name “Reconnecting and Ceasing”

* FracOn = the fraction of the load the remains connected

1
Aw —p T3 —>7-|-L—>Kdroop
s
i ®dbﬂ Bk + - Nethork lzioundary
1 il 1+ STa‘p me npP 1 /_ 1 Ipmw quations
MWinit—» — =¥ (—) 7 —»{ MBase n Pyw
MBase + 1+ 5Ty, @ Vinit filt _/ L,y 1+ sT; 1
K A T "pmin @
- Bound
. 1+ sT,, @ 1 Vs FracOn E:E:ti(&:;);
cerm T g sT, @ 1 = ngow B Vierm model a
sKyy @ Require current
_’W T, = 4 = TimeStep i faenizhe
£d + @ h 4 i Iqmax
1 + 1+ sT,, Ve \™? 1 / Y 1 lgmvar i
.\ —p [ —— » —» —»l MBase
Mvatinine— MBase 1+ 5Ty, (an) Veae | —/ qu@ 1+ sT, (g) Qmvar
Inmr"n
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Short Delays on Output

* Delay Blocks on the output added to help with numerical
stability

— Must be set larger than 4*TimeStep

1
Aw —» T3 —>7-|-L—>Kdroop
S @ | Network Boundary
dbfl,dbfh P Equations
1 T 1+ 5T, Vi 1 /_ 1 Lynw
MW, e ~T iy g (ﬂ) > > MBase |- el
MBase " L+ 5Tq Q) | Vini Viae | _[ Iy 1% ST, @ .
A "pmin 7
sKyp
1+ 5Ty, @ s Boundary
v 1 Vrie ottt Equations
o s 1oz T Tl I
v
| [ s, @ =
1 4 sT,, i g T, = 4 » TimeStep ]
+ @ Y qgmax
1 + 1+ .S‘Taq Vfilt nQ 1 /_ b 4 1 lqmvar
. —p (L= »> X B —» MBase
Mvar,ins—» T T+ 5Ty (Vm“) Viae | 7 qu’o 1+sT, ’(")" Qmvar

Loens (s)
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Reconnecting and Ceasing

* This is adding the concept of timing to the ceasing and reconnecting
which was missing in LDELEC model used inside Composite model

FracOn represents
a faction of the load
that is operating
based on the cease
and reconnect logic.

@4

Vrecon

Vcease

b Veire

Cease and Reconnect Logic
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Visualization of Ceasing and Reconnecting

* Imagine we have 20 “fractional parts” of the load represented by 20

circles
6 circles @ Ceases bus never reconnects (Fcease*(1-Frecon)) ~ FracOn Example
9 circles (O Ceases but reconnects (Fcease*Frecon) Fcease =0.75 = (9+6)/(9+6+5) = 15/20
5circles (O Never cease (1-Fcease) Frecon =0.60 = 9/(9+6) =9/15

Filtered Voltage Signal

-----------------------------------------------------------------------------------

____________________________________________________________________

i Tramp i The blue cireles will %
rall reconnect Tcaase Y

0 70=1- Fce’ase+Fce’ase*Frecon
— 5 yellow circles

Never Cease % % %

[ XD -§ h 8
* Fcease =15/20=0.75 % : g 8 88 8

— 9 orange circles
Cease but
MAY reconnect

* Frecon =9/15 =0.60 Fractions el

Never reconnect
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\/cease/Tcease Timer

* Filtered Voltage Drops below _-

\/cease for Tcease seconds Filtered Volta

A

* Starts a timer Tdelay Vrecon - '

— Tdelay represents how long it veease | il

takes the fractional load to turn 1.0

itself off (very small) FracOn

e After Tdelay expired FracOn
multiplier drops to 1.0 - Fcease-{-
FracOn = (1 — Fcease)

© 2025 PowerWorld Corporation 21
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Vrecon/Trecon

* Filtered Voltage recovered above \VVrecon for Trecon seconds,
then FracOn starts ramping back up over Tramp seconds

Tramp
......... e T e e . e e
[T . — 7. — ¥ 2
Arecoryd ' Tramp | | The blue circles will TN
C i "l all reconnect s ~mahl
. : | | ! ] -1_ *
Orangle Circles : : : : 10.70=1-Fcease+Fcease Frecon;

Fractionally Reconnect ; 5 E ' o)
Yellow Circles - - -
Never Cease OO OO &

PresentTime — Tstartramp)

FracOn = (1 — Fcease) + Frecon*Fcease* (

Tra mp
© 2025 PowerWorld Corporation
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Never Cease

Cease,
Then Reconnect

&3
:
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FracOn Calculation

FracOn Multiplier Function

Switch moves to 0.0 the first time

Fraction of load that ceases on the first voltage dip vtm_Ceased mode is entered
and then never reconnects 0.0 ]
&
(1 - Fremn )Fcease
Fraction of load that never ceases +

(1 = Fcease)

Fraction of load that ceases and then reconnects
(F recen F r‘ease)

(PresentTime — Tstartramp )

Tra mp
Exception: If Tdelay timer starts during Ramping, vtm_Ram
FracOn is frozen for the remainder of the Ramping mode

»FracOn

vtm_Monitor

1.0

0.0 vtm_ Ceased

© 2025 PowerWorld Corporation
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2-Bus Test System

e 2-bus Test System

1 2

| Rpu=0.0500 pu |
Xpu=0.1000 pu 100.000 Mw
106:157 ’ | |- 20.000 Mvar
32 ..313 Mud
Vpu=1.00000 pu Vpu= 0.91903 pu
Angle=0.00000 Deg Angle=-5.61997 Deg

* Generator on the left has a Playln Voltage and a flat 60 Hz
frequency

* Load model on the right configured with a PERC1 model

© 2025 PowerWorld Corporation 24
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Voltage Test Signal

e Test is intentionally designed to test the resetting of timers and
behavior of FracOn calculation for multiple voltage dips

* | really hope your systems never see this voltage trace!

A B (& D E F _ G | H | | | J K | & | M _ N | @]
1 PlaylnSignal
2 Name Time Vpu Vpu
3 VoltRamp 0 1 id
4 VoltRamp 1 i |
5 VoltRamp L5 0.4 1
6 VoltRamp 2 0.4
7 VoltRamp 2 I
8 VoltRamp 2.6 0.4 0.6
9 VoltRamp 2.8 1
10 VoltRamp 35 0.4 0.4
11 VoltRamp 4 1 4
12 VoltRamp 4.2 0.4
13 VoltRamp 4.6 1 0
14 VoltRamp 10 1 0 04 08 12 16 2 24 28 32 36 4 44 48 52 56 6 64 68 72 76 8 84 88 92 96 10
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PERC1 Input Parameters

Lfm 0.8 nP 2| |Fcease 0.9
QPratio 0.2 nQ 1| [Vcease 0.5
Dbfl 0 Ipmax 1| |Tcease 0.04
Dbfh 0 Ipmin 0| |[Tdelay 0.05
Kdroop 10 lgmax 0.66| |Vrecon 0.6
Kvp 0.2 lgmin -0.66| |Trecon 0.05
Tvp 0.05 Tramp 1
Kvqg 0.5 Frecon 0.6667
Tvq 0.1 Tt 0.02
Tap 0 Tv 0.05
Thp 0 Tf 0.02
Taq 0

Thq 0

© 2025 PowerWorld Corporation
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Detailed Look at FracOn calculation for Test

First Second Third Fourth Cease Timer Starts,
Cease Occurs Cease Occurs Cease Occurs But Cease does NOT occur

1
0os| |FracOn — o VTilt i

09 Tcease!! ' Tdgla Tcease! ! ! Tdelay .
! =0.04""''=0.05 =0.040 11 ! Starts, bit resets

0.8 : Lo L — 1 Ramp gontinues
. Trecon, RRE L | :

= 0.05 : I : : :: : : : : : | FI'aCOFI =1-Fcease + Fcease*Frecon
0.7 ifi 11 i frecon 0] I : =1-0.9+0.9%0.6667
1 L1 (| 1 B

sz Vrecon=0.6 [! (11 1F0.05 e | | -7

- b1 11 11 i J
0.55 _ [ [N I 11 [ L 4
05l |Vcease=0.5/11 1 Al Ve A i RecoverS tO flnal

11 [ | ] [

0.45\ 11 t -t Ramp /| = :

04 | L | 1 IR gy L ' FracOn =0.70
0.35 Vf[lt : : I| : I : : : : :

03 i il X i !
0.25 1 : i : 1 11 : :< T =

. 3 Hi - Y i Tramp =

=l 11 u 1 4=l

- At it ‘:~ ¥ ~ :~ ! 1.0 Seconds

0.1 | I 1 }l 1 ! : 1 L/ ! : ! I

1.6 1.8 2‘ 22) 24 Z‘Q 28 3 32 24 S.é 38/ 4 4.2 4.4 46 4.8
. \ -~ P4 \ P
First “Second Third
Reconnection Reconnection Reconnection
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PowerWorld, TSAT, PSSE , and PSLF Results
Vpu at Load — Identical

1.2

0.8

0.6

0.4

0.2

1

Vload_TSAT

2 3 4

-+ = Vlopad PW = = =Vload_PSSE
© 2025 PowerWorld Corporation
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PowerWorld, TSAT, PSSE , and PSLF Results

1.2

0.8

0.6

0.4

0.2

<Public>

Vfilt and FracOn —ldentical

1

VFilt_TSAT
- = = Vfilt_PSSE

2 3 4

FracOn_TSAT = - = Vfilt_ PW

- = = FracOn_PSSE FracOn_PSLF
© 2025 PowerWorld Corporation
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= - = FracOn_PW
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PowerWorld, TSAT, and PSSE Results
State Ip output of Dynamic Model — Identical

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
0 1 2 3 4 5 6

Statelp_TSAT ~ — - — Statelp PW — — —Statelp_PSSE
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PowerWorld, TSAT, and PSSE Results
State |g output of Dynamic Model — Identical

0.5

0.4

0.3

0.2

0.1

0

-0.1

-0.2

-0.3

-0.4

-0.5

Statelq_TSAT = . = Statelq PW = = =Statelq PSSE
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PowerWorld, TSAT, PSSE, and PSLF Results
Load MW Results — Almost Identical

120
100

Minor differences related to how algebraic equations handle

constant current loads at voltages below 0.50 per unit
80
60
40
20
0
0 1 2 3 4 5 6
LoadMW_TSAT = « = LoadMW_PW = = = | oadMW_PSSE LoadMW_PSLF
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PowerWorld, TSAT, PSSE , and PSLF Results
Load Mvar Results — Almost Identical

Minor differences related to how algebraic equations handle
-40 constant current loads at voltages below 0.50 per unit

LoadMvar_TSAT - . = |oadMvar_PW = = = |loadMvar_PSSE

LoadMvar_PSLF
© 2025 PowerWorld Corporation 33
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Pseudo-Code for the FracOn Timer

Run the following at each txme :ta
Variable Names in the Pseudo-Code Below If Fcease > 0 Then
Fcease, Vcease, Tcease, Tdelay : input parameters control Ceasing If (Mode == vtm Ramm )
Frecon, Vrecon, Trecon, Tramp : input parameters control Reconnecting mheﬁm ‘T““E"'Mt”e bl ol ay’ FragLn ix &
Vfilt : State variable of the filtered voltage If PresentTime >= TStartRamp + Tralr\p Then
FracOn : Multiplier representing the fraction of the load that remains connected FracOn = 1 - Fcease + Frecon*Fcease
Mode : 3 possible modes: vtm Mode = vu[ﬁbnxtbr
TimerActive : 4 possibilities determine if Else
4 > . " , vt - FracOn = 1 - Fcease + Frecon*Fcease* (PresentTime - TStartRamp)/Tramp
Timer : Float number used to keep track of timing for Tcease, Tdelay and Trecon En:’;gu
TStartRamp : Float number used to keep track of timing during ramping
Initialize the following before simulation starts if Mode <> vtm ceased Than / 3
FracOn = 1.0 If TimerActive <> vtt_Tdelay Thnn
= . If (Vfilt >= Vcease) Then
M‘_’de v?:m_MonJ.tor TimerActive = vtt_None
TimerActive = vtt_None &

5 ElseIf (TimerActive <> vtt_Tcease) Then
Timer = 0 Timer = PresentTime

TStartRamp = 0 TimerActive = vtt_Tcease
EndIf

EndIf

If (TimerActive = vtt_Tcease) AND (PresentTime - Timer) >= Tcease) Then
Timer = PresentTime
TimerActive = vtt_Tdelay

EndIf

If (TimerActive = vtt Tdelay) AND (PresentTime - Timer) >= Tdelay Then
TimerActive = vtt_None
Mode = vtm Cease
FracOn = 1 - Fcease

EndIf
Else / t ase
If (VEilt < Vretcn) Then
TimerActive = vtt_None

ElseIf (TimerActive <> vtt Trecon}
Timer = PresentTime
TimerActive = vtt Trecon

EndIf

If (TimerActive = vtt Trecon) AND (PresentTime - Timer) >= Trecon) Then
TimerActive = vtt None
If Tramp == 0 then // skij ver Ramp Mode an : Mor
Mode = vtm Monitor
FracOn = 1 - Fcease + Frecon*Fcease
Else
Mode = vtm_Ramp
TStartRamp = PresentTime
EndIf
EndIf
EndIf
EndIf If Fcease
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<Public>

PERC1 Today

Industry/Software Vendor Decision

— We have this model implemented and it works identically across all 4 software
platforms

— Should we release this model now as a standard model?
— It is ready for use.

Pieces we need to discuss more
— High Voltage ceasing and reconnecting

— Frequency deviation ceasing and reconnecting

* Remember any frequencies outside about 59.5 to 60.5 Hz are frequencies we just won’t see in
any but the most extreme interconnection wide simulations

— We are still deciding whether to just release

Remember we can always have a PERC2 in a year or so that includes
additional functionality
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