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Modular Approach to Generator Modeling

* |Industry has always used a modular approach for generator models
— Machine
— Exciter
— Governor
— Stabilizer
— Under Excitation Limiter
— Over Excitation Limiter

— Relay Model
* GP1, LHFRT, LHVRT

— Compensator Model
e Often is part of the machine model, but can also be a separate model
 The old BPA IPF program models included this in the Exciter model
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Modular Approach to Generator Modeling

e First generation wind turbine models stuck with this structure
— Added additional signals to pass between modules

— Don’t get hung up on nomenclature “Exciter” just means the electrical
control

* Unrelated to wind turbine modeling, another module was
added for better modeling of large steam plants

— LCFB1 — extra controller feeding the governor allowing control of Pref
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LCFB1 model:
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First Generation Type 3 Wind Turbine
(WT3G, WT3E, WT3T, WT3P)

2nd Generation will add more
control features up here!
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2 Machine Model inputs now. They
are current orders requested of
the voltage source converter

Several new signals passing around
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Limitations of
First Generation Wind Models

e First Generation model had few mechanisms to provide control
features of
— Real Power or Torque Control
— Reactive Power
— Voltage Control

— For First Generation models, the wind turbine basically tried to bring
values back to the initial condition
* Pref bring power back to initial Power
e Qref or Vref or PowerFactorRec
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Comparing First and Second Generation Models

e Many parts actually change very little
— “Machine”: Voltage Source Converter model of the generator is nearly identical
e WT3G/WTA4G is pretty much same as REGC_A

— “Governor”: Mechanical Model of wind turbine is identical
 Combination of WTGT_A and WTGAR_A is identical to WT3T

— “Stabilizer”: Pitch Control model has only a small addition
e WT3P is pretty much same as WTGPT_A

 What’s Different — Control System Models

— The WT3E and WT4E models essentially embedded voltage control and power control
inside the model
— This is now split into separate models

 REEC_A: models only control with setpoints are as inputs to this model. Control features a little
more flexible than the WT3E and WT4E models

e WTGTRQ_A: control system resulting in the output of PRef
e REPC_A : control system resulting in output of both a P and V/Q signal
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First Generation Type 3 Wind Turbine
(WT3G, WT3E, WT3T, WT3P)

2nd Generation will add more

control features up here!
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the voltage source converter

Several new signals passing around
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2"d Generation Type 3 Wind Turbine

(REGC_A, REEC_A, WTGT_A, WTGAR_A, WTGPT A, WTGTRQ_A, REPC_A)

2d Generation adds Plant Level Network
the Aero, PRef and Controller
Volt
Plant Controllers REPC_A oltage
Qref/Vref Compensation Iq | Ip
PRef Vcomp
PrefO —= Controller Exciter Iqord Machine
WTGTRQ_A REECA | lpord’| REGC_A
wref /r Pord
‘wt wg
aF 2] Pm
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First Generation Type 4 Wind Turbine
(WT4G, WT4E, WT4T)

nd . .
2"Y Generation will add more Network
control features up here!
Voltage
Qref/Vref Compensation
Vcomp
“Governor” | Pord | Exciter Iqord Machine
WTAT WTA4E WTA4G
lpord

Legacy “Governor” WT4T
This really acts like the new PRef controller

We will leave it in the toolbox as a “Governor” anyway
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2"d Generation Type 4 Wind Turbine
(REGC A, REEC A, WTGT A, REPC A)

Network
Plant Level
Controller Voltage
REPC_A Qref/Vref Compensation q |1
Vcomp
Exciter Machine

lgord
(pref)—>  REEC_A REGC_A

lpord

TmO | Governor Note: If REEC_A parameter Pflag = 0,
WTGT_A then WTGT _A really doesn’t do anything
so it can be omitted completely
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2"d Generation Solar Plant

Plant Level
Controller
REPC_A

Used REEC B Initially, but actually don’t anymore!

Network
Qref/Vref /g Qq Iq | Ip
Exciter lqord Machine
Pref REEC_A REGC_A
Ipord

Go back to REEC A
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2"d Generation Energy Storage

Plant Level
Controller
REPC_A
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Network
Qref/Vref /g Qq Iq | Ip
Exciter lqord Machine
Pref REEC_C REGC_A
Ipord

Use REEC C
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Software Implementation

 PowerWorld has kept the existing general classes of generator models
— Machine (Generator/Converter Model)
— Exciter ( P and Q controller)
— Governor (Drive Train)
— Stabilizer (Pitch Control)
— Relay Model
— Under Excitation Limiter
— Over Excitation Limiter
— Compensator Model
e Added 3 new types of generator modules
— Aerodynamic Model
— Pref Controller
— Plant Controller

T12: Renewable Generation Models © 2025 PowerWorld Corporation
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Scope

of new Modules

e Aerodynamic Model
— Can only be used with Type 3 wind

* Pref Controller
— Can be used with any type of gene

— Existing model LCFB1 is now a Pref
Controller

— Pref Signal Output

* Feeds into Governor if governor accepts Pref
* Else feeds into Exciter if exciter accepts Pref

T12: Renewable Generation Models

 Plant Controller

turbine — Can be used with any type of generator
— Existing model PLAYINREF is now a Plant
Controller
rator

— Vref/Qref Signal Output

» Vref/Qref signal will feed into Exciter if the exciter
accepts it

— Pref Signal Output
» Pref feeds into Pref Controller if it exists
e Else feeds into Governor if governor accepts Pref
* Else feeds into Exciter if exciter accepts Pref

© 2025 PowerWorld Corporation
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Error Checking

* Error checking is performed when validation is done
— Ensure there is only 1 Pref controller defined
— Ensure there is only 1 Plant controller defined

— Ensure there is only 1 Aerodynamic model

e Also note, if an aerodynamic model is required between the stabilizer and the
governor (WTGPT_A and WTGT _A), but one is not defined, Simulator assumes a
WTGAR_A exists with Ka =0.007 and Theta=0

 General error checking is done to make sure the model mix
makes sense

— GENTPF can’t have a REEC_A “exciter”
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Initialization Notes

 Because of the way these various blocks connect together, the
initialization order of the blocks important
— Example: the “initial speed” of the wind turbine is calculated in

different places

e For 1t Gen Type 3 - WT3E (Exciter)
e For 2" Gen Type 3 2 WTGTRQ_A (PRef controller)
e For 2" Gen Type 4 > WTGT_A (Governor)

— This is all handled internally by Simulator so the user does not need to
be concerned with the order

T12: Renewable Generation Models © 2025 PowerWorld Corporation 19



Where does it appear in GUI

e Machine, Exciter, Governor, and
Stabilizer remain prominent

e Other Models contain the other
categories of modules

* You see it in the Model Explorer

e When inserting a new Other
Model from the generator dialog

e Plot Designer in Transient Stability
Dialog
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Model Explorer
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Plot Designer

Transient Stability Analysis

Simulation Status \Nat Initialized

Run Transient Stability Pause

Select Step
- Simulation
-Options
> -Result Storage
v -Plots
. - Plot Designer
> -Plot Definition Grids
» -Result Analyzer - Damping
> -Results from RAM
» - Transient Limit Monitors
-States/Manual Control
-Validation
- SMIB Eigenvalues
- Modal Analysis
i Dynamic Simulator Options

Process Contingencies

Abort Restore Reference

| Plots

Plot Designer  plot Definition Grids

Device Type Generator
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et ST Show/Save Selected Plot Data
v Flancr:::: e ~ | DA Plots, Subplots, Axis Groups

@® Qmeas Add=> | v GenFormat ~
@ ReactivePI By Field w I Vpu _Gen RE TERM #1
® Qextll FroTS (W Vpu _Gen RE TERM
® Pmeas By Object ~v [ MW _Gen RE TERM #1:
® PowerPI (W MW _ Gen RE TERM
@ Pref v [[7] Mvar _Gen RE TERM #:
® State 8 (W Mvar _ Gen RE TERD
@® State 9 v v Turbine and Gen Speed

s T T — —— (W Governor State\State 1

~|Sortby @ Name () Number

[W Governor State\state 3

T v REEC Commands

RE TERM (41905) #1 [0.6000 kV v REPC Commands

(W Exciter Other\Other 4 _
[W Exciter Other\Other 5 _

[W Plant Ctrl State\QextiL
L 4 >

Add Plot Delete Plot
Collapse Al Expand Al

©0ne Contingency at a time Select Al Clear Al —
O Multiple Contingencies [C]show only objects available in results Save Plot Definitions to Auxiliary File
Save All Settings To Load All Settings From Show Transient Contour Toolbar Auto Insert... Critical Clear
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2"d Generation Models

* Type 3 Wind Turbine  Energy Storage (Battery)
— REGC_A, REEC_A, WTGT A, — REGC_A, REEC_C, REPC_ A
WTGPT_A, WTGAR_A, REPC_A, _
WTGTRQ A  New Pitch Control for Type 1 and
* Type 4 Wind Turbine 2 Wind Turbines
— REGC_A, REEC_A, WTGT_A, REPC_A — WT1P_B
e Solar PV Models e Plant Controller with up to 50
— REGC_A, REEC_B, REPC_A machines (and SVCs)
e REEC B is just a variation of REEC_A — REPC B (similar to REPC A but has

with less parameters and features

* Has been determine that Solar should
use REEC_A to model momentary
cessation correctly (VDL curves)

output to 50 devices)
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Renewable Energy Models

(Wind, Solar, Storage Models)

15t Generation
Models

2"d Generation Models

3 new classes of
models

T12: Renewable Generation Models

Class of Wind Wind Wind Wind Wind Wind Wind Wind Solar PV

Model Type Typel |Typel |Type2 Type 2 Type3 |Type3 |Typed |Typed

Machine WT1G |WT1G1l [WT2G WT2G1 |WT3G |WT3G1l [(WT4G [(WT4G1 |PV1G

Electrical Model WT2E WT2E1 |WT3E WT3E1 |WT4E WT4E1 |PV1E

Mechanical WTI1T WT12T1 | WT2T WT12T1 |WT3T WT3T1 |WT4T

Pitch Controller [ \WT1P WT12A1 | WT2P WT12A1 |WT3P WT3P1

Additional Uses
Class of Model Wind Wind Wind Wind Solar Distributed | Energy
Type Type 1 Type 2 Type 3 Type 4 PV PV Model Storage
Machine WT1G WT2G REGC_A REGC_A REGC_A PVD1 REGC_A
WT1G1 WT2G1
Electrical Model WT2E REEC_A REEC_A REEC_B REEC_C
WT2E1
Mechanical WTILT WT2T WTGT_A WTGT_A
WT12T1 | WT12T1
Pitch Controller WT1P_B | WT2P WTGPT_A
WT12A1
Aerodynamic WTGA_A
Pref Controller WTGTRQ_A
Plant Controller REPC_A REPC_A REPC_A REPC_A
or REPC_B or REPC_B | or REPC_B or REPC_B

© 2025 PowerWorld Corporation

REPC_B = Plant controller for up to
50 machines and SVCs
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Detailed Documentation on the “Second
Generation” From WECC

 Type 3 Wind-Turbine

— https://www.powerworld.com/WebHelp/#Other Documents/WECC-
Type-3-Wind-Turbine-Generator-Model-Phase-11-012314.pdf

e Type 4 Wind-Turbine / (Same for Solar/Storage)

— https://www.powerworld.com/WebHelp/#0ther Documents/WECC-
Type-4-Wind-Turbine-Generator-Model-Phase-11-012313.pdf
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REGC A (or REGCA1)

e “Machine Model”: Really a network interface
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https://www.powerworld.com/WebHelp/#TransientModels_HTML/Machine%20Model%20REGC_A.htm

REGC_A Description

 This model is doing very little actually

— Time delay Tg is the entirety of the converter model

e Crudely, the model says
“Electrical Controller asks for a real and reactive current = 0.020 seconds later the
converter creates this”

e We are NOT modeling any of the power electronics at all
— We are not modeling any phase-locked-loop (PLL)
— Our assumption is all of that stuff is really fast

 “High Voltage Reactive Current Management” and
“Low Voltage Active Current Management”

— These are a dubious names because we aren’t modeling things in enough
detail to really have “control” here

— This control happens in the less than 1 cycle time-frame!

T12: Renewable Generation Models © 2025 PowerWorld Corporation
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What is Happening? Voltage and Mvar Spike

MNews Wind Turbine Test
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: ( Spike|=
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High Voltage Reactive Current Management

e What is Happening?

— During the fault, the REEC* model control is going to push the reactive
current command to a large value

e |t’s trying to pull the voltage up as best it can!

— Then the fault clears and the voltage pops back up
e The current command is still high
e The command goes through a time-delay of Tg (0.020 normally)
e Thus higher voltage, High reactive current
e - Giant Mvar output and a voltage spike!

* |n an actual converter it would detect this extremely fast system
changes and prevent this spike

— | suspect you’d still see the spike, it just wouldn’t last so long
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High Voltage Reactive Current Management

 Power electronics are going to protect the equipment

— If a high voltage (parameter Vlim) is detected then the reactive current
will drop (and go negative) nearly instantaneously to prevent damage

— This must be handled in the network boundary equations actually

* |f voltage goes above this threshold, then we model a reactive current that puts
the voltage nearly exactly at this VIim limit

T12: Renewable Generation Models © 2025 PowerWorld Corporation 30



Vlim =1.15

MNew Wind Turbine Test

Close-up

750 200
11
| ™\ Closerup
09
50 100
0.8
0 50 07
—!—\7 06
50 0
05 —
100 -50 0.4
0 05 1 15 2 25 3 0 05 1 15 2
||7— MW_Gen WTG TERM #1 [P — Mvar_Gen WTG TERM #1 I ||7— V pu_Gen WTG TERM #1 I
1
1A 08
] 06
0.4
09 02
0.3 o
02
0.7 0.4
06
06
L 0.8 { ]
05 -1 1.18
0 05 1 15 2 25 3 0 05 1 ]
1.16 ]

[¥ — Exciter Otherlpemd_Gen WTG TERM#1
[¥ — Machine Otherlreal, pu_Gen WTG TERM#1

W — Exciter Otherigem ]
W — MachineOtherlimg 1,14

1124
14

September 13, 2019 17:42:50

T12: Renewable Generation Models

1.08 ]
1.06

4

— Vpu, Gen WTG TERM #1
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Low Voltage Current Management

 Immediately after a fault occurs, the numerical simulation is
going to be pushing current into a fault (0.0 voltage)
 That is both not possible AND will make the software fail to
solve A
e This is parameter are for 1 5 ] |
— LvpntO and Lvpntl i "7_ i
+h' o i :
— Do NOT set these to 0.0! | | f—7 :
, , v | Lvpnt0 Lvpntl :
— (Simulator won’t allow them lower | |
than 0.2 and 04) i Low Voltage Active Current Management i

-
I
4
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REGC B (Beta Model)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Machine%20Model%20REGC B.htm

“Machine Model”: Really a network interface

Rate limits on reactive current for recovery after fault.
Upward limit is active when Qgen, = 0
Downward limit is active Qgey,, < 0

2

I;; = per unit current that corresponds to reactive power
= per unit current that corresponds to real power

I + jl 0 ,= desired current injection in phase with terminal voltage
Qgenu ====* lgrmax = per unlt voltage in phase with terminal voltage
/ .E g = per unit voltage out of phase with terminal voltage
1 I 2 L Vigs: = per _umt le%'lmnal voltage magnitude at Ilast time step
locmp ) » —1 Uneg  f = per unit terminal voltage angle at the terminal bus

1+5th @
/ 7

Inputs from

REEC* electrical .

qeale = 0 + Jr.-g_u;.:u. Re + Jr_..Xe {'0;!‘1.-'{’!‘}'5 network f’”ﬂfﬁce
Egeate = Viget + [oRe — loneoXe | €quivalent from Norton to

m odels _ Thevenin
1 E,
Eq-:ah: 1+ STE
States: (E; +jE,)el”
1-1Iq 1 E; T
2-1d

. , Eene | 15T, ©)
3 - Vmeas i y P Vel?
4-E [ﬁ —_—
q @ 14 -S'Tﬁtr V,

5~ Ed Parameters [,,,,, and Dthag are also used in i
algebraic network equations to enforce maximum current.
These parameters should match the corresponding
parameters in models such as REEC_A, REEC_B, REEC_C, etc.
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REGC C (Beta Model)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Machine%20Model%20REGC C.htm

e “Machine Model”: Really a network interface

Rate limits on reactive current for recovery after fault.
Upward limit is active when Qge,,, = 0
Downward limit is active Qgep, < 0

Eqrcaic =0 + Jr.'g.'!:'u,'Re + [pX,

"I"I..'. alc = Vﬂas: + ‘[.-'Re - f,-J_,;(,_(_JXE
Qgena === ]qrmax - l E
“deale gcalc
¥ See REGC_B for
1 1 L details on network
IQE'MD 1+sT 1 sT equations

s 1+ 54Tstep @ ¢ 5T

; I Time constants of @& “ Ly@
e qrmin :;Tirnrﬁlep are useﬂ to y
plement rate limits. I e o

InPUtS from REEC If no ratelimits are given, (J"; +"i£l:")e

e]eCtrlcal models then the states are ignored

Velt

Y 1
IPL‘MD Vterm.«'nu!
54T step
__—RateFlag—-—____
l;]$ T] 1 T ?U f{urmp
J . + jlterm
States: 1.0
1-1Iq
2-1d
3 — Vmeas @ 1
5 -FEd 0.01 terminal _,|Represents a complex angle rotation from the network
6 — IgRateLim ' ™| reference frame to the model reference frame
7 - IdRateLim Parameters [,;,,, and DQHHQ are also used in algebraic network equations to enforce maximum
8 -PLL current. See REGC_B for details on network equations. These parameters should match the
9-— Anglc corresponding parameters in models such as REEC A, REEC B, REEC C, etc.
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REEC A (same as REECA1)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Exciter%20REEC A.htm

T12: Renewable Generation

Warning!!
Extreme care should

the parameters dbdl, dbd2 and Vy,, V,, so as
not to have an unintentional response from the
reactive power injection control loop.

be taken in coordinating

Viero (user defined)

Electrical Model

dbd1, dbd2

1
1+ 5Ty,

V; —™

&

state 0

= If Thid = 0, then after voltage_dip returns to zero, stay
in state 1 for t=Thid, al‘tcr]w]nch £o back to state 0

State 0 - If Voltage _dip = 0; normal operation (lginj = 0)

State 1 - If Voltage_dip = 1; lginj goes to position 1

State 2 = If Thid > 0, then after voltage_dip goes back to zero,
set value to lgfrz for t=Thid, after which go back te

/] e,

Kgv

/1 .

If (Vi < Vaip) or (V; = Vi) then
Voltage_dip=1

P. —W

(Quy 5 initialized to a
or
connected to an external

constant,

else
Violtage_dip =0 Freeze State if Freeze State if
Q :Vultage_dip =1 @ :Voltage_dip =i
PfFlag 0 iz 1 Vinay Vi e I Iqmax
. max * — VFlag * /_ l}ijélg
K, ,
Al gy vi
Kq'p + T Kvp + e -9
Qe'x't tImm _/ @ 0 _/ @ ﬁ 0
0 Viin Igmin

can be

Vierr (user defined)

I

Freeze State if 1
Voltage_dip = 11
—

model, e.g. wppc) 1 @
1+sT;

States Qext Input from _ 5Tiq

1 - Vmeas REPC* Plant Controller S

2 - Pmeas .

3-PIQ Pref Input from wg Input from conD

4 - PIV REPC* Plant Controller WTGT* mechanical

5-QV WTGTRQ* Pref Controller o vpc;ﬁzsé?;:q E P

6 - POr'El dPy, . ) max
(Poor is initialized to PF]ldg +{,-—

-onstant, or can b

comected 10" an. e ST O,
external model) . D J

l-'lllll.li'l

T
1
1

1

!

Outputs REGC*

qv
&
&
1 -
2 » A
I ® 0
qfrz
IIJ“"J' Iqma.x
I
J
Iqmln :
A I
! |
. I
! I
1
VDL1 1 ¥
t‘ Current
Limit
| Logic

* ... machine model

Pyflag
0 - Q) priority
1 - P priority

pmin =

After voltage_dip returns to 0
following clearing a fault, then
the maximum real current
{Ilpmax) that was calculated
during the fault will remain fixed
for Thld2 seconds. After Thild2
seconds have elapsed, then the
calculation of Ipmax ' """

continue as normal. OutputS REGC*

Ipcmd

machine model -


https://www.powerworld.com/WebHelp/#TransientModels_HTML/Exciter%20REEC_A.htm

REEC A Description

* First thing you must do is choose the control stategy
— Voltage, Reactive Power, Constant Power Factor

— When current limit is hit, do you have a preference to keep real power
or reactive power up?

— You can NOT “tune” these parameters!

o After than you set the Pl controller parameters

— Be careful not to set the K value too large. Large K means a very fast
controller

T12: Renewable Generation Models © 2025 PowerWorld Corporation
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REEC B (same as REECB1)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Exciter%20REEC B.htm

e Electrical Model

Qext Input from
REPC* Plant Controller

States

1 -Vmeas
2 - Pmeas
3-PIQ

4 - PIV
5-QV

6 - Pord

T12: Renewable Generation Models

IF(V; = Viip) or (Vi > Vi) then
voltage_dip=1 Vi
else

Voltage dip=0

dbdl, dbd2

Cur Limit Logi
() Priority (Pgflag = 0)

Iqmax = Imax
Iqmin = _Iqmaxe Ipmin =0
|

1/2
pmax — (lrznax - [écmd.}

P Priority (Pgflag = 1)
IPI.'I'IZX = Imax

Iqmin = _Iqmaxe Ipmil‘l =0
1/2

lymax = (151..1:( = Iécmd_}

Jlwd-‘.l!

z g

Pgflag

Pref Input from REPC* Plant Controller
and WTGTRQ* Pref Controller

© 2025 PowerWorld Corporation

(=

Outputs REGC*
" machine model

VDL tables
Have been
removed

Outputs REGC*

" machine model
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REEC C (Model for Storage)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Exciter%20REEC C.htm

Veer (user defined)

If (V, < Vyip) or (V; > V) then
Voltage_dip=1

else
Voltage_dip=0

Ve

pfaref

Qext —-@
0

Qext Input from REPC*
Plant Controller

(Quye is initialized to a
constant, or can be
connected to an external
model, e.g. wppc)

l"'rm'm

Vier: (user defined)

Pref Input from REPC* Plant Controller 9
and WTGTRQ* Pref Controller

States

1 - Vmeas

2 - Pmeas

3- PIQ external model)
4 - PIV

5-QV

6 - Pord S

7 - SOC Reduction

S04

(Pror is initialized to
a constant, or can be
connected to an  "f / 1+ 5Th0ra

gen —

dbd1, dbd2

Warning!!
Extreme care should be tken in
coordinating the parameters dbdl, dbd2
and Vg, , V,p 50 as not to have an
unintentional response from the reactive
power injection control loop.

dpmax

Freeze State if Voltage dip=1 V. 5

|
I Prnax

v/

1

Y

dF, min
SO{:I‘H ax

Pmi n

5'Ocmin

T12: Renewable Generation Models

TSOC = SO0C,y
'{IJI.‘E.'JE =

elseif SOC < SOC,n

I

ALY

© 2025 PowerWorld Corporation

- gemd

Pgflag
0 - Q priority

1 - P priority

[, Outputs REGC*
machine model

: s Outputs REGC*
Ipmin machine model
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REEC D (New Electrical Model)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Exciter%20REEC D.htm

Warning!!

Extreme care should be taken in coordinating
the parameters dbdl, dbd2 and Vy;,, V,p so as
not to have an unintentional response from the
reactive power injection control loop.

Vrero (user defined)

dbd1, dbd2

| ! Verr Kqv Iq\.r

Parts of the block diagram in red text or red
lines represent differences between REEC_D

and REEC_A

pfaref

Qext Input from REPC*
Plant Controller

B, —»

(Qeyy is initialized to a constant,
can be connected to an
external model. It may represent
a voltage or reactive power)

or

1

F

Qext _”n

PIFlag  Q,un

I, V, —» ;
* # 1+ sT,,
IV, — (R + X1 ||
If (Veaie < Vaip) or (Vegue > Vigp)
1 Then Voltage_dip =1
Else Voltage_dip=0

Vempflag™ 1

0 1+ ST,-_-l

Freeze State if
I Voltage_dip = 1
I

States

1 - Vmeas

2-Pmeas | pref Input from

3-PIQ REPC* Plant Controller
4-PIV WTGTRQ* Pref Controller
5- Q—V (Proris initialized to

6 - Pord a constant, or can be P
7 - Vcomp connected to an Tef

T12: Renewable Generation Models

external model)

Freeze State if
1'Voltage_dip = 1
1

Igfrz and Thid Parameters

If Thid = 0 - no other action is taken.

If Thid = 0, then for Thid seconds
following a voltage dip (i.e. voltage_dip
goes from 1 back to 0) Igemd is held at
its current value (i.e. value just prior to
the end of the voltage_dip) for Thid
seconds and is then released.

If Thid < 0, then for Thid secands
following a voltage dip (i.e. voltage_dip
goes from 1 back to 0) lgemd is held
equal to Igfrz for Thid seconds and is
then released.

I "'rmax ] Iqma.x I - [
— qinj gmax
\ i ¥/ QFlag il
Kgi Ky ! TN N
Ky +— @ K, +—>® ¥ + » lycma
s s _l i
7 0 7 0 1—. 1 Iflgmax>0then
\'rmi:n @ me 1t:]lmin @ qn:n I lgmin = -lgmax
o N ! Else
Freeze Stateif i | _—
Vrer: (user defined) Voltage _dip = 14 : : lgmin = lgmax
1 @ VDLq .
1+ sT; Pgflag
s » 0 - Q priority
i Current | 1~ Fpriority
Limit
Logic
v:fn:@ t >
wg Input from Vbip —
: Freeze State if
WTGT* mechanical Woltage dip = 1 @V, ; |
. u
w8 I Pmax PEI.LX g [ !
dPpax PFlag v /- = pmax :
1 1
1 I_ 1 > |
‘/—P _1 T STDQ,.Q
dPinin 0 p__/ To wtgpt_a lpmin = =Kelpmax
min

© 2025 PowerWorld Corporation

Outputs REGC*
machine model

Outputs REGC*
| " machine model

&
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REEC D

 Added voltage compensation

1.5
® Added Charging Support (Ke > O) Example VDLp and VDLq tables showing negative Ig5 value m—\\\ Igmax
Vpl=0.00; Vp2=0.15; Vp3=0.46; Vpd=0.67; Vp5=1.21; Vp6=1.40 0.5 R S
Ipl=0.00; Ip2=1.00; Ip3=1.00; Ip4=1.30; Ip5=1.30; Ip6=0.00 E 00 \
¢ VDLp and VDLq tables have 10 Vgl=0.00; Vg2=0.20; Vg3=0.72; Vgd=1.00; Vg5= 1.20; Vgé= 1.40 Tasl /!
R Igl=1.20; Ig2=1.20; Ig3=0.50; Ig4=0.50; Ig5=-1.20; Ig6=-1.20 o ',-’JJ lq1]1j11
points and treatment when | | |
Figures at bottom show different values of Ke parameter. 00 02 04 06 08 1.0 12 14
Iqmax < O means Iqmin —_ Iqmax [pmin:—Kgf,.-,-;.ul.t v iow)
1.5 1.5 1.5
— Better support for momentary wf —Tom\ |l e\ of o \
cessation modeling .1/ pmin ~\| = %[/ \ Lol
Eoof--mmmmmm = ool I £ oof
HPRE T 05 P pmin J = N ;
— This is also why the REEC_B model o s ’ R lpmin
- -1.0 -10 1o}—1==- --\‘_\_“F ______ ‘
IS NO |Onger recommendEd for _]'?).n 02 04 06 08 10 12 14 _]'?)_u 02 04 06 08 10 12 14 00 02 04 06 08 10 12 14
S I d | I View v (pu) V (pu)
Olar mode Ing VDLp Table when Ke = 0.0 VDLp Table when Ke = 0.5 VDLp Table when Ke = 1.0
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WTGT_A and WTDTA1

https://www.powerworld.com/WebHelp/#TransientModels HTML/Governor%20WTDTA1.htm
https://www.powerworld.com/WebHelp/#TransientModels HTML/Governor%20WTGT A.htm

 Mechanical Model (models turbine blades and induction inertia)

Output to WTGPT* Pitch Control ®: *

Input from WTGAR* Aerodynamic p_

faom = Nominal Frequency
H, = Htfrac+ H
Hy, = H - H,
2H,Hy(2nFreql)*
H

Kshaft =

Input from WTGAR* Aerodynamic P.

Output to WTGTRQ* Pref Controller and REEC* electrical

Wg
Des NOT necessarily represent physical Lo
speed; internal model variable) W0 = initial value of
states @and @
it_lt-]?ﬁrhines eed W0 is obtained by using the lookup table of Speed
2 _ ShaftAn lEla versus Power from the Pref Controller WTTQA1 or
3 - GenS Eegd WTGTRQ A. Ifa Pref Controller is not specified,
4 - GenDFélta Angle then the value specified with the WTGT B model is
used.
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WTGPT A (WTGP A or WTPTA1)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Stabilizer%20WTGPT A.htm

* Pitch Controller O
Input from WTGT* “t . 0. %do
_ X . 1 | Outputto
Oref @ i+s7, | @ ° WTGPT*
. 0, &db,. Pitch Control
Kcec 0, .
Input from
REEC*
+
Pora
Input from REPC*
Pre_f States
Plant Control 1 - Pitch
WTPTAI names the parameters Kiw and Kpw 2 - PitchControl
WTGPT_A names the same parameters Kip and Kpp 3 - PitchComp
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WTGPT B

https://www.powerworld.com/WebHelp/#TransientModels HTML/Stabilizer%20WTGPT B.htm

e Pitch Controller

w

Input from WTGT* >
+
mref E . d gwmin
+
N gwmin

Kcc

Input from

REEC*

+
Pora ? *

T12: Renewable Generation Models

Pref'

© 2025 PowerWorld Corporation

Omax & AOmax Output to
1 WTGPT*
P -
1+sT, | @) Pitch Control
—
gmin & dgmin

Whenever State 1 is at a limit and the
derivative of State 1 is holding the state
at its limit, then we also force the
derivative of State 2 and State 3 to be
0.0. In this way the non-windup limit at
State 1 also causes State 2 and 3 to not

wind-up

States
1 - Pitch
2 - PitchControl

3 - PitchComp
43
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WTGAR A (WTGA A and WTARA1)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Aerodynamic%20Model%20WTGAR A.htm

 Aerodynamic Model

Input from Output to
WTGPT* Pm  WTGT*
Pitch Control Mechanical

Model supported by PowerWorld
Named WTGA A in PSLF
Named WTARA in PSS/E
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WTGTRQ A (WTTQA1)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Pref%20Controller%20WTGTRQ A.htm

 Torque Controller for Wind Turbine
e Normal Recommendation is Tflag = 0 as this includes the lookup

table of speed from Power Freese sate upon
(from driv:t?*ain model) l Wg

Temax (from drive-train model)

Input from .
Network °

Pref
(to REEC_A model)

Output to WTGPT* Pitch
Control and REEC* Electrical

(p4, spdd)
flB) (p3, spd3)
p2, spd2)
pl, spdl)
speed

Spee
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REPC_A (REPCA1, REPCTA1)

https://www.powerworld.com/WebHelp/#TransientModels HTML/Plant%20Controller%20REPC A.htm

e Plant Controller ............. R

VecompFlag

v,

TEg 1
{me bus vbus) |I‘;eg = (Rr +jxc)10mnrn| T
]branch 0 /_ dbd emax ?’EN
(crrent through Output to REEC_*
define branch, ¢.g. K. + K 1+ 5Tp Qext -
ettt . " n .
substation tansfOm) | Qyranen —| K. / | s LT electrical controller
(reactive power through a emin
define branch, e.g. min
substati i )
substation transformer Quranct
(from aggregate turbine
model or collection point
of wind plant)
States
1 - Vmeas Fred flas
req_fla
2 _ Qmeas Plant_pref - P Ul- &
3 - Reactive PI [ ° .
4 - Qext P 1 1 ... Output to WTGTRQ* torque
= 1+sT 1+ 5Ty, =
5 - Pmeas (o sgaregate tabine model » I() oo |@ controller or REEC_*
6 - Power PI terminal orlcolloclion point of femin b . -
7 _ Pref wind plant) min electrical controller
fdbd1 fdbdz 0 s Model supported by PowerWorld

Ddn + * Model is named REPC_A in PSLF
Freq r 7+A * Model is named REPCA1 when used with Type
(from aggregate turbine model 4 Dup + 4 wind turbine in PSS/E

terminal or collection point of

wind plant) Freq_ref o s Model is Named REPCTA1 when used with a
Type 3 wind turbine in PSS/E
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Renewable Generator Questions started in 2013

e Renewable generators regulate a point closer to the point of
Interconnection

6ﬂﬁ 34.5 kV 115,0 KV
0.05+j0.05

 They regulate the voltage at the POI
(the 115 kV bus) against a QV characteristic curve

e Starting to get questions about Solar PV plant voltage control
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Typical Configuration may have multiple Generators

Generators are
all configured

to regulate the
Controlled Bus

. Controlled

Qbranch

MQbranch

Qmax '\X
Qab

Viow delow deluNiugb V

T12: Renewable Generation Models © 2025 PowerWorld Corporation 48
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Slope Control with Deadband

e Getting questions about solar and sind farms that have voltage
control that is not a setpoint

e A deadband is given
— 0.98 to 1.02 per unit voltage — provide zero Mvars (or a constant value)

 Once outside these deadband, a negative slope characteristic is
followed

e Maximum and Minimum Mvar will be hit eventually
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REPC_A has this Voltage Droop Control with
Deadband!

Freeze State if Voo < Vi

------------------------- ----=----------------- _ Dbd = Deadband

VcompFlag

vreg

(from bus vbus)

]bran:h

(current through a
define branch, e.g.
substation transformer)

QEIT

RefFlag

) _
Qh h
FAnE 14 sTpy, @
+

(from aggregate turbine
model or collection point

KC — Slope of wind plant) Qret

Qhranch

(reactive power through a
define branch, e.g.
substation transformer)
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2"d Generation Type 3 Wind Turbine

(REGC_A, REEC_A, WTGT_A, WTGAR_A, WTGPT A, WTGTRQ_A, REPC_A)

2d Generation adds Plant Level Network
the Aero, PRef and Controller
Volt
Plant Controllers REPC_A oltage
Qref/Vref Compensation Iq | Ip
PRef Vcomp
PrefO —= Controller Exciter Iqord Machine
WTGTRQ_A REECA | lpord’| REGC_A
wref /r Pord
‘wt wg
aF 2] Pm
Stabilizer A Aero Governor
WTGPT_A WTGAR_A WTGT_A

T12: Renewable Generation Models
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