Wind, Solar, and Other
Renewable Generation Models in
PowerWorld Simulator

@ PowerWaorld

Corporation

2001 South First Street support@powerworld.com
Champaign, lllinois 61820 http://www.powerworld.com
+1(217) 384.6330

14,000 7 100,000

= Cumulative Capacity

13,000 [ - Annual New Capacity Installations 90,000
12,000 | - 1Q New Capacity Installations

11,000 | . 2Q New Capacity Installations 1 80,000
10,000 D 30 New Capacity Installations | sossss

- 40 New Capacity Installations

©
8
=]

1 60,000
8,000

7,000 4 50,000

6,000
1 40,000

(M) Aipeden Jamod puipy aaenwng

5,000 |

Annual Wind Power Capacity Additions (MW)

sionek 1 30,000

000 F 4 20,000

2,000 |

4 10,000
1,000 |

0 0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Mote: Utility-scabe wind capacity includes installations of wind turbines larger than 100-kW for the purpose of the AWEA LS. Wind Industry Quarterly Market Reports. Annual capacity additions and cumulative capacity
may not always add up due to decommissioned and repowered wind capacity. Wind capacity data for each year is continuously updated as information changes. AWEA did not track quarterly activity prior to 2008,

American Wind Energy Association | U.S. Wind Industry Third Quarter 2018 Market Report | Public Version 4




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
* 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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“Traditiona
Synchronous Machine Modules
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Voltage
Compensation Iq Ip
Vref
J/ Vcomp
Efield
Exciter Machine
Stabilizer Governor ActualPmech
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Modular Approach to Generator
Modeling

* 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:
Controller for Pref

| Network

Stabilizer Governor ActualPmech
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First Generation Type 3 Wind Turbine
(WT3G, WT3E, WT3T, WT3P)

2" Generation will add more
control features up here!

Network

Voltage

Compensation
Ig Ip
Qref/Vref
Vcomp
Igord
Pref0 Exciter Ao Machine
WT3E e Ipord WT3G
Pord
wref . .
v we - 2 Machine Model inputs now.
| stbier 5 ) Governor They are current orders
WT3P > ere WT3T requested of the voltage source
A converter
Several new signals passing
around
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Limitations of
First Generation Wind Models

* 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

* Many parts actually change very little
— “Machine”: Voltage Source Converter model of the generator is nearly
identical
* WT3G/WT4G is pretty much same as REGC_A
— “Governor”: Mechanical Model of wind turbine is identical
* Combination of WTGT_A and WTGAR_A is jidentical to WT3T
— “Stabilizer”: Pitch Control model has only a small addition
* 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

* WTGTRQ_A: control system resulting in the output of PRef
* REPC_A : control system resulting in output of both a P and V/Q signal

© 2019 PowerWorld Corporation 9

First Generation Type 3 Wind Turbine
(WT3G, WT3E, WT3T, WT3P)

2" Generation will add more
control features up here!

Network

Voltage

Compensation
Ig Ip
Qref/Vref
Vcomp
Igord
Pref0 Exciter Ao Machine
WT3E —  Ipord WT3G
Pord
wref hi deli
J wt | we 2 Machine Model inputs now.
|| sbizer | © . Governor They are current orders
WT3p 2 ero WT3T requested of 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)

2nd Generation adds the Aero,
PRef and Plant Controllers

Network I
Plant Level
Controller
REPC_A Voltage
Compensation
] Ip
Qref/Vref
Vcomp
S Igord
Pref0 PRef Controller Exciter Machine
WTGTRQ_A REEC_A — lpord REGC_A
/|\ /I\ Pord
wref
wt | wg
Stabilizer e Aero  Pm Governor
> WTGPT_A WTGAR_A WTGT_A
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First Generation Type 4 Wind Turbine
(WT4G, WT4E, WTA4T)

2" Generation will add more
control features up here!

Network

Voltage
Compensation

Iq Ip
? Qref/Vref
Vcomp
Igord
“Governor” Pord Exciter Machine
WTAT WTA4E Ipord WT4G

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
REPC_A Voltage
Compensation
Ig Ip
Vcomp
Igord
Exciter Machine
REEC_A Ipord REGC_A
ng
TmO G
ooooooo
WTGT_A

Note: If REEC_A parameter Pflag = 0,
then WTGT _A really doesn’t do anything

so it can be omitted completely
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2hd Generation
Solar Plant

Network
Plant Level

Controller
REPC_A

V, Pg, Qq

Igord
Exciter

Machine
@ REEC_B Ipord REGC_A

Used REEC_B Initially,

But actually don’t anymore!
Go back to REEC_A
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2nd Generation
Energy Storage

Network

Plant Level

Controller
REPC_A
V, Pg, Qq Iq Ip
Qref/Vref
Igord

Exciter Machine
Pref REEC_C Ipord REGC_A

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
* Added 3 new types of generator modules
— Aerodynamic Model
— Pref Controller
— Plant Controller

© 2019 PowerWorld Corporation 16




Scope of new Modules

* Aerodynamic Model
— Can only be used with Type 3 wind turbine

* Pref Controller
— Can be used with any type of generator
— Existing model LCFB1 is now a Pref Controller
— Pref Signal Output

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

* Plant Controller
— Can be used with any type of generator
— Existing model PLAYINREF is now a Plant Controller
— 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
* Else feeds into Governor if governor accepts Pref

* Else feeds into Exciter if exciter accepts Pref
© 2019 PowerWorld Corporation 17

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

* 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
* For 15t Gen Type 3 = WT3E (Exciter)

* For 2" Gen Type 3 2 WTGTRQ_A (PRef controller)
* For 2" Gen Type 4 2> WTGT_A (Governor)

— This is all handled internally by Simulator so the
user does not need to be concerned with the order
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Where does it appear in GUI

[® Model Type > = =
Select Model from the Below List

* Machine, Exciter, Governor, and
Stabilizer remain prominent

e Other Models contain the other
categories of modules

REPC_B100 [REPCA1in PTI]
i -REPCAL [Translate to REPC_A in GE]

. . [Transla _Ain GE] [Rd inPTI]
* You see it in the
IVI O d e | EX p | O re r Generalﬂr Inforn | f';":zm“h:‘ﬁiarlrw;fﬂ&f:kaﬁm e = 22
< >
* When inserting a e e | v
new Other Model |
from the

generator dialog
* Plot Designer in

Type none defined Active Set to Defaults

Transient Stability
Dialog

oK Save Save to Aux Cancel Help Print
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Model Explorer

Model Explorer: Generator Other Models = =R
Explore n X Generator Other Models | X Machine Mod
Explore | Fields RO &k m:em + Set~ Columns - o R WE~glum_ o
" Recent " =T '{ her Model: Generic | - Gen Other Model
3 Network r 4 m
[ Aggregations Gen Other Madel Al -
I 71 Solution Details ~ s 1B Aerodynamic Model
3 Case Information and Auxiliary 4 Aerodynamic Model gl‘]’;”be' of ‘D‘ NEE\?:]I?%E'!” ﬁ WTARA1
3 Contingency Analysis B wraral 505 T RETeRM ol
I Optimal Power Flow B wrGaR_A (1) 41905|1 |RE TERM_OIBU @ 'I.WGAR=A (1)
b [ Tools and Add Ons 4 SGC CE"”::;E' it 41905 1 RETERM_0.600 | AGC Controller
4 Transient Stability I wer Excitation Limiter . . X o
3 DC Models 3 Parameter Container | Over Excdtation Limiter
I+ ] Summary 4 Sﬂ\int Controller [ Parameter Container
B Area AGC Models PLAYINREF
4
F DS Time Schedules B REPC_A (1) Plant Controller
B Generator Exciters % REPC_B B PLAYINREF
@ Generator Governors REPC_B100
EH Generator Machine Models [ repcal ﬂ REPC_A (1)
Generator Other Models [ repcTaz ﬂ REPC_B
EH Generator Stabilizer 4 Pref Controller ﬁ REPC_B100
@ Line Relay Maodels @ LCFE1 -
Bl Line Shunts Models B cre1 P ﬁ REPCA1
1+ B Load Characteristics B wreTRQ_A (1) @ REPCTA1
@ Load Component @ WTTQAL v
1 P Load Distributed Generation Model < > 4 er Lontolier
% Load Distribution Equivalent Type Show Models Supported By @ LCFB1
Load Model Group
b B, Load Relays Clepa B wore1PTI
B Measurement Objects Madels [l only Show Used Models B wTeTRQ_A (1)
P ot v save | [toad | ||| < B wrtat
Open New Explorer i search Search Now Op| ' RE|E‘J' Model
[> Under Excditation Limiter
[> Voltage Compensator
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Plot Designer

Transient Stability Analysis

Simulation Status | Mot Initialized
Run Transient Stability Pause Abort Restore Reference  For Contingency:
Select Step Plots
> - Simulation .
» -Options Plot Designer | plot Definition Grids
> -Result Storage Device Type | Generator v
4.
P E;I e Choose Fields
ot Designer =
an ~
» - Plot Definition Grids ® Vmeas Add >
g -;P:esu\?s Tim it Monito @ Qmeas Add >
» - Transient Limit Monitors By Field
® Reactive PL Y
> - States Manual Control °
Validati Qext Add >>
> - Validation
® Pmeas By Object
SMIE Eigenvalues ® Power PI
- Modal Analysis ® Pref
- Dynamic Simulator Options ® State &
® State 9
a2 Pref Cirl State
& wref
® Pmeas
@ Integrator
® State 4 v

Process Contingencies
(®) One Contingency at a time
() Multiple Contingendes

Save All Settings To

Choose Objects
~| Sortby () Name

41901EéNFIN1TEi #1 [230.0 ki

Select Al
[]show only objects available in results

Load All Settings From

Clear all

Show Transient Contour Toolbar

Find | My Transient Contingency

Generate Selected Plots | |Close Plots
Show/Save Selected Plot Data

Flots, Subplots, Axis Groups

a GenFormat A
4 [[7] Vpu _GenRETERM #1
(W v pu _Gen RE TERM
4 7] MW _ Gen RE TERM £1:
(W% M _ Gen RE TERM
& [[7] Mvar _Gen RETERM #:
,’M Mvar _ Gen RETERM
4 Turbine and Gen Speed
W Governer State\Turbine!
(W Governer State\Genspe
a REEC Commands
M Exciter Other\Igemd _G
M Exciter Other\Ipemd _ G
4 REPC Commands
{W Plant Ctrl State\Qext _t
(W Plant Ctrl State\Pref _G v
< >

Add Plot Delete Plot

Collapse Al Expand Al

Save Plot Definitions to Auxiliary File

Auto Insert... Critical Clear
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Plant Ctrl State
® Vmeas

® Qmeas

@ Reactive PI
® Qext

® Pmeas

® Power PI
® Pref

Pref Ctrl State
® wref

® Pmeas

® Integrator
® State 4
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2"d Generation Models

* Type 3 Wind Turbine
— REGC_A, REEC_A, WTGT_A, WTGPT_A, WTGAR_A, REPC_A, WTGTRQ_A
e Type 4 Wind Turbine
— REGC_A, REEC_A, WTGT_A, REPC_A
e Solar PV Models
— REGC_A, REEC_B, REPC_A
* REEC_B s just a variation of REEC_A with less parameters and features

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

* Energy Storage (Battery)
— REGC_A, REEC_C, REPC_A
* New Pitch Control for Type 1 and 2 Wind Turbines
— WT1P_B
* Plant Controller with up to 50 machines (and SVCs)
— REPC_B (similar to REPC_A but has output to 50 devices)
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Renewable Energy Models

L]
(Wind, Solar, Storage Models)
s
7@
)
st o Class of Wind Wind Wind Wind Wind Wind Wind Wind Solar PV
1 Generatlon Model Type Typel |Typel |Type2 Type2 (Type3 (Type3 |Typed |Typed
M odels Machine WT1G |[WT1G1l [WT2G WT2G1 |WT3G |WT3Gl [(WT4G |WT4Gl |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
nd G i del .
Z eneratlon MO els 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 WT1T WT2T WTGT_A WTGT_A
WT12T1 | WT12T1
Pitch Controller | WT1P_B | WT2P WTGPT_A
WT12A1
3 new Classes Aerodynamic WTGA_A
Pref Controller WTGTRQ_A
of models Plant Controller REPC_A REPC_A REPC_A REPC_A
or REPC_B or REPC_B | or REPC_B or REPC_B
© 2019 PowerWorld Corporation REPC_B = Plant controller for up to 24

50 machines and SVCs




Detailed Documentation on the
“Second Generation” From WECC

* Type 3 Wind-Turbine

— https://www.powerworld.com/WebHelp/#0ther D
ocuments/WECC-Type-3-Wind-Turbine-Generator-
Model-Phase-I11-012314.pdf

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

— https://www.powerworld.com/WebHelp/#0ther D
ocuments/WECC-Type-4-Wind-Turbine-Generator-
Model-Phase-I11-012313.pdf
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REGC_A (or REGCA1)

https://www.powerworld.com/WebHelp/#TransientModels HT
ML/Machine%20Model%20REGC A.htm

e “Machine Model”: ReaIIy a network mterface

Rate limits eactive current for wvery after fault. i
Upward li m]t active when Q, > 0 | |fX > 00001 lh
Qgen, "~~~* lgrmax | Downward limitis active Qg (0 i e divide [, by X
/ - th\-’ oltage Reactive Current Ma.nagcrm: nt :
1 1 |Ip! |
Igewp —*| 1T+T -1 X QI »(3)
Inputs from A + 5Ty : + \f+
REEC* electrical J L / : Lyextra .
models REEC _,/' frmin ! Igextra is calculated in network equations |
Moder [ if LPVLSW = 0 then ignore this limit i solution to enforce high voltage limit

N > LVPL > Vp < Viim -
L £ e

V| Lvpmed Lvpnel

] ]
Lvpli 1 i Low Voltage Active Current Management i
v > 1+ sTyper Ve

Xerox bript States:
-1,
2-1;
3 — Vmeas

I
T
]
]
]
=
T
n
=}
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REGC_A Description

* This model is doing very little actually

— Time delay Tg is the entirety of the converter model

* Crudely, the model says

“Electrical Controller asks for a real and reactive current = 0.020
seconds later the converter creates this”

* 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

e “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!
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What is Happening?
Voltage and Mvar Spike

Mew Wind Turbine Test
150

N

200 1.3
1.2
100 150 11
| 1
50 100
0.9 .
n var|. o Voltage [Spike
{ 07
. I 3 5 06
5 Spike} o
0.5 r—
-100 50 0.4
0 05 1 15 2 25 3 0 05 1 1.5 2 25 3
¥ — MW_Gen WTG TERM #1 [ — Mvar_Gen WTG TERM #1 I |I?— V pu_Gen WTG TERM #1 I
1
11 0.3
9 0.6
0.4
08 0.2
08 o
-0.2
0.7 -0.4
-06
0.6
l -0.8
05 -1
0 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3
[V — Exciter Otheripemd_Gen WTG TERM#1 [W — Exciter Otherlgemd_Gen WTG TERM #1
¥ — Machine Otherireal, pu_Gen WTG TERM#1 [¥ — Machine Otherllimag, pu_Gen WTG TERM #1
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High Voltage Reactive Current
Management

* What is Happening?
— During the fault, the REEC* model control is going to push
the reactive current command to a large value
* It’s trying to pull the voltage up as best it can!
— Then the fault clears and the voltage pops back up
* The current command is still high
* The command goes through a time-delay of Tg (0.020 normally)
* Thus higher voltage, High reactive current
* - 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

* If voltage goes above this threshold, then we model a
reactive current that puts the voltage nearly exactly at
this Vlim limit
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Vlim =1.15

New Wind Turbine Test
=

: t -0.8
o5 & Close-up
] 05 1 18 2 25 3 0 05 25 3 F
[V — Exciter Otherllpemd_Gen WTG TERM#1 v citer Otherigemd 1,18
¥ — Machine Otherlireal, pu_Gen WTG TERM#1 v \l
1.16
1.14
112
September 13, 2019 17:42:50 11]
1.08]
1.06]
196 198 2 202 204 206 208 2.1
— V pu, Gen WTG TERM ml
| sl
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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 = ;
* This is parameter are for W - A.é)i

— LvpntO and Lvpntl mpnt Dpntl .
— Do NOT set these to 0.0! LAt G Memeemen

— (Simulator won’t allow them lower than 0.2 and
0.4)
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REGC_B (Beta Model)

https://www.powerworld.com/WebHelp/#TransientModels HT
ML/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

Iy = per unit current that corresponds to reactive power

Downward limit is active Q.. < 0 I = per unit current that corresponds to real power
geny Iy + jl o= desired current injection in phase with terminal voltage
Qgen, "~~~ * lgrmax E,; = per unit voltage in phase with terminal voltage

E, = per unit voltage out of phase with terminal voltage
Viqsr = per unit terminal voltage magnitude at last time step

1 Iy

Inne . . .
Ioemp o —1 |_"9"€8 @ = per unit terminal voltage angle at the terminal bus
P — T4, ! P
A £
/ -
Inputs from _ |/ qrmin Egeaie =0 +lgne Re + 1:X, | converts network interface
REEC* electrical ~ ~, ' Egeate = Viast + IpRe — IonegXe equivalent from Norton 1o
models ) ) "' Thevenin
r 3
1 |E,
chafr 1+ STE @ ¢ i
States: (Lﬂ-; + J’IErf)“f’”J
1-1q 1 Eg4
2-1d Eacae | 1+5Te @)
3 -~ Vmeas T v [ vel?
4-Eq “ hd
1+ sT, Viormi
5-Ed 0.01 ® fler terminal

Parameters I, and DQﬂa\q are also used in

algebraic network equations to enforce maximum current.
These parameters should match the corresponding
parameters in models such as REEC_A, REEC_B, REEC_C, efc.
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REGC_C (Beta Model)

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

* “Machine Model”: Really a network interface

Rate limits on reactive current for recovery after fault.

Ioneg
Upward limit is active when Qgg,,, > 0 ‘ 1 Qneg chatc -0 ¥ j-.'j“‘la_‘ .;Re T 1X,
Downward limit is active Qe <0 .= Vgas; + Jr_.-RE _ Iu,-m_,x,_,
Qgenﬂ [~-——* ]qrm:lx l E
dealc geale
1 see REGC_B for
I details on network
locup - - K+t | 1+45T, | | 1+45sT, | cawetons
1+ 54Tsrep P T @ e e
A

! Time constants of

: I rmin A*TimeStep are used to
lnPUtS from REEC* a implement rate limits.

electrical models If no ratelimits are given,
then the states are ignored

o 7O

1
54Tsep

___—RateFlag——_

termp
States: 4 % +Jlterm
: ipll
1-1Iq Kppu + S
2-1d .
3 — Vmeas @ 1 e
4-Eq < | T+5T0 [7
5_FEd 0.01 terminal 1| Represents a complex angle rotation from the network
6 — IanIcLim ) reference frame to the model reference frame
7~ IdRateLim Parameters I;mqy and DQfyqg 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 - Angle 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 HT
ML/Exciter%20REEC A.htm

Warning!!

State Transition - h positi
. " " "
. . o State 0 - If Voltage_dip = 0; normal operation (lginj = 0)
@ | Eateme care shoutd be aken n coordimaing | [ | ectrica | Mo d e I Site 1 Votag.dip = 1 g oon v posion
& parameters ‘ and Vaip: Vup SO a8 State 2 - If Thid > 0, then after voltage_dip goes back to zero,
not to have an unintentional response from the set value to lgfrz for t=Thid, after which go back to
reactive power injection control loop.

state 0
- If Thid < 0, then after voltage_dip returns to zero, stay
Veero (user defined) dbd1, dbd2 in state 1 for t=Thid, after which go back to state 0

1

Vi —»—
1+ 5T,

IF (Vy < Vi) or (Ve > Vi) then
Voltage_dip =1

else

FEDS Voltage din=0 Freeze State if Freeze State if e
Q :Valtagg_dip =1 :Vollage_dip =1
gen v, I
PIFla ! !
= Qunax v/ ¥ /- Qrlag Outputs
Pe T p K, K. 1 REGC*
1+ sT, at wi
@ — + Kap +— Kep + 7 1>@ i lams  machine
Qe —>-@ 0 ]
* o >t JO 0 o model
(Quy is initialized to a Vintn qmi " !
constant, or can he + Freeze State if : : '
Lun‘;lslch?d to an) external Veers (user defined) Voltage_dip = 11 ) 1
model, e.g. wppc 1
- e ;9_’ - O v Y Pgil
_ 1+5sT; qflag
States Qext Input from . = t N nl- g priority
- P priority
REPC* Plant Controller = Current priority
1 - Vmeas l[i,m‘“ After voltage_dip returns to 0
2 - Pmeas Vmu@ t N sl following clearing a fault, then
3-piQ | Prefinputirom wg Input from (o ho s clctted
4 - PIV REPC* Plant Controller WTGT* mechanical VDL2 T & | during the fault will remain fixed
* Fi 5 if 1 W, ! for Thld2 seconds. After Thid2
5- QV WTGTRQ Pref Controller wg v:;ﬁ;i d’fp‘zl 1 s - - ¥ ; seconds have elapsed, then the
= | . calculation of Ipmax will
- e = Tpmax 1 !
6 - Pord (Bl initalized 1o max PFILIg v/ } continue as normal. Outputs
a constant, or can be 1 or I REGC*
’ — 1
connected to an Pret — 1+ sTpora L )
external model) _/ I -0 machine 35
AP 0 o pain = model

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!

e 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
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REEC B (same as REECB1)

https://www.powerworld.com/WebHelp/#TransientModels HT

plaref

Qext Input from

REPC* Plant Controller

ML/Exciter%20REEC B.htm

Electrical Model

else

IF (Ve < Vigp) or (Vi > Vi) then

Vaoltage _dip=1

Vaoltage_dip=0

P

1
1+sT,

States

1 - Vmeas
2 - Pmeas
3-PIQ

4 -PIV
5-QV

6 - Pord

1
v, _p{_
t 1+ 5T,

Vref

dbdl, dbd2

Vorr

: imit Logi

() Priority (Pgflag = 0)
qmazx = Imax

gmaxs Ipmin =0

1z
- [irmd)

P Priority (Pqflag = 1)
Ipmax = lpax

qmin gmax: lpmin

qmin

I
I
Lpmax = (lax
=0

1z
Iymax = (lax — 1cma)

Frer

dF,

min

APyax

Freeze State if Voltage dip = 1

1+ 5Thara

Pl" in & dpmln

Pref Input from
REPC* Plant Controller
WTGTRQ* Pref Controller

Freeze State if
Voltage dip=1

jﬂfi!

O

Outputs

REGC*
lam: - machine

model

VDL tables
Have been
removed

Q !

v

Outputs
REGC*
machine
model
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REEC C (Model for Storage)

https://www.powerworld.com/WebHelp/#TransientModels HT

ML/Exciter%20REEC C.htm

(v, < Vdip) or (V, > VW) then

Viero (user defined)

dbd1, dbd2

Extreme care

should be
coordinating the parameters dbdl, dbd2

taken in

+ and Vy,, Vyp so as not to have an
Voltage_dip=1 L, - Verr 1, unintentional response from the reactive
else Vi e power injection control loop.
Voltage_dip=0 - 1+ 5Try J Ve
4
HaseE _Freeze State f Voltage dip =
i v,
! Viax g 1,
O ¥ /[ VFag il QFlag Outputs
f p e K lms REGC*
ap q
o machine
™ 0 Qunin V—" model
(Qexe is initialized to a Qgen min
constant, or can be
connected to an external Viery (user defined)
meodel, e.g. wppc)
Qext Input from
REPC* Plant Controller
Limit M— Pailag
" @ Logic 0 - Q priority
tfile’ . = [ority
PrefInput from ' b N 1P priority
REPC* Plant Controller Freeze State if Voltage dip=1  V, o ¥
WTGTRQ* Pref Controller 'p v
States APy “_ /1"‘ i Output
1 - Vmeas (Beris initialized to i : RngCli ’
a constant, or can be
2 - Pmeas connected  to an A 1+ 5Ty0rg ! Ipema hi
L | machine
3- PIQ external model) =7 1 del
dp, mode
4-PIV Wl o B |
_ SO0Cma i
: E_Vd ifSOC = S0Cnar ! .
= For B =1 (EEE| —— if sl
7 - SOC Reduction SRR elselfggg's $0Cin

SOCy;

Ipmax =0
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REEC_D (New Electrical Model)

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

. v, user defined
Warninglt ) e ) dbd1, dbd2 lgfrz and Thid Parameters
Extreme care should be taken in coordinating
the parameters dbd1, dbd2 and Vdip, Vnp S0 as I v 1 Verr qu If Thid = 0 — no other action is taken.
not to have an unintentional response from the 5 g 1+ 5T, q
reactive power injection control loop. * * If Thid > 0, then for Thid seconds

following a voltage dip (i.e. veltage_dip
goes from 1 back to 0) Igemd is held at

‘vl B (R: +jX:)I: ||

. ) 1 (Vi < Vi) or (Vigue = Vi) | its current value (i.e. value just prior to
]H“' ts of the hl;mé( f‘g'“g]am ”;, rted te“RZLL'.ES 1 Then Voltage_dip =1 qL__ the end of the voltage_dip) for Thid
'";SRE?;_' f\sen {ierences hetween - Else Voltage_dip=0 seconds and is then released.
an oy -‘|
Vempllag™~__ 1 Igh1 | 1§ Thid < 0, then for Thid seconds
Vl + Kco;,-z-n 0 1+ 5T, following a voltage dip (i.e. voltage_dip
. goes from 1 back to 0) Igemd is held
pfaref Freeze State if @ Freeze State if equal to Igfrz for Thid seconds and is
Q : Voltage_dip = 1 1Woltage dip = 1 then released
gen 1
- Y L .
1 P[}llag Do v ;ﬂ VFlag Y i }’E" QFlag qu e gEtGpClitS
- 1 v l_
P T @ + Kq;_._.l Kil o N o .
B Kop + = Kyp += - ¥ _’ * ¥ lxema machine
> ! model
=t . Jon. Jo gt
(Qey is initialized to a constant, Vinin qmin A : Igmin = -lgmax
or can be connected to an 1 Fraezs State i : ] ) Else
external model. It may represent Viers (user defined) Voltage dip =14 : : Igmin = Igmax
a voltage or reactive power) 1
+ @ Vbiq .
- Pgflag
Qext Input from Z > 0 - Q priority
. 1-P [
s REPC* Plant Controller Current prionty
imi
tates T Logic
1 - Vmeas V@ t >
2-Pmeas | Prefinput from wg Input from Outputs
&3 i Freeze State if VbLp ! A P
3-PIQ REPC* Plant Controller WTGT* mechanical g (oI P REGC*
-dip = |
- * ! ;
; P[:,’r WTGTRQ* Pref Controller " wg | P Puux E ! machine
- mpx PFla =
Q‘ (Preris initialized to 1\g \ AV : model
6 -Pord a constant, or can be P 1 1
7 - Vcomp connected to an Tf /_’ 1+ 5Tpora pemd
external model)
dPpin o To wtgpt_a Iomin = —Kelpmax 39

REEC D

* Added voltage compensation

e Added charging support (Ke > 0)

* VDLp and VDLq tables have 10 points and treatment
when Igmax < 0 means lgmin = Igmax

— Better support for - Ning
momentary cessation . ' o o L
modeling st o s f

Example VOLp and VDLg tables showing negative lg5 value 10 . |L||n'dx

00 02 04 D6 08 10 12 14

lpmin = —Kel; Vg
— This is also why the T T
REEC_B modelisno i/ o\ 421/
longer recommended . e e/
for Solar modeling g et T s Votg e 1
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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* wr

Pitch Control ')
Input from WTGAR* . + > . R
Aerodynamic b d 2Hs (D)
from = Nominal Frequency
H, = Htfrac+ H + -
H,=H-H, 2T fuom shaft
g ¢ L D M I e
2H H,(2nFreql)? >_. s @ 27 fom
Kpape = ——————— N
H Damp
Input from WTGAR* P ;: _ X 5 2Mfnom |
: € N 2Hgs |(3) + s @
Aerodynamic + -
S wo
Output to WTGTRQ* Pref Controller Ij
And REEC* electrical W, .
Des NOT necessarily represent physical L
speed; internal model variable) W0 = initial value of
states and@
?hjﬁrhines eed WO is obtained by using the lookup table of Speed
2 _ ShaftAn I]: versus Power from the Pref Controller WTTQAL or
3 _ Gen$ efd WTGTRQ A. If'a Pref Controller is not specified,
4- GenDpe]taAn le then the value specified with the WTGT B model is
& used. 41

WTGPT_A (WTGP_A or WTPTA1)

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

e Pitch Controller Oma

*
Input from WTGT* ¢ . 6, &db,..
N r
- p 1 " Output to
y —_—
Wref E%) ! i+sT, | @ ° WTGPT*
_/ .
o Kpw 0, %do,.. Pitch Control
Kcc
Input from
REEC*
+
Pora 5?
Input from REPC*
Pres States
Plant Control 1- Pitch
WTPTA1 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 HT
ML/Stabilizer%20WTGPT B.htm

e Pitch Controller

GWJHG.I
—
Input from WTGT* @
Bma)( & demax
2 i Output to
- 1 WTGPT*
wre‘f E p mein 1 T T —> 9 .
<% sTe | @ " Pitch Control
'gwmin -
» Kpw Omin & dOmin
Kce Whenever State 1 is at a limit and the
Bemax derivative of State 1 is holding the state
L at its limit, then we also force the
IHPUt from . derivative of State 2 and State 3 to be
REEC* 0.0. In this way the non-windup limit at
State 1 also causes State 2 and 3 to not

wind-up

+
Por‘d 4’? ﬂt’}?li]i

Kpc

A 4

States

1 - Pitch

2 - PitchControl
3 - PitchComp

Pref

43

WTGAR_A (WTGA_A and WTARA1)

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

* Aerodynamic Model

Input from 0 + - Output to
WTGPT* Kq Pm  wTGT*
Pitch Control - + Mechanical

B, Pm,

Model supported by PowerWorld
Named WTGA A in PSLF
Named WTARALI in PSS/E
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WTGTRQ_A (WTTQA1)

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

e Torque Controller for Wind Turbine

* Normal Recommendation is Tflag = 0 as this
includes the lookup table of speed from Power

Freeze state upon

voltage dip
wg l
Input from (from drive-train model) ] Cwg
Network emax (from drive-train model)
&
— 1 S
b o STp @ T_{ Pret
e (to REEC_A model)
Ky Output to
P WTGPT*
Pitch Control
f(R) And
e REEC* Electrical
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REPC_A (REPCA1, REPCTA1)

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

* Plant Controller

VcompFla
v,

reg 1

(from bus vbus) |Vreg = (Re + X Mpranen| —P'//— Ty
Tranch 0

(current through a

Output to REEC_*
nax Qv electrical controller

[
define branch, e.g. > K 1+sT,
substaton transformer) o o _/ K+ 53)’ 5T @) Qe
(reactive power through a emin Q—"
define branch, c.g. min
substation transformer) 1 -
_—
Qbranch T+ Ty @
(from agg turbine +
model or collection point
of wind plant) Qrer
States Output to
1 - Vmeas *
Plant_pref Freq_flag WTGTRQ
2 - Qmeas femax Fnax 0 torque
- i [
i Rea:twe Pl ] controller
= ex K,
5- gmeas mne oty :_6)" Toome I@/ ®—fu  Or REEC*
(from aggregate turbine model ezl
6 — Power PI terminal or collection point of -/
7 - Pref wind plant) controller

fdbd1, fdbd2 Model supported by PowerWorld

Model is named REPC_A in PSLF
Freq - 7-|L Model is named REPCA1 when used with Type
il or clcton oot + wind turbine in PSS/E
wind plant) Freq_ref Model is Named REPCTA1 when used with a 46

Type 3 wind turbine in PSS/E




Renewable Generator Questions
started in 2013

* Renewable generators regulate a point closer to
the point of interconnection

0.4 kV 345kV 115.0 kV
% ‘005+1005 ‘ %

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

 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

Qbranch

Qbranch
Qmax

Qab

VIOW de[ow delu'gh

Qmin
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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

* 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

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

define branch, ¢ K!b.uﬂﬁb
el oL RefFlag Kp-l-? m Qext

substation transformer)
Qlll‘allch C
(reactive power through a Q
define branch, c.g. min
substation transformer 1
M Tre.,
(from ¢ ggmg ate turbin +
model o Hct.l n poi 1

Kc = slope s

Freeze State I Vigg < Vi
|- ----------------------------------------------
|
: Vrer
I
Uuomp}-‘lag l
I
[Vore + !
(from bus vbus) Viog — (Re + JX)I
] | (Re + JXyranen| 1+sfm ¥ .
branch emax —
(current through a |
ranch
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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)

2nd Generation adds the Aero,
PRef and Plant Controllers

Network I

Plant Level
Controller

REPC_A Voltage

Compensation Iq Ip
Qref/Vref
Vcomp
S Igord
Pref0 PRef Controller Exciter Machine

WTGTRQ_A REEC_A — ipord REGC_A
/|\ /I\ Pord

wref
wt | wg
Stabilizer e Aero  Pm Governor
> WTGPT_A WTGAR_A WTGT_A
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