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Renewable Resource Modeling

e With the advent of more renewable generation in power
systems worldwide it is important to have correct models

e Hydro systems have already been covered

e Solar thermal and geothermal are modeled similar to
existing stream generation, so they are not covered here

e Coverage will focus on transient stability level models for
wind and solar PV for integrated system studies

— More detailed EMTP-level models may be needed for
individual plant issues, like subsynchronous resonance

— Models are evolving, with a desire by many to have as
generic as possible models
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Growth in Wind Worldwide

GLOBAL ANNUAL INSTALLED WIND CAPACITY 2001-2016
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Growth in Wind Worldwide

New installations onshore
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Growth in US Wind

e Production tax credit of $24/MWh being phased out
— 100% in 2016, 80% in 2017, 60% in 2018, 40% in 2019
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US Annual and Cumulative Wind
Power Capacity Growth

U.S:Annual and Cumulative Wind Power Capacity Growth
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2018 Installed Capacity by State
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Wind Farm and Wind-Related Plant
Locations

Calgary
Regina
Winnipeg
Vancouver
+
S H
L]
Ségtle * .
' Q@ - ) Cuebec
@ 9, ; |
B o M . y .o
Pofitind uf/ Ottawa LY e*
» - G';,"",!ﬁ‘. *e Halifar
® . ¢ o, 0
5 Ié'l% Toronto o2 oy
. n:l.#'.. Rc.djeﬁer,h +8
o & Buffil .
ve Yoy ® Pics S fg@ i$ "‘"*“’." f n
* ‘ _- * a ® .%I'r
’ .%..-ﬁ@@ndo» ,.. satl g
@ Salt_ll.;ke 4 ﬁ‘. T . ﬂﬁYrﬁk.
. . .. * Fitt s J’gl
’ & : . - é«*lt s ﬁlle%ﬁf)ﬁa
* m L] . ¢ .. * &
K 5 City G it
Sar:%a‘mentﬁ . e ® e @ @ 23 Sl & &*Muic @ Tl 2 Washlngtﬁn-
% q%g - * 8 2-a ‘g @ *.:-uiﬁille @
S e SO e .&% * R\chmcnd
(] m *
Fresno ""_ e + 5 * % i L .N Il
3 [=7pg=llie
% Las Vegas .;?'i: r oo - Maspyille Boille . 8I§§Ii6|313|r .J'
A A=)
éﬁ . . . L 0 (@ Y A Memgshis o* > Sy ffiotte %
% o P e '®e . s
LL:»?K.@&&.IEIElJ e ® g& Q * e, *
Ph&@ﬂx !. & l&% Q’. Eil'mingl1aﬁ€t§ma *
*. @ ® e, B@ias - *
Tijuana Tucsof # ® : J ® * . .
s El Perso @.Q...% * * . i
- &
Auttin * K e Jacksonville
@ e o Mew CHeans *e
; @an Antonio ‘ ¢
Hermasille
Chikuahua or¥ride
@ g T5'n|33
@ s o
Torresn  Monterrey TG i

Culiaran

http://gis.awea.org/arcgisportal/apps/webappviewer/index.html?id=eed1lec3b624742f8b18280e6aa73e
© §8£O PowerWorld Corporation 8



Renewable & Clean Energy Standards

www.dsireusa.org / June 2019
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US Wind Resources
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Global Wind Speed 50m Map
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Wind Map Texas— 80m Height
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Power in the Wind

e The power in the wind is proportional to the cube

of the wind speed

— Velocity increases with height, with more increase over
rougher terrain (doubling at 100m compared to 10m for
a small town, but only increasing by 60% over crops or

30% over calm water)
e Maximum rotor efficiency is 59 3%, from Betz' law
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Wind Turbine Height and Size
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Extracted Power

e WTGs are designed for rated power and
windspeed
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e Power speed curves for the GE 1.5 and 1.6 MW
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Wind Farms (or Parks)

e Usually wind farm is modeled in aggregate for
grid studies; wind farm can consist of many
small (1 to 3 MW) wind turbine-generators
(WTGs) operating at low voltage (e.g. 0.6kV)

POl or
connection - I t
to the grid Collector System
Station ‘
/ _ e _© -0 \
Interconnection R
Transmission Line ® A

Individual WTGs

Feeders and Laterals (overhead
and/or underground)

Photo Source: . 17
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Economies of Scale

e Presently large wind farms produce electricity more
economically than small operations

e Factors that contribute to lower costs are

— Wind power is proportional to the area covered by the blade
(square of diameter) while tower costs vary with a value less
than the square of the diameter

— Larger blades are higher, permitting access to faster winds,
but size limited by transportation for most land wind farms

— Fixed costs associated with construction (permitting,
management) are spread over more MWSs of capacity

— Efficiencies in managing larger wind farms typically result in
lower O&M costs (on-site staff reduces travel costs)

© 2020 PowerWorld Corporation 18



Wind Energy Economics

e Most of the cost is in the initial purchase and
construction (capital costs); current estimate is
about $1690/kW how much wind is generated
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Offshore Wind

e Offshore wind turbines currently need to be in
relatively shallow water, so maximum distance

Deep Water Wind Turbine

from Shore Development

e Capacity
factors tend
to increase
as turbines
move furthefl
off-shore

Image Source: National Renewable Energy Laboratory
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Offshore Wind Installations
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Offshore: Advantages and

Oi
isadvantages

e All advantages/disadvantages are somewhat site specific
e Advantages
— Can usually be sited much closer to the load (often by coast)
— Offshore wind speeds are higher and steadier
— Easier to transport large wind turbines by ship

— Minimal sound impacts and visual impacts (if far enough
offshore), no land usage issues

e Disadvantages

— High construction costs, particularly since they are in windy
(and hence wavy) locations

— Higher maintenance costs
— Some environmental issues (e.g., seabed disturbance)

© 2020 PowerWorld Corporation 22



Types of Wind Turbines for Power
Flow and Transient Stability

e Several different approaches to aggregate modeling of
wind farms in power flow and transient stability

— Wind turbine manufacturers provide detailed, public models
of their WTGs; these models are incorporated into software
packages; example is GE 1.5, 1.6 and 3.6 MW WTGs (see
Modeling of GE Wind Turbine-Generators for Grid Studies,
version 4.6, March 2013, GE Energy)

— Proprietary models are included as user defined models;
covered under NDAs to maintain confidentiality

— Generic models are developed to cover the range of WTGs,
with parameters set based on the individual turbine types
e Concern by some manufacturers that the generic models to not

capture their WTGs' behavior, such as during low voltage ride
through (LVRT)

© 2020 PowerWorld Corporation 23



Types of Wind Turbines for Power
Flow and Transient Stability

e Electrically there are four main generic types of
wind turbines

— Type 1: Induction machine; treated as PQ bus with
negative P load; dynamically modeled as an induction
motor

— Type 2: Induction machine with varying rotor resistance;
treated as PQ bus in power flow; induction motor model
with dynamic slip adjustment

— Type 3: Doubly Fed Asynchronous Generator (DFAG) (or
DFIG); treated as PV bus in power flow

— Type 4: Full Asynchronous Generator; treated as PV bus
in power flow

e New wind farms (or parks) are all of Type 3 or 4

© 2020 PowerWorld Corporation 24



Generic Modeling Approach

e The generic modeling approach is to divide the
wind farm models by functionality

— Generator model: either an induction machine for Type
1 and 2's or a voltage source converter for Type 3 and 4

— Reactive power control (exciter): none for Type 1, rotor
resistance control for Type 2, commanded reactive
current for Type 3 and 4

— Drive train models: Type 1 and 2 in which the inertia
appears in the transient stability

— Aerodynamics and Pitch Models: Model impact of
changing blade angles (pitch) on power output

© 2020 PowerWorld Corporation 25



Wind Turbine Issues

e Models are designed to represent the system
level impacts of the aggregate wind turbines
during disturbances such as low voltages
(nearby faults) and frequency deviations

e Low voltage ride through (LVRT) is a key issue,
in which the wind turbines need to stay
connected to the grid during nearby faults

e Active and reactive power control is also an
Issue

© 2020 PowerWorld Corporation 26



Low Voltage Ride Through (LVRT)

e The concern is if during low voltages, such as
during faults, the WTGs trip, it could quickly setup a

cascading situation particularly in areas with lots of
Type 3 WTGs

— Tripping had been a strategy to protect the DFAG from
high rotor currents and over voltages in the dc

capacitor.
— When there wer M
acceptable i A
e Standards now re: g 1
< .
performance 4
Image from California 1SO g

. -1.0 0.0 1.0
presentation 150 ms Time (seconds
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Type 3: Doubly Fed Asynchronous
Generators (DFAG)

conventional wound rotor induction generator with an
ac-dc-ac power converter in the rotor circuit

— Power that would have been last in external rotor recistance

is now used o <>
. . 3 ¢ ACWindings > C A
 Electrical dynamics are )i

dominated by the voltage-

System

le.g.
34.5kv

source inverter, which
has dynamics much

faster than the transient e
stability time frame

\ rotor
g P
rotor P rotor | P conv
F rotor | F network
|:

bus)

Wound-Rotor Converter
Induction Generator

Figure 2-1. GE Doubly Fed Asynchronous WTG Major Components.

Image Source: Figure 2.1 from Modeling of GE Wind Turbine-Generators for Grid Studies,

version 4.6, March 2013, GE Energy
© 2020 PowerWorld Corporation
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e Doubly fed asynchronous generators (DFAG) are usually a
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Type 3 Converters

e A voltage source converter (VSC) takes a dc voltage,
usually held constant by a capacitor, and produces
a controlled ac output

e A phase locked loop (PLL) is used to synchronize
the phase of the wind turbine with that of the ac
connection voltage

— Operates much faster than the transient stability time
step, so is often assumed to be in constant synchronism

e Under normal conditions the WTG has a
controllable real power current and reactive power
current

e WTG voltages are not particularly high, say 600V

© 2020 PowerWorld Corporation 29



Type 3 Converters

* Type 3 machines can operate at a potentially
widely varying slip

— Example, rated speed might be 120% (72 Hz for a 60 Hz
system) with a slip of -0.2, but with a control range of
+/- 30%

e Control systems are used to limit the real power
during faults (low voltage)

— Current ramp rate limits are used to prevent system
stress during current recovery

e Reactive current limits are used during high voltage
conditions

© 2020 PowerWorld Corporation 30



Aerodynamics

e Type 3 and 4 models have more detailed models
that directly incorporate the blade angle, so a brief
coverage of the associated aerodynamics is useful

e The power in the wind is given by

P =§Avj;c:p(z,9)

where p is the density of air, A is the area swept by the blades,
v,, Is the wind velocity, A Is the tip to wind speed ratio.
For a given turbine with a fixed blade length, A=K, (@/v,,)

Modeling of GE Wind Turbine-Generators for Grid Studies, version 4.6, March 2013, GE Energy

© 2020 PowerWorld Corporation 31



Aerodynamics

e The Cp(q,l) function can be quite complex, with
the GE 1.5 curves given below
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Type 4 Converters

e Type 4 WTGs pass the entire output of the WTG
through the ac-dc-ac converter

* Hence the system characteristics are essentially
independent of the type of generator

— Because of this decoupling, the generator speed can be
as variable as needed

— This allows for different generator technologies, such as
permanent magnet synchronous generators (PMSGs)

— Traditionally gearboxes have been used to change the
slow wind turbine speed (e.g., 15 rpm) to a more

standard generator speed (e.g., 1800 rpm); with Type 4
direct drive technologies can also be used

© 2020 PowerWorld Corporation 33



Example: Siemens SWT-2.3-113

e The Siemens-2.3-113 is a 2.3 MW WTG that has a
rotor diameter of 113m. Itis a gearless design
based on a compact permanent magnet generator

— No excitation power, slip rings or excitation control
system

© 2020 ﬂmgw\as@mmﬂress/pool/de/pressebiIder/2011/renewab|e_energy/300dpi/soere201103-02_300dpi.jpg 34



Solar Photovoltaic (PV)

e Photovoltaic definition- a material or device that is
capable of converting the energy contained in photons of
light into an electrical voltage and current

e Solar cells are diodes, creating dc power, which in grid
applications is converted to ac by an inverter

e For terrestrial applications, the capacity factor is limited
by night, relative movement of the sun, the atmosphere,
clouds, shading, etc

— A ballpark figure for lllinois is 18%

— "One sun" is defined a 1 kw/m2,which is the maximum
insolation the reaches the surface of the earth (sun right
overhead)

© 2020 PowerWorld Corporation 35



US Annual Insolation
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Worldwide Annual Insolation

-
In 2016 the top countries for total solar capacity are China (78.1 GW),
Japan (42.8 GW), Germany (41.2 GW), US (40.3), Italy (19.3);

© 2020 Pymllm,sotﬂgg}pgra iglgna added 34.5 GW, US 14.7, Japan 8.6, Indian 4 GW = -
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Solar PV can be Quite Intermittent
Because of Clouds

Springerville AZ, One Day at 10 Second Resolution
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Image: http://www.megawattsf.com/gridstorage/gridstorage.htm
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Modeling Solar PV

e Since a large portion of the solar PV is
distributed in small installations in the
distribution system (e.g., residential rooftop),
solar PV modeling is divided into two categories

— Central station, which is considered a single
generation plant

— As part of the load model

© 2020 PowerWorld Corporation 40



Distributed PV System Modeling

e PV in the distribution system is usually operated at
unity power factor
— There is research investigating the benefits of changing
this
— |EEE Std 1547 now allows both non-unity power factor
and voltage regulation
— A simple model is just as negative constant power load
* Anissue is tripping on abnormal frequency or
voltage conditions

— |EEE Std 1547 says, "The DR unit shall cease to energize
the Area EPS for faults on the Area EPS circuit to which it
is connected.” (note EPS is electric power system)

© 2020 PowerWorld Corporation 41



Distributed PV System Modeling

e Anissue is tripping on abnormal frequency or voltage
conditions (from IEEE 1547-2003, 2014 amendment)

— This is a key safety requirement!

— Units need to disconnect if the voltage is < 0.45 pu in 0.16
seconds, in 1 second between 0.45 and 0.6 pu, in 2 seconds if
between 0.6 and 0.88 pu; also in 1 second if between 1.1 and
1.2, and in 0.16 seconds if higher

— Units need to disconnect in 0.16 seconds if the frequency is
> 62 or less than 57 Hz; in 2 seconds if > 60.5 or < 59.5

— Reconnection is after minutes

— Values are defaults; different values can be used through
mutual agreement between EPS and DR operator

© 2020 PowerWorld Corporation 42



Modular Approach to Generator
Modeling

e Industry has always used a modular approach for
generator models

— Machine

— Exciter

— Governor

— Stabilizer

— Under Excitation Limiter
— Over Excitation Limiter

— Relay Model
e GP1, LHFRT, LHVRT

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

© 2020 PowerWorld Corporation 43



Synchronous Machine Modules
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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

e 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

© 2020 PowerWorld Corporation 45



LCFB1 model:
Controller for Pref
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First Generation Type 3 Wind Turbine

(WT3G, WT3E, WT3T, WT3P)

2nd Generation will add more

control features up here!

PrefO

© 2020 PowerWorld Corporation
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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

e Pref bring power back to initial Power
e Qref or Vref or PowerFactorRec

© 2020 PowerWorld Corporation 48



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
e 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

e 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
e 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

© 2020 PowerWorld Corporation
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First Generation Type 3 Wind Turbine

(WT3G, WT3E, WT3T, WT3P)

2nd Generation will add more
control features up here!

PrefO

Qref/Vref

Network

wref

Stabilizer e
WT3P

Aero

wt

Exciter
WT3E

wg

Governor
WT3T

Voltage

Compensation

Vcomp

Igord
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Ipord

Pord

Machine
WT3G

2 Machine Model inputs now.
They are current orders
requested of the voltage source

converter

Several new signals passing

around
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2nd 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
Plant Level
Controller
REPC_A Voltage
Compensation Iq Ip
Qref/Vref
Vcomp
Igord
Pref0 PRef Controller Exciter Machine

WTGTRQ_A REEC_A ﬁ Ipord REGC_A
)|\ /I\ Pord

wref
wt l wg
Stabilizer © Aero  Pm Governor
WTGPT_A WTGAR_A WTGT_A
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First Generation Type 4 Wind Turbine
(WT4G, WT4E, WTA4T)

2nd Generation will add more

Network

control features up here!

Qref/Vref

“Governor” Pord
WTAT

Legacy “Governor” WT4T

Voltage
Compensation

Vcomp

Igord

Exciter

WTA4E Ipord

This really acts like the new PRef controller

We will leave it in the toolbox as a “Governor” anyway

© 2020 PowerWorld Corporation

Machine
WT4G
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2nd Generation Type 4 Wind Turbine

(REGC A, REEC A, WTGT A, REPC A)

Plant Level

Controller
REPC_A
Qref/Vref

© 2020 PowerWorld Corporation

Network
Voltag
Compensation Iq Ip
Vcomp
Igord
Exciter Machine
Ipord REGC_A

Note: If REEC A parameter Pflag = 0O,
then WTGT_A really doesn’t do anything
so it can be omitted completely

53



2nd Generation
Solar Plant

Networ k
Plant Level
Contro ller
REPC_A
V, Pg, Qq Iq Ip
Qref/Vref
Igord
Exciter Machine
@ REEC_B lpord REGC_A

Used REEC _B Initially,
But actually don’t anymore!
Go back to REEC_A
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2nd Generation
Energy Storage

Plant Level

Contro ller
REPC_A
Qref/Vref
Igord

Exciter Machine

@ REEC_C lpord REGC_A

Use REEC C
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Software Implementation

e 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
— QOver Excitation Limiter
— Compensator Model
e Added 3 new types of generator modules
— Aerodynamic Model
— Pref Controller
— Plant Controller
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Scope of new Modules

e Aerodynamic Model
— Can only be used with Type 3 wind turbine
e 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
* Else feeds into Exciter if exciter accepts Pref

e Plant Controller

— Can be used with any type of generator
— Existing model PLAYINREF is now a Plant Controller
— Vref/Qref Signal Output
e Vref/Qref signal will feed into Exciter if the exciter accepts it
— Pref Signal Output
e 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
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Error Checking

e 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

e 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

e 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 1st Gen Type 3 - WT3E (Exciter)
e For 2nd Gen Type 3 2> WTGTRQ_A (PRef controller)
e For 2nd 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
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Where does it appear in GUI

Machine, Exciter, Governor,
and Stabilizer remain
prominent

Other Models contain the
other categories of modules

You see it in the
Model Explorer

When inserting a
new Other Model
from the
generator dialog

Plot Designer in
Transient Stability
Dialog

© 2020 PowerWorld Corporation

Select Mode! from the Below List

4 - Aerodynamic Model -
. L WTARAT [Translate to WTGAR_A in GE]

= Al ontraller
> - Ower Excitation Limiter

> - Parameter Container

4 - Plant Controller

- PLAYINREF

slate to REPCA1in PTI]

SHEPC ETRERCALIN PTI]

- REPC_B100 [REPCAT in PTI]

--REPCA1 [Translate to REPC_A in GE]

--REPCTA1 [Translate to REPC_A in GE] [REPCA1Lin PTI]

4 - Pref Controller

- LCFB1 [Translate to LCFB1_PTI in PTI]

--LCFB1 PTI [Translate to LCFE1in GE] [LCFE1in PTI]
NTGQ_A in GE] [Translate to WTTQALin PTI]
g

GA_A in GE] [Translate to WTARA1in PTI]

vl = £3

Generajor Inforn

|
[®) Model Type o = =R

< >
Show Models Supported By
Bus Namef| |RE TERM PW Only PTI

Bus Mumber Jf 41905

40 [era GE
[]Both GE and PTI

Area Na 1(1) []only show Used Models

Labelsl.. | [no labels Limit Models by Machine Model -

Generator " oK X cancel v

Powerfand Voltage Contr

Machfine Models rs | Governors | Stabilizers| Cther Mod Transformer | Terminal and State

| Afsert | Deleta ABase | 111.0 Show Block Create VCurve

Type none defined Active Set to Defaults

Parameters

PU values shownjentered using device base of 111.0 MVA

OK Sawve Save to Aux Cancel Help Print
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Model Explorer

Model Explorer: Generator Other Models = = R
Explore n X Generator Other 7. Machine Models \ﬂ
. +.0 .00 FI - = E
Explore | Fields : e o0 | ?&D | it Records v Geo 551 Gen Other Model e =
B e R E g | ~  Gen Other Model: Generic | = I E ||5|J| {3} | ck Filter ~
[» Metwork . -
b [l Aggregations Al F] Aerodynamic Model hiagram
i [ Solution Details H ~ B wraral
B Case Inf ti d Auxili 4 ic Model Fully Mumber of|| VA Base|Del
ot 8 o A (9
1VES 41905 1 111
[» Optimal Power Flow _A(D) S1YES 41905 1I [+ AGC Controller 11
[» I . . -
b [ Tools and Add Ons aer 3|vEs a1905 1| | Over Excitation Limiter 11
4 Transient Stability 2 tion Limiter )
b OC Models b Container [ Parameter Cantainer
2 - Summary & oller 4 Plant Controller
Area AGC Models REF i
HH DS Time Schedules A1) @ PLAYINREF
ﬁ Generator Exciters @ HEF"':_A {1}
HA Generator Governors B100 @ REPC E
HH Generator Machine Maodels 1 -
Generator Other Models Al @ REPL_E100
HH cenerator Stabilizer 4 oller @ REFCA1
ﬁ Line Relay Maodels REPCTA
Al
H Line shunts Models PTI @
p B Load Characteristics QA 4 rer Lonaoler
% Load Component v @ LCFE1
[ Load Distributed Generatior >
HH Load Distribution Equivalent Type Show Models Supported By @ LCFE I_PT-[
B Load Model Group [ Pw only  [¥]PTI @ 'I.“.I'TGmQ_ﬁ. {1}
p BB Load Relays [ lePa [+]cE @ WTTQAL
Bl Measurement Objects Models [ only Show Used Models
. B [= Relay Model
@ Playln Configuration Save Load < 3
PR Sotcbnd St Ma ot v = Under Excitation Limiter
Open New Explorer : Search s> Voltage Compensator
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Plot Designer

Transient Stability Analysis

Simulation Status | Mot Initialized

Plant Ctrl State

Run Transient Stability Pause Abort Restore Reference For Contingency: | Find | My Transient Contingency

Save All Settings To

Load All Settings From

Show Transient Contour Toolbar

Auto Insert... Critical Clear

@J £ZUZU FUWET VWUTTU CLOTrpuratiuori

Select Step Plots ® Ymeas
> - Simulation | ) - .
, - Options Plot Designer | plot Definition Grids . Qm B3
» -Result Storage Device Type Geperator w | | Generate Selected Plots | |Close Plots
4 -Flots )
a5 Choose Fields =
i - Plot Designer N Plant Cirl State o Show/Save Selected Plot Data . F:. EE L—h l'IIlE FlI
¢+ Plot Definition Grids ® Vmess Add == | Plots, Subplots, Axis Groups
> -F‘-ESUES ﬁom F‘-#‘-M _ ® Omeas Add == 4 GenFormat ~ . QE:H:'I:
» - Transient Limit Maonitors @ Reactive P By Field 4 [7]Vpu_Gen RETERM £1
» - StatesManual Control
ekt ® gec pdd >> (W Vpu  Gen Re TeR ® Pmeas
: ) ® Pmeas By Obiject 4 7] MW _ Gen RE TERM #1:
i SMIB Elgenvélues @ Power PI {W% MW _ Gen RE TERM
-~ Modal Analysi = 4 7] Mar _Gen RE TERM #: . Power PI
i Dynamic Simulator Options ® State 8 I:"l;, Mvar _Gen RE TER
4 Pref Cirl State 4 Turbine and Gen Speed . PrE-I:
@ wref Iﬁu'v Governor State\Turbine:
® Pmeas Iﬁu\- Governor StateGenSpe
@ Integrator 4 REEC Commands PrEf Eh—l SEtE
@ State 4 (W Excter Other\lqgemd _ G
® State 14 " [V Exciter Other\lpamd _G . |||'l.'rE1:
4 REPC Commands
Choose Dbj_e_cts Show Fiher (W Plant Cirl State\Qext _t .
=|Sortby (_JMame (@) Mumber ﬂu’v Plant Ctrl State'\Pref _ G w P |TI E a E
L4 >
41901 (IMFIMITE) #1 [230.0 k! . IrltE ratl::r
41505 (RE TERM) #1 [0.5000 kV Add Plot Delete Plot g
Collapse Al Expand All . .E tE
Process Contingendes loct Al tear Al S q.
@ One Contingency at a time Ecer 2 "~ o =
() Multiple Contingendies [ ] show only objects available in results Save Plot Definitions to Auxiliary File
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2nd Generation Models

Type 3 Wind Turbine

— REGC_A, REEC_A, WTGT_A, WTGPT_A, WTGAR_A, REPC_A, WTGTRQ_A
Type 4 Wind Turbine

— REGC_A, REEC_A, WTGT_A, REPC_A
Solar PV Models

— REGC_A, REEC_A, REPC_A

e REEC_B was just a variation of REEC_A with less parameters and features

e 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

(Wind, Solar, Storage Models)

15t Generation

Models

2hd Generation Models

3 new classes

of models

Class of Wind Wind Wind Wind Wind Wind Wind Wind Solar PV
Model Type Type 1l Typel |Type2 Type 2 Type 3 Type 3 Typed |Type4d
Machine WT1G WT1G1l |WT2G WT2G1 [WT3G WT3G1l |WT4G WT4G1 |PV1G
Electrical Model WT2E WT2E1 WT3E WT3E1 |[WT4E WT4E1 |PV1E
Mechanical WTILT WT12T1 [WT2T WT12T1 [(WT3T WT3T1 |[WT4T
Pitch Controller | WT1P WT12A1 | WT2P WT12A1 |WT3P WT3P1
Class of Model Wind wind Wind Wind Solar Distribute | Energy
Type Type 1 Type 2 Type 3 Type 4 PV d Storage
PV Model
Machine WT1G WT2G REGC_A REGC_A REGC_A PVD1 REGC_A
WT1G1 WT2G1 DER_A
Electrical WT2E REEC_A REEC_A REEC_B REEC_C
Mechanical WTILT WT2T WTGT_A WTGT_A
WT12T1 | WT12T1 Ad d I tl O n a'l
Ll
Pitch Controller | WT1P B | WT2p WTGPT A OSE
WT12A1
Aerodynamic WTGA_A
Pref Controller WTGTRQ_A
Plant REPC_A REPC_A REPC_A REPC_A
Controller or REPC_B or REPC_B | orREPC_B or REPC_B
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REPC B = Plant controller for up to 50 machines and SVVCs
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Detailed Documentation on the

Second Generation” From WECC

e Type 3 Wind-Turbine

— https://www.powerworld.com/WebHelp/#0ther D
ocuments/WECC-Type-3-Wind-Turbine-Generator-
Model-Phase-I1-012314.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-I1-012313.pdf
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https://www.powerworld.com/WebHelp/#Other_Documents/WECC-Type-3-Wind-Turbine-Generator-Model-Phase-II-012314.pdf
https://www.powerworld.com/WebHelp/#Other_Documents/WECC-Type-4-Wind-Turbine-Generator-Model-Phase-II-012313.pdf

REGC A (or REGCA1)

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

“Machine Model”: Really a network interface

Rate limits on reactive current for recovery after fault. [ "
Upward limit is active when (., = 0 : 'fX = U' DI]'Dl lhcn {
Qgen__., -===% lgrmax | Downward limitis active Qgen, <0 ot divide I by X 5
/ a—_______________________—_____—_:_'_"_'__I 1o Inc ||.L|L J. 'L: termin |
— H]gh Voltage Reactive Current Management | | network interface :
1 I e
Inputs from Ipcun —»| T » —1 pf — L »(5) i
. v
REEC* electrical 4 T sl @ Ag | T \f+ E Morton
I .
models J : jqextm ! Equivalent
i lgrmin i . i _ ' Interface to
REEC_ . - q ! lgextra 1s calculated in network equations i network
Model [ - . if LPVLSW = ) then ignore this limit i solution to enforce high voltage limit : equations
I
I

> LIPL Ve < Viim -

; repwr lr | J_: --------------------------------- I
1 + _ P Foo oS --s-m---------------——o-—o-oe
i~ Q——| 7, Jy 14

N
kg :
| T
i Lvpnt) Lvpnel
Lvpll 1 : Low Voltage Active Current Management
T . T T R it
1+ STfEtr V,
" 3
Xerox bript States:
I-1
2-1,
3 — Vmeas

© 2020 PowerWorld Corporation 66


https://www.powerworld.com/WebHelp/#TransientModels_HTML/Machine%20Model%20REGC_A.htm

REGC_A Description

e 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 =2
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

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

MNew Wind Turbine Test /\
150 200 1.3
1.2 \u
100 150

1.1

. X Mvar| ™ | e Voltage [Spike

0.8

Ty - 0.6

0.5
B0 0.4 r
o 0.5 1 1.5 2 25 3 o 0.5 1 1.5 2 25 3

W — MW_Gen WTG TERM #1 [ — Mvar_Gen WTG TERM #1 W — W pu_Gen WTE TERM #1

1.1 0.8

0.4
0.9 0.2 p
0.8 0
02
0.4

06 -0.6

-0.8
0.5 —,————— -1

H 0.5 1 1.5 2 25 3 H 0.5 1 1.5 2 25 3

)

[w = Exciter Otherlpocmd_Gen WTG TERM#1 [w = Exciter Othenlgemd_Gen WTE TERM#1
[ =— Machine Otherlreal, pu_Gen WTE TERM#1 [ =— Machine Otherilimag, pu_Gen WTGE TERM#1
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High Voltage Reactive Current

Man men
anagement

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!
e In 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

Man men
anagement

e 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

e |f voltage goes above this threshold, then we model a
reactive current that puts the voltage nearly exactly at
this VIim limit
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New Wind Turbine Test

150 200

j " .
100 50 Ei

0 05 1 15 2 25 3 0 0.5 1 15 2 3
||7— MW_Gen WTG TERM #1 ¥ — Mvar_Gen WTG TERM #1' ||7— \ pu_Gen WTG TERM #1'
1
1.1 0.8
1 o0&
0.4
0.9 02
0.3 o
02
Clo
se-up
08 L 08
0.5 -1 F
0 05 1 15 2 25 3 0 0.5 1 1.18
[V — Exciter Otherlpcmd_Gen WTG TERM #1 ¥ — Exciter Otherilgem 1_16_'
[#¥ — Machine Otherlreal, pu_Gen WTG TERM#1 [w — Machine COtherlimg ]

1.14]
112
111

1.08 ]
1,06

September 13, 2019 17:42:50

— V pu, Gen WTG TERM #1

4
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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)

e That is both not possible AND will make the
software fail to solve S 5

e This is parameter are for || 7 .é
— Lvpnt0 and Lvpntl | Lot e
— Do NOT set these to 0.0!

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

1 i
i Low Voltage Active Current Management |
L |

[
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REGC B (Beta Model)

https://www.powerworld.com/WebHelp/#TransientModels HTML
(I\/Iachine%ZOModeI%ZOREGC 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 Qgen, < 0 = per unit current that corrfl:s!:u:mlds to real power _
- I+ jl 0= desired current injection in phase with terminal voltage
Qgen , T ]qrmax E,; = per unit voltage in phase with terminal voltage
/ E4 = per unit voltage out of phase with terminal voltage
1 I Viqsr = per unit terminal voltage magnitude at last time step
IQEMD I ¥ o —1 lgneg {) = per unit terminal voltage angle at the terminal bus

1+5T:? @
4
/

Inputs from ‘ I .
REEC* electrical ,1” armn o| Eqeaic =0 +lgnegRe + X, | converts network f’”ﬂfﬂﬂe
models ' Eacate = Viast + IpRe = IgnegXe [fff!!i‘r’ﬂfili?ﬂf from Norton to
Thevenin
F 3
1 El]‘ Re + le
Egcaic 1+sTe ® l

States: 1 : (Eq +jE,)e?

1-1Iq 1 T

2-1d 10 "

. lﬂ "I-:.-'I alc 1 + STE @ - s
3 — Vmeas T_ﬁ 1 v [ Vel?
4 _E -8
q @ 14 STrm,

- Vterm:'nuf
5-Ed Parameters I,,,,, and DQy,, are also used in
algebraic network equations to enforce maximum current.
These parameters should match the corresponding
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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 Qge, < 0

Iy neg

[

Lqmic =0

A g .',_.,_:!-_.

= Vfaﬂ' +1 R

+ lgnegRe + 1o Xe

J’IJ.‘;(’_(_JXE

Qgenn [===* ]qrmax
1
fa CMD e ——

. 1+ 54T5pep @

; Time constants of
Inputs from REEC* 4*TimeStep are used to

i implement rate limits.
electrical models If no ratelimits are given,
] then the states are ignored

States: 1.0

1-1q

2-1d

3 — Vmeas

4~ Eq

5—-Ed

6 — IgRateLim
— IdRateLim

8-FPLL
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—RateFlag—

1
54T step

Jl-;-.-ll alec Eﬁ'fﬂIC
r Y See REGC_B for
1 1 details on network

1+ sT, 1+ sT, | equations

o @

(Eq +jEg)e’)

Vel
¥V

terminal

Q@

'lri ermp

+ .”tfr'm

1 +5Tﬂtr [

termirnal

0.01

T_l

Represents a complex angle rotation from the network
reference frame to the model reference frame

Parameters [, and DQnag are also used in algebraic network eguations to enforce maximum
current. See REGC_B for details on network equations. These parameters should match the
corresponding parameters in models such as REEC A, REEC B, REEC C, etc. 74
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REEC A (same as REECA1)

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

Warning!!

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

Exciter%20REEC A.htm

Viero (user defined)

dbd1, dbd2

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 to
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

O

. 1 | / Verrh ¥ qu II
—_— > v
! 1+ 5Ty, / | q = .‘r
= — i
If (Vi < Vaip) or (V; = Vi) then £ !
Voltage_dip=1 1 ,
else Z . a’
pharet tan Voltage_dip =0 Freeze State if Freeze State if |qu ®0
Woltage dip = 1 Woltage_dip = 1
PIFI Qger V. 2 I
;_[g max qmax qlinj 1
1 1 o v/ v o — Outputs
P — W ———— K. )
14T, 4> iy : > :
210 Kap +5 Kop + 5 J | lgems  machine
Qest —>® 0 e '
len —’, @ —/ @ A Iqmln 1 model
(Quy is initialized to a U Vinin Lyemin 2 |
constant, or can he Freeze State if : I "
connected to an external Vrern (user defined) Voltage dip =11 : !
model, e.g. wppc) —————% @ I '
1 VDL1 T
1+ sT; Pgflag
States Qext Input from - A t— > fl} - lg priority
c - riority
REPC* Plant Controller S Current oy
1 - Vmeas Limit
2 Pmeas @ Logic After voltage_dip returns to 0
- following clearing a fault, then
Vi k » !
3- P]Q Pref[nput from wg Input from FE the maximum real current
o . ) {Ilpmax) that was calcul,ahl:d
4 - PIV REPC* Plant Controller WTGT* mechanical VDLZ & | during the fault will remain fixed
WT * F [ Tl V. I for ThidZ seconds. After Thid2
5 - Q_V GTRQ Pref Controller a U;IEL:;: d[fpn:‘l 1 o + ' seconds have elapsed, then the
6-P l:l dP & - ¥ Faax = @ Ipmﬂ : calculation of Ipmax wilt
- For s PFlz continue as normal.
(Poris initialized to i = +i"— | [T s i Qutputs
a constant, or can be 1 €3
connected to an Frer — 1 + 5Tpora @ Tpema REGE
external model) J | “o macnine 75
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REEC_A Description

e 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 HTML

(Exciter%ZOREEC B.htm

e Electrical Model W e
IF (V; < Vigg) or (V; > Vi) then ; _ Vi, !_
else Voltage_dip=1 __pa m Vi sine # — _I

Voltage dip=0

pfaref
QFlag o lgmax Outputs
B o REGC*
T | laemd machine
Freeze Stateif ® 0 lrmin ! model
]qI:un Voltage dip =1 N :
1 ] |
Qext Input from E \ VD L tab I ES
REPC* Plant Controller . 4
Have been
. removed
C Limit Logi
Freeze State if Voltage dip =1 V@ \
States ? Priciitly (Pgflag = 0) E i ¢
1 - Vmeas e T ma Pnae 'pmas Outputs
2 - Pmeas gmin — ~lgmax: 'pmin = r .
: (B - 12 }l;z P T REGC
2 - i:?{ pmax max — ‘gemd / J machine
5 : QV :’Prinritly (Pgflag=1) P lpmin = 0 model
6 - Pord |z:?: _ _n;::m lpmin = 0 Pref Input from
lymax = (o = Zema) ™ REPC* Plant Controller
qQmax max pCm
WTGTRQ* Pref Controller
© 2020 Powervvoria Lorporauon Q 77
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REEC_C (Model for Storage)

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

ZExciter%ZOREEC C.htm

If (Vi < Viip) o1 (V, > V) then
Voltage_dip=1
else

Voltage_dip=0

pfaref —

QEXL _’.

vmin

Vierr (user defined)

Viera (user defined)

(Prep is initialized to
a constant, or can be
connected to an

(Qaye is initialized to a 0
constant, or can be
connected to an external
model, e.g. wppc)
Qext Input from
REPC* Plant Controller
Pref Input from
REPC* Plant Controller
States WTGTRQ* Pref Controller
1 - Vmeas
2 - Pmeas
3- PIQ external model)
4 - PIV
5-QV
6 - Pord

© 2020

7 - SOC Reduction

Pgen —

SOC,;

dbd1, dbd2

Warning!!

Extreme care should be taken in
coordinating the parameters dbdl, dbd2
and Vg, , V,p S0 as not to have an

qv unintentional response from the reactive

—

Kqv

power injection control loop.

Ilhl

4

Vi e

Freeze State if Voltage dip=1

deax

dF, min
S0Cpax

s0C min

i P
v/
1
14 5Th0m

Pmin

VLﬁIL

if SOC = S0C 0y
Iymin =
elseif SOC = 50C,,,
!

AT

1c|inj Iqma.x
+v Outputs
+ ,"Z > lgcma REGC*
\od _l ! machine
lamin | model
+ 1
1 I
I ]
i I
VDL1 ¥
0 - Q priority
|£ 1 - P priority
v o
-=p l kR
i fnllt Outputs
[ | REGC*
L d i
_] "™ machine
Ipmin model
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REEC D (New Electrical Model)

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

(Exciter%ZOREEC D.htm

dbd1, dbd2

© 202

Warning!!

Viers (user defined)

Igfrz and Thid Parameters

Extreme care should be taken in coordinating v
the parameters dbd1, dbd2 and Vdjpr vup 50 as I v 1 err_ K qu If Thid = 0 = no other action is taken.
not to have an unintentional response from the 3 i 1+ sT,, g
reactive power injection control loop. * * If Thid = 0, then for Thid seconds
following a voltage dip (i.e. voltage_dip
Vi — (R + jX)I; | goes from 1 back to 0) Igcmd is held at
If (Vimne << Vigip ) OF (Vige > V, it i.e. j i
Parts of the block diagram in red text or red { tilt dlp}_ _{ Hile u]:l) [q]1 its current value (i.e valeruSI prior to
. ) ) e Then Voltage_dip =1 the end of the voltage_dip) for Thid
lines represent differences between REEC_D 1 ) L__ : -
.nd REEC A Else Voltage_dip=0 -_j seconds and is then released.
d LBk —>0
V. 1K Vempflag™~_ 1 [th If Thid < 0, then for Thid seconds
e+ C'de_-u » (.’ 1+ 5T,y following a voltage dip (i.e. voltage_dip
goes from 1 back to 0) Igcmd is held
plaref —® tan Freeze State if @ Eresze State if equal to lgfrz for Thid seconds and is
: Voltage_dip = 1 I'Voltage_dip = 1 then released.
I
1 Vmax ] Iqma.x ) Iqinj [qmax OutputS
7 v/ o/ o P REGC*
P —P— + ;
2 1+sT, K.+ P _,./_,_@/\ . > I, Machine
qpe vp _l
s ! model
e d 0 _/ /@ 0 1. | If lgmax > 0 then
| min T
(Quy is initialized to a constant, e Vimin lqmin 4 A : lgmin =-lgmax
or can be connected to an Freeze Stateif | ] y Else
external model. It may represent Vrerr (user defined) Voltage dip=14 : 1 lgmin = lgmax
a voltage or reactive power) @ | "*
1 VDLqg ] -
1+ sT; qgflag
Qext Input from q o 0 - ( priority
REPC* Plant Controller | current | 1P priority
States Limit
Logic
1 -Vmeas Vtﬁlt@ t >
2 - Pmeas | Prefinputfrom wg Input from Outputs
3-PIQ REPC* Plant Controller WTGT* mechanical Freeze State if ! ”é% - REGC*
= V,
WTGTRQ* Pref Controller | Voltage_dip =1 Ly i
4-PIV wg P . machine
5 Vv Pz PF1 - = lpmax 1 model
- a
Q— (P.ofis initialized to 1 g Y [ ]_ :
6 - Pord a constant, or can be P 1 1 > 1
7 - Vcomp connected to an ™f /_' 1+ 5Tpora _I g
external model) _/ 79
dFin 0 P To wtgpt_a Ipmin = —Kelpmax

min
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REEC D

e Added voltage compensation
e Added charging support (Ke > 0)

e \VDLp and VDLq tables have 10 points and
treatment when Igmax < 0 means Igmin = I[gmax

—

B ette r S u O rt fo r Example VDLp and VDLq tables showing negative Ig5 value 1.0 ._\ lqmax
I I Vpl=0.00; Vp2=0.15; Vp3=0.46; Vpd=0.67; Vp5=1.21; Vp6=1.40 0. e
. Ipl=0.00; Ip2=1.00; Ip3=1.00; Ipd4=1.30; Ip5=1.30; Ip6=0.00 E

20 )

m m = '

O e n a ry Cessa IO n Vgl=0.00; Vg2=0.20; Vg3=0.72; Vgd4=1.00; Vg5= 1.20; Vg6= 1.40 B [ — 1

Igl=1.20; Ig2=1.20; Ig3=0.50; Ig4=0.50; Ig5=-1 : Igé=-1.20 T .

4 & 10 Igmin

modeling TR
pu)
— This is al hy th s
isis also why the  ———1 —— =
0.5 ;’f . “\\ 05 ;’J
REEC_B modelisno ./ i\ £, | 5o
T 0s Toosl e _e lpmin = os| !
longer recommended . B o o e omin
. _]5_ 2 04 06 08 10 12 14 _]'?}U 02 04 06 08 10 12 14 _I'fm 02 04 06 08 10 12 14
for Solar modeling R
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

e Mechanical Model (models turbine blades and

induction inertia)

Output to WTGPT* "

&
+

Pitch Control _l\}
Input from WTGAR* 1
Aerodynamic P 2,5 TD_.
from = Nominal Frequency
H; = Htfrac+ H  +
Hy,=H—-H 20 fnom Kshagt
g ¢ E)—b > —
2H,H,(2nFreql)® . S @ 2 om
Kshaft = H
Input from WTGAR* P, » 2 fnom |,
Aerodynamic _ s ®
wo

Output to WTGTRQ* Pref Controller
And REEC* electrical w

g
Des NOT necessarily represent physical
speed; internal model variable)

States

1 - TurbineSpeed
2 - ShaftAngle

3 - GenSpeed

4 - GenDeltaAngle
© 2020 PowerWorld Corporation

W0 = initial value of

states @and @

W0 is obtained by using the lookup table of Speed
versus Power from the Pref Controller WTTQAL or
WTGTRQ_A. Ifa Pref Controller is not specified,

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%ZOWTGPT A.htm

e Pitcl Imax

Input from WTGT* ¢t

> Bmax & dgmﬂ.x
_ a7 . 1 Output to
ref S‘?D i+sT, | @ ° WTGPT*
A .
. 0, &db,. Pitch Control
. 'ﬂ Omas
Input from
REEC*
+
Pard 4@_‘_.
Input from REPC* States
ref
Plant Control 1 - Pitch
WTPTA1 names the parameters Kiw and Kpw 2- P%tChCOHU‘Ol
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

Hwﬂ'lax
Input from WTGT*
[V Hmax & dgmax Output tO
Fﬂj_ : WTGPT*
| .
+Z _/ @ 1+57, | @ ° viteh Contro!
Bwmin gmm & 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

Input 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
Pora wind-up

States
1 - Pitch
2 - PitchControl

© 2020 PowerW 3 - PitchComp
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WTGAR_A (WTGA_A and WTARA1)

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

e Aerodynamic Model

Input from 0 l + »é - Output to
WTGPT* ) X Kq )3 > Pm  \WTGT*
- +
Pm,

Pitch Control Mechanical
6o

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

zPref%ZOControIIer%ZOWTGTRQ A.htm

e Torque Controller for Wind Turbine

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

Freeze state upon

voltage dip
LR
Input from (from drive-train model) wg
Network Temax (from drive-train model)
p. —>
P?ef

(to REEC_A model)

Output to
WTGPT*

- emin
re P
Pitch Control
N (p4, spd4) [XIl(l
Fep) (p3. pd3) REEC* Electrical
(p2 spd2)
© ron pl, spd1) . 85

Speed
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REPC_A (REPCA1, REPCTA1)

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

zPIant%ZOControIIer%ZOREPC A.htm

e Plant Controller

v,

Freeze 5ta

VecompFlag

e if Vigg < Vig

reg 1
(from bus vbus) |I";eg = (R, +jXrJferncn| /_ .
]branch

0

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

) Qhranch
(reactive power through a
define branch, e.g.
substation transformer)

Qbram:h

(from aggregate turbine
model or collection point

of wind plant)

Poranch ———»

—>

fdbd1, fdbd2

Ity

States
1 - Vmeas
2 - Qmeas
3 - Reactive PI
4 - Qext
> - Pmeas (from aggregate turbine model
6 - Power PI terminal or collection point of
7 - Pref wind plant)
Freq 3
(from aggregate turbine model
terminal or collection point of
wind plant) Freg_ref
© 2020 Pow

1
1+ 5T,

Ddn

v Output to REEC_*
dbd emax ?E* electrical controller
‘ / K, 14 5T,
. M 1+ 5Ty, (e
Emin lel'l
Output to
*
Plant_pref o Freq_flag WTGTRQ
femax max 0 torque
[ °
; controller
K I ~
KPQ +Tg 1+ Sng @ ?_p Pﬂt Or REEC_*
= electrical
SR P controller
* Model supported by PowerWorld
+ * Model is named REPC_A in PSLF
L ]

Model is named REPCA1 when used with Type
4 wind turbine in PSS/E

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

64KV 345KV

& r §§ JE).05+jo.05 Jvé

 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

115.0 kV
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Typical Configuration may have
multiple Generators

Generator
s are all

configured Controlle
to regulate

the

Controlled

Bus Qbranch

1Qbranch

Cmax

Qab

Qmin_w
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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!

Dbd = Deadband

Freeze State if V

reg = VfI'I

VcompFlag

vreg
{from bus vbus) | ¥
Qmaﬁ
Ipranch emax I
{current through a
define branch, e.g. K + & 1+ 5T, Qe
substation transformer) L 1+ 5Ty,
Qhrnnch
(reactive power through a emin

define branch, e.g. Qumin

substation transformer

(from aggregate turbine
madel or collection point

KC — Slope of wind plant)
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REPC B and REPC_B100

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

{PIant%ZOControIIer%ZOREPC B.htm

e Plant Controller (connect 50 or 100 gens/svcs)

Freeze @ if Vieg < Vi

O K
: 1
v 1 VcompFlag :
L 1 1 1
(rom bus vbus) s el 8~ v
Ibranch s dbd emax .
(current through a 0 /[
define branch, e.g. Kk K; 1+ sTﬂ W
substation RefFlag pt— ext
transformer) Qbranch > e —] ; 5 1+5Tyy (4
(reactive power through emin
a define branch, e.g. Qunin + ¥ + ¥ eeos + ¥
substation transformer) Q > 1 e Q
branch T|1+sT.,,, + 5Ty, al aux wrefl wref2 wref50
(from aggregate turbine L
maodel or collection Kin Kz Kiuso
Smes point of wind plant)
1 1 1
1 - Vmeas 13T, T+sT,, T+ 57,0
2- Qmeas
3 - Reactive PI et o - o
4 - Qext Outputs to REEC_* electrical controller
5 - Pmeas N Freq_flag
6 - Power PI =
7 - Pref ©
Poranen —¥ ——— Kpg + _lg
(from aggregate turbine S
model terminal or collection i
fi
point of wind plant) emin Prain

fdbd1, fdbd2

Freq >
(from aggregate turbine n
model terminal or collection

point of wind plant) Freq_ref 0

Pol Po2 PoS50
(BUS1, ID1) (BUSZ, ID2) (BUS50, 1D50)

Outputs to WTGTRQ* torque controller
© 2020 PowerWorld Corporation Or REEC_* electrical controller o1
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