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Wind Turbine ModelslEC 6140027-1

1. General

This document describes the usage of the wind turbine generator (WTG) by NEPLAN power
systems analysis tools on the base of [1].

Four different types will be described by splitting in nine models. All parts of the dynamic
models are listed in the following Tab.1.

Block/Functionality WTIAWTIL1EB WT2|WT3AWT31IAWT3BWTAAWT41AWT4H

Generator System (Induction Gen.) P P P
Generator System Type 3A P P
Generator System Type 3B P
Generator System Type 4 P P P
Aerodynamic (Const. Aero Torque P
Aerodynamic (One-dimensional aero model) P P
Aerodynamic (Two-dimensional aero model)
Control (P control type 3) P P P
Control (P control type 4A) P P
Control (P control type 4B) P
Control (Q control mode)
Constant Q limitation model P P P P P P
QP and QU limitation model P
Control (Pitch control power model) P P
Control (Pitch angle control model) P
Control (Rotor resistance control model) P
Mechanical (Two mass) P P P
Control (Current limitation model)
Reference frame rotation model
Grid Protection P P P P
Tab. 1: CGMES Blocks/Functionalities Overview
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2. Model Configuration
In this chapter the configuration of four different WT types with their correspondent models will
be described for the dynamic test systems.

2.1. Type 1

The WT type 1 (Fig. 1) is described by an asynchronous generator directly connected to the
grid (without power converter). There are two subtypes, WT1A and WT1B: WT1A includes a
fixed pitch angle, WT1B includes UVRT pitch angle control.

Jﬁl
‘ WTT
| {
I T
,-’/ N —~ 1 |
‘ \\ _,/'II CB |
| — MsC
v AG =
WTR I

Fig. 1: Main electrical and mechanical components of type 1 WTs [1].

The NEPLAN system descriptions are in Fig.2 and Fig.4, respectively for WT1A and WT1B,
some results are shown in Fig.3 and Fig.5.

ref. TEC 61400-27-1 (Committee Draft 2014)
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Fig. 2: System description WT1A
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Fig. 3: Some resultsby WT1A simulation

ref. TEC 61400-27-1 (Committee 201

Fig. 4: System description WT1B

Fig.5: Some results by WT1B simulation
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Output variables for RESULTS of WT1A from Fig.6:
1 Active and reactive power of generator system;
1 P_aereo;
1 Generator speed (Wgen) and Mechanical speed (WTR).

Mechanical two mass model Grid {
Aerodynamic constant aerodynamic protection ‘
|
f I
‘i;‘N Fll ' :
Jn |
I ,
Aerodynamic Mechanical - Generator — gl E!gczrical <—>: z,l
T -—p,,— system Ipm equipment |
Fig. 6: Modular structure for the type 1A WT model [1].
Output variables for RESULTS of WT1B from Fig.7:
1 Active and reactive power of generator system;
9 Pitch control power;
1 Generator speed (Wgen) and Mechanical speed (WTR).
Grrid
protection Mechanical two mass model
Controls pitch control power

*
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—p, — system fgun equipment 7
Faar By

| v

Control

Fig. 7: Modular structure for the type 1B WT model [1].
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2.2. Type 2
The type 2 WT is similar to a type 1 WT in many aspects. In type 2 the turbine is equipped with
a variable rotor resistance (VRR) and normally with pitch power control, it is shown in Fig.8.

f

I
T

| & ) {

L.
[

v VRRAG
WTR
Fig. 8: Main electrical and mechanical componerg of type 2 WTs [1].
The NEPLAN system is shown in Fig.9 and some results are shown in Fig. 10.
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Fig. 9: System description type 2 WT

161 == Generator system + Mechanical-W []

0980+ | 965

T T T T T T T T T T T T T T T T T T T T T T T T T 1
000 020 040 060 08 100 120 140 160 180 200 220 240 260 230 3.00 320 340 360 3.80 4.00 420 440 460 480 500
Time

— Generator system + Mechanical-P1 []
— Generator system + Mechanical-Q1 ]

T T T T T T T T T T T T T T T T T T T T T T T T T 1
000 020 040 060 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
Time

Fig. 10: Some results by WT2 simulation.
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Output variables for RESULTS of WT2 from Fig.11
1 Active and reactive power of generator system;
9 Pitch control power;
1 Generator speed (Wgen) and Mechanical speed (WTR);
1 Rotor resistance control (r_rot).
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Fig. 11 Modular structure for the type 2 WT model [1].
2.3. Type 3

The type 3 WT (Fig.12) uses a doubly fed asynchronous generator (DFAG), where the stator is
directly connected to the grid and the rotor is connected through a back-to-back power
converter. There are two subtypes, WT3a and WT3b: WT3a is without crowbar protection,
WT3b is with crowbar protection.
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Fig. 12: Main electrical and mechanical components of type 3 WTs [1].

For type WT3a two different cases are considered, WT3A and WT31A. The difference is in the
aerodynamic torque model: WT3A includes one dimensional aerodynamic model, WT31A the

two dimensional one.
The NEPLAN systems are shown in Fig.13and Fig.14 respectively for WT3A and WT31A.

Some results are shown in Fig.15

ref. TEC 61400-27-1 (Committee Draft 2014)
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Fig. 13 System de<ription type 3A WT.
ref. IEC 61400-27-1 (Commitee Draft 2014)
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Fig. 14: System description type 31A WT.
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Fig. 15 Some results by WT3A simulation.

The NEPLAN system of type WT3B is shown in Fig.16 and some results are shown in Fig.17.

ref. TEC 61400-27-1 (Committee Draft 2014)
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Fig. 17: Some results by WT3B simulation.
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Output variables for RESULTS of WT3a from Fig.18and Fig.19:

1

1
1
1
1

Active and reactive power of generator system;
Aerodynamic one dimension (P_aereo);

pitch angle (Theta);

Generator speed (Wgen) and Mechanical speed (WTR);
Active power control (Ipcmd and Igcmd).

Output variables for RESULTS of WT31a from Fig.18and Fig.19:

)l

1
1
1
1

Active and reactive power of generator system;
Aerodynamic two dimension (P_aereo);

Pitch angle (Theta);

Generator speed (Wgen) and Mechanical speed (WTR);
Active power control (Ipcmd and Igcmd).

Output variables for RESULTS of WT3b from Fig.18and Fig.19:

)l

1
1
1
1

Active and reactive power of generator system;
Aerodynamic one dimension (P_aereo);

Pitch angle (Theta);

Generator speed (Wgen) and Mechanical speed (WTR;
Active power control (Ipcmd and Igcmd).
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Fig. 18: Modular structure for the type 3 WT model [1].
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Fig. 19: Modular structure for the type 3 WT control malel [1].

2.4, Type 4
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Generator system WT3A or WT3B
Mechanical two mass model

Aerodynamic ldimensional or 2dimensional
Controls Pcontrol type 3

Controls Qcontrol

Controls Qlimitation (const or QPQU)
Controls Current limitation

Controls Pitch angle control

The WT type 4 (Fig.20) uses either synchronous generators or asynchronous generators, and
they are connected to the grid through a full scale power converter. There are two subtypes,
WT4a and WT4b: in WT4a the aerodynamic and mechanical parts are neglected, in WT4b the
two mass mechanical model is included, but assuming constant aerodynamic torque.

SGor AG

L%}

\

ca

Fig. 20: Main electrical and mechanical components of type 4 WTs [1].
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For type WT4A two different cases are considered, WT4A and WT41A. The difference is in the
Q limitation control: WT4A uses constant Q limitation control, WT41A the QPQU Q limitation
control.

The NEPLAN systems are shown in Fig.21 and Fig.22 respectively for WT4A and WT41A.
Some results are shown in Fig.23.

Fig. 21: System description type 4A WT

Fig. 22: System description type 41A WT.
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