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The concept of the Doubly-fed
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Features

Transta

* Wind turbine

* Pitch control mode

* Speed control model

* Voltage control mode

* Crow-bar protection model

Aimed for transient studies of wind power,

3rd order model including rotor transients
* Single mass model
Users give DFIG data and wind profile
Flexibility to exchange any of the models

Step-up transformer outside of the DFIG model
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Data for DFIG model

* Wind turbine data
* Lengths of the blades
* Nominal angular speed

* Efficiency curves (Cp/A-curve) for the blades and
different blade angles

* Generator data
* Sn, Rs, Xs, Xm, etc.

* Inertia constant, H, includes the mass of the wind
turbine

* Total Power/Rotor speed-curve given as:

Wr=a*P2+b*P +c
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Efficiency curve (Cp/A-curve)
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Power Coefficient C, with blade pitch angle 6(Y at slide #4) as a parameter.
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Total Power/Rotor speed-curve

Total power, Pg (p.u.)
°

Wr=a*P2+b*P +c
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Simulation of Wind Variations

Used data of the 2 MW DFIG

* Wind turbine * Generator (typical)
* Blade lengths 36 m * Rated power 2.05 MVA
° Blade weight 10 tonnes ° Rs=0.01pu
* Nominal angular speed * Rr=0.009 pu
1.88 rad/s, i.e., 18 rpm * Xs=0.18 pu
* Total power/Rotor speed " Xr=0.07pu
* Xm=44

* Wr=a*"P2+Db*P +c
* a=-0.63

* b=1.40

* ¢=0.52
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R2 =0.03 pu (3*Rs)
X2 =0.25 pu (Xs+Xr)

H =5.5s (based on the
heavy wind turbine)
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Simulation of Wind Variations

STRI AB test system for doubly-fed induction generators
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*  Wind speed in black — starts at 9.3 m/s, goes up to 12.5 m/s and ends at 6.5 m/s
g ° Generated power in red — starts at 0.49 pu, goes up to 0.99 pu and ends at 0.15 pu
§ 2 Rotation speed in blue — starts at 1.04 pu, goes up to 1.30 pu and ends at 0.72 pu
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* Generated power in black — starts at 0.49 pu, goes up to 0.99 pu and ends at 0.15 pu
g © Stator real power in red — starts at -0.47 pu and varies between -0.77 pu and -0.22 pu
§ 2 Rotor real power in blue — starts at -0.02 pu and varies between -0.22 pu and +0.06 pu
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Simulation of Wind Variations

STRIAB test system for doubly-fed induction generators

NC MA1 QG PU
ICMA1 QS PU

NCMA1 QR_PU
+ X
&
g L =
= = 5
i
o ol B
i .
o P
o o §
o (= - N
. 1 :
o o B
= o ¢
S o &
&
sl =l S
B g
o = 8
e [e.02207 0 1307936 01 |
2|
_ Uiy o [E) E 30 EL] =0 &E £l EL) [0 1a0

TIME SECONDS

S_[F\"\il JOB TEST-DFIG DATE 18 NOW 2005 TIME 12:14:37 DIAGRAM 3 SIMPOWS 10,2103
* Consumed Mvar in black — 0.0 pu as unity power factor control in rotor circuit
g © Stator Mvar in red equal to consumed Mvar i.e. 0.0 pu
£ 2 Rotor Mvar in blue — starts with 0.01 pu and varies between -0.11 pu and +0.07 pu
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* Efficiency Cp in black — 0.5 pu as optimum and decrease to 0.41 pu at active pitch
§ ° Mech. torque in red — starts at 0.47 pu and is reduced at active pitch
£ 2 Blade angle in blue — starts with 0 deg and increase to 4 deg at active pitch
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