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Abstract—In general, Variable-Speed Constant Frequecy The VSCF wind power generation system is
(VSCF) Wind generation system is controlled by stair Compri_sed of wind turbine, gear boxes, DFIG, AC
voltage orientation method which based on the matmeatic ~ €Xcitation convertor, the back-to-back PWM converte
is often used in the system. As see the figure AeWV
the rotor speed varies with wind varying, the
frequency of stator current can be maintained by
regulating the frequency of rotor AC excitation
current. Comparison with the general wind energy
generation system, because of equipped transdticer o

Keywords—Variable-Speed constant-frequency; model; VSCF AC excitation doubly fed Wind_ energy
wind turbines ; control system; vector control generation system located at rotor loop, it notyonl
possesses the characteristics of small cubdigbt

weight and low cost but also realizes flexible
connection of mechanical-electric system, whichyonl

1 Introduction deals Withﬂffl:iep_p;igs\/ever in double direction.

power
network

model of VSCF Wind generation system and discussete
control strategy. Present the whole dynamic contromodel
of variable-speed wind generator system in MATLAB/
Simulink, and the simulation results confirm the vdidity

and effectiveness of the proposed control stratgg
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In Wind turbine generator system (WTGS), one of
the operational problems is the changeability and .__
discontinuity of wind. In most cases, wind speed ca {
fluctuate rapidly. Hence, Improving the quality of

output power, torque regulation and the operation == >
efficiency of wind power generation depend on the
changes in wind speed is the key technologies of Fig 1 double-fed variable speed wind turbines

WTGS. Output power of a wind turbine is expressed by
According to the operating characteristics andthe following formula, which determines the

control technology, the wind power technology can b power-speed characteristic of a wind turbine

divided into constant speed constant frequency and 1

variable speed constant frequeHl:.yI'he VSCF wind Fu _E Cp (/],,B)D,OA,RDAD\f
generation system with Doubly-Fed Induction

Generator (DFIG) that can capture the maximum wind
energy is becoming the hot point of study. determined by the aerodynamic lawg),is the air

The simulation model of VSCF wind generation density, A is the swept area of the turbine bleafes
system is developed in this paper, with the ansalysi Vis thelwind speed (m/s)

and compares of the different control strategide T The performance coefficient depends on both the

simulation modules are made in MATLAB and the . h | d the i d ratiod0. The ti
simulation results are analysed. The control disate pitch angle (3) and the tip speed ratiod(). The tip

can get the biggest power coefficient at variousdwi Speed ratio is calculated by using blade tip spereti

Where Cp the performance coefficient

speed. wind speed upstream of the rotor, as in the folhgwi
formula:
2 Characteristics of VSCF =R
\Y,
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where R is the blade radiugy, is the rotational L Odi, /dt = —Ri, + wLi, —S,u,.+ Uy
speed and K is the tip speed ratio. L Ddiq/dt = —-Ri, + wLi, _Squdc+ U,

3., 3. .
3 The mathematics of DFIG COdue/ dt=2 S1+5 Si- L
In two phase synchronized rotation coordinates

The mathematics model of DFIG can be given as(d., q system) fixed the d-axis on the direction of grid
the following equations under the synchronizationoltage vector direction. From this we get the

reference frame. expressiont, =U.; U, =0;
Voltage equations q

_ : So the input current is:
uds - _Rslds_ p// ds+ CL{(,[/ qs

! L Odiy /dt = =Ri, + wLi, — vy + U,
Ups = R-slqs qu WY g LDdiq/dt:_Riq-l'c‘JLid —Vq
U, = R be t Wy _a)swqr

Where Vy = S;V,.: v, = S,V
U, =Ri, + 1, tQy RS
ar r ar SFdr As DC-bus voltage is significant for AC-DC-AC
Flux linkage Equations: converter system operation. So the dominant control
=Li.+L (i =i )=Li —Li object was to get the stability of DC voltage.
Yo =bdatLall o7l d sds T me Type makes clear onthe grid-side converter can
Y=L tL m(i ol q) =Lig L, be controlled by voltage feed-forward decoupling
_ o ] ) schemes. The control strategy is shown in Figure 2.
Y, =Ly +L, (Idr —Ids) =L gLk The system adopts the speed and current central
o e N , double-loop control structure. In the outer-loop
Wy =Ly +L, ('qr _Iqs) =L1g L g controller, DC voltage is compared with the given,
The power equation of rotor and stato:r and regulated by the PI controller using active
P = udgids+qui I command currerif, in order to unity input power
Q, = Ulige— U fi factor, it madei; =0, the control voltage can be
P =u, i, "'Uquiqr obtained by PI controller after compard@ and
Q =y, iy, — U, Diq i('fwith the reality current in the inner current loop
r r r r r

control system. The output voltage produce SPWM
wave through coordinate transformation after

4 The model and control method of . o nling compensation.

VSCF 4.2 The control of the rotor-side convector

The control system of VSCF wind generation @hd DFIG
system is a high order, nonlinear, time-varyingesys In order to make full use of the wind energy and
In order to simplify the controller, the system B0 5chieve decoupled control between active power and
vector cgr_ltrol s_cheme. The vector cc_)ntrol in commOon eactive power at stator port, the target of VSGdw
use is d|V|_ded into the stator field-oriented atatay generation control system is realizes the contrthe
voltage-oriented vector control. The stator flux excitation current of the rotor. So, the controlled

Iinll<tage _obsteglver Cta” bet ?mitiﬁd in sltatofr member is DFIG, the performer of control command
voltage-oriented  vector control, the angel of .
g g is the rotor-side PWM convectgt.

coordinate transformation can be calculated by The model as follows:
measured Grid voltage. Hence, This paper adopts A .
g pap P In order to simplify control, the stator voltage is

stator voltage-oriented vector control. . . ) .
9 orientated the d-axis of rotating coordinates. tgno

4.1 The model and control method of the the stator resistor, we can get:
grid-side converter u, =U, Ye=U /=y,
The Model of the grid-side converter as follows: Uy = 0’ (//qs =0

The mathematical model of the grid-side
converter is established under the synchronization
reference frame.

The equation thus becomes
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— ; ; The velocity control mode has the advantage of
= + + -
Uar (R bp) b ws( Y, bhf) capturing maximal wind energy and constant velocity
Uy = ( R+ bp) j” +a) bj, control, but power control mode is preferable
_ to constant power control. Thus, the control sthate
P.=3/2U4 of DFIG in this paper: At below rated wind spedt t
Q =3/2U i controller adopts velocity control mode to capture
s s as maximum wind energy; the system uses power control
Where b= L, (1_ ern/LsL ) LWty mode to keep the rated output power above rated win

speed. As see the picture 5.
a=L,/L,
Starting from this expression, show that stator rea5  Simulation
and reactive power is in proportion to the d and g
components of the stator current. The d and q According to the analysis above, the simulation
components of the stator current is influencedi®y t modules of VSCF Wind generation system are made

control voltage (J; « U, ) and coupling voltage. i MATLAB as shown in picture 6. The key

Hence, the controllers need to add the feed forwarcP arameters of syste_m are set as: . )
i Power system is three phase, frequency is 50Hz;
compensation.

According to different wind conditions, the the peak voltage of the high-voltage side is 3.5

. . _3 .
operation of variable speed Wind turbine generatorPeak voltage of the low-voltage side is %29 "kV;
system can be divided into four stages: the startin Rated Wind Speed is 13m/s; the rated voltage of
stage, constantC, region, constant rotate speed DFIG is 575¢10°kV; Rated power is 1500KW; DC

outputs and constant power outputs. voltage is 1200V.

. Based on the finished model, the VSCF Wind
P Popt generation is simulated under different wind speed,
D onstam and t_he curves o_f output power, DC-voltage andrroto
constant i.",f.”,?/ \\ veIO_C|ty are obtained seen in Flgur(_e 4, 7 Thelmsu
/- \S\ \ of simulations show that the model is r_ellable tid
iy w\..s.a.,\fa.,\r@fi(... control method has good ctrol effectiveness.
_2Z7 d cs:a\l'tTng Q-\thgc AN \\\ ;
O A rotor speed

Fig 3 The relationship between rotor speed and power of
wind turbine generator in different wind-speed

The control system can divided into power control
mode and velocity control mode.

The power control system included the stator
active power and current central double-loop cdntro
structure. Inner current controller responses dyittk
power change, the stator can rapidly obtain expecte
power, then end the current adjust. But it doesadn
that the system is stable. In dynamic process, the
difference between wind turbine input mechanical
power and stator output real power can be resolved
into accelerating power of shafting and rotor activ
power. With the changes of the rotational speed,
accelerating power decrease, rotor active power
increase until balance. This transient processidezd
electromagnetic energy and mechanical energy is
depended on the dynamical characteristic. Heneg, th
equilibrium process of shaft torque is not consiolé,
especially torque inertia of generator is big. Work
revolving speed control mode, the speed is outsy lo

] 10 20 0 40 50

velocity feedback. The velocity feedback velocity Fig 7 from low-wind spee to high-wind speed
feedback velocity feedback make dynamical
characteristic involved in the closed loop control 6
system, the equilibrium process of the active power
and torque is controllable.

Conclusions

It is demonstrated by simulation results that the
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control system can capture the maximum wind cteristic study of integrated DFIG and its frequeconverter
energy, provides the steady DC voltage, as well agower and Energy Society General Meeting Converaiuh
rotor velocity has good following. The minor wind Delivery of Electrical Enemy in the 21st Centuryp8a
changes have a little effect on output power.[7] Li Jing, Song Jiahua, Wang Weisheng. Modelingd a
Simulation results verify the validity and feasityilof dynamic simulation qf variable speed wind turbinghwarge
the novel control strategy. This control strateguld ~ ¢apacity [J]. ProceedingsoftheCSEE, 2004, 24(6): 1K)
satisfy the demand of the VSCF Wind generation,[8] T. Sun, Z. Chen and G. Blaabjerg, Voltage Recpveir
which is the base for its application in practice. Grid-nected Wind Turbines with DFIG After a ShortZiit
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Fig 5 after grid-connection, the vector control systeochkldiagram of double-fed variable speed wind nebi
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Fig 6 the simulation model double-fed variable speecdivirbine





