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ABSTRACT

This paper deals with a new solution for Low vodtagle through of a grid connected DFIG with fieddented control

(vector control). Control itself acting a very Jpart in drives and wind turbine technology. Contod the DFIG when

generating energy in a wind turbine is essentiadl avious. The control techniques used for DFIG aetor control

(field-oriented control) and direct control technig.In vector control of a DFIG, the componentshaf t and the g axis
components of the rotor currents and voltages aeasured with Pl controllers. If a reference fram@ented with the

stator flux is used, the active and reactive pofl@ws of the stator can be measured by indepengdmntiresources of
guadrature and the direct current, respectively.Bgans of the direct current, we can control thevacpower whereas
the reactive power can be measured via the quadeaturrent.A Dynamic modelling of DFIG is presentedour power

system, in way to keep constant power, voltagefrsgiency we use DFIG. In this a complete studjoise to study the
field-oriented control characteristics of DFIG bysing rotor current control loops and grid voltageented vector

control. This system modelled in MATLAB/Simulinkremment.

KEYWORDS: Low voltage ride through, Doubly-fed induction gexter (DFIG), Field oriented control, Wind turbine

power system.
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INTRODUCTION FOR DFIGWIND TURBINE

The DFIG is a variable speed wind turbine togethién induction machine where also rotor is linkedytid. Power is also
provided from grid (or) distributed to grid througttor. This power is called slip power. Frequen€glip power is varied
in such a way that the rotor field frequency istkepnstant. This difference of frequency of slipygo is recognized by
two power electronics back-back converters. Bidiomal flow of power in back-back converters giwesrk in sub
synchronous mode as well as over synchronous ned#-IG the back-back converter is containing o€ anachine-side
converter, a DC link capacitor and grid side cotereiThe part of machine-side converter is to dwitpeed (or) torque of
DFIGand machine power factor. The role of grid sidaverter is to minimise DC link capacitor voltaggple and also
injects reactive power to the line. Operating speedje doesn’t exceed 40% of synchronous speedcdsieand losses of

converters in DFIM are lower in comparison to fadlwer converters. DFIG can activate close to upitwer factor. The
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22 D. Siva Nageswarrao& Y. Bhanuchandar

below figure shows the block diagram of a Vble speed wind turbine system with DFIG.

DEIG Transformer

Gear 2t Grid
Box

AC/—T—1DC
DC—L AC

RSC DC-Link GSC

Figure 1: Variable Speed Wind Turbine with DFIM.

DYNAMIC MODELLING OF DFI G

This system consists of a wind turbine with DFI®eTprinciple of DFIG is that rotor windings areléd to the grid vic
slip rings and backack voltage source converters that controls botbrrand grid currents. Thus, rotor frequency

freely differ from the grid frequency. By using e@mter to control rotor currents, it is possibleattjust active and retive

power fed to gd from stator independently if generator turninget

Ay, dy.,
dt dt .
e A | Se—
98 R.« 44 f R, ‘ur
—ee AN Y Y
+ dy,, dy +
Gy M2 || e—® e ® iy,
. YA A x v
v + . ar
= Ay dy, .
: it
iy R e — || & R. iy |V
R —_AAA YT L VYT e AAA e
Ves| + +
. tv,

Stator

Fig:Electric Equivalent circuit of DFIG

Figure 2
Applying KVL to Stator side
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aff Model

In developing the dynamie model of the DFG, space vector theory is usefalthe basic electric equations of mach
The stator reference frame-f) is a stationary reference frame, the rotor refegeframe (DQ) rotatesaim and the
synchronous reference frame (dq) rotatesosit Subscripts “s”, “r", “a” are used to denohat one space vector is
reference to stator, rotor and synchronous reféacee respectively. By using direct and inversatiohal transformatio

a space vector can be represented in any of theses.

i R, o / 2 R Lo
= AN [ B0 O ANN————
1y 1y,
¥
: ] = [ LM [ “ [
in & 1 Lo O War ig,
— AAAA [T — OO () — AN
dyr dy,
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Figure 3

Applying KVL to Stator side anRotor side using space vector nota

-
W =RJT. + ayts

4 - di

'
oy —r dir,
vV, = R, i, + =

The flux is given by
P=L*i

In space vector notation is given by
|IH -:'| -I|_\
V=L + L, Sutorreerence e

i f wf i -
V= Lm;\ 'TLH, Rotor reference frame

Power expressions
S=P+JQ

By using space vector notation, the apparent pigiven b
S=3/2(V*i)

S = 32[(Varia+ i BV B) +J V B*i o -V a*i P)]
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Active power is
P =3/2(Vo*i a+ip*V B)
Reactive power is

Q=3/2(VB*i a-Va*i B)

The electric powers on stator and rotor side alautzted as follow

Ps = 3/2(Vas*i as + V s*i Bs)

Pr = 3/2(Var*i ar +V Br*i pr)

Qs = 3/2(VBs*i as -Va s*i Bs)

Qr = 3/2(VPr*i ar - Vo r*i pr)
Electromagnetic torque can be found

Tem = 3/2*P*(im)*[ (¥r.ir*)]

Tem = 3/2*P*W Bri ar - Yo r*i pr)

DQ Model

D. Siva Nageswarrao& Y. Bhanuchandar

The space vector model of the DF¢&n also be represented in a synchronously rotétimge

K, jn‘r
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This model of DFIG is derived using space vector notation in synchronous reference frame

The stator and rotor voltages is giver
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Flux expression is given by

-d wd

—»d
lp.\' = L-"'f".‘ + L’”"r

= »( -

W, =Lyi. +Li

The power expression in DQ model is givel
Ps = 3/2(Vds*ids + Vgs*igs)
Pr = 3/2(Vvdr*idr + Vgr*iqr)
Qs = 3/2(Vgst*ids - Vds*igs)
Qr = 3/2(Var*idr - Vdr*igr)
Torque expression is given by
Tem = 3/2*P(Lm/Ls) f(¥gs*idr — ¥ds*igr)]

FIELD-ORIENTED CONTROLLING OF DFI G

Rotor Current Control Loops

Among the different contrainethods that have been developed for theG, only thefield-oriented control method is
studied in this section. TheFO& the DFG is performed in a synchronously rotating dq fraimewhich the ~axis is
aligned, in this case, with the stator | space vector. Mvill be shown later that the direct rotor curremfroportional tc

the stator reactive powand that the quadrature rotor current is propodti to the torque or active stator pow
Vdr =Rr*idr + oLr d/dt*idr —wroLr*igr+ Lm/Ls d/dtpp™ s |
Vgr =Rr*igr + oLr d/dt*igr +wroLr*idr+w Lm/ Ls ™" s |

Assuming that the voltage drog the stator resistance is small, the stator flugomsstant because the stato
connected directly to the grid at constant AC \ge.lt is possible to perform dq rotor currents contsiipply by using ¢
regulator foreach current component. For tiference frame transformation, the an@temust be estimated. The cont
must be performed in dg coordinates, but then ¢ber wvoltage and currents must be transformed Docoordinates. /
simple phasédecked loop (PLL) can be used to perform theor voltage grid synchronization, providing robiesta to the
estimation and a rejection of small disturbancehamonics. The current loops work with the rotorrents referred t
the stator side, while the conversion to r-referred quantities is prmed at the measurement stage for the curremt

before the creation of the pulses for the convdaethe voltages
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Figure 5: Current Control Loops of DFIG.

Power and Speed Control Loops

Once the current control loops and the flux anglkwdation have been studied, the complete corgystem can b
introduced. As the dxis of the reference frame is aligned with théostux space vector, the torque expression indip

frame can be simplified as follows:
Tem = 3/2 p Lm Lsyqgs*idr- yds*iqr).
Tem =3/2 p Lm Lsyy” s |igr. > Tem=Kt*igr

This means that the g rotor current component dpgntional to the torque, that is, with iqr it isgsible tc
control the torque and, consequgnthe speed of the machine if the applicationurezs it. In a similar way, b
developing the stator reactive power expressiahéndq frame, we obtain a compact expression, widebals that idri

responsible of Qs.
Qs = 3/2 (vgs*ids- vds*igs).
Qs=-32LmLsTy s |Jidr- jys| LmL. Qs =KQ*idr- |ys| Lm[]

Therefore, it can be seen that both rotor curremiponents independently allow us to control theueranc
reactive stator power. However, with the Qs loops ipossible to contr the magnetizing of the machine. As discus
before, because the stator of the machine is coeshedirectly to the grid, the stator flux amplitude constant an
provided by the grid voltage[ s | = yds=Ls*igs+ Lm*idriyds = 0 = Ls*iqs+ Lm*igr The tator flux level |-— ys|
must be created by choosing ids and idr, distriiguthus the required amount of current betweendta and the statc
The equivalent closelbop systems of the Qs awm loops, assuming that the current loops have haed much faster
than the external loops and neglecting converteadcs or measurement and computing delays. lbeaseen that tr
simplified closedoop systems yield into a fi- and second order system that can be tuned by ctipts appropriat
gains of the PI regulators.Finally, the most repnésiive magnitudes of a vector controlled G, operating at constant
torque in motor mode at variable speed. The staittage is kept constant owing to the direct gmehrection, while th
stator currats are also constant because Tem and Qs are mathtzonstant. The speed ramp performed at thelenaf
the experiment provokes the variation of the ratoitage and currents, which yields a variation teé totor active an

reactive powers.

Impact Factor (JCC): 6.3625 NAAS Rating 2.96



Low Voltage Ride Through of a Grid Connected Doubly Fed I nduction Generator with Field Oriented Control 27

FOC OF THE GRID SIDE SYSTEM

Control is a necessary part of the grid side systarthis section, iFOCbased schema is studied. This conmethod is
widely extended among the control strategies fad gonnected converters. It provides good perfocaacharactristics
with reasonably simple implementation requiremenitke field-oriented controlmethoc follows the philosophy of

representing the systetmat is going to be controllein our case the grid side systéma space vector forr
Grid Voltage Oriented Vector Control:

The grid side converter is in charge of controllppayt of the power flow of the DG. The power generated by the wi
turbine is partially delivered though the rotortbé DFG. This power flow that goes link and finally istsamitted ly the
grid side converter to the grid. The simplified dkodiagram of the grid side system, together witbchematic of it:

control block diagram, is given lmelow.

The pulses for the controlled switches (Sa_g, SIsa,g) of the 2-VSC, that is, theoutput voltage of the
converter, are generated in order to control thebD€ voltage (Vbus) of the DC link and the reacfesver exchange
with the grid (Qg). This is done, in general, aciog to a closed loop control law. Some typicaltcols are vetor control
or direct power control. However, this section ostydies the grid voltar-oriented vector control (GVOVC). Control
Vbus is necessary since, the DC link is mainly fednby a capacitor. Thus, the active power flow digftothe rotor mus
cross the DC link and then it must be transmittethéogrid. Therefore, by only controlling the Vbuariable to a constai
value, this active power flow through the convester ensured, together with a guarantee that bathagd rotor side
convertershave available the required DC voltage to work prbp Therefore, the grid volta-oriented vector control
(GVOVC) block diagram is shown in belc

Figure 7 showshe Vbus and Qg references, it creates pulsehécontrolled switches Sa_g, Sb_g, and S
Thus, the modulator creates the pulses Sa_g, St g from the abc voltage references for the gdd sonverter: V*af
V*bf, and V*cf. In this way, theselx voltage references are first created in dq doatds (v*df, v*af), then transforme
to ab coordinates (v*af, v*bf), and finally generahe abc voltage references. Then, the dq volefgeences (v*df, v*a

are independently created by the dq cnt (i*dg, i*qg.) controllers.

Sersee St Se_s

Winean Grid Voltage

Oriented

Wector Control

I *
L7 o,

Figure 6: Grid Side System Control.
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T

Figure 7: Block Diagram of GVOVC.

ANALYSIS OF VOLTAGE DIPS IN DFI G

Voltage dis are the most common power disturbance. A Volthgis a short temporary drop in the voltage magnitinc
the distribution or consumer@aectrical system. It may be caused by varioustdainl the transmission and distributi
networks, huge current drawn in another part of gistem due to an overload a short circuit, energizing of
transformer, starting machine or any other tempohégh current intake systems. Due to voltage samis in the DFG
based in wind turbine, two major issues are geadratthe DFG based wind turbine. The first one stator and rotor over
current, and the second one is over voltage oadunr¢he DC link.The nature of voltage dips can be influenced by
symmetry of a network fault. Two types of voltagpsdare depicted: Symmetrical voltages and asymmetrical voltage
dips.

Symmetrical Voltage Dips

A voltage dip is a sudden drop of one or more galtphases such a dip is said to be a -phase symmetrical or balanc
dip. If the drop is same in three phas&sthe time of starting high cient or high inrush currents should be taken by

equipment such as transformer, welding machineduanaces, heavy loa
Symmetrical Voltage Dips Analysis in a Wind Turbine Based oIDFIG

Generally, voltage dips are performed at source. In normaloperation the stator voltage is reduced suddengntaller
value. In order to keep this voltage, the statox ftan develop rapidly a smaller value. To avoid gfroblem there is

solution to protection i.e. crowbar protectionthis case we have osen one diode bridge, one switch and one res

In the Simulink first we have to create the voltadjp for resistance by including harmonic whichthe
fundamental. For positive sequence we have to applyimes more than phase shift, voltage |ction is 0 to 3 and after
time 3sec this can appear. The remaining voltaggidfis 0.1 and create ramp 15pu/sec and varigitoa is 3.5 till 4.17
Now include a crowbar protection and connecting itontrol this element we use step signal. We rto implement the
control of RSC. Once voltage protection is detet¢heth crowbar protection is activated by meanssistance. The stat
flux is damp quickly.The RSC but in general the grid codes tell us tiestd to provide all the currents we can cr
reactive current id reference.
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Asymmetrical Voltage Dips

A voltage dip is not same in all the three phaseshsa dip is said to be unbalancor asymmetrical dip. The ma

common faults for electrical networks are singhe lto ground short circuit, short circuit between tines
Asymmetrical Voltage Dips inWind Turbine Based DFIG

In this the control strategy used is dual vectartm. Weneed positive and negative sequence of voltageaménts tc
the DFIGwe should include negative sequence current lin orderto proper control of the generator. The below fe&
shows the dual vector control block diagram of G.

An unbalanced/oltage implies the presence of a negative sequtratecauses oscillations in the torque, ¢
currents in the stator and over voltages in therrdthe most of these problems can be overcomeshgtive sequence
the current references. The curreaferences are the addition of two seque- one synchronized with the positi
sequence of the grid voltage, and the other symited with the negative one. The original contoap is then substitut
by two control loops, one working in a positivetating reference frame and the other working inreuersely rotating
frame. This method is called dual control methdae Below figure shows a typical schema of a duatrob The boxes il
light gray are the two current controls: the tope aegulateshe positive sequence, while the bottom one reguldte
negative sequence. The measured current must keirgpl its two sequences before introducing ittte curren
regulators. Represent the voltage dip a symmetriclihge dip that one to be emie in our system. We left positi
sequence we use fundamental and harmonic generhtiorder to create a symmetry, we are going tofiist order witr
an amplitude of 0.2 for resistance and phase 6foft negative sequence voltage. For negative snce we represent the
control loops at grid voltage.

Figure 9: Dual Vector Control Block Diagram of DFIG.
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SIMULINK DIAGRAM
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SIMULATION RESULTS

Consider a DFIGrased wind turbine system having Normal power o2V erminal voltage of 690V is connected
120Kv,50Hz Grid via Two step up Transformer of mgti690V/25Kv and 25Kv/120Kv. The normal wind spes(
10m/sec. No of poles pairs is 2. Nominal DC linHtage is 1.Xv. DC link capacitance is 10mF. Stator resistais
0.0048 p.u and Rotor resistance is 0.0044 p.u. Mimgluctance is 6.77 p.u inertia coefficient is3dec
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CONCLUSIONS

The DFIG with variable speed ability has higherrggecapture efficiency and improved power qualityl asoltage. The
DFIG are more advantages in wind power systemsGDMhd turbine equipped with Field-oriented contdelscribed in
this paper is able to provide LVRT and wind turbistay connected to the grid and limits the rotorrents in an
acceptable range. The FOC regulates the activereaxdive power by setting reference rotor dgq curoenmponents in
synchronous reference frame. The reference framéeariented with stator flux or with grid voltageenerally, voltage
dips are performed at source side. In normal ojperatator voltage is reduced to small value, iheotto keep this voltage
a stator flux can develop a small value. To avbid problem a crowbar protection is used. In ttipgy a FOC method
topology is explored. The dynamic performance witloposed controller is investigated using voltagg snd step
response to reactive power injection. Simulatiod amperimental results verify the effectiveness aiability of the
proposed method.
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