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Abstracd The wind power is a pollution free source of
energy. In this paper we have focused on analyzing the
performance of wind power in conventional system under
various scenarios. Here we have introduced a wind power in a
power generation and transmission system alongside the
conventional 3phase sources and have simulated its working
and performance. The wind power is made to work in tandem
with the regular supply. In case of faults occurring in the
system wind power is g8ed to act as backup for the original
supply. Also in case of extra power demand in peak time
periods, it has been used to complement the power sources
there by maintaining the power quality and frequency in the
system. To analysis the performance oDFIG wind system
during three phase fault there is twocases(i) Performance
analysis of DFIG during fault at fixed wind speed (ii)
Performance analysis of DFIGduring fault at variable wind
speed All these scenarios have been simulated with the help of
the simulation program using MATLAB and its inbuilt
components provided in SIMULINK library .
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Rotor Side Converter (RSC), StatorSide Converte (SSC),
Pulse Width Modulation (PWM), Wound Rotor Induction
Generator (WRIG), Voltage Source Converter (VSC).

|l. INTRODUCTION

In last some years more attention has been focused on
induction generators for low and medium power
application because they have attractagvantages over
conventional generators such as low unit cost, less
maintenance robust construction etc. One way of
generating electricity from renewable sources is to use
wind turbines. The most common type of wind turbine is
t h e -speed dind turbine ith the induction generator
directly connected to the grid. This system has a numbe
drawbacks, however. Theaetive power and, therefore, the
grid voltage level cannot be controlled .The DFIG is the
same as the WRIG system except that variable resistance in
the rotor circuit is replaced by a gridnnected power
converter system &there is no need for the soft starter or
reactve power compensatioand also the power factor is
adjusted by power convertigself [1].
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The use of convertors also allows bidirectional power
flow in the rotor circuit &increase the speed range of the
generator (extended generator speed range +30%), also
improved the overall power conversion efficiency. Doubly
Fed Induction Generators (DFIG) are particularly suitable
for isolated operation like wind developments. The dwin
generation includes fixegpeed system as well as variable
speed system [2]. The variablespeed wind power
generation is mostly used in wind power generation
development because it can operate on the mmaxi
power point of themachine[3, 4]. This systeminclude
synchronous and asynchronous generator. In wirinies
based on DFIG, the induction generator statde is
directly connected to the grislde and the rotoswside is
excited by three phase converter which can regulate both
active and reactivequwer of stator machine through control
of dg-axis rotor currents. The rated power of the biek
back converter is smaller than timeluctiongenerator rated
power,so that backo-back converter alwayspecified by
the slip power, which is approximatelyp® of the rated
power of the generator.

Il. WIND ENERGY

Wind energy comes from wind turbine blades and then
transferred to a gear box (to match the high speed generator
with low speed turbine blades) & the rotor hub to provide
mechanical energy to the shafthe shaft drives the
generator to converts the mechanical energy in to electrical
energy. The power of an air mass flowing at spéed
through an area A can be calculated by

Power =density of air * swept areavelocity cubed

2
p .
0 —3!'0
C } p
Where, P is power inwatts (W) i s t he air

kilograms per cubic meter (kgfiA is the swept rotor area
in square meter (MV is the wind speed irmeter per
second (m/sBut the turbine model is based on the power
captured by the blade &converted into mechanical energy.
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Where R is the mechanical power output power in
watts & G is the power coefficient of the blade which
depends on the tip speed rafios-) & bl ade
( b » de€ides how much energy can be captured by wind
turbine system.

To get maximum Cpin this paper turbine system, for
different wind speedsthei t ¢ h aigfige.e b =0

Ill. DFIGWIND MODEL AND EQUATIONS

The DFIG typicallyoperates about 30% above & below
synchronous speed, sufficient for most wind speed
conditions. It also enables generator side active power
control & grid side active power control. In the DFIG
model of wind system controlling techniques of power
converters(wind energy power converters) in which the
realand reactive pwer are controlled separatelyhe wind
turbine drives DFIG wind system consistsasfInduction
generator (WRIG) and aAC/DC/AC IGBT based pulse
width modulated(PWM) converter (batt-back converter
with dclink capacitoy or we can say that two levels IGBT
voltage source converter (VSC) system in a back to back
configuration is normally usef8,5]. Since both stator and
rotor can feed power to gird, the generator is known as
doubly fed indiction generator (DFIG).It has two main
parts ,the rotor side converter control (RSC), which
controls the torque or active/reactive power of the
generator and, grid side converter controls (GSC), which
controls the DC link voltage and its A€lde reactive
powef6,7]. An equivalent circuit of DFIG wind system in
Fig.1 & Fig. 2a, 2band relation equatiori8] to voltage V,
current I, f I ux -magnetik targue J, q,
are asfallows. Fig. 3 & 4 shows the rotegide converter
control of voltageblock diagram and simulink model
respectively andrig. 5 shows the equivalent circuit of
statorside converter choke.
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Fig.1 Wind Turbine DFIG System Configuration

d-q Reference frame model

Voltage equations

Vs=Vast] Vs ()
ls=lastjlgs (6)
Q= st j o4 (7)
Vi=Vartj Vgr (8)
lr=lartjlgr 9)
a= @+ jqd (10)
V= Rlad ¥t — PP
VR gst B Qast—— P
Va=Rlgl s ¥act —— po
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Fig.2b g-axisModel
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Qas=Ldl gstLmld (15)
gsLdlgstLmlgr (16)
Qa=Ldd+L plgs a7
Qq=Llg+Lnlq (18)
Electromagnetic torque equation
Ter=3M/2 ( @od Qodad (19)
Where  L&Ligtlp, (20)
L=Ly+L (21)
s ¥= %1 ¥, (22)
Qu=(Ved Rdgd /s ¥ (23)
Qu=(Ved Rl / QT ¥ (24)
= q + q (25)

The subscripts r, s argl d represents the rotor stator, q
axis, d- axis components respectivelfl,, is electro
mechanical torqud, , & J aregenerator mutual inductance,
and the inertia coefficient, respective.

Idr_ref: - q (26)
P_ref: PoptT Ploss: Te ¥y (27)
PossRs) +R;) +Rc) +F¥ (28)

WhereR; F and |y, are choke resistance and friction
factor, statorside convertecurrent P ¢, Poprand Pyoss are
reference active powerdesired optimal outputactive
powerand system power loss

Qo= Vs Lmlg) /Ls (29
Qo= Vhslgs (30)
6 =Rl S¥s(Ldgtlnlod 31)
6 =Rlg+Srs(Ldgtlole) (32)
VacVa = 6 +6 (33)
VgeVy = 6 +6 (34)
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Fig.4 Simulink Model of Rotor-Side Converter Voltage (Vang rc )
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Fig.5 Equivalent Circuit of Stator Side Converter Choke

Viase= Vad Vaen (35)
Vgse= Vad Ven (36)
6  =Rclusd ¥obclgse (37)
6 =Rt Wlowe (g7 (39)
Vigsc=Vas- 6 - 6 (39)

Fig.6 Stator-Side Converter Control Scheme
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ase_rer When the converter transforms an AC grid voltage with
e fixed magnitude and frequency to an adjustable DC voltage
':’: vase for a DC load it is normally known as an active rectifier or
@ Vabe_se PWM rectifier [9]. Whether it serves as an inverter or a
&= v rectifier the power flow in the converter circuit is
Subayetem bidirectional the power can flow from its dc side to ac side
7,:. and vice versa. In wind energy camgion systems, the
S ——otvae_mes Vaac converter is often connected to an electric grid and delivers
B e the power generated from the generator to the grid the
W ":;bwm converter in this applications is referred to a grid connected

or grid tied converter. It is also called an invertercsi the

Fig.7 Simulink Model of Stator Side Converter Voltage \pe sc converter normally delivers power from its dc side to the ac

Where the roteside converter voltage signals atgjs side .The PWM schemes for two level voltage source
6 and 6 & atdaxis 6 and 6 are generated converters since the modulation schemes are applicable to
through theregulation of currents and cressupling pars. the converter that may be operated as an inverter or a
6 and 6 is the coupling part of voltage 6 generator of stator and rotor sidee shown in Fig. & 10
and 6 are determined by regulation of current respectively.
lasc and lgscin which thelgs ef(current reference) is given
directly andlys ef is calculatedthroughthe regulationof Pl v
dclink voltage V.. Vgsc and Vysc is Statorside converter Pulses_grid_conv
voltagesignals Fig. 6 & 7 shows the statside converter vabe sc ore?
control of voltage block diagram of control blockada - P2l — g
simulink model respectively. Fig8 show the complete
connection diagram o€tontrol blocks (rotoside control Discrete 3-phase

. PWM G t
and statosside control). enerator

Fig. 9 Discrete3 Phase PWM Generator of StatoiSide

T 1 oy
vite 1 ‘ [L .
L =
ot ange 12 E} = P1—>D
Tobr_sngitTod o} T 1 Pulses_rotor_conv
|y v N Uref
w Pasi— L Vabe_re
{])—lu: :1 P2—18
Is_she W 1]
@t W " Discrete 3-phase
I o[ 0 PWM Generator
-l o
e _:L —HE Fig. 10Discrete 3 Phase PWM Generator of RototSide
- ol [ B The vectoiform reference signal usetb generate the
OSSR s output pulses andoonect this to a -8 symsmdql signal
Y ,ML,‘ , * Thews | whenthe discretePWM Generator block isontrollinga 3-
gl 0 bridge converter. For linear operation dicrete 3-0
Fig. 8 Connection Diagram of Control Blocks (RSC and SSC) PWM Generatgrthe magnitude of tmu s t be bet we

and +1.The oiput givessix pulse signalsvhich isused to
fire the selfcommuated devices IGBT®of a threearm

The convertor has been widely used in industry for many  converter.Fig. 11 shows simulink diagram of the universal
applications. When the convertor transformdixed DC bridge connection in DFIG system.

voltage to a three phase AC voltage with variable
magnitude and frequency for an AC load, it is often called
inverter.

A. Twad Levelvoltage Sourceonverter
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Fig. 11 Simulink Diagram of the Universal Bridge Connection in
DFIG System

B. Pitch Angle Control

The pitch angle is calculatdry an open lop control of
regulated output regdower.Dueto thebig sizeof turbine
blades so theitch angle;inertia has to change tosmooth
rate and a reasonable range. Here Pmeas and &mef.
connected with summer block then the signal pass to the
discrete type PI controller after that it passes through the
saturation and change rate limiter block then it gives pitch
angl e fulink hneodel sof pitch ang control are
shown in Fig. 12

(]

Saturation Rate Limiter pich_angle

Scope

Fig. 12 Simulink block diagram of pitch angle control

IV. SIMULINK MODELING OF DFIG WIND SYSTEM

Fig. 13 shows DFIG wind model simulation in
MATLAB/SIM -POWER SIMULINK. The three phase
programmable source is generating power at 120 kV, which
is stepped down to 25 kV by the two winding transformer
and then transmitted by the 30 km long transmission line
for further stepping down the voltage level to the 575 V at
point of common coupling between grid and DFIG wind
energy conversion systemThe DFIG wind energy
conversion system is generating power of 1.5 MW.
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Fig. 13Development Test Model for DFIG Wind Systen

In this, thewind turbine uses a doubfigd induction
generator (DFIG), which consists af AC/DC/AC IGBTF
based PWM converteland a wouwnd rotor induction
generator The dc voltage i s
two level inverter. The pulse width modulation technique
has been used in this inverter, in order to achieve higher
accuracy , the carrier frequency or switching frequency is
1620 Hz, discrete sample time i =5microseconds. The
stator of Induction generat connected directly to the 60
Hz grid systemwhereasthe rotor isproviding at variable
frequency through the AC/DC/AC convertérhe DFIG
wind modelallows capturingmaximum power tahe wind
for low wind speeds throughaintainingthe turbine speed,
while minimize mechanical stresses on thénd turbine
during the gusts ofvind. In this, hereactive power is kept
at 0 Mvar& DC voltage is regulated at 120Q When we
double click on wind model blockhen it shows a
generator, a converter, a turbine, & a drive train and the
control system block.

appl i
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A. Case-1 Performance Analysis of DFI@uring Fault at It can be seen that at the time of fault the reactive power
Fixed Wind Speed becomes zero beten 0.4 to 0.6 sec. aftahe fault
clearance reactive poweequirementncreasesip to 0.25
] MW andcomesin normal state within 0.3 seconds.
oot Towrsal - ToWorkspaced
Ts=5ed6s. M_N, T T e e e
e ot | o T |

Ok ToWorkspace! .

sl Vg )
ToWorkspecat2
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§§i= ﬂ:m‘; o s g bt R B T R . S
Y 2500 INA G120 s k| 25 30im e 25 g BETS g Suped e R L R -
st g (@R e Y — ﬂ L |
1] Time (sac)
f | s Fig. 16ReactiveP Time at Fault Conditi
it | ™ ) ig eactivePower (Q) versus Time at Fault Condition
! o N D. Effect of Fault of Rotor and Stator Current of DFIG
Tndome 180 &,Lp'.s Wind System
‘: . .
ToePraeFut Fig. 17 & Fig. 18showsthatthe rotor and stator current
T of DFIG wind g/stem at faulcondition under fixed speed.
Fig. 14 Simulink Diagram of DFIG Wind System during Fault at It can be seen that at the time of fault between 0.4tsec
Fixed Speed 0.6 sec both become almost zero (but not zero), before

The DFIG wind energysystem Fig. 14onnected to grid and after the fault both will become stable.

via transformer and transmission lithe DFIGrating is 1.5 15 ks
MW a three phase short circuit fault (thrpbase fault I
elementfrom Simscape)occur at bus B575 for 0.2 sec
between 0.4 to 0.6 sec astnulated MATLAB simulink
model for 1.2 sec.

B. Effect of Fault on Active Power Fig. 17Rotor Current of DFIG Wind System at Fault Condition
Fig. 15shows that the active power (P) at fault condition ————

under fixed speed. It can be seen that at the time of fault the

active power becomes zero between 0.4 to 0.6 sec. after

that the actie power increasing up to rated value which are

1.5 MW.

am (1% 8be)

Stator curn

Time (sec)

\JMMW\[\/\W Fig. 18 Stator Current of DFIG Wind System at Fault Condition
I x
| M,

E. Effect of Fault on Grid Side voltage without and with
Filter, DC link Voltage (Moo Ve Vabe 9

Fig. 19, 20 & Fig. 21shows that the Grid Side voltage
i ] without and with Filter, DC link Voltage, (s Vabc g Vo)
- - of DFIG Wind energy System at fault condition under fixed

Fig. 15Active Power (P) Versus Time at Fault Condition speed. It can be seen that at the time of fault between 0.4
) sec to 0.6 sec both become almost zefbut not zero),
C. Effect of Fault on Reactive Power before and after thdault both will become stable.t |

Fig. 16 shows that the reactive power (Q) at fault becomes almost zero (but not exactly zero).
condition under fixed speed.
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Before and after the fault they give their regular value at
fix speed, and dc link voltagegyremains constant at fault
time 0.4 sec to 0.6ec before and after.
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Fig. 19Grid Side Voltage with Filter (V ac) versus Time at Fault
Condition
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Fig. 20Grid Side Voltagewithout Filter (Vanc g versus Time at Fault
Condition
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Fig. 21DC Link Voltage (V) versus Time at Fault Condition

F. Case:2 Performance Analysisf®FIG during Fault at
Variable Wind Speed
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Fig. 22 Simulink Diagram of DFIG Wind System during Fault at
Variable Speed
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The DFIG wind energy system Fig. Zbnnected to grid
via transformer and transmission line the DFIG rating is 1.5
MW a three phase short circuit fault occur at bus B575 for
0.2 sec between 0.4 to 0.6 sec and simulated MATLAB
simulink model for 1.2 sec.

G. Effect of Fault on Active Power

Fig. 23 shows that the active power (P) at fault condition
under variable wind speed. It can be seen that at the time of
fault the active power becomes zero between 0.4 to 0.6
sec., after that the active power increasing up to rated value
which are 1.5 MW.

Time ey

Fig. 23Active Power (P) Versus Time at Fault Condition

H. Effect of Fault on Reactive Power

Fig. 24 shows that the reactive power (Q) at fault
condition under Variable wind speed. It can be seen that
there is no effect of variable wind speed at fault time. At
the time of fault the reactive power beoes zero between
0.4 to 0.6sec, after the fault clearance system comes in
normal state within 0.02 secondb{e to provide required
reactive powey.

Reactive
Power -~
in MW

Time (sec)

Fig. 24Reactive Power (Q) versus Time at Fault Condition

|. Effect of Fault of Rotor and Stator Current of DFIG
Wind System

Fig. 25 & Fig. 26showthat theRotor and Stator Current
of DFIG Wind System at fault condition under Variable
wind speed. It can be seen that there is no effect of variable
wind speed at fauttime. At the time of fault between 0.4
sec to 0.6 seg both become almost zero (but not zero),
before and after the fault both will become stable.
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Fig. 26 Stator Current of DFIG Wind System at Fault Condition

J. Effect of Fault on Grid Side voltage without and with
Filter, DC link Voltage (Mpe Vi Vabe o

Fig. 27, 28 & Fig. 2%hows that the Grid Side voltage
without and with Filter, DC link Voltage, (s Vabc g Vo)
of DFIG Wind energy System at fault condition under fixed
speed. It can be seen that there is no effect of variable wind
speed at fault time. At the time of fault between 0.4 &ec
0.6 seg both become almost zero (but not zero), before
and after the dult both will become stable.t Ibecomes
almost zero (but not exactly zero). Before and after the
fault they give their regular value at fix speed, and dc link
voltage V4. remains constant at fault time 0.4 s&x 0.6
sec before and after.

VoRagetYabe) vrsusfime atfadt conition o arbie speed
T
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Fig. 27Grid Side Voltage with Filter (V ac) versus Time at Fault
Condition
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e
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Fig. 28 Grid Side Voltage without Filter (Vanc_g versus Time at Fault
Condition
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Fig. 29DC Link Voltage (Vq4c) versus Time at Fault Condition

V. CONCLUSION

A DFIG wind system are modelednd simulated in
MATLAB software .An active power versus rotor speed
relationship is analyses for the wind turbine model, In
SCIG we know that requires external reactive power to
support @rd side voltage and it can maintain the nealver
at nominal leveby pitch control but cannot varhe rotor
speed to get maximum wind power at different wind speed
.In our DFIG wind system there is no need to reactive
power compensators to maintained the distribution line
voltage and make optimal active power coningll Hee
we employed both side (statside & rotorside) voltage
control techniques fie steady state and dynamic response
of the DAG wind system are calculated i concluded
that the variable speed wind energy system has ability of
optimal active pwer control & the efficiency became
much higher of thasystem.lt can be seen that the-tink
voltage maintain constant during fault.
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