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Wind Energy Stabilization Using SVPWM Based Modulated
Power Filter Compensator

Fatehbir Singh Shakti Singh

Abstract During the last two decades, renewable wind ener gy
has become increasingly popular as a conseguence of strong
ecological concerns and appealing advantages with regard to
economical energy solutions in remote communities. However,
the integration of dispersed renewable wind energy will pose a
great challenge to the power quality in the distribution networks
A Modulated power filter compensator is one of the FACTS
devices used to improve the voltage profile of wind energy
conversion system against changing wind condition and varying
load condition. In this paper a SVPWM MPFC controller is
designed .This SYPWM MPFC Controller isused to stabilize the

In order to improve the power quality problem ineth
distribution systems that are merged with renewanergy
sources (RES),a switched modulated power filterpemsator
(MPFC) which is driven by a tri-loop error contemll is
employed.

varying wind energy output. The proposed controller istested on |
system using Matlab Simulink Environment. The results are |
compared with conventional PWM based MPFC controller and i
found that results obtained with SYPWM controller are better B J_
LSy =
than that of theresultswith PWM based controller. B e i g Bus:
1 phase
Index Terms: - FACTS, SVPWM based controller, MPFC, PWM diode brudge 3
Wind energy i
|. INTRODUCTION J i o e o
Tn-loop dynamic I R
The demand for the renewable energy sources iresess _D:'n”:‘mr]f;;;“f“ S ‘
industrial sector become more aware about foss#él fu _] L;
shortages and their environmental impacts [1]. Wemergy I M g e
has become one of the most important alternatinewable S

energy resources because of its plentiful natudetia@ strong -
thrust for its commercialization. Most large sizmavturbines
in the world (50-2000kw) employ three phase asyoicbus
(squirrel cage) induction generator [2]. Inductgenerator has When switch S1 is open and switch S2 is closedrehistor
been most commonly used in wind energy conversystem. and inductor will be the part of the circuit ane tbapacitor
Due to its constant speed operation and variabhe wpeed, forms a low-pass filter circuit with the inductdirough the
the power fluctuations are main problem in stantkalsystem diode bridge. If switch S1 is closed and switchiSBpened,
or in hybrid system [3]. Voltage stability is maganoblem for the resistor and inductor will be out of the citcand the
standalone wind energy conversion scheme usingctimiu capacitor bank will form a capacitive admittanced ayave
generator, under severe wind gusting and dynamad loreactive power to the utility grid. In order to ¢l the IGBT
variation. So a novel stabilization scheme is ubed ensures switches, a novel tri-loop dynamic error-driven Riéntroller
voltage stability is required for a stand-alone davianergy is being employed [6]The tri-loop error driven controller
conversion schem@]. MPFC controller is utilized to provide consists of three basic loops. The main loop ctmsis the
voltage stabilization against gusting wind conditi@and voltage stabilization loop, which act as trackitg terror of
varying load condition. the voltage of the load bus and taken in form aft nmean
squared value and ensure that voltage is kepeat.thpu. The
FB. Singh is perusing M.E from EIED, Thapar Univgr®atiala, Punjab, gecond loop consists of the current of load bus @td as

Fig.1 MPFC Controller [5].
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current tracking loop. It gives any immediate vaoia of wind
generator current or varying load condition. Thiedtfoop can
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keep a near maximum energy utilization untbexd and wind reference vector of voltage into voltage vectoredgtable on
varying conditions [1]. a six pulse invertef8]. In SVPWM Technique, Let the three
phase sinusoidal voltage component be,

Il. WIND INDUCTION GENERATOR TEST SYSTEM Va =Vm sinot (2)
Vb =Vm sin (@t-21/3) (2)
Fig.2. shows sample study system of WCES. Sampthy st Vc =Vm sin(ot-47/3) 3)

system has wind turbine with a gearbox which ispted to

induction generator which produces electrical epargtput, When this voltage is applied to the AC machinerd@duces a
this electrical energy output is being stepped sipgistep up flux which is rotating in the air gap of the machinThe
transformer and is transmitted to distribution egst via rotating flux component could be represented aglsin
transmission line ,on this end level of voltagstispped down rotating voltage vector. The magnitude and anglethasf
using step down transformer which is then fed te thotating vector could be found by mean of Clark's
consumers. Due to the presence of non linear loddrarying Transformation. The representation of rotating e@ecin
wind conditions, voltage profile became worsen smlutated complex plane is shown in Fig. 3.

power filter compensator is being employed to $tabithe

wind energy output.

isector 2
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sector 6
Fig. 2 Sample Wind Induction Generator Test Syq§tEm

sector 5

The sample study system is tested for serve eatetbad

excursion. From Starting to 0.2 sec both linear aod linear s 4

load are connected. From 0.2 sec to 0.4 sec, orégi load is s hiiinb

connected. The dynamic performance of system ispeoead Fig.3 Space vector Representation of Invertepwatut
with controller using PWM techniqgue and SVPWM based Voltage [7].

technique.

Space vector PWM implementation require, voltage

I1l. SVPWM TECHNIQUEBASED MPFCCONTROLLER equations in the abc reference frame to be tramsfdrinto the

stationary dq reference frame that consists ohtirezontal (d)
Space vector modulation technique was first intoedliby and vertical (q) axes as shown in Fig.4
German researchers in 1980s. This technique hasesho
several benefits over the traditional PWM techniguel has o axis
been prove to be inherently generating superior PWM
waveforms. The concept of space vector is obtafrmad the
rotating field of AC machine which is used for méation of
the output voltage of the inverter. In this modigattechnique a
the three phase quantities can be changed to dheirvalent o axis
two phase quantity either in synchronously rotafiagne (or)
stationary frame. From these two-phase componethis,
reference vector is be found and it can be usedhfmdulating Fig.4 The relationship of abc reference frame and
the output of invetef7] The basic difference between SVM stationary dq reference frame
technique and PWM technique is that it treats tiveriter as a
whole unit, which is not the case when comparedPWM From Fig. 4, the relation between these two refegenames

b

c

technique. This techniquéS based on the decaying of dS below
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quo = Ksfape 4)
Where
1 -1/2 -1/2
Ks=2/3] 0 —V/3/2 —3/2
1/2 1/2 1/2
faqo = [fa fq folf
fape = [fa Ty fc]t

f =denotes either voltage or current vdgab

) Vol-5uks-6, July 20141 SSN 2348-6848

WhereT, andT, represent the time widths for vectétsand
V, respectively and the integration time intervglto t; are
the sampling period (much less than period cornedipg to
one sector). By regulatin@, andT,, right hand side of this
expression can be made close to left-hand sideevahwus, by
keeping the inverter-switching mode %s for a time period
T, andV, for a time period,, the pulse pattern during the
periodt, tot; is found .The same approximation (Byand

This transformation is identical to an orthogonadjection of V) is repeated for all samplings of this sector T@ble 1
[a b c]tonto the two-dimensional vertical to the vectoshows Switching Vector and Corresponding Voltage.

[1 1 1]* (the equivalent d-q plane) in a three-dimension
system. As a result of which, two zero vectors andnon
zero vectors are possible. Six non-zero vect@fs— Vg)
shape the axes of a hexagonal as depicted in Rigad
supplies power to the load. The two adjacent twa-nero
vectors have an angle of 60 degrees. Meanwhile, Zero

vectors V, V, ) are at the origin and apply zero voltage to th

load [8]. For 180° mode of operation of invertax, switching
states and additionally two more states are thaltethree
switches of either upper arms or lower arms make Bt
these eight states to be coded
representation), three bits are requir@d £8) and also, as
always upper and lower switches are turned off
complementary fashion, it is sufficing to reprdséme status
of either upper or lower arm switches. Status @& tipper
bridge switches will be given and the lower swithdll it's
opposite. Let "1" denote the switch is ON and "@haote the
switch in OFF.

in binary (one-ze

C!Voltage Switching Line to Neutral| Line to Line
Vector | Vectors Voltage Voltage

A B |C| Van | Von | Ven | Vab | Vbe | Vo

Vo 0 |0|0]|O 0 0 0 0 0

e Vi 1 (0 |0]| 2/3| 13| 1/3] 1 0 -1

v, 1 (10| 13| 1/3] 2/3] 0 1 -1

\'A 0 |1 |0 13| 2/3] 1/3] -1| 1 0

ro v, O |1 |1 23| 13| 13 -1 0 1

Vs 0 |0 |1 1/3| 13| 2/3) O 1)1

i Ve 1 (0|1 13| -2/3 13 1 -1 0

v, 1 |1(1|0 0 0 0 0 0

Table 1 Switching Vector and Correspondirajtdge [8].

Time duration for different sector can be determings

Let us assign each switching states as vectorrplax plane:
V, =000 Q,, Q; andQz OFF andQ,, Q, andQ, ON)

V; =100 Q; ONQ; andQs OFF)

V, =110 Q, andQ; ON;Qs OFF)

V;=010 Q; ON;Q,; andQs OFF)

V, =011 Q; andQs ON;Q,; OFF)

Vs =001 Qs ON;Q,; andQ; OFF)

Ve=101 Q; andQs ON;Q; OFF)

V, =111 Q,,Q; andQs ON andQ,, Q,andQ, OFF) [9].
The referenceV,.¢
phase voltage. The estimation 8f,; in theo-f plane at any
period will lie in the area of any one of the sedtd. Two
vectors edge each sector and each of them link fizxed
period of time. The time integral value df..; , can be
approximated by the sum of the products of the afveectors
and their time widthskFor example, in figure 1, referendg,;
lie in a sector which is edged by vectéy andV, . Starting
from timet, , V,.o¢

is rotating space-vector type of three-

moves to t1 and an approximation for the

follows as shown in Fig.5

) oL

o I 7

T
Fig.5 Reference vector as combination of
neighbouring vector at sector 1
T, T T T.
fo Vref = fo ! Vl + fT11+T2 VZ + fT12+T2 VO (6)
T Vrey = ThiVL + LV, (7

V3
cosa 1 cos3
time integral can then written as T, [Vrer] [sin a] = 11(%/3)Vae [0] + T2(/3)Vac Sin;] (8)
3
ty (Where & a < 7-[/3)
Viet = T V1 + T,V 5
fto ref 1V1 2V2 ( ) Therefore

Wind Energy Stabilization Using SVPWM Based ModethPower Filter Compensator

Page 435



f-“‘\g International Journal of Research (IJR) Vol-3uks-6, July 20141 SSN 2348-6848
<——1IJR

. . T
T,=T,a sm(”/3 —a)/sin (E) 9)
T, =T, asin(a)/ sm( ) (10) " w
To=T,= (T, +T;) (11) el e
Where
_ Vrer i
T,=1/f, and a=—>>- AV, 3
Wherd,, T;,T, represent the time  widths for "
vectord/, Vy, V,. T is the period in a sampling period for zero
vectors. As each switching period (half of sampliegiod) Tz

starts and ends with zero vectors i.e. there vélltlvo zero ol 02 03 04

Time
vectors pefl, or four null vectors per Ts, duration of each null

vector isT,/4 [7]. Fig.6 variation of load voltage v/s time of SVPWMsed
MPFC controller

IV. SIMULATION MODEL 1 : 5

Simulink Model of wind energy conversion systemsaswn
in appendix Fig. 14. The induction machine equippéth
wind turbine act as induction generator. The outpt Lo
induction generator has fluctuating nature dueatdable wind £ o

speed and series of load excursion that are thretleeosystem. 2 / ﬂﬂﬂﬂ(\/\

Different types of loads that are present on th&tesy are B U

linear load of 100 MVA and non linear load of 100V U V U \

SVPWM based MPFC controllgr is used fo.r. vqltage Ny | VAVAU/\V/\VAVAVAVAVAV
improvement and the results obtained through sitimmas 1 1

compared with PWM MPFC controller. Given simulation | | |
model run under continuous mode. ‘ o & 0 i

Time

Fig.7 variation of load current v/s time of SVPWNded MPFC
V. SIMULATION RESULTS controller

Simulation results are obtained by employing twatmllers
on the given system as shown in Fig.14.Firstly aPBN
based MPFC controller is employed on the systemthad
afterwards PWM based controller is applied andfausd that
results obtained with Chaos based SVPW controfideitter
than that of results obtained with PWM based cdieiro

0,95 o ooy -

Sending end voltage

Case a). SVPWM based MPFC controller: L I e T SRR -

With Matlab/Simulink environment variation of load
end voltage v/s time shown in Fig 6, load endentrv/s time 0.06)

shown |n_F|g.7, sending end_voltage V/S_ tlm_e Sh(lW\{ﬁlg.S Fig.8 variation of sending end voltage v/s time $%PWM based
and sending end current v/s time shown in Fig.%Aatained. MPEC controller

0.3 0.4
Time
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Sending end current

Load end current

1] 0.1 02 03 0.4
Time

Fig.9 variation of sending end current v/s time $YPWM based : : : :
MPFC controller i i I I

0 0.1 0.2 0.3 0.4
Time
. Fig.11 variation of load end current v/s time
Case b).PWM based MPFC controller: of PWM based MPEC controller

0 1 T T

With Matlab/Simulink environment variation of load
end voltage v/s time shown in Fig 10, load endentrv/s
time shown in Fig.11, sending end voltage v/s ti#hewn in
Fig.12 and sending end current v/s time shown gnlii are
obtained.

0.95

0.92 {\

Sending end voltage

0.89

i i i i
0.1 02 03 04
Time

Fig.12 variation of sending end voltage v/s time
of PWM based MPFC controller

Load end voltage

Time

Fig.10 variation of Load end current v/s time
of PWM based MPFC controller

Sending end current

Time
Fig.13 variation of sending end current v/s time
of PWM based MPFC controller

Results obtained with Different Controllers arpmssed in
Tabular form as shown below:
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S.No. Controller With Voltage Harmonics
different PWM profile on content in VIl APPENDIX
technique used | load end side output A Data
voltage and
current Data for various components used in matlab simulink
1 PWM based Distorted Large . P )
model of Fig are as follows:
Controller
2. SVPWM based Smooth Small 1. System per unit basgs = 3.6MVA
Controller Vg = 11KV/25KV/600V
(Generation/Transmission/Load end)
2. Induction Generator Parametetg; = 3.6MVA
Ve = 11KV
Table 2. Results obtained with differenttrolters used a. Stator:Rg = 0.016 pu L5 = 0.06 pu

b. Rotor:R', = 0.015pu LI'. = 0.06 pu
3. Transformer Parameters:
VI. CONCLUSION a) 11KV/25KV (L-L) Transformer (T1)

Generation side: 11KV/3.6MVA,R=.002 pu L=.08 pu
In This Paper, based SVPWM based MPFC controller is Load side: 25KV/3.6MVA, R=.002 pu L=.08 pu

successfully designed for providing dynamic voltage b) 25KV/600V(L-L) Transformer(T2)
stabilization in wind energy conversion system.sToontrol
strategy is compared with conventional PWM based~®IP

controller for the system as shown in Fig 14. Satiah Generation side: 25KV/3.6MVA R=.002 pu L=.08 pu
results indicate that SVPWM based MPFC controlteviges Load side: 600V/3.6MVA R=.002 pu L=.08 pu
better voltage stabilization as compared PWM bad&d#C 4. Transmission Line/Feeder: Length: 10km

controller. Positive Sequence parametdts:=0.01273ohms/km

L, =.93373e — 3 H/km, C; =12.74e-9 F/km

5. The SVPWM based switching power filter: Filter
capacitor bank:;=1.7 mF/phase
Filter inductanceL;=30mH
Filter resistance’; = .250hms

6. Tri loop error driven PID Controller, =v; =
1,y, =.5,PID Controller Gains Kp = 0.5,K;
.05,Kq = .01

7. Load sequence excursions:
From Os to 0.2s: linear load 200KVA (50%)

Non linear load 200KVA (50%)

From 0.2s to 0.5s: linear load 200 KVA (50%) only
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B. Simulation diagram
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ubsystem for SVPWM based MPFC controller
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Fig. 15 Subsystem for SVPWM based MPFC controller
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