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Abstract

This paper deals with the stator flux oriented eecontrol of wind driven self excited inductionrgator
through the cycloconverter at the point of commonpiing. The control strategy of supplying therfgi
pulses is based on the stator flux oriented vemotrol of Self excited induction generator. Thegwsed
cycloconverter is able to eliminate up to 21st hamios in the supply current. The effect of loadiation

on Vector Controlled Self Excited Induction GenerafVCSEIG) through the cycloconverter is also
studied to demonstrate the effectiveness of thpqa®d method. The complete electromechanical syistem
modeled and simulated in MATLAB using Simulink asichpower system block set. The simulated results
are presented for regulating voltage and frequesfc8EIG driven by wind turbine. The present study
includes circulating current and semi-circulatingrent modes of operation with study of measuring a
correction of output power factor of the cyclocortge and output voltage waveform harmonics.
Keywords. Cycloconverter,VCSEIG,step up transformer

1. Introduction

A wind power generation system generates elegtritim wind energy and typically comprises an
induction generator coupled to a wind turbine. lwiad power generation system, the mechanical gnerg
of the wind turbine is converted into electricaéegy by the induction generator.Sguirrel Cage Induction
Generator (SCIG) is highly suitable to be drivenvlbind turbine because of its small size and weight,
robust construction and reduced maintenance cdstlrjlorder to initiate voltage generation by the
induction generator (self-excitation), a leadingateve power is provided to the stator windingstlod
generator by connecting a capacitor bank to thtersténdings. The induced e.m.f. and current ingtegor
winding starts rising and attains its steady-stefie with frequency dependent on rotor speed and
machine parameters. The generated voltage is sedtat this operating point till reactive poweravede is
maintained [2]. This, in turn, changes the geneérateque and the rotor speed varies causing further
changes in the generated voltage. This leads ditheecollapse of the terminal voltage or buildingto an
excessively high value depending upon the valueghef magnetizing inductance and the terminal
(excitation) capacitance [3].

A cycloconverter is a type of power controlled imigh an alternating voltage at supply frequency is
converted directly to an alternating voltage atdidaequency without any intermediate d.c stage. A
cycloconverter is to controlled through the timiofyits firing pulses, so that it produces an alting
output voltage. By controlling the frequency andgttieof phase modulation of the firing angles of the
converters, it is possible to control the frequeranyd amplitude of the output voltage. Thus, a
cycloconverter has the facility for continuous andependent control over both its output frequeans
voltage. This frequency is normally less than /e input frequency. The quality of output vokagave
and its harmonic distortion also impose the retsbricon this frequency. The distortion is very laiviow
output frequency.

Cycloconverters are suitable for large a-c machbesuse it has advantages:it has high efficiemégpg
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to the simple construction of the main circuit, @hiconsists, in its basic form, simply of an arcdy
thyristor switches [5], and it is also naturallynmmutative, and no forced commutation circuits are
necessary. As the same time it suffers from sorsaddiantages. It has a low maximum output frequency
compared to the input frequency, and it suffersnfrmltage distortion. The application of a cyclogerter

is rather limited, because the control circuitfieo very complex, and therefore expensive[2].

1.1. System Configuration
The proposed system is as shown in Fig.1
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Fig.1.Overall system description

1.2 System Description

Fig. 1 shows the wind driven self excited inductgenerator with excitation capacitor, consumer $pad
and conventional three phase cyclo converter. dieroto control the output voltage of the phasewdiet]
converter or cycloconverter, it is necessary totrbrthe phase of the thyristor firing pulses. Many
alternatives exist for achieving this end. The tadka firing controller is to generate time-varying
sequences of pulses for triggering the thyristaficis. In this work the control strategy is basadvector
control technique.The output of the cycloconveilderonnected to the grid through the step-up taansér.

1.3. Design Of The cycloconverter

As in case of the rectifier or phase-controlledweter circuit, from the view point of reducing tegternal
harmonic voltages and currents to a minimum, tHegpnumber of the cycloconverter circuit shouldase
high as possible. Fig2 represents the diagramreétphase to three-phase six-pulse bridge cyclarte

A number of pure sinusoidal single phase supplyfarmed to represent a double secondary output of
three-phase transformer
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Fig.2. Six-pulse 3-phase to 3-phase bridge cycloconverter

Where first set represents the first secondarginmwhich shifted 30 degree to perform the zeassing
instant when using delta-star connection of thrieasp transformer, and the second set represents the
second windings, and it gives an inherently 180reieghase shift between the input voltage waves for
each converter. This makes the instants of startewg timing waves, i.e. the instants of zero firamggle

for the positive converter coincide with thoselod hegative converter.,Which simplifies the contictuit
model.

In the above fig.1 the constant prime mover shaf wonnected to Induction generator shaft. Inghjzer
uncontrolled wind turbine is used as a constamh@rimover. These turbine characteristics and Indncti
generator parameters have given in APPENDIX. Arel déRcitation capacitor bank value is depends on
generator output parameters.

A.3.5KW, 440V, 50HZ Induction machine is used asGBnd modeled using available power electronics
block set like diode bridge rectifier and connecteca 440 V grid supplying to the college laborgsr
Simulation is carried out in MATLAB version of 1@ave at discrete step of 50E-6.Detailed simulasiod
analysis are given in the following section

2. Control Scheme

Stator flux oriented control is used in this paptr.accuracy is dependent only on the stator tasie
variation. In addition, it is insensitive to theriaion in the leakage inductance of the machinendiuction
motor the application of stator flux oriented cahthe parameter variation of resistancgeRds to reduce
the accuracy of the estimated signal at low volfdgeHowever, at higher voltage the effect of paeder
variation in Rcan be neglected. Flux estimation accuracy in ribieroriented control is affected by rotor
parameters. The rotor resistance variation becalnesnant by temperature and skin effect in squizegje
induction machines [3].
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Compensation of this parameter is difficult becanfsi@accessibility, but it easier to compensaiftR
As can be seen in Fig. 3, for the same magnituddimfthe peak electromagnetic torque developethby
induction machine in the generating region is higtiean that of the motoring region. Hence in the
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generating region the induction machine operatea Etwer magnitude of slip than the corresponding
motoring region for the same magnitude electromtagterque.

1.2. Induction Generator model and stator flux estimation
The induction generator shown in Fig. 1 can be rilesd by the following equations in a referencerfea
with arbitrary angular speedl, .

¥ =1iR, + +;wa¢g (1)
0=1i.R, + +j(w - JJTJ‘{,UM 2

11bs LSI'S + Lmlr
®3)
1101"' = L:r'ir + me’S
4

Equations (1) and (2) can be simplified by chooshegstationary reference frame, £ 0). By eliminating
the rotor currents and rotor flux linkages from, (2 obtain the following equations, which inclutdhe
stator currents and the rotor flux linkages asstatiables

Oy -
o fsa T Rl
io (5)
53 = 53 R I (6)
difier 1 ror | . '
At = B-Lt, (R'r’-'s Lig = RpWsa— (LER - Lerjers'B - Lg"m'rwS'B
(7)
dy, _
¢ = (R les,ﬂ R‘rﬁ’s,ﬂ - Lerjmrlscr - Lrwrlr{’sa )

dr L5 Lo,

The magnetizing inductance as a function of thematiging current((t..,, = f{i,,)) is required in Egs. (7)
and (8). This is known, as it is calculated frora thagnetization curve obtained from the traditioma

load test .Estimation of the stator flux is bas@druEqgs. (5) and (6), which are affected only tatast
resistance variation.

1.3. Sator flux oriented control system
In order to model any field oriented control systetris necessary to choose the synchronouslyingtat
reference frame (d, g). This means that the arpitaagular speeds, becomesw, . In the Statr flux
oriented control system, the stator flux vectaaligned with the d-axis, which means
11!)5 = 11!’s|:I and 11bsq =0
©)

Taking eq(4) into account eq(2) becomes
1

U= "”Pw"‘ Swr +fLw - m'rjw'r
(10)
where s is the Laplace operatonf—ts:

Taking (3) and (4) into account, (10) can be medifas
(1 +sT 0w, — (1 —soT L i, — jw+ T, —FL.0.)
(11)
Rewriting (11) in the d, q reference frame and @ering (9), (11) becomes
(1 +sT )y, = (1 +eoT )l iy — T obiiy)
12)
g T (% CII-—'s scb - (1 + 50T, jLsisq
(13)
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Equations (12) and (13) indicate that the statax f_; is a function of both the andi,, currents. In
other words, there is a coupling effect. Consitierdecoupler shown in Fig. 1 where the decoupliggad
;0. IS added to the stator flux control loop to geterthe d-axis stator current referencg . This
decoupling signal can be calculated using the fatg equation [9]
Flaily

Yre—Fiagls

Hence, the stator flux in the Stator Flux Orientedtrol system is controlled by the d-axis statmrent in
the d, q reference frame.

Edsc = (14)

1.4. Operation of Sx-pulse 3-phase to 3-phase bridge cycloconverter

Commercial 3 phase cycloconverter machine drivet) their 36 thyristor, 6-pulse circuits with input
isolation transformers, are too expensive excepspecialized applications. The 3-pulse cyclocoteres

low enough in cost for general purpose use, paatisuwhere regeneration is required, as it hay dd
thyristors and does not require transformers, heitperformance with conventional modulation techeg

is inadequate. The use of double integral contalexts this problem and, as can be seen fronetialtata

in this section, results in a performance whiclsdme areas is comparable to that of the conventBfha
thyristor 6-pulse cycloconverter

Three identical three-phase input to single-phagpud, 3-pulse (or 6-pulse in circulating currenbda)
cycloconverters connected together to supply aetptease load. For a balanced three-phase output,
theoretically, there is no need to connect the Ipadtral to the supply neutral and therefore indg
possible to have zero-sequence current componertteeiinput lines. Another advantage of three-phase
output circuits with a floating neutral point orezvwithout a neutral point such as the delta caiioreds

that it provides a better harmonic content in thiot line-to-line voltage due to the cancellatmmthe
common mode voltage harmonics between the outputs.

2. Results and Discussions

The simulation stator oriented vector control ipiemented using MATLAB/SIMULINK. The features in
the Power Systems Blockset are used to model aertary rectifier and all circuit components. The
induction machine model in the Power Systems Bletks modified to include speed as an input and to
update the variation of magnetizing inductancehasvioltage builds up during self-excitation. To et
right control parameters and performance it is $jrapmatter of tuning the PI controllers in the Ddltage
controller and flux linkage controller given in Fif.

If the excitation capacitance is too small thertt mot be enough exciting current and as a resie will
not be voltage build up. Fig.4 shows the no loaitdoup of generated line to line voltage at therieals

of the induction generator during the start of sadfitation. The voltage build up process is urttierno
load condition. If there is load, with magnitudeoab a given minimum value, the voltage build upcess
will fail.

The frequency of the generated voltage is estimaged

_ (Vqs_iquledE_Nds_idsst}-qs

e 2
Aoy,

)

(15)
Here, transient waveforms of the generator volt@gabc), generator current (Igabc), Speed of the
generator ,Electromagnetic torque, Voltage at tleloconverter, Active and reactive power at the
generator,Voltage at the step-up transformer, hadthge, Load current and Active and reactive poater
the load are given under the sudden applicatiorshod circuit at grid are as shown in Fig.4.resipely.
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(i) @)
Fig.4.(a).Generated Voltage (b).Linecurrent (c).Rotor speed
(d).Electromagnetic torque (e).Voltage at the cycloconverter
(f).Active and reactive power at the generator (g).Voltage at the step-up transfor mer
(h)Load voltage (i)Load current

(j)- Active and reactive power at the load

The MATLAB/Simulink model is as shown in Fig.5.Thésdesigned using the Simulink block set
The load is applied at grid suddenly at t=1.0 se¢=tL.2 seconds. And short circuit is applied adlo
t=1.4sec to t=1.6 seconds. And the transient waxref@re observed as follows.

Cyole commrhr

Fig.5. Simulink/MATL AB model for vector control of SEIG through cycloconverter

3. Conclusion

The voltage build up process of an induction getoeraith a cycloconverter using stator flux oriethte
vector control is discussed. Since due to the cyolverter there is a decrease in the voltage, dttage is
increased using the step up transformer.

The total flux is aligned to the d-axis of the staflux in the excitation reference frame. A deciup
signal is also generated the effect of g-axis cirom the d-axis flux. The main advantage of stéitor
oriented vector control is the magnitude of thénested flux depends only on the stator resistablodike
the rotor resistance the variation of stator rasis¢ depends manly on temperature. If the variatictator
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resistance is causing a significant error thennapemsation block can be added in the model.

The power quality has been improved using cycloeoev and the disadvantage with the cycloconvéster
Harmonics are increased compared to the convehtiector control methods. This is demonstratedhan t
basis of simulation using standard software MATLAfence the improved performance of voltage and
frequency regulation of a wind turbine driven ssi€ited induction generator.

Appendix

1. Machine Parameters
The parameters of the 3.5 kW,440V, 7.5A, 50 Hz ke@eduction machine are given below.
Rs=0.69Q, R=0.742, Ls =L, =1.1 mH, J = 0.23kg/m2,
Lss: I—Is + I—m and I-rr = I—Ir + I—m.

2. Excitation capacitor C = 15F/ phase and Capacitor at rectifier C=3260

3. Air gap voltage:
The piecewise linearization of magnetization chinastic of machine is given by:

E:=0 X:>260

E,;=1632.58-6.2) 233.2X, <260

E,;=1314.98-4.8% 214.6X,,<233.2
E;=1183.11-4.22), 206X 1, <214.6
E,=1120.4-3.9.2% 203.5X,<206
E,=557.65-1.144%, 197.3X,<203.5
E,=320.56-0.578)% Xm<197.3

4. Magnetics Rating:
12-pulse-based converter: Autotransformer ratingvis2
Interphase transformers 2.7kVA, passive filter 3k¥éferences

References

[1] O. Ojo, O. Omozusi, and A. A. Jimoh, “The operatafnan inverter assisted single phase induction
generator,” IEEE Trans. Ind. Electron., vol. 47, 8ppp. 632—640, Jun.2000.

[2] D. Henderson, “An advanced electronic load govefapicontrol of micro hydroelectric generation,”
IEEE Trans. Energy
Converse.,vol. 13, no. 3, pp. 300-304,Sep. 1998.

[3] IEEE Guide for Harmonic Control and Reactive Congation of Static Power Converters, IEEE
Standard 519-1992.

[4] R. Bonert and S. Rajakaruna, “Self-excited inductinerator with excellentvoltage and frequency
control,” Proc. Inst. Electr. Eng. Gener.Transnstbb., vol. 145, no. 1,

[5] E. Chiess, A. Monti, M. Matuonto, “Computer Simitait of a Cycloconverter Drive and Development
of a Full Digital Field Oriented Control”, 1993,dlEuropean Power Electronics Association, pp. 121-
127.

[6] J. Zhang, G.P. Hunter, V.S. Ramsden, “A SinglesBhaput Cycloconverter Driving a Three Phase
Motor”, 1993, The European Power Electronics Asatian, pp. 128-132.

[7] Songchun Zhang, Fenglin Wu, Shmin Shen, Shuchung,YdA Digital Controller Based
Cycloconverter —Fed Drive”, 1997 IEEE Transactiop, 637-641

[8] Stephen F. Gorman, Jimmie J. Cathey, Joseph am&¥efA Multi-Microprocessor Controller for a
VVVF Cycloconverter-Link Brushless DC Motor DrivelEEE Transactions on Industrial electronics,
Vol. 35,pp. 278-283, No. 2, May 1988

77



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. Prospective authors of
IISTE journals can find the submission instruction on the following page:
http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request of readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalITOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\@‘ COPERNICUS
I N T E RN A TTITIT ON AL

INFORMATION SERVICES
ULRICHSWES,  JournalTOCs @

N A ;
. E'z B Elektronische
lBAS(E T— Q0@ Zeitschriftenbibliothek O

open
> )
OCLC v)

The world’s libraries. — U cDigitalLibrary —
Connected. WorldCat e

Ny

'- ¥
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

