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Abstract
This paper deals with a hybrid neuro fuzzy contooisolated asynchronous generator (IAG) connetdetbn
linear load. The proposed method utilizes an NNetlaan the least mean-square algorithm known astiadap
linear element to extract the fundamental componétdad currents to control the voltage and tlegfiency of
an IAG with load balancing in an integrated manniére IELC is realized using zigzag/three singleggha
transformers and a six-leg insulated-gate bipatandistor-based current controlled voltage-soumeverter, a
chopper switch, and an auxiliary load on its dc. duee proposed IELC, with the generating systermasleled
and simulated in MATLAB environment using Simuliakd Simpower System toolboxes. The simulated 1®sult
are validated with test results on a developedopypt to demonstrate the effectiveness of IELCiliercontrol
of an IAG feeding three-phase four-wire linear/moahr balanced/ unbalanced loads with neutral-otirre
Keywords: Adaptive linear element (adaline), integrated etedt load controller (IELC), isolated
asynchronous generator(IAG), small hydro generasaorall hydropower generation, fuzzy.

1. INTRODUCTION

Because of increasing concerns for the growing aeinod electrical energy and the fast depletionossil fuels,

the need for low-cost stand-alone generating pldrgsomes inevitable in remote locations. Electricit
generation from locally available small hydro headisd, and solar-energy sources is an alterndtdiso for
environment-friendly energy generation.The reductio cost may be obtained by utilizing run-of-tneer
schemes and an integrated electronic load contr@lig C) to regulate the inherent voltage and fremey in
isolated asynchronous generators (IAGs) for smglirdn applications. The asynchronous generators are
preferred as compared with synchronous generatmr$éaithe advantages of low

cost, ruggedness, brushless-rotor constructioh l@ast maintenance, and no requirement for a gplguAs
the asynchronous machine is isolated, its reagiweer is supplied by a voltampere reactive (VAR)arating
unit connected across its terminals, which is gahemet by capacitor banks. The rating of a capadank is
so selected that when driven at rated speed, itldhroduce the rated voltage at no load . Majdiaseks of
such stand-alone small hydroelectric power germrasiystems are the regulation of terminal voltagd a
frequency under load perturbations compared withather conventional generators, along with powsathidy
problems. Therefore, the use of an IELC with aadlé control scheme becomes necessary for an unttedt
small hydro turbine-driven generator for power gatien

In this paper, the control strategy is a neuralwoet (NN)- based least mean square (LMS) knowndaptive
linear element (adaline) algorithm of an IELC, whitas capability of controlling the voltage andfiequency
in an integrated manner. The adaline is used t@ethe positive-sequence fundamental-frequencypocoent
of the load currents to estimate the referencecgoaurrents through tracking of the unit vectorgetber with
tuning of the weights.

The dc-bus voltage of the voltage-source convgi&C) of IELC with this type of control strategy lsss
sensitive to load fluctuations. IELC is used totcointhe active power (indirectly, to control theduency) and
the reactive power (to control the terminal voliagéthe IAG, and the six-leg VSC also acts as amoaic
eliminator and a load balancer. A set of zigzagéhsingle-phase transformers is used to adjusidhage to
bring the dc-link voltage to an optimum

level. The advantage of using the zigzag transforimeto mitigate the zero-sequence currents argletri
harmonics in the primary winding itself, thus reithgcthe rating of the devices of the VSC. The reiducin the
kilo volt ampere rating of the VSC is on the ordérl4% as compared with three singlephase VSC tgyol
without the zigzag transformer, and its neutrainieal is used for nonlinear and linear unbalancedl$ where
the neutral current is compensated in the primanydings of the zigzag/three single-phase transfesme
keeping the secondary windings free from zero-secgiecurrents and triplen-harmonic currents. A ukipo
switching is used in case of the six-leg VSC (cstimsy of three H-bridge VSCs), which has the adagatof
effecting the doubling of the switching frequendyacpulsewidthmodulation (PWM) voltage as companéith
bipolar switching, which is used in a three-phdsed-leg VSC for any given switching frequencyalfour-leg
VSC topology, the fourth-leg rating is observedtios order of 150% of the other three legs.
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with nonlinear loads, and the overall VSC ratingpiger compared with this proposed topology dughéoflow
of zero-sequence currents and triplen-harmoniceotsr into the VSC. In a three-leg VSC with midpeint
capacitor topology, the balancing of the voltagéshe capacitors is a complicated task. AdditioR&VM
circuit, voltage sensor, current sensor, and arglatjgital converter channels are required infthe-leg VSC
topology and the three-leg VSC with midpoint-capaciopology.

[I. SYSTEM CONFIGURATION AND PRINCIPLE OF OPERATION

The complete stand-alone system with an asynchsogenerator, an excitation capacitor, linear andinear
consumer loads, and the proposed IELC is showngn I The proposed IELC is an arrangement of eg-|
insulated-gate bipolar junction- transistor-basesiCValong with a dc-bus capacitor, a chopper swictd, an
auxiliary load on its dc link. The IELC is connedtat the point of common coupling (PCC) through the
interfacing inductors. The dc-bus capacitor is useduce the voltage ripples and provides asgdporting dc
bus for the VSC. A three-phase star-connected dapdi@ank is used for the VAR requirement of theGlAand
the value of this capacitor bank is selected tcege the rated voltage at no load. The IAG geasrepnstant
power, and when consumer-load power changes, thehdgper of the IELC consumes the difference in the
active power (i.e., the generator and the loadhkyauxiliary load. The IELC regulates the termiwaltage due

to changes in consumer loads. Thus, the voltagehenfiequency of an IAG system are not affectedi remain
constant during frequent changes in the consunagislo

Fig. 1. Schematic diagram of IAG with IELC (consigtof six-leg VSC, auxiliary load, and zigzag/degphase
transformer).

Fig. 2 shows the NN-based control strategy of drCIRvith the constant excitation capacitor of theS Ariven
by uncontrolled small hydro turbine. This NN-bas®trol strategy uses LMS algorithm and is alsovkmas
an adaline algorithm for the control of the IELChiah performs the estimation of reference sourcesots. The
estimation of reference source currents is caroigdusing an adaline, which is a simple and fasthotw of
fundamental load-current extraction. Six adalinee ased to extract the three-phase positive-seguenc
fundamental-frequency active and reactive compoagtite load currents. The adaline algorithm withoaline
calculation of weights responds well for severadlehanges. Thp—q and synchronous reference frame (SRF)
theories need reasonable transformations and cetigmg compared with this adaline-based technigie.
other advantage of using an adaline-based techrigjukat it does not need low-pass filters, thughfer
reducing the computational burden. The proposetiaiter is simpler than thp—g and SRF techniques.
CONTROL STRATEGY:
Fig. 1 shows the adaline-based control algorithrthefproposed IELC to regulate the frequency anthge of
the IAG. The basic equations of this control altfori are given as follows.

A. In-Phase Component of Reference Source Currents:
Because the three-phase voltages at the IAG telsnwa b, andvc) are considered sinusoidal, their amplitude
is computed as

V, = {(2/3) (v2 + v +v))} /2. (1)
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Fig. 2. Adaline control algorithm.

The unit vector in phase withg, vb, andvc are derived as
Uy — 1, III Uy = U I-, ... = T 1'. I:I

The error in the dc-bus voltage of the VS@¢erf)) of IELC atnth sampling instant is

l:|...-.. L:;......_"-L ';I

whereV = dc(n) is the reference dc voltage avidc(n) is the sensedc-link voltage of the VSC.

The output of the proportional—integral (P1) cofienfor maintaining the dc-bus voltage of the VSCGhe IELC at thenth
sampling instant is expressed as

Wi W it § Viteri 1 Ve 1+ it

[ 5]

whereWossf) is considered as part of the active-power compbaoéthe source curreriKpd andKid are the proportional
and integral gain constants of the dc-bus PI vel@antroller.
Therefore, the average weight of the fundamenfafeace active-power component of the source cuisggiven as

Woin} = (W) + W,.(nl+ H.|_:|I nl+ W, .(u)} /3
{3

The extraction of the weights of the fundamentéivapower component of the load currents is basetdMS algorithm and
its training through adaline. The weights of thév@cpower component of the three-phase load ctgrame estimated as

= b plr) 40 {tiaim 1-'. plF i, iy plr L)
H.'.‘;-I-” +1]
= H-|,J,|.':I 1 [".' wln) — H-r_l ,u:r.'_,l_lij.'l tys(m) i
4 alt 4 1)
W (n) +nlig.in) - ”-_;-' i)} w,(n ()

n is the convergence factor, and it decides theatt®nvergence and accuracy of estimation. fkalue is so selected to
make a tradeoff between the accuracy and the fatenwvergence. The weight of the active-power congmb of the three-
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phase load currents are extracted using adalieadh phase. The observed practical valugwvaifries between 0.01 and 1.0.
The three-phase fundamental reference active-posraponent of the source currents are computed as

.= “ the, :i': ”,-”!.-_ 'II'-I — HJ.I " (9}
B. Quadrature Component of Reference Source Currents:

The unit vectors in quadrature witta, vb, andvc may bederived using a quadrature transformation of thphase unit

vectorsuap, ubp, anducpas

— k4 . L)
- g W/ them f b ( 100}
Wy == /3 Hap/ 2+ (Ubp — i) /243 (11}
Moy = o Hap 2 4 (g ey ) /243 (12)

The amplitude of the IAG terminal voltage and éference valuéref ) are fed to a Pl voltage controller. The agk error
Ver is the amplitude of the ac voltage atntie sampling instant

Veint = Vi - Vit (13)

The output of the PI controlle¥\(*qv(n)) for maintaining theamplitude of the ac terminal voltage to a constahie at the
nth sampling instant is expressed as

Wosimd = Wentn-th + koe {Veiny = Viin-13} + kiaVita
{14}
whereKpa andKia are the proportional and integral gain constanthefP| controllerVer(n) andVer(n-1) are the voltage

errors in thenth and @ - 1)th instants, andvgyn-1) is the amplitude of the quadrature componenthef reference
fundamental current ah (- 1)th instant.

The weights of the reactive-power component otltinee phase load currents are estimated as
W..(n+1})

Waolnt+nliga(n) =W (n)ug(n)) ugln) (15)
W (n41)
= Waglri)+n {5 eolr)— Wi (rdtag (n) } weg(n (16)
Weln+l)
W ln)4+n lipeln)—=Woin )i, n) ) ugln). (17)

Therefore, the average weight of the fundamenfafeace reactive components of the generator dsriegiven as
i Anl = :" (r) = :“ e “.J,ilrl + I ghl) || 3
(18]

The three-phase fundamental reference reactive4poaveponents of the currents of IAG are given as

2= Wotay 10 =Wty it =Wt (19)

C. Reference Source Currents:
The total reference source currents are the sumheoin phase and the quadrature components ofetleeence source
currents as

i, -+ I::.|-'| (20)
=i, +i). (21)
=4 i (22)

'eq 3

These reference source currentssg, i* sb, andi* sc) are compared with the sensed source currés#sigb, andisc). The
currenterrors are computed as
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:.._.,,,.=|" = Bua (23)
babirs = T — Faih (24)
bacarr = b ™ Byes (25)
These currents errors are amplified using the ptapwl controller by a gainkK” and which is given as
Vais =K dageir (26)
Vet =K fadierr (27)
Voee =K ducurr (28)

These amplified current-error signalécta, Vccb, Vcgcare compared with fixed-frequency (10-kHz) triateg wave to
generate unipolar PWM switching signals to genetfagegating signals for the six-leg VSC (each plasssists of three H-
bridge VSCs) of the IELC. For switching on the H-lgedvVSC of phase “a,” the basic logic is

_|’- Vil upper device of the left leg of phase g on |1_
|V w = Vi (lowaer deewice of thee leit leg of phise & on) |
(29)
[—V, o =V, slupper device of the right leg ol phase aon))
1= Vicw = Vivil Tower device of the right leg of phase aon) |
( 303

where Vtri is taken as the instantaneous value of thedfiftequency triangular wave, and a similar logicajplied to
generate the gating signals for the other two phase

The frequency error of the IAG voltage is defined a
Toein) = S5\ = ftn (31)

i)

wheref* is the reference frequency (50 Hz in the presestiesy) and " is the frequency of the voltage of the IAG. The
instantaneous value bis estimated using the phase-locked loop over theraninal voltagesvg, vb, andvc), as shown in
Fig. 2.

lll. FUZZY CONTROLLER
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Fig. 10. Source Current With PI Controller
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Fig 12. Source Current With Fuzzy Controller
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Conclusions

A stand-alone uncontrolled hydro turbine-drivenreyonous generator has been modeled, and itsrpenfice has been
simulated with an adaline-based control algoritfrarolELC. The performance of the IAG has beenistidnder different
loading conditions to demonstrate the capabilityhef proposed IELC wittNN-based control algorithm. It was observed
that the IELC results in a satisfactory performameder different loading conditions along with thedguency and its voltage
control, load balancing, arftar monic elimination of three-phase four-wire loads. This type of colier was found to be
simple, easy to control, and less sensitive to fpadurbations. A PI controller is used for dc o#fage to track the error,
the harmonics reduced up to 3.35 % and a fuzzyaltentis replaced with PI controller, the harmanieduced to 2.01%.
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