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Abstrac— This paper desciibes a Divect Torgue Conarol (D.T.C)
of an e tion 1ootor (L) associated to a photovoltai: water
puping systetn DT .C wedwd is based on instazkaneous space
vecton theoly. By optival selection of the space violtase vectors in
each spling perisd, D.T.C achives effecttive contol of the
stator fhre aowl torque. The most inportaw advatage of tlis
netwd is its rotor position free congol systemn In onder to
inprove the efficiawcy of the plotovoltaic elLlTy SelElatoIL
maximemn  power point wacline (MPPT)  teclmiques is
ipestigated. We applied corventioml MPPT mwethiod (P&O) o
the studied system mrler variable tenperanme sl fradiance
conditions The proposed dive systean with DT C-IM ditve with
the integration of MPPT allows us to obtain a systemn operating
at maxinemn power aael with very good performoaces aael fast
responee With o overshoot. Fesults obtained by dnondation are
presented awd prove the feasibility of de proposed systenn
Eeywords— Photovoltaic, MasmmooPower Point Tiacking
(VMEPPT), Water Paoping, Divect Torgue Condol.

[ IMTRODUCTION

The output power induced in the photowoltaic modules
depends on solar radiation and temperatore of the solar cells.
To maxmize the efficiency of the system, it 15 necessary to
track the mamroum powet point of the photovoltaic (FV)
array. Several Masnmmm Power Point Tracking (MPPT)
dgorithims have heen developed and widely adapted to
determine the mammum power point [1-10]. The control
technique the most used consist to act on the duty cycle
automatically to place the generator at its optimal walue
whatever the wariations of the metrological conditions or
sudden changes in loads which can occur at any time. The
most convertional MPFT method used is Perturb. and
Chserwve (P& method [11]. Control of the induction motors
has attracted much attention in research. One of the most
sgnificant developments in this area has been the field-
oriented control, where partial feedback linearization, together
with a proportonal integral This techrique is wery usefid,
except that it 15 very sensitive to parameter variations such as

rotor time constant and incorrect flux measurement or
estimnation at low speeds. Direct torque control (O0T.C) of
induction machines (M) is a powerful control method for
motors drives Featunng direct control of the stator flux and
toroque instead of the conventional current control techrd que, it
provides a systematic  solution to  improve operating
charactenstics of the motor and the woltage inverter sowce
[12] In prnciple, ©T.C method is hased on instantaneous
sparce wector theory, By optimal selection of the space woltage
wvectors in each sampling period, DT C archives effective
control of the stator fluz and torque [13]. Thus, the mumnber of
gpace woltage wectors and swatching  frequency  directly
influence the performance of DT.C control systemn. For a
prefized switching strategy, the dnwe hehawior, in terms of
torque, swatching frequency and torque response, iz oquite
different atlow and high speed.

In thiz paper we present a proposed DTC-IG structure of
an isolated photovoltaic water pumping system. In order to
optitmize the photowoltaic energy generation, the maimum
power point traclang (MPFIY is integrated. The P&D is
applied to the studied system. The studied system 1z modelled
and smulated in the MATLAR Simdink enwironment ard
ohtaned results and some experimental ones are presented.

II. PROPCSED SYSTEW DESCRIFTICN

It the case of wariable speed drive system of an induction

motor supplied by PV generator, two types of stand-alone FV
systems wath or without hattery energy storage can he
considered:
+ A structure with two static conwerters [13]. The DC-DC
cotrverter which iz included in thiz configuration 15 intended to
implement the MPFT control algonthemn and to keep the DC
bus voltage to the walue of the optimal woltage of FV module,
The woltage inverter is used to perform DC-AC conversion
and to control the mechanical motor speed.
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¥4 -singla-static-convertarstuctire. Inthiscase, the-inverter
hasnot-onlyvtoimplanant the WPPT-algorithm to-extract the
maximumpovwer-output-of the PV ganerator-and-to-ragulats-
the DC-bus-voltagz, - but- it-has-to- supply- with- sinuscidal-
wavaforms-and-to-ragulate-stator-flux-and-slsctromametic:

torgue-of-induction-motor.-J
L

Inthis paper, wausetha-second-structure-which-neads-only-
onsconverter. Inthiscase, theproposedsvetemds Taprasentad:
It consists- of an- induction- motor- f2d- byv- &
rhotovoltaic-gznarator throngh s thras-phasevoltapz-invartar

in- Fig.3.-

controllad-byv-the DTC tachniqua T
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In- literaturs, - thers- are- several- mathematical- models-that
describa- the: oparation: and- behavior- of the photovoltaic:
gznarator. In- our-paper-we-applizd- the- ons-diede-model-

TFig.2). T
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L) charscteristic- of this- modsl is- given- by the-
following aquation®[1]:-7

I =1 -1 -1 — — — = 131’
ox,-developing-the-terms-1;-and-Ip . 7
(Vo +E I 0 ] V4RI
I =1.-I]s -1]- E
[ | RWEI J I —- (2)
Tha- rzsolution: of+ this- sguation: {5+ mads- undar-

simulink Wemakevalidationthrough an =x perimantsl-
bench-and: we- prasent comparizon- batwean- sxparimental-
rasults-andsimulation-onzsusing PV panal Sismans-Shil 10-

24-(table1)¥
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This s themostwidalvusedmethod. -Afzedbackloop-and-
fewmeasuras arensedad. - Tha-panal-voltags-is-dalibarataly-
perturbad{increas od -ordscrzasad) than the povweris comparsd-
to thepowsarobtainedbefora-to-disturbancs. -Spacificslly, if
the- powsar pansl is-inerzasad- dus-to-the: disturbancs, - the-
followingdistwrbancewill'be-mad=-in thesams-diraction.-And-
ifthe povwerdsersases, the naw-pariurbation-is-mads-in-the-
opposite- dirsction.- The-advantagas-of-this-meathod-can-ba-
summarizadas follows: knowladgs- of the-characteristics-of
the-photovoltaic: sznarator is-not raquired, - it-is- ralativaly-
simpla.- Waverthalass, - in- stzady- stats, - the- operating- point-
oseillatzs-around-the MPE, -which-causas-enarev-lossas|
BalMachinemoddling:”

An-induction-motor is- modalad using voltags: and- flux-
squations-which-ara-refarrad-to-2- general frameand sre-chov
as-follows: T
-Stator-voltagz-aquations:
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Whara:- o and- B+ indicas- parametars- ars- the- Concordia
transformmationcomponsnts-of thecumrant-andthathe 1., L. -
arai, fstatorcurentraspectivale. <D, P, . ared fostator fhm:-
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Calnverter-modslling”
Foreach-possibla-switchingconfisnmtion, the-outputvoltagas
can-baraprasantad interms-of-space vactor, according to-tha-
following-aquation: |
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Thedafinition-of fhoosector-and the inverter voltagevactors-
are-showninFig 4 whers theststorflux-vector-is-rotating:
with-a-spead-of .-
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DaPumping nuctem-Modslling
Arpolvnormmial fit-ofthe third -ordar-axprasses-the-ralationship-
betwraan thaflovwrate-and powsar-input,-as-daseribad -b-the-
following-aquation-[14].7
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wharzPis theelzctrical poverinput-of the motor-pump, -h-is-
thatotal'head-and-alh), -b{h), ok}, -d(h)-arz the-coafficiants-
corrasponding-to-the-working total-haad T
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with8. b, g-and-g.-constants which-depend-on-the-typa-of-
photovoltaic-pumping swstamT
The-calculation-ofthe-instantanaons flowrinterms-of povwaris-
calenlated using Newton-Faphson method. - Thus-at-the- 57
itaration, the-flow{)is-given-bwthe followine-aquation: For-P-
=0, wa-hava T
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Whare Fl:Q.ﬂ iz-the-derivative-of-the-function- KO )T

[ SYETEM-CONTROL-OF- VARIARLE SPEED-DRIVE PV Y
In-aD.T.Crchame swstam -tha-instantanzous valuzs-of flux-
and- torgue- can- be- caleulatad: from- stator- variablas- and-
mechanical-speed-orusing - onlv-stator-varisblas - Stator flux-
and-torquecan-bacontrolled-directly-and-indspandantle-by-
proparlvsalacingthe invertar switchingconfizsurations . With-
athrzaphasz-voltape-source-invartar, six-non-zaro-voltags-
vagtors and-two-zaro-voltage-vectors -can-be-applizd to-the
machinatsrminals - The-stator-flux-can-ba-zstimatad using:
measurad-currant-and-voltagz-vactors-[1 3]
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Sincs-statorresistance B 4 ralativalvsmsll, thevoltasz-drop-
R..i,might-be-naglactad WV, 2R i ).-ws-obtain:T
Fle1=F T4+ (0] — . (1T
i, (0)is the-stator fluxinitial valua-at-the-switching-time, - T-
the-samplingparodin which thavoltagzvectoris-appliad-to-
stator+wrindings Itis-clzarthat-stator-flux-dirsctlv-dapand-on-
the-spacavoltagzvactorV andthe-svstam- samplins-period-
T.The-statorvoltagevactor V -is-szlected using TableJ -
whers signs- of torque- and- flux- srrors- E4- and- Ex- are-
determined-with-a-zero-hvstarasis-band ¥
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F = ﬁ ;ii - - — i 'lg)r

Tabla.2 -shows theas socistad-invertar switching statas- of -tha-

conventional-dirset-torgue-control stratage
Tapiz2 .0
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Wamalks-simulation-ofthe-proposad-svstam-{Fig; ] J-undar-
hztlah/ Simgulink -Obtsinsd sinmlstionresults undsrirmdimes-
varigtions-ara-raprasentad-in-the-following fignras -7

InFig. 7, weaprasentramlts-obtainadundar-suddsn irrmdiations-
varigtions.- The- sampling pariod- of the- s¥stam- is-about-
T=100ps.- Wz note- that- the- voltags-DC bus- ¥, remains-
constantand follows itsrefzmnee V- The-zlzctromagmatic-
torque: follows- the- irradianca: profilz- while-the-stator-flux-
keeps its refaranes =0 B h)-durine sudden-irrsdistion-
varigtions.” Also,- with-the-introduction: of the- MPPT, - the-
mechanical- spead-inersases rasulting-in-an-incraasa-of-the-
watzrflow. Wareprasentthe- machanicsl power-as-a-function-
ofthawraterflow-output-{Fig. 8 for-difersmttotal heads{h=4 -
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Fig 6.Mechanical power versus flow rate for different heads



Le 2¢me Séminaire International sur les Energies Nouvelles et
Renouvelables
The 2nd International Seminar on New and Renewable
Energies

Unité de Recherche Appliquée en Energies Renouvelables, SIENH
Ghardaia - Algérie 15, 16 et 17 Octobre 2012

[ -+ CONCLUSIONST
A Digact- Toggue- Control- of an- Indection- Genarates f2d- :ﬂ 2
photovoltsic - WAk proposad- in- this- papsr - This- alle
axtamdibility ofthe: a~_'-'~11..a:~11m -of the-stedisd system particulsrly-m-
the pumping of water- To show the sfectivenss:s and the
parformancas- of: the: devalppad: control-schema -3 simulation- study-
was-caried- out. Good results wars- obtsined. - The-robusmas:-and-the
trackinggualitiss-of the-proposad-control-system - wsing-dirsct- torgue-
control- appaar clesrdy- and- If- will- be- interssting- to- implement- the-
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