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INVESTIGATIONS AND CONTROL OF THE DC BUS EFFECT
FOR ADJUSTING WIND TURBINE POWER

Purpose. Renewable energy sources coupled with a rational use of energy can reduce the fossil fuel consumption
and, thus, reduce environmental and socioeconomic effects regardless of the energy demand. This study proposes a
control of PMW converter scheme for a doubly-fed induction generator at variable speed wind power generation.

Methodology. The research considers three main feeding techniques of DC Bus: 1) ideal continuous (DC) voltage;
2) the use of an uncontrolled rectifier; 3) the use of a PMW controlled rectifier.

Findings. The results show that switching a three-phase inverter in a wind turbine conversion chain is the key to
improving the power quality and ensuring maximum participation of the chain in the service-system.

Originality. Surveillance and control of the effect of the DC bus in the objective ensure the active and reactive
decoupled power control so that wind turbines are controlled to provide constant active and reactive power during
certain periods for contributing to the service system taking into consideration the particular wind speed in Algeria.

Practical value. With the approach suggested, the controlled PMW converter should have wider applications in a
great variety of wind power generation using a doubly-fed induction generator.
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Introduction. Wind energy is a clean energy that has
been exponentially evolved during the last two decades.
Wind energy seems to be an interesting alternative that
allows controlling the energy injected into any electrical
network. Furthermore, this clean energy is the key to di-
versifying the energy markets. To be used in numerous
applications and respond to economic constraints, the
chain of conversion of this energy must be robust and
reliable. In fact, this energy should prove better efficien-
cy in the energy market and be achieved which afford-
able cost. For this end, it is necessary to exploit the
maximum wind power. The operating power of the wind
depends on the intensity and wind speed, in particular,
the speed of the turbine [1].

The used technology for wind energy production
had proved its effectiveness on small machines, in which
the constant speed operation is directly connected to the
mains through a soft start to reduce switching transients.
However, up-scaling this technology for large machines
is not a straightforward process [2] and still an open sub-
ject.

As known, regarding the conversion wind power sys-
tems, the doubly-fed induction generator (DFIG) is
widely used regarding its several advantages such as: op-
eration at variable speed, four quadrant active and reac-
tive power capabilities, compared with fixed speed in-
duction squirrel cage and synchronous generators, its
bidirectional converter is designed to handle about
+25 % of the generator rating, among others [3].

The purpose of this paper is to evaluate different to-
pologies of DC bus configuration. Moreover, we will
evaluate the effect of different (DC bus) invertor’s input
on the control performance of the whole production
chain in terms of power.

The structure of the paper is organized as follows:
besides this introductory section, section II describes
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the system to be considered, model and rotor current
vector control; section III deals with machine model-
ing; section IV discusses and analyses the obtained re-
sults; the last section concludes with a summury.

Description of wind energy system. The below archi-
tecture of a wind system (Fig. 1) is the main subject of
our study. This architecture is composed of a doubly-fed
induction generator (DFIG), a turbine, which through
a multiplier drives the DFIG. The DFIG is directly
connected to the grid by the stator and also connected
through a static three phase converters to rings/brushes
system of the machine rotor.

This system operates at variable speed synchronous
hypo and hyper. The converter compensates for the dif-
ference in mechanical and electrical frequency by in-
jecting a variable current frequency to the rotor.

Modeling of the DFIG. As cited above, we use the
DFIG in this study; nowadays, most of the installed
wind turbines are based on a doubly-fed induction gen-
erator (DFIG), sharing the place with the wound rotor
synchronous generators (WRSGs) and the permanent
magnet synchronous generators (PMSGs). These gen-
erator choices allow variable speed generation [4].

The DFIG is operable as a motor or generator inde-
pendently of the rotation speed. It allows access to the
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rotor voltages and currents. The rotor voltage control
gives the machine the ability to operate in super or sub
synchronism of both motor and generator mode.

The general equations of the DFIG can be written in
a three-phase landmark as a result. The generalized re-
duced order machine model was developed based on
conditions and assumptions cited [5]
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Fig. 2, presents the block diagram of DFIG used in
simulation. The inputs are rotor voltages (V,, and V,,)
however, the outputs are the stator active and reactive
power (P, and Q,).

Table 1 shows the main parameters of the induction
generator which is used in this study.

Simulations and discussions. We have tested three cas-
es of feeding. To prove this, we consider, in the first place,
a perfectly continuous supply, and then we consider it
obtained from the output of an uncontrolled rectifier. Fi-
nally, we analyze the output of the controlled rectifier;
the three cases will be simulated and interpreted.

Ideal case. In this case we consider that the DC bus
voltage is perfectly continuous and unchanging through
time. It is topped up at the input of variable-speed drive
(voltage inverter) feeding the generator side machine

(Fig. 1).

100

DFIG

\ — Grid
1 L\
Rotor side Grid side

converter 7 converter

de
7 S L
Vo e Veu
N Stator flux ‘_I |
P.—— decoupling and As _ |Estimator
Qi deadbeat control 3 Ks,agaﬂdss
Fig. 2. DFIG bock diagram
Table 1
DFIG parameters
Components Rating Values

Ry 0.455Q
Ls 0.07 H
Rr 0.19Q
Lr 0.0213 H
M 0.034 H

P 2 Pole pair

We note that the variation of active power does not
affect the set of reactive power which stays null.

Case of a non-controlled rectifier. This time, we con-
sider a non-controlled rectifier fed by the alternative
grid of the DFIG stator, supplied according to a judi-
cious control at the opening and closing of semi-con-
ductors, a DC voltage at the input of the inverter feeding
the rotor of the DFIG.

In this case, we remark the oscillatory shape of the
supply voltage. In addition, when changing the active
power, decoupling between active and reactive power
was lost. Indeed, neither active nor reactive power fol-
lows their references.

Case of a controlled PWM rectifier. We will control the
six switches in a synchronous PWM control voltages on
grid voltage [6]. From the three voltages, we get three sinu-
soids that will serve as references. Starting from these three
references, we can modulate a triangular signal with a high
frequency to determine levels of switches command.

In this way, the switches are controlled so that the
current in each phase follows the evolution of the funda-
mental tension. On each leg of the inverter, a switch al-
lows the current to grow and the other to decrease it.
The modulation of references sinusoids keeps the cur-
rents in sinusoidal envelopes.

To adjust the average value of DC voltage, we vary
the amplitude of the modulating signal which varies the
modulation index m, defined by
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Fig. 3. DC-voltage (a), power (b) reactive power (c), cur-
rent (red) and stator voltage (blue) in phase A (d)
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And the voltages are then expressed by

Vv,

de N
m
As the modulation index is less than 1 so that the tri-
angular signal cuts the sinusoidal signal, we applied a
voltage booster rectifier a DC voltage greater than the

maximum simple voltage \/EVW. To control the recti-
fier, these reference voltages are compared with a high
frequency triangular modulation signal to generate the
PWM control signals of switches. The value of the DC
bus voltage is controlled by the amplitude of the modu-
lating signal. This amplitude is established through a PI
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Fig. 4. DC-voltage (a), power (b), reactive power (c),
current (red) and stator voltage (blue) in phase A (d)

controller based on the error between the set point and
the voltage value measured across the capacitor con-
nected to the rectifier.

The block diagram of Fig. 5 summarizes the control
principle of such a rectifier.

In addition to the PWM control of the rectifier, we
considered the adjustment of the rectified voltage to the
input of the inverter to keep it constant. In this order, we
planned a loop that basically comprises a voltage sensor,
a PI controller and the reference [7].

The simulation of the whole (Fig. 5) shows, unlike
the previous result, the voltage is constant and it has
kept its value.

Also, the active and reactive powers follow perfectly
their respective set points.

Conclusion. Based on the results, it can be concluded
that the findings of our research are quite convincing,
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current (red) and stator voltage (blue) in phase A (d)
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and, thus, the following conclusions can be drawn: we
had, in the first place, approved the mathematical mod-
el of a doubly fed induction generator by simulation. For
this we applied the separate control powers. We consid-
ered three cases of feeding, an ideal continuous (DC)
voltage, the second in the output of an uncontrolled rec-
tifier and, finally, the last exit of a controlled rectifier in
the voltage where the voltage output is ensured by a ref-
erence value. We note that the latter gives the desired
performance, by cons, for a non-controlled rectifier
performance degrades with the loss of decoupling of ac-
tive and reactive powers.

The simulation results confirm the theoretical effec-
tiveness and the robustness of the PMW controller con-
verter in several operating conditions and variation of
parameters.

The findings suggest that this approach could also be
useful for wider applications in a great variety of wind
power generation using DFIG. Further study of the is-
sue is still required.
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JocliIpKeHHs] TAa KOHTPOJIb BILUIMBY IIMHU
NOCTIHOTO CTPYMY JJiSl PEryJIIOBaHHS
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MeTa. [ToHOBIIIOBaHI IxKepesia eHeprii B MoeAHaHHI
3 pallioOHAJIbLHUM BUKOPUCTAHHSIM €HEPTril MOXYTh 3HU -
3UTU CITOKMBAHHSI BUKOITHOTO TaJWBa i, TAKUM YM-
HOM, 3MEHILIMTH €KOJIOTIYHIi Ta COlLliaJIbHO-€KOHOMIYHi
HaCJIiIK1 He3aJiexKHO Bil 1moTpedu B eHeprii. ¥ 1boMy
JOCIIIKEHHI TTPOIOHYEThCS YIPABIiHHS CXEMOIO Tie-
petBopioBaua PWM m1s1 acMHXpOHHOTO reHeparopa 3
MOABIMHUM XUBJIEHHSIM MPU PETryJII0OBaHHI IIBUAKOCTI
BiTporeHeparopa.

Metoauka. Y noCHiIKeHHi OylIu PO3IJISIHYTI TpU
OCHOBHI METOIY KUBJICHHS IIMHU TTOCTIHHOTO CTPYMY:
1) ineasibHa MOCTiiHA HATIpyra; 2) BUKOPUCTAHHS He-
KEpOBaHOTO BUIpPSIMIISAYA; 3) BUKopucTaHHI PMW-
KEpPOBAHOTO BUIIPSIMIISTUA.

Pe3syabraTu. Pe3ynbTaTi MoKasyroTh, 1110 BKJIIOYEH-
HsI Tpra3HOTO iHBEpTOPA B JTAHITIOKOK ITEPETBOPCHHS
eHeprii BITpSIHUX TypOiH € KIII0YeM 10 MOJIIILIEeHHS
SIKOCTi eJIeKTpOeHeprii Ta 3a0e3neyeHHs] MaKCUMaJlb-
HOI yJacTi JIaHI[fora B CUCTEMi 0OCTYyTrOBYBaHHSI.

HaykoBa HoBu3Ha. CriocTepexXeHHsI i KOHTPOJb
BIUIUBY IIMHU TOCTIAHOTO CTPpyMY B YCTaHOBILIi 3a0e3-
Meyye peryJioBaHHS aKTUBHOI Ta  peakTUBHOI
HE3B’S3HO1 MOTYXHOCTI, 3aBASKU YOMY BITPOBi TypOi-
HU KOHTPOJIOIOTHCS TSI 3a0e3IeUeHHST aKTMBHOI Ta
pPEaKTUBHOI MMOTY>KHOCTI B MEBHI Tiepioan ajs OilbIIo-
TO CIIPUSIHHSI CHCTEeMi OOCIYrOBYBaHHS, YPaXOBYIOUHU
0CO0JIMBY IIBUAKICTb BITPY B AJIXKMPI.

IIpakTnyna 3HayumicThb. [1py nponoHoBaHOMY Miz-
xoni perynboBaHuii PMW-nepeTBoproBauy MaTuMe
mupy cgepy 3acTOCyBaHHSI B Pi3HOMAHITHUX yCTa-
HOBKax BiTporeHepallii 3 BUKOPUCTaHHSIM aCUHXPOH-
HOTO TeHepaTopa MOABIHOTO XXUBJICHHSI.

KmouoBi ciaoBa: mooearosanns, eimpoea mypoiua,
ACUHXPOHHULI 2eHepamop NoosiliHozo xcueaenus, PWM-
BUNDAMAAY

HccnenoBanue U KOHTPOJIb BIUSIHUS IIMHbBI
NOCTOSIHHOTO TOKA /ISl PeryJIMpOBaHus
MOIIHOCTH BETPSIHOM TYpOMHbI
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Ienb. Bo3oO6HOBIISIEMbIE UICTOUHUKHW SHEPTUU B CO-
YeTaHWU C pallMOHAJIBHBIM HCIIOJIB30BAaHNEM SHEPIUU
MOTYT CHU3HUTh ITOTPEOJICHIE NCKOITaeMOTO TOTUINBA 1,
TaKUM 00pa30M, YMEHBIINTh 3KOJIOTUIECKHE M COLM-
aJIbHO-3KOHOMMYECKHUE MOCICICTBUSI HE3aBUCUMO OT
MOTPeOHOCTU B 3HEPruu. B aTOM ncciienoBaHuu npe-
JlaraeTcsl ynpabJieHHe cXeMoil mpeoopasosareiss PWM
JIJIS1 aCUHXPOHHOTI'O TeHepaTopa ¢ ABOMHBIM ITUTaHUEM
TIPY PeryJIMPOBaHMM CKOPOCTY BETpOTeHepaTopa.

Metoauka. B nccnenoBaHuM ObUTM pacCMOTPEHBI
TPU OCHOBHBIX METONA MUTAHUS IIMHEI ITOCTOSTHHOTO
ToKa: 1) nmeanbHOE TTOCTOSTHHOE HaTpsKeHue; 2) uc-
ITOJIb30BaHNE HEYIPABJISIEMOTO BEITIPSIMUTENS; 3) HC-
nonb3oBaHue PMW-yrpaBiisieMoro BeIIPSIMUTEIS.

Pe3ynbTatbl. Pe3yabTaThl ITOKA3BIBAIOT, YTO BKIIIO-
yeHue Tpex(a3HOTro MHBEPTOpa B LIETIOYKY ITPeodpa3o-
BaHMS SHEPTUU BETPSTHBIX TYPOUH SIBJISIETCS KITIOUOM K
VIYUYIIEHUIO KayecTBa 3JIEKTPOIHEPIUU U obecrieye-
HUIO MaKCUMAJIbHOTO YYacTUs LIETTU B CUCTEME 00CITy-
KWBaHUSI.

Hayunas noBusHa. HabmoneHre 1 KOHTPOJIb BIIMSI-
HUS ITUHEI TOCTOSTHHOTO TOKA B YCTAHOBKE 00ECITEUH -
BaeT peTyJIMpOBaHNE aKTUBHOM U peaKTUBHON HECBSI3-
HOI MOIITHOCTH, OJIarofapsi 4eMy BETPOBbIE TYPOWHBI
KOHTPOJIMPYIOTCS IIJII 00eCcTieYeHNST aKTUBHOM U peak-
THUBHOM MOIITHOCTA B OIIpEIEJCHHBIC ITCPUOMBI IS
OOJIBIIIETO CONCHCTBHUS CUCTEME OOCTY:KMBAHMSI, VUM~
TBIBasi 0COOYI0 CKOPOCTh BeTpa B AJLKHpE.

IIpakTiyeckas 3HaummocTb. [Ipu mpemraraemMom
rnoaxoae peryaupyemorit PMW-nipeodpa3oBaresb OyaeT
UMETh OoJiee IUPOKYIO chepy MPUMEHEHUS B pa3HOO-
Opa3HbIX YCTAHOBKAX BETPOTEHEpAllMU C UCIOJb30Ba-
HMEM aCMHXPOHHOTO TeHepaTopa TBOMHOTO ITUTaHWSI.

KimoueBbie ciioBa: modeauposanue, semposas mypou-
Ha, ACUHXPOHHbLI 2eHepamop 0680iHo20 humanus, PWM-
svinpaMuUmend

Pekomendosano do nybnixauii Caio Anem. lama nao-
xo0xcenHs pykonucy 28.08.17.
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