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Abstract—Despite the increasing exponentially of the
penetration of renewable sources- generated eleatdl energy
into the grid, the increasingly stringent grid requrements aiming
the maintenance of grid stability remain as a limiing factor.
Renewable energies power plants are usually connedt to the
grid through powers electronic devices which transfrm the
generated DC power to the AC grid. These convertershould be
controlled to provide various advanced functions. Tese
functions imposed by grid operators include activeand reactive
power dynamic control, voltage ride-through, ancilary services
like primary frequency control, stationary operation within a
range of voltage and frequency, reactive current ijection falling
on faults, etc... Therefore the aim of this paperdctuses on a
comparative study between control system topologiedesigned
for the grid side converter, during unbalanced condions,
according to the recent grid codes. The proposed cgrarative
study can be used as a general basis to develodexible strategy
for control of active and reactive power flow. Depeding on the
requirements of each application: balanced currents constant
active and/or reactive power, the control and the pwer flow
characteristics are selected.

Keywords—Renewable Energies; Energy Management; Grid-
connected VSI; Grid disturbances; Grid Synchronizari;
Symmetrical Components.

. INTRODUCTION

Driven by economic, environmental, and technicakoms,
the energy sector is moving into an area whereelaggtions
of increases in electrical energy demand will be theough
widespread installation of distributed generati@Gj [1-3].
All actors has brought the recognition that theiemment is
fragile and global warming due to excessive cartmxide
emissions and about the other greenhouse gasesraidered
real concerns to discuss and to resolve. Furthexnoue to
their no exhausted nature and benign environmezifatits,

On the other hand, recent large scale system hlégko
have been due to voltage collapses caused by vegubiwer
deficiency, rather than frequency drops [7]. Hus treason,
strict precautions must be taken to take advantafle
distributed generators which are more sensitivevauhterable
to voltage disturbances. This mission can be aeki¢krough
power electronic converters since they are useimtagfaces
for renewable energy distributed generation syst@hdNew
robust control strategies must be developed inra@enake
these devices able to support bi-directional pdiflesy and to
ensure continuously power system stability regasdtee grid
conditions.

Given the electrical grids complexity and dynamismnted
by multiple eventualities, when distributed energystems
based on renewable energies are connected toithealjigrid
variables should be continuously monitored in otdeensure
power system stability and safety conditions inhboggular
steady-state and abnormal transient conditions [&],
Voltage-oriented control (VOC) [1] is one of the shaised
techniques for the operation and control of a itisted power
generation system connected to the grid througbréralled
VSI. In addition, the well known direct power cait{(DPC)
[8] is one of the most popular direct control stages. Like
VOC technique which can be based on virtual flule{¥OC)
[9], DPC technique can be implanted under VF conhcep
leading to VF-DPC [8]. Moreover, two DPC based teghes
to minimize the Common Mode (CM) emissions havenbee
designed and called DPC-EMC1 and DPC-EMC2 [10].eDth
works focused their attention to the predictive DEEEDPC)
[11] which is based on the combination of the DP&hw
predictive selection of a voltage-vectors sequeffcthe grid
voltages are distorted and unbalanced or durintagelsags,
many approaches [12-14] have been proposed in daoler
mitigate unbalanced voltage sag by grid-connecteldage
source inverter (VSI). One approach is the feetvdod (FF)

renewable energy sources are becoming as importaBbntroller [14]. Its objective was to minimize thapact of

generation alternatives in modern electric powesteaps for
both developed and developing countries. Neversselgome
literatures reveal that, the behavior of poweresysis mainly
related to the behavior and interaction of genesatonnected
to it [4-6]. When the penetration of distributedngeation
increases its effects on power system also increase
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unbalanced voltage in the disruption of the DC-nitage by
adopting two FF controllers tuned at double fundatiaegrid
frequency. Another approach called dead-beat piedic
direct power control (DPC) strategy has been ptesen [15]
to improve voltage-vector sequences for reverghnee-phase
grid-connected VSiIs. In order to solve the issumt tthe
values of the predicted duration times for the beaventional
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Fig. 1. Overview of the studied system.

active converter voltage vectors are less than, z@&ro new
alternative vector sequences have been proposed lbasthe
instantaneous variation rates of active and reagtowers.

This paper focuses on a careful comparative stlidguy
control strategies designed for power electronieviabs
interfacing a DG hybrid system with the electrigetl.

Il.  GRID SIDE CONVERTERCONTROL STRATEGIES

A. Grid Synchronization

Given that the signals of the electrical distribatnetwork
can be affected by harmonics and noise, fixed ataptave
filters are crucial for mitigating interferencespegifically,
during asymmetric faults conditions, adaptive fdtare quite
useful for a variety of applications. In this paper phase
locked loop (PLL) based on adaptive filtering teicjue was
used to detect correctly the phase angle of theatiyp®s
sequence grid voltagdd], [6], [12]. In this context, the
concept of separation of symmetrical sequencestaked.
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Fig. 2. Positive-/negative-sequence calculation and grichclsgonization
system based on the DSOGI-PLL.

1) symmetrical components

The concept of symmetrical components, as presdnted
Fortescue, is well known for power systems to amly
unbalanced conditions. In the literature, a mulgtwf studies

have dealt with the separation techniques of symmet

sequences [6], [12]. Some of them exploit the tlseguences:

Positive-, Negative- and Zero- in tdg synchronous reference
frame, and some other studies [13], [12] have Bieeited to
the extraction of Positive- and Negative- sequenthsse two
last sequence's components can be readily exprésstud
stationary reference franagg0 by the following relations:

1)

Here,

g is shift operator corresponding to a delay of 90
V, .V, :affcomponents of the grid voltage vector.

V,z ,V[E: af components of the positive sequence voltages.
V, .V ta components of the negative sequence voltages.

Various different approaches for implementing picadty
the required phase shift have been presentedidipéper, we
focused on frequency-adaptive filter based on Be&dorder
Generalized Integrator configured as a quadratugmab
generator SOGI-QSG [12]. This choice has beenfigdtby
the ability of this filtering method to reduce digtons in
either stationary or rotating reference frame.

In presence of sinusoidal signals, the estimatesitipe
and negative sequence components can be expresfEz]:b

o fundamental angular grid frequency,
s est I'opérateur de Laplace,

®'=3. w resonance frequency

k damping factar

k TS _ km?
{VZ}ZED S+ kst w? $+ kwDs w? %Var}
v | 2 k v* k205 s
| 2+ kst w? 8+ KwlDsw? |
(2)
kuls k[dv®
{Vtﬂzim 2+ kst w?  $+ KOs w? %Var}
Ve | 2] ik k20'(S 7
| 2+ kTt w? 2+ kv Tst+ w?

Having established the expressions of positive and

negative symmetrical sequences, we justify in wiodows
the adopted synchronization technique choice.

2) DSOGI-PLL synchronization technique

In previous works [1], [6], [12], several methods/b been
used widely for grid synchronization. The synchraso
reference frame phase-locked loop (SRF-PLL), whishs a
combination of Clarke’'s and Park’s transformatioakpws
fast and accurate PLL performance under ideal gpiditions
especially with high bandwidth feedback loop. Néveless,
this method is sensitive to imbalance and harmdisiortion.
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For these reasons, many researchers have propmsadls
improvements like DSRF-PLL [1], DDSRF-PLL [12].n this
paper, we have adopted the double second-orderajzee
integrator PLL (DSOGI-PLL) which adopts the instamtous
symmetrical component method on the stationaryreefse

frame and provides an effective solution for grid
synchronization of power converters under grid tfaul
conditions.

B. Comparative Study of Control Strategies

During voltage dips, continuous power delivery from

distributed generation systems is suitable to stppioe
network. For this, the control of power electromiterfaces

must be adapted to the ongoing evolution of networl

requirements. In this section, a comparative stumlyfocused
on the control of the network-side converter, rdtgss of
upstream sources and their controls. The instaotanpowers
delivered to the grid were established accordingthe
instantaneous power theory based on symmetric seqee
[12], [13] as follows:

Vil [ (R fTE
Py =Velg =| [V [+ [+ | [{] &+ 0o [+] 15
ve | [ ] L] L LS
€)
o 1 -4 [[ME] | A ([E] [ [iE
qg:(vg:)'igz {\%{_1 01 1 V%% NI
1 -1 o || || el el L] iz

C

o

C [ c

The objectives of the control strategies that wik
checked will be focused on the control of activel agactive
powers while paying particular attention to the eation of
balanced three-phase injected current, the -elimimabf
second harmonic oscillations in active and reactiesver
flow. Herein, we talk about the instantaneous actiwactive
control method (IARC), the instantaneously congadll
positive-sequence method (ICPS), the average activetive
control method (AARC) and the balanced positiveusege
control method (BPSC) [12], [13]. For each of thedged
methods, the generation of the reference currergstablished
taking into account the various compromises andstcaimts
of the power electronic converter. The calculatbmeference
currents is based only on positive and negativeuesstp
instantaneous components.

Ill.  SIMULATION RESULTS& DISCUSSIONS

The response of the for control strategies durimpleage
sag type C engaged at t=0.1seconde. The voltages &CC
point terminals are behaving as Fig. 3 shows.
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Fig. 3. Unbalanced grid voltages.
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The application of the IARC control technique shdtast,
although the active and reactive powers are kepstaot even
in case of fault, the currents injected to the griel unbalanced
and very harmonic polluted currents (Fig. 4).
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Fig. 4. Grid currents and active and reactive powers UBIRE control.
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Fig. 5. Grid currents and active and reactive powers UKIR$ control.
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Fig. 6. Grid currents and active and reactive powers usitgC control.

In case of the ICPS strategy and facing the saruk, fa
Figure 13 shows the appearance of reactive povedliat®ns
at twice the fundamental frequency. However, thiecied
currents are less distorted than in the case ofptegious
control strategy, but they are still far from sioigsal.
Regarding the active powey, , it is shown that it is well

controlled.
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For the AARC method, the active power reference i42]

maintained equal to its refererlég’éand that of the reactive

power is kept at zero. It can be proven that thected
currents are assumed sinusoidal unbalanced in a@lwhen
imbalance occurs (Fig. 6). These currents are ptiopal to
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Fig. 7. Grid currents and active and reactive powers uBIR§C control.

the point of common coupling voltages. However, dotive
power reveals significant oscillations at twice fhedamental

frequency (,, ~50% ong). Moreover, this technique is able

to eliminate the reactive power oscillations.

In the presence of the same default, BPSC conlimis
to have sinusoidal currents, balanced and in-phdte the
corresponding voltages (Fig. 3). The current amgét is
increased to maintain the average active powectjeto the
PCC during the voltage dip. Only, important sechadmonic
oscillations was superimposed upon both the active
reactive powers; which is detrimental to the stgbibf the
power system (Fig. 7).

IV. CONCLUSIONS

This paper presents and discusses four contrdiegtes
dedicated to control a grid-connected inverter
unbalanced operating conditions. Especially, ¢ukes on the
generation of the current references responsibtoitrol the
delivered reactive power.
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The results have shown that the choice of the lsleita [14]

strategy for delivering a desired reactive powepethels also
on another compromise. In fact, the limitation odwgr

oscillations engenders distorted currents howevbe t

generation of high-quality currents imposes impuriaower
oscillations. This is very useful for analyzing tkelection
criteria. It proves that such a strategy dependshenutility
network needs. Much remains to be done especfallg itake
account additional complexities of other structwéthe GSC
converter.
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