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Abstract: In this paperGrid-connected distributed generation sources interfaced with voltage source inverters
(VSiIs) should be disconnected from tiped under: 1) unreasonable-tink voltage; 2)excessiveac Currents

and 3) loss ofgrid voltage synchronizationThe control of singleand twephasegrid connectedvSis in
photovoltaic (PV) power plants are created to address the issue of inverter disengaging under gfitfierent
issues low-voltage ridethrough (LVRT), or flaw ride through (FRT), at times undeitage ride through
(UVRT), is the capacity of electric generators to stay associated in brief times of lowdc elgstem voltage

Key terms. DCiDC converter, faultide-through, photovoltaidPV) systems, power system faults, reactive
power support

Introduction

FAULT STUDIES are imperative in extensive scale grishnected renewable energy systems and
have been reported in the specialized writing. In any case, the majority ofttihdseabout concentrated on
grid connectedvind power plantsOn account ofyrid connectedhotovoltaic (PV) poweplants (GCPPPs),
Specifically a threephasecurrentsource inverter (CSl) setup was explored under different @imihg
conditions in which theoutputcurrentsstay constrained under a wide range of flaws because of the usage of a
present source model for theverter. In any case, this configuration leadmay prompt instability under
dynamic conditions Threephase voltage source invertefgSls) are utilized as a gridonnected power
transformatiorsystens. Because of the expanding number of these systems, the control of the VSiIs is required
to work and backing thgrid in light of the grid codes (GCgjuring voltage disturbances and unbalahce
conditions.

Among a few studies for unbalanced voltage lists, a technigageintroducedo mitigate the peak
output current®f a 4.5kVA PV system in norfaulty phases. Another displayed a proportieresionant (PR)
current controller for the present limiter to guarantee sinusoidal output current waveforms aodri@rdr In
any case, in the said contemplatesctive powebacking was not considerefl.study managing the control of
the positive and negativeeries was performed. Two parallel controllers were actualized, one for every
arrangement. The study showed #wive restrictionsof utilizing this controlseriesbecause of the deferrals
created inthe present control circles. A study was reported for the control of the dc side of the inverter, which
demonstrates the effect of different sorts of deficiencies on the voltage what's more, current of the PV array.
Considering FRT procedures for gdmected VSIs, a few research has been done oml wirbine
applicationsfurthermore on VSbasd highvoltage direct currenf(HVDC) systems Some of these studies
depend on passive control, e.g., crowbat ahopper resistorthough others depend owtave control plans
Although both classes can give FRT ability, the detached strategies have the disadvantages of requiring extra
pars and scattering huge force duritig voltage list forms. In the use of GCPPPs with the setups of single
stage change (singltage transformation implies direct association of the PV source to the dc side of the VSI),
some examiation were donessessing the FRT issues of both air conditioning and dc sides of the inverter
under lopsided voltage conditions. In any case, in tipdicgtion of a twephase transformation (which means a
dci dc change or presgulator unit exists between the PV source and VSI), no paper so far has proposed a far
reaching system to secure the inverter during voltage sags while giving reactivebpoligg to the lattice. All
the plans and changes for the inverter in both the smgletwephase transformations need to suit different
sorts of flaws and address FRT abiliking into account th&Cs.PV inverter detachment undgrid issues
happens because of essentially three componengscé¥sivedc-link voltage; 2 excessiveac currents; and 3)
loss of grid voltage synchronization
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The control system presentddr a singlestage transformation is utilized, despite the fact thatvoltage sag
location and reactive power control is adjusted in view of person estimations of the grid voltages. The primary
target of this paper is to present new control methodologies for thstédge change in GCPPPs that permit the
inverter to remi associated with the grid under differesatrts of flaws while infusingeactive power to meet

the required GCs.

II. GRID CODES
As the German GCs are the most comprehensive codes for the different power levels of PV
installations ad coordinationadvancemenisthis paper takes after these codes as a basis for the exchanges.
During voltage sags, the GCPPRBhould supporthe grid voltage by injecting reactive current. The amoaht

reactive current is deérmined b éd on| tlhe droop catdfivled agollows:
— I’OOF? eS|,
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Where droop is a steady value d&the measure of voltage drop, and In is the rated current of the PV
inverter in dq organizes, ie’,E a4 31 n, where In is the apFthemdasired r ms
of voltage drop deis acqured based on the most reduceasrestiméion of the lineto-line voltages of the three
phases at theerminal of the GCPPP, i.e., enin appeared in Fig. 1.The rms voltage is acquired utilizing the
following expression:

Where ¢_is the instataneous lindo-line voltage, Ty is the window width for the rms value
estimation, and T is thgrid voltage period, which is equivalent to 20 ms for a grid frequency of 50 Hz. The
subsequent control graph for the reactive curgenieration is depicted in Fig. 1.

Ill. CASE STUDY FOR A SINGLE -STAGE CONVERSION

el
Droop contral ——

Fig. 1. Droop control diagram for the reactive current reference provision.

A. Grid Voltage Synchronization

In grid-connected inverters, one important issue is the voltage phase angle detection. This is normally
performed by phasecked loop (PLL) system in view of a synchronous reference outhhé (SRFPLL),
known as ordinary PLL. The traditional PLL arrangement does not perfolinumeker unbalanced voltage sag
and thus may prompt the inverter beseparated from thgrid. A few strategies were propostaiextricate the
voltage phaseprecisely under lopsided voltagerditions. The strategy in light of moving normal channels
(MAFs) presented is connected, which was additigrutilized as a part afppearing exceptionallytteactive
execution. In this strategy, the positisequenceof the voltage is extricated from thgrid by method for a
perfect lowpass channel. At that point, the angle of the positive grouping is recognized.

B. Excessive AC Current

Commercialgrid-connected invertersave a maximum acurrent quality indicated. In the event that
any of the streams surpass s&dteem, the inverter disconnected from the grindergrid voltage sag, the-d
segmat of the current (in the SRAhcrements in light othe fact that the controlleneeds to keep up the
dynamicpower infused intdahe gridandgrid voltagesare brieflydiminished. Notwithstanding the expansion of
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the d current segmenthe inverter needs to infugseactivecurrentduring the shortcomingo meet the FRT
requirementsThe measure ofeactivecurrentis accordingby load control given in (1). Sincghe d and q
current segments expand, this niiegd theover-current protection to separate the inverter from the grid.

C. Excessive DELink Voltage

If the active current referends restricted, i.e. gief < i*arer, the produced power from the PVs is more
than the infused power into the electrical grid. As an outcome, some aseagfirst accumulated into the dc
link capacitor, expanding the dhtis voltageas appeared in Fig. 5(c). In a solitary stage GCPPP, as-h&kdc
voltage increases, the working poi ndpendrouitvollage poiit V. cur v
(Voo), which drives the PV current to diminish, as appeared in@zighe power generated by the PV paiels
reduced because the operating point is taken away tiiermaximum powepoint (MPP) and in thisnanner;
less active current is injected into the ac side. This happens until the GCPPP achieves a new steddyestate
the delink voltage quits expanding. In this manner, sirgfiegge GCPPPs are spliotectedsince the produced
power is decreased when the-loik voltage increases under ac shortcomings. It should to be said that the
inverter needs to withstand the most pessimistic scenario of tlirekdoltage,
Which is produced when the voltage gave by Bhé modules acleives the openircuit value (M) under the
maximumsolarradiation expectedn the generation site. Henceforth, the number ohi®dules connecteith
series (g must be restricted in the outline of the GCPPPs so that thakdeoltage isnever higher than the
maximum acceptable éstation of the inverter(¥:may

nsO oy (©)

This concept in the case of a singiageGCPPP An issue that may show up in view of the deviation of the
MPP during the voltage list is that, after the flaw being cleared, their&oltage and ac currents may take a
long time to come to the pfault values, as appeared in Fig. 5(b) furthermone,Tlee reason is that the error in
the delink voltage produces accumulation of control activity to the essential part of the propeiritegadl
(PI) controller.This control activity is constrained by the present limiter and in this way it has notimp#ue
lattice streams. Be that as it may, when the voltage list closes, the exorbitant control activity gathered in the
necessary part of the controller must be remunerated mpahmistake the other way. As an outcome, the dc
link voltage is lessemkbeneath the reference value. For this situation, a critical diminishing of tlekdc
voltage may lead inverter losing control and be disconnected. To conquer this isangwand-up system is
connected to stop the PI controller accumulating exeessintrol action when it exceeds@ecified valueThe
schematic of the antiind-up method Is appeared in Fig.#hich V ¢ and V. are the reference also, real dc
link voltages, individually.
The enhanced resulighile applying the counter twist igystem are portrayed in Fig. 8. For this situation, once
the grid fault is cleared, the diok voltage recovers to the pfault value with no perceptiblevercompensation.

Low-voltage ride through (LVRT)

In electricpower systemlow-voltage ride througLVRT), or flaw ride through (FRT), at times unéder
voltage ride through (UVRT)is the capacity of electric generators to stay associated in brief times of lower
eledric system voltagelt is required at circulation level (wind parks, BYstens, conveyed cogeneration, and
so forth.) to keep away from that a short out on HV or EHV level will prompt a far reaching loss of era.
Comparable necessities for basic loads, for exanpC systemand modern procedures are frequently taken
care of using a ninterruptible power supply (UPS) or capacitor bank to supply malpepower duringthese
occasions.

Numerous generator plans use electric current coursing through windings to create the attractive field
on which the engine or generator works. This is rathan outlineshose utilization changeless magntis
produce this field. Sucldevices may have a base working voltage, beneath whicldélvéee does not work
effectively, or does as such at extraordinarily lessened proficiency. Some will remove tlesnodehe circuit
when these conditions apply. This impact is more extreme in dduabdyered instigation generators (DFIG),
which have twosequence of controlled attractive windings, than in squitehfine prompting generators
which have one and onhBynchronous generators may slip and get to be shaky, if the voltage of the stator
twisting goes down beneath a specific edge.

Extension

Fuzzy logic

Fuzzy logicis a form ofmanyvalued logicdn which thetruth valuef variables may be any real number
between 0 and 1. Bgontrast, irBoolean logi¢ the truth values of variables may only be 0 or 1. Fuzzy logic has
been extended to handle the concept of partial truth, where the truth valuangaybetween completely true
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and completely falsd=urthermore, whefinguistic variables are used, these degrees may be managed by
specific functions.

Usually fuzzy logic control syst is created from four m@j elements presented on Figutezification
interface, fuzzy inference engine, fuzzy rule matrix and defuzzification interface. Each part along with basic
fuzzy logic operations will be described in more detail below.

rule
matrix
npul i output
—.W!-. Y | defuzzification %&
fuzzy
interference
engine

Thefuzzy logic analysis and control methods shown in Figure 1 can be described as:

Receiving one or large number of measurements or other assessment of conditions existing in some system that
will be analyzed or controlled.

Processing all received inputs accdi ng t o h u ma nt hbeansde dr,u |l fewsz,z ywhdictfh can
simple language words, and combined with traditionatiuamy processing.

Averaging and weighting the results from all the individual rules into one

single output decision or signalhieh decides what to do or tells a controlled system what to do. The result
output signal is a precise defuzzified value.

First of all, the different level of output (high speed, low speed etc.) of the platform is defined by specifying the
membership fun@ns for the fuzzy sets. The graph of the function is shown below

poslow  poshigh

Ph / h speed

or r
—maxspeed 0 rmaxspeed
ZEro

similarly, the different angles between the platform and the pendulum and...

4 poslow  poshigh

& / 1y angle

- r?léxangle ] maxar'léle
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the angular velocities of specific angles are also defined
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il . el 3
—r?naluxvelocity 0 mamelo 51:;: oy
Zero

www.ijlemr.com 161| Page


https://en.wikipedia.org/wiki/Linguistic

International Journal of.atest Engineering and Management Research (IJLEMR)
ISSN:24554847
www.ijlemr.con|| REETA2 K1 6 1681B8P .

Simulation results

Fig. 2 (a) Grid voltages and (b) grid currents at the LV side under 60%\®8lt&ge sag produced at MV side
of the transformer.

Fig.2 the output currents exceed the limits. This will leadrteerter disconnection, although it is not
applied in this simulationUnbalanced and distorted currents are produced beth&isestantaneous output
power and the diink voltage havdow-frequency ripples, and therefore, the active current referemugins
low-frequency ripples as well.

Fig. 3 Adding the current linter to the VSI control: (a) grid voltages; (b) gddrrents; and (c) dlink voltage
under an SLG/oltage sag at MV side of theansformer.

The generated currents after applying the curtieniter in this example. One can observe in FigbB
that thegrid currents are balanced. This is because the actinent referenceife) is limited to an almost
constantvalue during the voltage sag. It should be mentioned when operating with low solar radiation
and/or small voltagesags, the activeurrent reference may not be limited aherefore, it goes through the
current limiter without beingffected, i.e.jqer=i'wer . AS @ consequence, if the voltaggg was unbalanced, the
active current reference and consequethiyoutput currentwould contain some loirequencyharmonics.
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Fig.4. Application of an antwind-up technique to the PI controller: (a) grid voltages; (b) grid currents; and (c)
dc-link voltage under 60% SLG voltage sag at MV side of the transformer.

Fig.4 In this casepnce the grid fault is cleared, the liftk voltage recovers to the prefault value with

no perceptibl@vercompensation.
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Fig. 5 Shortcircuiting the PV panels: (a) grid voltages; (b) grid currents; and (Ghkiwoltage when applying
a 60% SLGvoltage sag at MV side of the transformer.

Some results for an SLG voltage sag with a 60% voltage ardfV side occurred frorh= 0.1s tot =
0.3 s. The generatggower of the PV arrays and also the injected activeraadtive power ito the grid are
shown in Fig.5During thevoltage sag, the dink voltage remains relatively constantes becomes almost zero

with some ripples, and only. is injected during the fault period.

Fig. 6. Turning the ditdc converter switch ON: (a) grid voltagéb) grid currents; and (c) dlink voltage
163| Page
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Onewhere the diode was continuously ON aral current from the PV was provided to thelidé.
The maindifference with the previous case is the transition proceskepisted in Fig. 6

Fig. 7. Control of the dtdc converter to produce less power under voltege (a) grid voltages; (b) grid
currents; (c) ddink voltage; (d) input voltage dhe dé dc converter; (e) estimated duty cycle; and (f)
actual duty cycle

As the Plcontroller (P41) is tuned to be slow in order to track the M&ing normal operation, the
parameters of this controller (P) can be increased during the voltage sag in order to impinevgerformance
of the proposed method.

Fig. 8Control of the dtdc converter troduce less power under voltagpy: (a) grid voltages under a 3LG
with 45% voltage sag at MV sid€) related grid currentg) related ddink voltage

Extension results
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Fig. 2 (a) Grid voltages and (b) grid currents at the LV side under 60%\8li&ge sag produced at MV side
of the transformer.

Balanced and distorted currents are produced bedhasastantaneous output power and thdimc voltage
havehigh-frequencyripples,

Fig. 3 Adding the current limiter to the VSI control: (a) grid voltages; (b) guidents; and (c) dlink voltage
under an SLG/oltage sag at MV side of theansformer.

It should be mentioned thathen operating withhigh solar radiation ad/or small voltagesags.The output
currents would contain sonfégh-frequencyharmonics.

Fig. 4 Application of an antivind-up technique to the PI controller: (a) gviditages; (b) grid currents; and (c)
dc-link voltage under 60% SLG voltage saigMV side of the transformer.
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Fig. 5 Shortcircuiting the PV panels: (a) grid voltages; (b) grid currents;(epdclink voltage when applying
a 60% SLG voltage sag at MV side of thensformer.

Fig. 6 Turning the dédc converter switch ON: (a) grid voltages; (b) gridrents; and (c) dink voltage when
applying a 60% SLG voltage sag at M¥ side.

The diode was continuously ON and current from the PV was provided to thelid&. The maindifference
with the previous case is the transition procesdeagcted in Fig. 6
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