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°Aalborg University, Dept. Energy Technology, 922(barg, Denmark

Abstract

This paper focuses on a hybrid islanding detecatorithm for parallel-inverters-based microgridshe proposed
algorithm is implemented on the unit ensuring tbetl of the intelligent bypass switch connectorgdisconnecting the
microgrid from the utility. This method employs adgimpedance estimation technique that uses resenexcitation
once grid fault occurs. It includes two stages: fir& one is to detect grid impedance variatioesuiting from a grid
fault; and the second one is to excite the resanéiycusing a virtual resistance in order to extthet grid impedance
parameters. Grid impedance variations detectiooriign is based on grid current measurements teshpedundancies
with fast current acquisition period. Once the gnibedance variation is detected, the excitati@omance is performed
by injecting a resonance frequency in only oneriterecontrol to avoid interactions with other unitéie selected inverter
will be the one closest to the controllable disttdsl generation system or to a healthy grid sideaise of meshed
microgrid with multiple-grid connections. The deten algorithm is applied to quickly detect theaeance phenomena,
so that the resonance excitation is canceled andeistive and inductive grid impedance partsatinated. Simulation
results are carried out to illustrate the effectass of the proposed method.

Keywords:microgrid, islanding, grid impedance variation,aieance excitation, droop control method, virtuals&nce.

1. Introduction

Microgrids (MGs) are emerging as a way to improwthbpower quality of the electrical grids by making
them smarter and more flexible in the future. MBswd be able to operate connected to the utiliy gr in
island under grid fault conditions [16]. The trdimi between grid-connected and islanded modessrein
the islanding detection algorithm. The islandingm@ion depends on the electrical power qualithatpoint
of common coupling (PCC) and the grid existencenddetwo islanding scenarios can be considered:

- Intentional or pre-planned islandingsymmetrical or unsymmetrical faults taking plamsmewhere in the
grid will lead to voltage dips, frequency variationr unbalance problems that can be non-detectetieby
protection devices. In this case, local islande@ct®n algorithms are needed to disconnect the MG.

- Non-intentional or unplanned islandingn this case, MG continues to supply local loadgkile the main
grid is disconnected from the PCC [18].

A non-detected islanding condition may lead to @&ags situation for utility personnel and cause aigento
the distributed generation systems composing the N&Bice, a reliable islanding detection method khba
set in order to detect any islanding scenario adtlas fast as required by standards. German sth(\MRE-
0126), for example, requires disconnection fromutikty grid under grid impedance variation awithin

5s [12]. The detection should be available evereutide worst conditions defined as a Non-DetecEone
(NDZ), in which MG active and reactive produced povaescompletely consumed by the loads. In fact, pre-
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planned islanding could be easily detected by m8pe some stringent pre-defined standard. However,
unplanned islanding, that is to say the failur¢hef grid, is more complicated to be detected siheevoltage
and frequency at PCC can be sustained in NDZ limits

In the literature, several methods have been pexpdsr islanding detection due to the importancehis
issue and its impact on the interconnected systenawor [19, 1, 14, 3, 8, 6]. These methods areniyai
divided into two main categories: communicationdshsnethods between the protection devices and the
power generation system, and local methods thatombg local measurements. Local methods can be
classified into three subcategories: passive meathaddllenged by a large NDZ and an accurate saitabl
threshold; active methods that suffer from poweality degradation; and hybrid methods that tend to
summarize the benefits of both passive and actiethads. In this sense, a novel hybrid islandingctein
method based on grid current measurements andameserexcitation is proposed in this paper. Inde¢d,
first, a passive method based on continuous gricentimeasurements allows the detection of anypalymid
current variation at the PCC. Afterward, this passnethod is combined with an active method basethe
injection of the proper resonance frequency. Resumaxcitation is carried out by implementing aadying

a virtual resistance. This resistance helps, id gdnnected mode, to improve the output power tuadi
healthy grid mode and to drive the system neargkenance once an abrupt grid current variatiaieiscted.

It also allows the discrimination of the variaticauses: grid impedance variations [3] or load Viania This
method is able to detect islanding conditions uradsr faulty condition even under the NDZ, the waase,
where other methods failed [8].

However, in a MG that comprises parallel inverteosinected to the grid, the method application isemo
difficult due to the different proper resonancegfrencies resulting from the impedance of each géioer
system. As consequence, resonance excitation df eaerter can damage the system and reduce the
reliability of the MG To overcome this problem, a MG control structw@iioposed which derived from the
structure of the parallel-inverters connected tolde grid: the grid fault occurrence detection aildpon
allows stiff grid determination and faulty grid on&fterwards, in resonance excitation phase, dmtydiosest
distributed generation systems (DGSs) to the hgaitid remain connected to this utility grid whtlee others
are disconnected. However, they are kept interattedewith controllable DGSs, such as gas engiresedli
generator or distributed storage system. Theserdltaiile DGSs can support voltage and frequency in
islanded mode. The developed grid impedance paessdetermination algorithm will be executed by the
healthy grid closest DGS control.

This paper is organized as follows. The double-gddnected MG structure and the proposed MG control
structure are reported in section Il. The hybridriding method is introduced and discussed in cedti
with the different algorithm steps. Section IV svdted to simulation results.

2. Microgrid architecture and control strategy

MGs generally include parallel distributed genenatsystems modeled by three-phases inverters ctather
the utility grid through an LCL-filter for the noeentrollable DGSs and LC-filter for the controllaDGSs.
For simplicity, LCL-filters are used for both type§ DGSs in this paper. The grid side filter incarate is
considered as a line inductance, which increasemthuctive character of output system impedancdehaips
for a proper parallel operation of controllable D¥3ce they operate as voltage sources.

2.1.Microgrid with two grid connection points

For a meshed MG, the MG can be connected to a dauldl through two intelligent bypass switcheBS) in
order to ensure better service continuity unded daults. Fig. 1 presents a double grid-connected M
structure: parallel-inverters and loads remain -godnected when grid-conditions guarantee a proper
operation. In case of grid fault occurrence detecte one side of the double grid, the switchesi =1,...4

will close and open according to the grid failuneorder to ensure healthy working of loads and D&S$
safety transfer of the electrical energy.
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The proposed islanding method is based on a reseniajection for a specific period. This will haee
negative impact due to the interaction betweerptrallel-inverters under resonance state. Thisanot®n is

a consequence of the line impedance between eaelnten and the AC common bus. As a solution, an
inverter with loads can remain connected to thdtimegrid, whereas the other DGS excites the resoao
determine the grid impedance of the faulty gridnét the estimated impedance values helps keeping t
switch states decision.

2.2. Proposed microgrid structure

A controllable DGS (DG3), such as gas engine, tigemerator and distributed storage system, is
included. It is connected to parallel inverters &ethaves like a grid tracker in order to suppoet tbltage
and frequency in islanded mode. The non-contra@dl&GSs are inverters based on renewable poweresourc
such as wind turbine (WTS) and photovoltaic systéMéS). They act as current sources in grid conoect
mode. The system composed of controllable DGS,aumrrollable DGS (DG2) and loads, is connectedhéo t
closest DGS from the grid (DG1) through a switchide notedK, and all the system is connected to the grid
through an IBS, as depicted in Fig. 2. Indeed, gridedance variations challenge the AC bus interéac
inverter control. In this way, the switdq, should be opened once a grid impedance variatasdetected to
avoid resonance problems in the MG caused by ttegaiction with the grid. Hence, controllable DG Iwil
together with the parallel inverter DG2, supply thads while the closest DG will execute the aldon of
grid impedance parameters determination to deteetislanding condition. As a consequence, different
possible scenarios can occur as illustrated in€rabl

Table 1. Proposed MG scenarios

IBS K1 Scenario
ON ON Connected MG
ON OFF Connected DG
ON Re-ON Reconnected MG
Off OFF Islanded MG
AC bus

DG2 Zoine
Zinex M\/_@

ETETIY i Power and voltage control
Supported controllable DG

ON

Non-linear at t=1.2s
load #
LinearResistive |
load
ON

at t=0.8s

Linear
inductive e
load
9 K1
Zinez
IBS Vﬂ
DG1 Noninear Linear Linear @ DG2 Grid-side current control Z
load Resistive inductive & Islanding detection
Fig. 1. Configuration of a MG connected to a dotdyie Fig. 2. PropdsMG structure control strategy
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3. Proposed microgrid control strategy

In grid-connected mode, parallel non-contdolk DGSs, such as PVS and WTS, behave like current
sources (CS). Their control requires maximum papeent tracking (MPPT) algorithrim order to sufficiently
supply the loads and to inject the maximum powegrid. In this grid-connected mode, both frequeany
voltage are supported by the grid. The controlldb&S acts as a voltage tracker, behaving like tagel
source, where its references are the grid voltagefr@quency [8]. In islanded mode and during tkecation
of the algorithm explained hereinafter, the comafde DGS will change its references to supporitésif the
voltage and frequency while the parallel non-cdtdbde DGSs are still working as current sourcésdeed,

MG is usually designed so as to respect the foligwelations in order to avoid transmission powsses as
follows

I:)MG 2 Z I:’Loads and QMG 2 Z QLoads (1)

However, in islanded mode, and with non-controBabBlGSs based on MPPT, the produced MG power
should not exceed the total demanded loads powehid way, the installed non-controllable DGSsstio
have a maximum power less than the minimum totddopower as follows

PLoads_min < Z PDGs _max 20

QLoads_min < Z QDGS _max

The supported controllable DG acts hence as asgudce and a power balancer.
3.1.Non-controllable DGS strategy

As the non-controllable DGS behaves like a cursentrce, its control strategy is based on contmliive grid
side current. The voltage and frequency are impbgettie grid in grid-connected mode and supportethb
controllable DGS in islanded mode. The continuo@ \Bltage is considered as constant by a primecsour
side converter and the grid model is an inductegstive branch in series with an ideal voltagers®moted
V, [18, 11].

Noteworthy that the high order LCL-filter can prdweothe system instability which needs the integratf a
damping element. For this reason, active dampin@depted as a solution and it is carried out by
implementing a virtual resistance in the controatglgy. In fact, it is done by multiplying the seddilter-
capacitor current by a predetermined gain n®g8], and the result of this multiplication is sulxtted from
the converter voltage reference as depicted inJ:i¢n the proposed microgrid structure, DG1; inickhthe
proposed islanding detection algorithm is impleradrand DG2 have the same current control strategy.

Bode Diagram
T

PWM inverter i LCL ﬁl{er{ ) Grid i
Voc e —'M ol Zinel IBS o
J 1 C # {iﬁ/ﬂm‘
—3 i pCC
feabe 35
PWM fr] @
P lx i fopar |} e ey R O Iy B A A Y
Ok |
g [ Iy
s~ H 4

[ RN [ AN [ AR [l
i ,v'%MIT 0 7L44L\uu’,747\4 S A O I W Yy By S
i(‘un’cni control loop i v ;,me‘n‘}y ) - "

Fig. 3. Non-controllable DGS control strategy Fig. 4. Bode plot of multi-frequencies non-idéatR

For reliability and power quality reasons, a méiguencies non-ideal Proportional+Resonant (P+R)
controller is used to control the output currenboth DG1 and DG2. Its good regulation capabilityl dts
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harmonics suppression effect are proven in [13]thie non-controllable DGS responsible for resonance
excitation DG1, the transfer functions of the aéoptP+R)controller is given by:

krexa% S + krexha(: S
F+2a s+af w5t +2w stay’

G‘ eis) = kpe><+ 4

where Ky, is the proportional gain responsible for the systdymamic whileke, is the resonant gain
responsible for reducing the steady-state erfor.cu,, and & . are respectively the fundamental frequency,
the harmonics frequencies and the cut-off frequarsad for frequency fluctuation reducing as deplidgte
Fig. 4.

For more simplifications, grid-side current anderehce voltage are expressed in the stationaryerefe as
depicted in Fig. 3 using the Concordia transforomati

R &

_ L | _ |2 2 2 5 21 1 43
Vaﬁ _[Taﬂ abc and Ia[} _[Taﬂ]labc [Ta;}]—‘/; 0 ‘/é ‘/é [Tgpl :\/; _E ?
2 2 143

2 2

3.2.Controllable DGS control strategy

In grid-connected controllable DGS; considered asltage source, the active and reactive powerschft
andQ) flowing from the filter output to the PCC through inductor can be expressed as follows [17, 15]:

EV V2 EV . .
P = (——cosp—— )cosd +——sin@sind 5
(- cosp=—_-)oosf+—~sing ) (

EV V2 o EV
=(— -—)sinf ——— S8 6)
Q (Z cosy Z )sin Z singco ) (

¢ is the angle phase between the controllable D@4r filutput and the PC@,is the inductor impedanck,

is the DGS capacitor voltage amplitudé,s the PCC voltage amplitude afds the inductor impedance
angle.

In this paper, droop method is used to control dbetrollable DGS and its principle is based on tiie
following assumptions:

1) The inductor impedance is purely inductive (Z=#%90°). This assumption is true due to the large
filtre inductance and power line impedance. Butrésgstive character of the power lines impedance
in low voltage case can be a challenge. As a swlytiirtual impedance can be added to the system
control loops or using LCL-filter instead of LC ane

2) The angleg¢ is very small and assumed to be ngil£0, cosg =1).

Based on these two assumptions, Eq. (5) and Eqcgié)be expressed as shown below, where the DGS
frequency is used instead of its angle phase

w=w*-m(P-P* )
E=E*-nQ-Q) ®)

From Eq. (5) and Eq. (6), the relatioR4& and Q/E can be deduced. In fact, an increase in the aetidk
reactive powers leads to a decrease in the freguamt the voltage level respectively as can be shawFig.
5. Hence, the frequency and voltage can be corsides information about demanded power loads i@miat
shared between the parallel inverters in real time.

However, the conventional droop method has thel@ige of a slow transient response. In this sesmesral
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modified droop methods have been proposed in titeza[4, 7, 5]. In this paper, derivative and inmtgr
terms are added in droop equations to improve ystes transient response. Hence, the equationswiill

expressed as:
d(P-P*)

=@ -m(P =P ~my S 9 > 9=¢"G,((P-P 19
E=E*-nQ-Q -ng[(Q-Q¥ o > E=E*-Gy4(s)(Q-QY 1p)
¢ is the phase of thé*, ¢~ = w*jdt =w*t,
S+m
Gp(9) =TT 19
Gy(9)= Tys+n 14)
E Inductive Load ___, e CGeneration "
I ------------- My ! I
................. LD
,,,,,,,,,,,,,,,,,:‘::y
|
|
|
LN
Pmax
AC bus
Droop control l‘“*
RiGi ls
ke G ,(s) y
Ppe & Onep| .09
Onc* - Al
Three phase
ren =Sl
LU e [T
Fig.6. Controllable DGS control strategy
( ll ap Veas | Replaced by L, | )
Currrent & voltage | Virtual impedance icpGap
loops
Three phase reference P .
<« Power calculation Ve,
generateur «— Droop control Y caB
\ J




Fig. 7. Control structure based on ‘Droop’ control
Droop control inputs, active and reactive powers, @lculated from the unfiltergal and q power rich in
ripple using first order low-pass-filter (LPF) ageessed in Eq. (15) and Eq. (16).

We

p:Vca ia +Vcﬂ i,B > P:s+wc p (15)
_ ; . W,
q_VcB la _Vca Is > Q_S"'Z)c q (16)

The three voltage reference is deduced from thmatad voltage amplitude* and frequency as shown in
Fig. 6 and it can be given by:

V¢ =Esin@t) (7)

The filter capacitor voltage and inverter curren¢ doth regulated by multi-frequencies non-ideaRP+
controller where its transfer function is presertgd

GO+ By K lS
? Sz+2ags+(j n5711§2 +2ags+a_g

(18)

_— kiws Kin@ s
6O kp|+52+20€5+a}+h:%1152+2a&s+(42 (19)

3.3.Synchronization

Many grid synchronization algorithms exist in thierdature and their importance is growing due ® it
advanced role in performing an accurate synchrtioizaand avoiding overcurrent. One of these
synchronization algorithms is the second order geized integrator SOGI that is adopted in thisqragince

it is characterized by its high efficiency undebalance or perturbation as proven in literaturq Hrd [13].
The SOGI behaves like a band pass filter with rasoe frequency equal to the grid frequenizsypQH2),
hence it is capable to extract the positive andatiegg components. The positive angle-phase compdsen
used to synchronize properly the MG. However, thiel requency can be varied; hence an adaptive
frequency loop named FLL block (frequency lockedplpis added to adapt the resonance frequencyeof th
SOGI in real time.

The SOGI algorithm consists of two filters; a bauass filter allowing the reconstitution of thediled input
signal Vo' and a low pass filter permitting the constitutiohthe in-quadrature componeqvof’. The
transfer function of the second order generalin¢glgrator relatiny/o’ as well agVos' to theVag is given

by

Va/i" _ kas

20
Vo S?+kads+a? (20)

aVes' k a?
V,, s’+kds+a?

(21

Where o' is the SOGI resonance frequency andis the damping factoVag' oscillates with the same
frequencyw’ of the input voltage whilgVof}' is the in-quadrature componentsvafs’. These two parameters
(Vo' andqVep') are used to calculate the positive and negatigeesees for three phase systems, while
they are themselves the positive and negative segsen single phase system, and to calculate ribygep




angle-phase.

Fig. 8. Three-phase SOGI-FLL algorithm
3.4.Hybrid islanding method

The proposed islanding detection method is basetivorparts, the first one aims to detect the vemmabf
grid impedance parameters while the second onesitioe determination of the grid impedance vanatio

A. Passive part: The method based on temporal redundancies ofagriicent measurements is widely used
and its efficiency in fault detection was prover. [Bs principle consists on the detection of arrugpt
variation between consecutive grid current measangs Any abrupt current variation will be depictsla
residual with different amplitude levels. Indeed, healthy state, with no grid impedance variatitme
measured quantity current evolution has no disoaiti, hence the final residual not&ksy, calculated
from three consecutive non-filtered residual notgds lower than a small threshold Once the grid
impedance varies, in faulty state, the measurecesuguantity evolution will present a discontiyusghown
as a residual spike at the instant of the gridtfdiile residual expressions are given by Eq. (88)Eq. (23).

Resg =r +req +r (22)

e =figk = 2igea +iges) (23)

igk Igka@ndigy are the consecutive measured current at the attgisampling timeT, ; kT, , (k-1)T, and
(k-2)T, . The threshold is defined as the maximum value that can réRegy, when current evolution has no

discontinuity Regy.< € ) and since it is proportional to the square of shenpling, it will be always very
small as expressed in Eq. (24) and Eq. (25).

£=3aTa%l, (24)
Vecem =V,
Iy = ZPCCm__"gm (25)
2

WhereVpccpis the maximum voltage at PC¥gmis the maximum grid voltage, and (w= 277/ 1) is the

system time constant, with, <<< Ta,
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B. Active part: As proven in [3], the system resonance frequatepends on the grid impedance, especially
on the inductive part of the grid impedance. Thévagart of the proposed hybrid islanding detectioethod
allows the injection of the proper system resonafiequency needed to estimate the grid impedance
parameters value once a grid fault occurs. In féet, resonance is excited properly by a virtual piam
resistance note, that drives the system near the resonance oncsiduad spike is detected. Indeed, the
principle of the method consists on taking a highpprtional gain in the beginning, and then redgdine
virtual resistance gradually until reaching theoremce. Then, in the next step the resonance fneguzan

be extracted by using the Fast Fourier Transfooma(FFT). The resonance frequency of closest DGS
responsible for islanding detection (indicated ast p in Fig.9), the estimated grid inductive partd the
deduced grid resistive part are expressed as fsllow

_1 Ly + Ly +Ljjnes +Lg 26)
e 2 Ll (L2 + I-Iinel + Lg ) Cf
0ot * L)~ @7l (L +Lina)C 1 fres) @7
K (4”2L1Cf fres2 _1)
A |9w*Tat
Ry =\/T Vpcem _ng)2 ‘(Ol/'—g)2 28)

4. Simulation results

Simulations were carried out by using PSIM softwditge proposed islanding detection method desciitved
detection and estimation of grid impedance vanatotested on the system depicted in Fig.9. Thealleh
inverters and different kinds of local loads arergected to a PCC. The linear resistive load isiooatisly
connected but the linear resistive-inductive lohdL{) is connected atoy=0.8s and the non-linear one at
ton=1.2s. The loads are sized to test their effectistanding algorithm. The system parameters used in
simulations are shown in Table 2, 3 and 4. In theord and third scenario, the voltage and frequency
references are proposed by the system itself Byith325V andw,.~=314.159 rad/s

Table 2. DGSs parameters

Poc1 Poc2 Pocs Voc(V) fowm L L. G Zy Zy

2kw 2kw 4kw 650 10kHz 2mH 2mH 254 0@9mH 2mH

Table 3. Loads parameters

Rp RI LI Rnl Lnl Cnl
550 1280 0.204H 8® 0.204H 2uF
Table 4. Control parameters
kpex kiex kp k| kpv Kv Qe Gy Rv m md n nd J

24 7500 2 180 0.9 50 4 8 35 0.00027 0.000028 0.022 05u
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Controllable Distributed
Ac bus| Generation

bG2 LCL filter || |

ioazif
Current control loop

N at t=1.2s

Lo
O
Non-linear ¢u |M +
load

%

R,
LinearResistive %

Grid-connected Microgrid

j; measurement

load Residual
L R
Linear inductive Threshold
load R o ve  variation
ON att=0.8s E=E Pulse switch e giecio
W= | \rors %
Q=0 e
Fog*=0 calcyation
2o, Zps
=2 Zz calculation
algorithm
Routh criteria
E=E, sl Open IBS
W= B & Close K1
Qe
RERE Islanded Microgrid
Current control loop T’:UZWJGI

Fig.9. Proposed MG control structure

An abrupt grid fault is carried out by varying tigeid impedance (fronZy to Zg+Zy) at t=1.24s The
implemented passive part of the proposed islangiathod based on residual calculation detects Hrisitvon
successfully by presenting a residual spike. Thke, switchK, is opened to isolate the part of system
composed of the closest DGS from the grid (DG1g, dbntrollable DG and the non-controllable DG2 from
the whole microgrid system. Finally, the activetpzrthe proposed hybrid method is applied by éxgithe
resonance as shown in Fig. 10.
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After the excitation during a specific period chodeere1200time of Teamping the algorithm will take the
appropriate decision; reclosing the switghto reconnect the whole microgrid to the grid (sc&® or

going to scenario 4 and disconnect it from thatytgrid to operate in islanding mode. Zs=2mH, which
presents an impedance variation of 0838Z,< 1 Q), the switctK is reclosed and scenario 3 is achieved.

Noteworthy that before reclosing the swit¢h the adaptive virtual resistané can change its value to

reconfigure the system with the new grid impedgra@meters to maintain the system power quality.

Fig.11 shows the spectral analysis of the non-otlable DG1 current output. A spike at the frequenc
f=861Hz is presented. This frequency correspondhedcexcited resonance frequency. Hence, the neiv gri
impedance is estimatefl.(=861H2> Estimated_g=2.7mH)

Fig.12 presents the active and reactive powershefrion-controllable DGland DG2 acting as a current
sources and the controllable DG. The active powefsnon-controllable DGSs are set to 2kw,
PD1=PD2=2kW while the controllable active power referencelisserdkW As shown in Fig. 12, in grid-
connected controllable DGS, there is no-gimpedance variation and, is closed. In this case, the
controllable DGS proposes its powers referencescémario 2, under resonance excitation, the loegisire

the needed power, hence the acfiyg and reactiveQps powers do not track their references and they just
inject the rest of the required loads power nompbed by DG2.

igIDG1  ig2DG1 930G Igrefl_DG1 lgref3 DG1 I9IDGL  1g206L D
LY \ gl , 100 -
0 i 861,538 Hy)
40 Ly Mn.
80
residual
60
8
4
0 PP R g N N -l

pulse-switch k1
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Fig. 12. DGSs output during the transition betwsegnarios Fig. 13. Controllable DGS otitmitage during resonance
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The LCL-filter capacitor voltage in the controllabDGS noted by, is illustrated in Fig. 13, where the
resonance effect does not appear. Its amplitudewslthe voltage amplitude obtained at the outguhe
droop control algorithm, noted &reference E-referencedecreases during the resonance state due to the
change of voltage amplitude reference as presémtéid. 9, part Control algorithm.

It should be noted that the resonance excitatiaatiun is chosen here, and in all next simulatiesuits,
equal to 800 times th&amping This duration is lower than the time required dtgndards (.29 to detect
islanding mode. It depends on the period of FFTdwim that necessities'42V=126, 256, 512...) sampling
times and can be less than the chosen duratiorethdhe choice of this long period aims to showthe
capability of the virtual resistance for resonaacastrolling by pushing the system near the resoaavithout
diverges.

Fig. 14 shows the voltage at PCC supported by timrallable DGS under resonance excitation andhiey t
utility grid over the resonance. The PCC voltageks its reference, noté&t., reduced during the resonance
state due to the disconnection of the controll&®&S3 from the utility grid and to its relation toethreactive
power demanded by the loads. Notice that the fregu@resents a little variation in this state doethe
relationP/f with the active power consumed by the loads.

Pulsestilch kI Resigh
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iy WM&WWWMW&TWWW AR
[314.159) ‘

% wl b

e TS

08 1 12 14 08 1 12 14
Time(s) Time(s)

Fig.14. PCC voltage and frequency during resonarcitation ~ Fig. 15. Loads power quality dgradgorithm execution

As presented in Fig. 15, linear resistive and tiesisnductive loads are connected to the AC budiféérent
times to emphasize the effect of an abrupt loaétian on the islanding detection method. The satiah
results show that the proposed islanding deteatiethod does not have any negative effect on the loa
current.
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Fig. 16. Loads power under resonance excitation Fig. 17 Reapoe frequency (Zd=1mH)
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The relations presented in Eqg. (1) and Eq. (2)paesented in Fig. 16, where the total loads powérgher
than the powers supplied by both of the non-colatbtd DG1 and DG2. The active powBpg of the
controllable DGS is constant and equal to its Bxfee Ppgre=4kW).

Fig. 17 presents the spectral response of thesitiel current in DG1 that depicts the presence sgike at
f=900Hz due to the resonance phenomenon appeamBydgentification, a grid inductance &f=1.75mHis
estimated.

Indeed, the proposed hybrid method can be usednprove the MG output quality after the islanding
detection. In fact, the method allows the estinratid grid impedance that varies under grid faultgad
blackout; hence if the estimated grid impedancee/axceeds the limit the IBS will open to discorirtee
MG. In other way, if it is below the limitsAZ<1Q), the DGS control strategy should adopt the grid
parameters to maintain the output power quality amdvoid the interaction effect; hence system robnt
reconfiguration is needed. In the proposed MG #iire¢ the virtual resistance is used not only tmplahe
system (DG1 and DG2) and to drive the system rieardsonance to extract the grid parameters boitfais
system reconfiguration reasons. The virtual reststdhas the ability to maintain the system poleation and
hence maintaining the system stability and religbiby returning the system poles, changed duerid g
impedance variation, to their initial places.

5. Conclusion

In the next decades, power quality and serviceiroity will be the most important features on whitte
research interests relies. For this reason, istgndonditions detection is well investigated in thirogrid
power quality improvement, to ensure the seamlesssition between the operating modes grid-condecte
and the islanded mode, and also for protectionoreasn this way, a hybrid islanding detection roelthis
presented in specific MG structure. This islandimgthod is based on resonance injection after grid
parameters variation detection and it is able tteaethe islanding under worst conditions. Indetud
algorithm is implemented in the closest DGS of MGHe grid to avoid the interaction between thealbelr
inverters under resonance state and it is capablecbnfigure the system control strategy by intiddg the
new grid parameters. During resonance excitatiehtaroughout islanded mode, controllable DGS isluse
support the frequency and voltage of MG while tlagafiel inverters act as current sources. The me@po
detection algorithm is a proper and efficient solutfor both intentional and unintentional islanglidetection
while the proposed MG structure is well flexiblet@mms of high MG power quality maintaining.
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