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Abstract:

Introduction: Distributed generation appears as the eco-friendly solution to a growing demand of electricity. Within the
same idea, microgrids have become one of the most attractive sources of attention since they integrate local supply sources
both with cleanliness and robustness .These microgrids can operate either connected to the utility grid, or on their own, namely

the islanded mode. In the case of an island microgrid, how to control the DC bus voltage and the energy balance of the
microgrid is necessary and essential for its use. VVoltage and frequency control as well as active and reactive power sharing
between distributed generation sources in island AC microgrids is one of the challenges of microgrid control. One of the
control methods of islanded microgrids is to use the common droop control method. Although the droop control method can
accurately divide the active power among distributed generation sources; But in the drop control method, reactive power
sharing is not accurate.

Method: In this article, the adaptive droop control method is used to compensate the voltage drop caused by the line
impedance and increase the accuracy of reactive power sharing in the islanded microgrid. Communication between
distributed generation sources is used to facilitate the adjustment of adaptive droop control during load changes. In the
proposed method, there is an assurance that by cutting the connection between the scattered production sources, if the load
does not change, the reactive power sharing will be done accurately. The proposed method has a better performance than the
conventional droop control method.

Results: The simulation of the proposed control method has been done using Simulink MATLAB. The simulation results
show that the proposed control method has accurate reactive power sharing. And it has a better performance than the common
drop method.

Discussion: In the proposed control method, by compensating the impedance voltage drop of the transmission line to the
common point of the units, the power sharing between the inverters is proportional to the capacity of the units. The simulation
results show that reactive and active power division is performed accurately with the presence of a communication link
between the units. In case of constant load and disconnection between the units, the power sharing between the units is
accurate. In the case of disconnection of the communication link between inverters and load change, the proposed control
method performs better than the conventional drop control method.

Keywords: Drop control, frequency control, voltage control, microgrid, reactive power sharing, active power sharing.

Yy


https://dorl.net/dor/20.1001.1.27832570.1401.3.4.4.8
mailto:k.sabzevari52@gmail.com

Mowigh glailw i DUyl g o150 (61 dollad 0€

A

P
Ml

A = ; - ’ 2 . - ?
Ak ’&JVU“&;" Intelligent Multimedia Processing and Communication Systems (IMPCS)

09y Tl b (slo g 3o a3y (6 35 59! o (g5 poanndls
‘s”:‘ J ..os

VEY Bl cp g 5535 VENAVIY 3l ,s )b
EA-EY oo ol led VNI )b

9 3w & pogus’

K.sabzevari52@gmail.com .|l <yl 45 «slad ;> 5 (28 olKiils o3y (owdigeo 09,5 Lokl

g5l s b o polier 51 (S a5 S slame b5 52 05 sla by, 5l (S oSy wg oSy
Sand g )3 b boe lop i slaaSild ) S5 50 ol il S 0 )1 4l iz 9 a8 @ Jate Ojgo d el )
Jglaie (GBI 508 by, il on (ilizes 42 53350 0081 Wb wlio (rm Olg8 STsl g aSl ) (uilS )8 5 5Ly J S slo 5=
5551 Olgs STt Thel e | 5:80 5251 plos STt | (8l J 568 by, 50wz 2 098 (geosliiw T slo s oSt ) S35 sl
095 3l Sloysz aSed ) 50 5T, Gl e S5 (al38l g ba uilagael Sl (LS5 e sl allie cl o ol (s
o081 w5 wlie G BLS)I 1L i o 4o (el (B J S welas Joped sl - Sslondosliinl ik (81 0S8
e b oS pie D50 )3 0aiS T wddsl wlie o LUl @lad b a5 518 3925 (laebsl (nl (soleiiin (g, 50 398 (seoslin]
Sloslitn T (il amd gl 9 318 (60 0 Shoe (81 505 Jslate b9 5l (s3leiiny gy -0 S plonil 330 by 5351, s

*‘*5‘5"*‘-’L’ L) soleiin he) @bl e Sidson

5551 G195 o 092551y G155 o 2SSy J 7S pullS 58 58 (81 S 1 godS sWelg

SO J S gy ol b sloy 32 a3 5 (S 35 yois) (s g5 oS

V€Y oy Ve oylond aly 0, & lowd (o Jo —iowigr (g1l yia (bLI 1 g (o515 S piummw dolbad == ¥¥


mailto:K.sabzevari52@gmail.com

ol cwsloaiosls i AC aSlils s, izl (7) IS5 j0 .amo yials
S e b 5 A 4K @ Jate Ojpe Gl g0 £02 5,
Slopsz Al 0 0 pFoaged ;o) 4 das Glopy> )50
alo Bl 8 3 5 515 s)lky L (gl oSl 5y 58S ptn o
oo Iy cerd o by o wlite oiSTy, andys sloasly oy |, aplys
oS58 g 5ty Lad (sl (sl s laaSidn) 40 0 o e
Jolie (81 JyuS (g, 5l do sy (o Ol e g 4
O calee 5 (281 U8 o9y sny (o 50 05— geedlaz ]

008 oo 5

{PVarray | | Wind | | Energy |

Eenergy
source
solar,..

Eenergy
storage

Eenergy
source
solar,..

Eenergy
storage

Sloy 3o aSoub iy )l L Y S

Sl J S gy ¥

S Joban e 058,500, U 31 S o, 8,Khas ol
o9y Jeloti 09l (o0l s o8 S iie alali @y Jale el S
Al (1) S5 i Jolas sl 5

b sl ply sl lawgs (Lsd 5.05T, 5 9251 )l

doddo .Y

L gl jebay aulg oo (g5lwo n53 0>lg LDC (sloaS o5,
s ol gaS b 4 J—ate Syg—oar |y 30 YU Glaebl oLl
Olsabsl o lblB s 4y leaSi 5 5 asleday jo5 a0 (glo 5>
4335 0 55 Ceoww 0 DC 4ol e 5L b (slos S jgloay YL
o)...c 9 é)}.i” d...hu JJ L_M.vj 9 ‘u’ajg__.wc LJ)L.A wals )S‘).A
lp DC asies 3, ksl (V) IS [F-¥-Y )] wigd eoslin |
Ele S5 jsba wlgi oo LSl lass geplai ) 358 slos )8
ik 3l 55 5 23Sl 1, AC 5 DC slol e ppipanacss (5351 a5
DC (i Guyb 5l o s 098 o ie s YL oSl &y 50
5559 Jo5 5 DC ol Sy 555 05 el iy s ks 4 L,
3)U5 J,..S | 6)5)_.a5f)y L).“)‘ ool Ls‘)" ASU_»»)J)
0081 odgs wlio (56551, 5 92551 (g5 el Cpizrens 5 (S 8
o | 2S5y, J5S sla il jl sl AC laasids ) 50
JrsS Gy, 5l eoliiwl sl s (slaaSiliy ;) S sbobs, 5l (S
Ol Wl g 8l J S by, 4z 51 70 o sle Jglaze
s (3 #0555 03513 0I5 e o 35 5ot |y T
GoaSil 3, 50 .0l Lo JWl las uilagel 4y (K y 5551, les
52351, )lg7 paannd el Sl — el ] balas a5 & 563
Sl UKM ),A‘ UJ‘ 9 OQ%J odjlf A.J}J 6LQA>‘5 UJ)JQ La WL,.'LA
Gl ilisee J S sla g, V] 005 a5 6 bl o
O 9551y Ol 389 el 5 (I S35 gy 9 8hes 35
Sloypiz loaS o5y j0 0uSTy adg slaaxly s5lae sl 3 ,e0)
Silme ouilasel ol [A] jo [V Al ciloasasl) piae wlis 5o
ol gillas pae 1 iU 98Ty g pans gl S (gl
b ol sllas pae g, ol jo cwleaisdl ) o 5 jenl >g 5
009 seglie el | (8] Jo J08 g, s foouisazd S as o
ol o seglie Dyge (ol oads &3l )| Jlal s uslal
ouS Ty ode leasly o Gado jebas ol (Jlaul b
o 5 o [V o] j0 00t @l 8l ;S g,y s dlg5 s &5
D] o s o JolS Bis s ol Jg seslojzalS | 9351, olgs
SoS JuS Gy SF ] 555 Ol peee S 4 2l s Sl
s S o5 AC 5Ly 53,55 diz po . Cwloaiasl )| AC 5L
Sy CodsS fall 4 e Wlg oo Lol waiS e 1) 9351, Gl
2 IS sl Wlis cpl o [NY] 008 s b > 5 (95
G5! cawloas asl )| as uslagal 51 L5U 5ty bl e ol
saxly 5ieul ol 6381y Hled B8 pa—wdy ool &SIl J S
Dygo 5o WS geimed Slo iz 40D 5 )0 S5lse 0aiS Ty wdg
AiSGyss b a5 90,0 0aiSTy adgs gleasly s bl | alad
5 0gsalem oSy ley 580 ST ol 4y o8 soiadl)l S g,
gy S et b oz ly o LU ahad ey )0 oS (5y5—0)3
Ly boaly e 9357, ()15 eoandts (las s go (golpi—iny 8

Sl LD

FO m 1801 hanojde 5 lond b 0,42 0 slowd agen Jlus —Mhowigh (s1ail i (o)1 g (555152 (Spitenew dolibad



S J S gy Mol b sloy jor S 3a 5 (W5 yoal (o g el

Ol b el (2P B oS, GlE b sl (295 35

1yl Ol se onl by taibge J S LB 55

w=awy—m,P’ \Y)

V =V,-mQ 4h9)
S il 9351, Olgs g 951 Ol (Bl alp Mg 5 My
gl seol ) O)yod:

n,~|p — ma;max min (\a)
m, :M 0%
Qumax

5Ly anels @0 g Vo sl 29,5 uilS )8 5 5Ly sl i g V
2bliss 5l (ol plS 5 g (U
Al e glase S iiie adadi B e 5 jeul uilagsel 2l ol o
@ Oly g 5y Sl wlas g Ol BB ST dl &5 CaS g e
&Sy o el JSiten jlons pionsms sl el 42 (392 diunily Jdo
p)ls (YY) akaly 5
V 2-VV, . C0SS

Q B T— (\Y)

il 5yl 9o sl ol Sl (2550
m,Q, =V, -V, =AV, A
m,Q,=V,-V,=AV, (V)

45 e o olis (V) 5 (VA) Lals, 3.l
V, =V, >AV, =AV,=AV )
MeQy =My Q, ()

ool (YY) 50 (VV) gyolo,l 3 L
Mgy )" VYV e €088) _ Mg,V -V Y o COS,)
Z Z,

)

Sl 0‘93 Gl Sl sl glply py ), S (YY) g (V) S5k

e)ld 55 590]

e _ ez 8,=6, , V,=V, (YY)

Sl J 555 g,
G35 STyl gl gl (S81 J S (g 0 (VF) alail ) Bllas
@ 5251, Olg (Gl p o (G sl 85 byd 4w sl Gl
i3l plp e b leasly (29,5 5y 5 Oles agly and uilansl
P9 5% Ol il biged pay el Al ) oo llpd ol Bios
Wlie ) o 0o g2y 5:35, olss STl ollas 2l s
38U 5 <8l Gl ol goli—iny 288 3l
shalie cul 5o cnl by ol oo S e b § DG (o (ilosl
5251y Ol @l STl jshaiean ey 81 JuS G,
5 (1) IS 5o ol J58 (B pl 51 Sob 09 ceoslin |

.CMJOJ..{LoéL)QL'Z..S ()

VEe Y biannj )+ 0o (s 4o )lea B slowd qogms o —Mhowbgh (g1l yia (BLS 1 g 455150 (5Woppimsew Aeliind ==

Vv :
P S 7RV Vi 0080+ XV sing] e e QD)
Ved R+jX=2Zs0 Verr 20

topical

load
S s e gl igh Jolae sl i¥ S
V .
Q :W[—RVF>CC sind+X (/ -V cosd] )
by p) Oygeds Olgise |y (V) 5 (V) Lals
.. XP-RQ
SIn5—W (\ﬂ)
RP +XQ
V -V, C0S6 =—— )

).]a.vg_ﬁ)_»o JL&Z.».)‘ L QSQ'Q‘ wBLD.A )‘ JB‘.\....A L_'>"3| J).‘.»S L}“j) B
Olsi Lals, (X>>R) 05 oo bl Slall &0 SlST Lo 5 555 oo

Dgh sedibg (F) 9 (0) Laulg, & yg0as 5] (g 95T, g 05T

P =V\;isin5 ()

\
Q :X—N —V e €OSO) *)
e U Jlisl b oulsST) 5 el conglin JS cdls o
T b elae e il 5l oolial b cplply sop i odid 5 s o
Q 9P e [, Q7 g BT liis,00 50551, 9 9551 Gy Ulgiion
250k p) Sypens

sin@ —cosd
T= . )
Lose siné }
_P‘ 5
=T W)
o 1G]
P'| [sing —cosd|[P
Mz )
Q | cosd sing ||Q
"X RO
- . P ——
P }_ z 79 0
Q) |Rp X
Z Z Q ]

L) g () o(d) bulyy ool S5658 (g5 argly a5 Fy9—0 0
1yl ) D )geds Gl
ZP’
VVPCC

)

1

av)

70"
V Vo ;Vi O
5551 5les b 555l Guils )3 a5 sies coleis (VY) 9 (V) &Y olse




&l anslodplonl o Siadganes by (6 3lodands anslodibosls (1)
S ol slogy i s3lgiing S5 s 3Skat ooy
2 S oy Wlogzaa slopie Al sly Cul (Ses
O bl S oy Jaite IS 2l 90 b (slon i 4t
O oledbl Jols pas g basly o bl )l ST ahad 5 ooy
ol Canl Saw aSil gy Jb Sl g0 2 0 Leeed azlge oy
A 50 (IS Cundg 99 (siludnd sl nlplo S i b g aBL
3 oy ey ) oS o 8 gl o 4 el o a3 S
B9 ool bLS | ;o (glaads aS (S o 2,8 pyo > jo .0l ge

o3l a1 (g 5lwas ol cll> g0 o 40

Al 3y b yielyly ) Jgur

el Sl bl Slade
Input source voltage 600 Rate frequency 50
Vie(V) fo(HZ)
Filter inductance 12 Rate power 4
L¢(mH) Po(KW)
Filter resistance 0.2 Rate voltage 310
Ri(W) Vo(V)
Filter capacitance 50 Droop 0.0001
C(uF) coefficient mp
Switching frequency 5 Droop 0.0017
fo(kHZ) coefficient mq

aidg rygu bLI,IL aud iy (g 5lwaanis )P

O oSy adei sleasly o bl )l @S co b8 cl> ol jo
25 Gllas bglas uilagal 5 S g oxe (sl jpolie ol oo aidy
IR

R>=1W, L>=1 mH , R1=0.8W, L1=0.8 mH
P|0Ca|1=l500W, QIocaI1:1450V3r
Plocalz=750W , QIocaIZZGOOVaI’
Ppublic:3350W, qubnc=2200Var

K casloadoslslas (V)  (8) sl S jo silwans mls
.]aj.la? wu‘A.a..a‘ ubejL"--‘-" S¢>9 Ll aS A.A..Ddsoul_mu (V) 9 (;’)

G0 sobay 5Ty 9 95351 Gl e (e la L g JE

9 saplx]
P(W) i "
—F2)
2 25 3 35 a
W 5 ya00] guiSTT ylgi :F JSC

cc

(b)
STl ;A goliibien 81 J 505 ey oSS ol b JSb
ST g5 STyl b 9Ty g

S gy Gille 551 Bl J5S (0) S5 Billas
b}w u’_ooél.o.w |PLL ‘5914 )| u,..qlf)s W) le).v 9 KW Lv‘sn Jj‘“
poe 5l —=3U 5y 8l Gl sl e0eST, (g5 S adl> 5o Js
IS llae e oo oolazw | IS0l 0 5 S 3l el uslaguel 33l
adl> 4 (VF) alaly ollas 5Ldg S G g5l o) 50 (O)
3t Bsldy <8l ( JLK0l o5 cpl 09l o0adls | guSTy lgs s
Iy 95T, ol ST il Gl 5 ol 1) b Guilas sl Blaspas
S g Bd>
v =KPINmf Ve )t QAP

JrES ey sodg @z e sy Vet g oily oo 1,500 0 00 Ke
.%T‘fq“og (V0) alayl, 5l a5 0l oo 231

Vi =Vo—-mQ )

S8 aSln; ooleidny J5SS gy ilwands @l (i cnl 5o
e s )b B 2 (slse 50 a5 0aiSTyy ass asly 53 L (V)
Jsoz 10 el sla el o 1S o pa o 1) S eandis 1) IS

ol (9

FY o 1801 g e oylad by ot & slosd qogus b —skiadsh (sleilus i b3 5 su53135¢ (610 pinmen dobih



S a5 oy Tl b sloy jor a3 5 (SW 5 yoi ! (o g puanedls

VEY b Ve 0yloud ol 052 & slond g Jo —tiouigh (5Tl iz (b5 ) g (ou33105 (S wRmes dolihad e T A

A ) b S (e Cumd g (nl 50 S Lo Jate Lo ly
() 5 ) sladSd ;o (gilwan—d @bs jlas jsboles b yss
rsS D979 b goleidny Sy plin S al o i ] atiis
B8 Hob 4 0aiSTy gl sloaxly o 1y 58T, 5 58T e )
Al (bl Sad a5 @3S a2 8 p93 (S92l )3 IS (o
S (0P R Sandg (nl 40 358 cephd (S sl anleSl Jelge
QN b K N 6)'L~.‘c\ﬂ_d’;, @L‘;j .A,.S‘SAM o2 5l
29 bl S @lad b oleiming J5u5 () o5 wams et
gl O 355 jba | lagles «ae cnl 50 )b il poe O j9—0
a5 0k «bl,l S wldad by po ST (Jg S e
Ly 5Ty Olss 335 jsboas il i (golginduny 0S50S S s
5551, Oy STrsl () IS illae (Jg oS e Loy
@ e | e (G S oy, Ced o3l S )
Gilge 00 STy anlgy o lg go b aSiip ;) (6l (o 5l—wdn i

ol J S ptnnm Gl oo (ST Ol j0 . lodel s o4y
St )b s g (bl S a8 Il o T o Shee b5 ololas |

Sgdools

References

[1] J.C.Vasquez, J. M. Guerrero, J. Miret, M. Castilla, and L.
Garc1a De Vicuna, “Hierarchical control of intelligent
microgrids,” ~ IEEE Industrial Electronics Magazine, vol.
4, no. 4, pp. 23-29,2010.

[2] T. L. Vandoorn, J. C. Vasquez, J. De Kooning, J. M.
Guerrero, and L. Vandevelde, “Microgrids,” Hierarchical
control and an overview of the control and reserve
management strategies”, IEEE Industrial Electronics
Magazine, vol. 7, no. 4, pp. 42-55, 2013.

[3] J. M. Guerrero, M. Chandorkar, T.-L. Lee, and P. C. Loh,
“Advanced control architectures for intelligent microgrids
- part I: Decentralized and hierarchical control” ,JEEE
Transactions on Industrial Electronics, vol. 60, no. 4, pp.
1254-1262, 2013.

[4] S.Parhizi, H. Lotfi, A. Khodaei, and S. Bahramirad, “State
of the art in research on microgrids: A review” ,IEEE
Access, vol. 3, pp. 890-925, 2015.

[5] H.Han, X.Hou,J.Yang,J. Wu, M. Su, and J. M. Guerrero,
“Review of power sharing control strategies for islanding
operation of AC microgrids”, IEEE Transactions on Smart
Grid, vol. 7, no. 1, pp. 200- 215, 2016.

[6] A. Bidram and A. Davoudi, “Hierarchical structure of
microgrids control system”, IEEE Transactions on Smart
Grid, vol. 3, no. 4, pp. 1963-1976, 2012.

[7]1 J.Kim,J. M. Guerrero, “Mode adaptive droop control with
virtual output impedances for an inverterbased flexible AC
microgrid”, IEEE Trans. Power Electron, vol. 26, no. 3, pp.
689-701, 2011.

[8] w. Yao, M. Chen, J. Matas, “Design and analysis of the
droop control method for parallel inverters considering the
impact of the complex impedance on the power sharing”,
IEEE Trans. Ind. Electron, vol. 58, no. 2,pp. 576-588,
2015.

[91 Q.c. Zhong, “Robust droop controller for accurate
proportional load sharing among inverters operated in

Q (Var)

i T ; I T—=al
3000 —az

2000 F

1000}

10005 0.5 1 1.5 2 25 3 35 4

Lo 59341 92557, ol ¥ S

O LIl jo addg (38 )5 i yo b asiuli ) (g jlwands Y, F
b5 9!

el b alie 5yonl 99 G Ol ST 6l ileaned @l
alss loasly e LS, 1205 b 1258 alisd 3 45 byl glite
alols 3 5 ons by ol b 178 b =58 iloy alols o 59 oo
5 A USh ittt S ey b =05 b t=Ts

.CA.h.:‘o..\.si}c.)‘oQL.i..i(c\)

P(wW)
F T ¥ = 1
3000 - Communication Restored —P
] 4 —P2]
H
1 H
1 T
2000 ¢ ; -
H The loads 1
! has been
1000 1 changed 1
i N
1 Communication l—‘ui]uw.i
5 ¥ ! | ' | .
0 1 2 3 4 5 6 7 8 9 10 11 12
t(s)
o yoi! 92515 olos A JSCio
Q(Var)
2000 Communication Restdred f 1
1
1
1500; 1 -
-.—.—"'I ] >—-———.
1000 H The load }
1 has been
: changed
500 1
1 Communication Failurd
0 t - = 2 : =
(] 3 4 5 6 7 8 9 10 11 12
ws)

& 5 90l 93515 lgi 14 S

=55 alold o cwnl aseine (1) g (A) o IS 5l aS jgbolen
alold jo Cusloads alad ousSTy oadgi slausly o bl )l aSt=0s b
GBS yobay (lov e —wdy o SL o <ol L a5 t=7s G t=5s
iz 5 WS o pmasd b aS =08 U =TS al_old (o 5 0g— i seplol
Ol pan & sl Jg tcw loaut S plouil 588 ST, led STal |
i ga2lS Johicn 1 S g, 4 Sad 555,

&5 Az D
b9y 5 Cemloadolgidy ieday 28l S by, e ol o
ahis b Jasl b sl 5y <l ol b solgi i S
oty odyls b caslie b3 500] (e Ol STl deasly S i
bl

Gloysz aSe—Bn, JI5 g 5o Jeizme g2 )l 90 alite pl o
L)l S &5 1S 0258 Ul g2oliw 50 Caw Tod a8 5183 o




parallel”, IEEE Trans. Ind. Electron, vol. 60, no. 4, pp.
1281-1290, 2013.

[10] J. He, “An enhanced microgrid load demand sharing
strategy”, IEEE Trans. Power Electron., vol. 27, no. 9, pp.
3984-3995, 2012.

[11] A. Tuladhar, H. Jin, “Control of parallel inverters in
distributed AC power systems with consideration of line
impedance effect”, [EEE Trans. Ind. Appl., vol. 36, no. 1,
pp. 131-138, 2000.

[12] Y. Zhang and H. Ma, “Theoretical and experimental
investigation of networked control for parallel operation of
inverters”, IEEE Trans. Ind. Electron, vol. 59, no. 4, pp.
1961-1970, 2016.

Gl (D

¥ Qe V60 o e 0kl (gt o)l & Lol cogus Jlus —tiowiph (glailsjiiay (b1 g (0531052 (S s dolibiad



