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Abstract

In the islanded operation mode of microgrids, active and reactive powers sharing among sources is
required. In order to provide this and based on decentralized approach, droop characteristics are used.
The conventional droop characteristics of active power-frequency (P-o) and reactive power-voltage
(Q-V) are based on the assumption of inductive output impedance of sources. Since the dominant
inductive output impedances are not provided, especially in low voltage microgrids, the virtual
frequency-voltage frame droop characteristics, which include active power-virtual frequency (P-o')
and reactive power-virtual voltage (Q-V’) droop characteristics have been considered by researchers.
By employing these droops, local property of both the virtual frequency and the virtual voltage leads
to active power sharing error as well as reactive power sharing error. In addition, required small
intended variation range of both virtual frequency and virtual voltage, results in big power sharing
errors. In order to eliminate active and reactive power sharing errors, a decentralized control method is
proposed in this paper. In the proposed method, instead of virtual frequency and virtual voltage of
their terminal, sources droop virtual frequency and virtual voltage of point of common coupling (PCC)
in order to a common parameter becomes in charge of active power generation as well as a common
parameter becomes responsible for reactive power generation. Accordingly, the power sharing errors
are resolved. Realization method of these droop characteristics will be explained in details. In order to
confirm the performance of the proposed control method, simulation results of a test microgrid in
PSIM software are presented.
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Figure (1): Microgrid structure

Y)



031506, ler (g —ddl oS Hob o Sie S jeiia pd S bl S

5Ly 5 s3lome S BV 50" 5 aie S agly 5l (29,5 uiliel § ST, englie S s Z g X R daly, ol 5o
4 aly 55T (le g (g5lre slajlids 56 OS] 4 atls 95T Glgs «P ayl; olail 4 0-V B (50 b oaiis (g5lxe
=955 ilisl €0V 5Lidg bS8 (s5lome OB o agl; 51 K0 O ke 4058 o (53l (sl olail M
—s ST g 8l slaaaseiia Gubul ol IV Y] el ot Bl 5551, 5 58T 6oy (o s 9 o stk nie

Wigys0 04 pj OHged (Q-V') (g5lme 5lg- 551, (g5 5 (P-00) (s5lme (il 3

Of = O — M P )
V=V Ngi-Qi 4p)

Nai g Mpi g soedss 5251, 5 55T laglsi Qi 5 Pi eisiloms 55 aials 9 uilS )3z po jpolie Vi7 g @i Ll ol 5o
g e Sl &g sl s lbaainiie o it ol arte 8l daiie Lot

O — O
r_ Ymax min
mp,i _P— ®)
i,rated
’ ’
"o Vmax _Vmin (2
g = —max— Tmin *)
Qi,rated

polie i 540 Vimin 9 Vimax «gjlome il S8 Jla> 4 iSTa s polie cod yias @'min 9 ©'max (F) ¢ (B) gloalal) o
3 Olebl (6l aiins @te 90551, 5 52351 Gles s (ol polie ol s Qirated 9 Pirated 9 (53lne 5y Jlas g iSla>
2 il 5Ly 5 lS B Slss 390 le CnS slajline bl jlame edgazme ;o (ABly S 8 g 5Ly Lade
o S s aes e ol | 0~V g0V ol g5, 8 a5 |, (V) S5 gl oo Sl Slaxde b o8l aasin
el 00 et o -V GL3 jo 5idg g il 3 lre Sgan lgicds Vimax 9 Vimin @max @min lawgs d-e-f-g ot
LS 8 g 5y Lad> gl ol oo aseive ® -V OB 48 Vimin 9 VVinax «@min «@’max Loy 5 @7-b7-¢7-d" Julatacs
apler s o (pl 0,8 3 d-e-f-g Jdatas (5,0 @7-h7-C7-d" datas (V) S0 Bllae sl 50 jloxe 00ga0me (o 28ly
bh suis an yomie g 0ad Sk silre 5 izmen 5 (silme (S8 sl a3 SIS )3 i osguze oS 0l
S3lme 5y oS g0 5 a5 el Gl g uilS )8 (g3lme QB 81 slaaasiine [0 S 005 i G (185 e
I8 ol 51 0T s ol Sglie mlie Jluroys o T Jlaie 150 &jle 4 b 5 axdls loms cools (gjlme LuilS 5
oS Olgiea) 5Ly g (il EereS plgreds) (S 3 51 (o S 5 90 58 (55lme (S, g (g3lme 5L 45 Canl
o LT Jlire s 59 3o S 3 5 cs3lme Uy slis & e i Ui 5y gle5 Lyl s (lons
et lalind 5551, 5 ST laglsd S5 sn 00y 45 sbiylan sl s ool i (F) U5 4o auie S8 s Lo 05
(Vi) 3me Ly 5 (@17) csome oilS 5 e po ok b s o Jlosl QV' 5 Py’ (38l slonasinn & s il |

igd dnlne ke

v
Vmax
Viated
v Vmin el r
AN A MminMeed Omax O
. :
N
o
AN
N

@Z\\
3L 9 (233 g uils 8 la B (V) S
Figure (2): Real and virtual frequency-voltage frames
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Figure (8): Simulation results by employing conventional virtual frequency-voltage frame droop characteristics (subfigures a to f) and by
employing proposed control method (g to I). a) sources active power generation, b) sources reactive power generation, c) virtual frequency in
sources terminal, d) virtual voltage in sources terminal, e) frequency in sources terminal and frequency in PCC, f) voltage in sources terminal

and voltage in PCC, g) sources active power generation, h) sources reactive power generation, i) virtual frequency in PCC, j) frequency in

sources terminal and frequency in PCC, k) voltage in sources terminal and voltage in PCC
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1. Active power-frequency

2. Reactive power-voltage

3. Active power-virtual frequency
4. Reactive power-virtual voltage
5. Point of common coupling

%)



