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Research on modified droop control of distributed generation units by adaptive
population-based extremal optimization

WANG Huan, ZENG Guogqiang, DAI Yuxing
(National-Local Joint Engineering Laboratory of Electrical Digital Design Technology,
Wenzhou University, Wenzhou 325035, China)

Abstract: How to optimize control strategy and parameters for Distributed Generation (DG) units in off-grid microgrids
under resistive feeder impedance condition is great of practical significance. For this purpose, a modified droop controller
design method for the DG units based on Adaptive Population-based Extremal Optimization (APEO) is designed. The
content of the proposed method is that firstly through introducing the resistive droop control and the sum of phase translation
based on the fundamental harmonic droop control. Then the design problem of modified droop controller for the DG units is
formulated as a typical constrained optimization problem, and an APEO is designed to solve this formulated problem. Finally,
the problem of the coupling between voltage stability and power shearing by DG units is solved; the transient impact of DG
units on switching between grid-connected and islanded modes is reduced; and hot swap can be realized without DG
changing work modes. At last, the superiority in power control performance of the proposed method is demonstrated by
experimental results on a microgrid demonstration which is consist of two 10 kW three-phase inverters.
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Fig. 1 Equivalent diagram of two paralleled inverters

L, Voo AT A SRR, B ILAHAE
00, ¥V, 2k DGy 43 A IR A AH ) R A,
HAAMLEE R 6,5 V, h DG, /AU A A I
HIR AR, JLARRIEN 6,, R + X« R, +jX, LA
R, +jX, 7354 DGy 73 A= A AR R BEA
DG, 73 A s HL IR A Al BE BT LA K gk B . ik
Wi & AT R IR I BB BEPE R, X X
T 0. DG, 1 A ARSI ALAE TR S, AT on At

S, = Vecc Vi cos 6 _szcc +jVPCCV1 sin 6 (1)

R R

0 1R/, cosf ~1, sinf ~6,, ML,

() FTEERCN
Vpcch — VPZCC 'VPCCVIHI
S= R -] R 2)

LI 1S DG, ) A A% A DI D)3 B MG T)

DIES W

VooV =V
Pl — PCC IR PCC (3)
1
VoeiV:6,
Q=-—tc= “

HRIEB) P50, DGy 1 A AH% H BT S 2 it BH
PUZ AR + X, ABEPE, H R +jX, FIEIBEA LS
J& Ve THERS, DGy [ A MBS A IR P
A R Y, Y . i), B EIRRA TR
4%, DG TPy O At i W Hs v, 5 F A
6, g, it fg, BT SR BT ATy
BHPERS P 5V IEMEG, Q05 0 TS, By, B
RS /NG RIS R 1R ez i A 200

V=V"-nP (5)
6=60" +mQ (6)
X, my o A NIEEGIRE. H(G). K (6)T4
10 PRI AL ok PR DA SR A 435 i 42 T SR 2 A7
EHUEASENE . DRV AERER SR &, H RS
(R Dh RN BhaVERE A T
1.2 5375 AR DU B T EIT FI SRS R

B IARAST /Ny MG ol v 9 2 2 BEL e 52 BB
PR, AHIZIRSAETEE 1), 1 H S RGE TR
A AS , 3X 45 A 2 r s I SR e vt ok T
Phio A T BRAG A S Y b BHA DA A 2 6 FH AT
AR RS, — oI 5 N AL F B S R S
gy A BELPE S R BHLPE DA R I 55 T AE 45 A2 4k
o5 oy A 2RI IR D 28 0 TR 42 Ik B Al SR I A A
mig S GNP, 2 LR Gek b



-70 - @A &R B R

PRSP R B ) . R, ARSIl oS
TEPSH MG, AR 4 ORI s H i s
SEILR G AR E e DA B I RS U e
[ I R A DR Pl B &S e S 204e T, RARRIA
W]
v=v +j(1<(V* —vgd)—nP)dt (7)
0=[(mo+")dt (8)
E LR TAERZERE -, O T SEIo s TAER
PP RGER I RE, A SCAE IR HIn i BE Al
HEINARLL R B B, B T 3 R o041
PR ZE SRR R, SEIL A NI 75 T AR
P R ER TR, ks an & 2 Fios

E

91: (,;msﬂ:). shif &—
2 T R EATIRIT I B B A B T E T AR
Fig. 2 Block diagram of modified droop control strategy by

introducing the forward feeding of voltage

K 2 W G(6,,6,) Rz N

0 abs(6,-6,)<o

£ 493—¢92>c7+E
2

G(6,,0,)=1-¢

0<93—¢92<0'+§ )

T
- 0,-0, <—0'—5

g —-o-mn<b,-0,<-o
A, o A IF I AR 28 AT TE RS E I I A A 22 1
B HIG, WTCASRAS 2 A7 28 R 5 25 X D4 0, 11
FKIEAN
93=j(mQ+f*)dt+2G(e3,92) (10)
AR SR HA IR 73 X R et 2R s o SR 1)
W R ARG IR B M XU R s a3,
IHEAT1S, SVPWM FEIHTHA dy g Fili i 43 50A

i Sl 2L
Y, oL, -K, ||, 0 Ky l4,
sL O Ky ||i—i | |V

(11)

Kb Ko K, BB BB b 54
oL, SR v vy, S EBRALR T 2
B, S HRUERTE ., RS )
AR EAT T, oy L TR

l; — _Kpl _a)Cf Vod + Kpl 0 Vd* +
i; wa _Kpl Vog 0 Kpl V:
1lK, O Vd* “Voa
sLO K, ||V, —v,
V:r _ Vrd K log (13)
V; qu 1 ioq

Arbe K, K W HBIFERIZEONBU I P 250
wC, JffREs i K ORI S AL

T 3T AT R R O AL g s R4
(P AR E M DR AR PR RE, A SO 1%
FEHIRGET RIS E Ky Ko K Ko K&
NI 8, PR RS S
IS EAE A kA 5, SR S gm i Ty AR
T SN A R 20 A X R R T (R
KEEMEN, RARGHR IR RERE, KBRS
A DT HAR 2= LI TR R4 M REFR FR(ITAE) 6
VN2 1 ITAE iy H < 1 ITAE 5 S HL < 1) THD
DUIR A BRI R ARAL 10 B A i E,  Hevean b 7
KAHFTR.

mmﬂmzmﬂw

W, [ 1|0 — Ofdr 4w, [ 1
x:(Kpl’Kil’KpZ’Ki25Ki)
st. [ <K, <u (14)
L, <K, <u,
L<K,<u
[,<K,<u,
[, <K <u;
e wiv won was wy AIBGREL Toa AR SAR
g!ié’/ﬂtlﬁ‘lﬁj; 11\ 12\ 13\ 14\ 15 %[] Ui~ U~ Uz~ Ug~
us 73R 5 AN PRAA RN A LR
2 ET APEO RIS BRI R TEM
Iz HR R
N T SEBL RPN 0 A 2 P s IR
AIAT, ARG T T APEO 70 Ai 2 rLE
BOHEAL T AR RITTVE, RN (14) ) H AR R L

(12)

P — Pldt +

Ve

dt +w,THD,




B

FLT APEO 1) 73 A1y 2 e s e ik 71 3 0 Ak 42 o S L - 71 -

Y RGHINIZ N ITAE. LUTh# ) ITAE.
Hi 0 ITAE . %t fE R 9 THD PYI5 ) I ASCRIE g
AL B AREREL, K R0 APEO Ak S256 vk
F AR BT BB E A . FET APEO [H 20 A 30 H
PRGN A I e v AR LA 3, HARSE
P FEUTR

IFh

ZHAE: BRIEAUEL G ax
AR/ NNPRIMNUMZ 415
v

CBEALAE A5 53 A1

Swp}s BHAKNNP,

PREES €A
IR REAP={S),5,

I
1
) |
RS = X X 121,27 NP | i i
[ A EE |
! LT i
(el bR EC SEREFRP=(8),8 - Sl A | PR i
SERES, AR R R T | ) I !
H Coes=min{f;,i=1,2,-+ NP}, IgtEiii [V ! [T !
JEEELXF A4 A S A Sest : FikR i

1
I

AR IE N JEBEATHE Y, A AR (D)< ()<
<fulNP), PRI FEHNP2)Z ][ A4
BII(1+NP/2) B HIINP) 2 ) AN

K HMNUMAS 5346 g B
Pry={Sy-1,5v-2,"""Sn-ar}

SiITAER TS PRPy={Sy-1.SN-2,"*.Sx-
ANk R de MU 1 R A dpe
3 Fyy=min{Fy, oo ]

T I E RO AN Ak e AL v

TRAF Froes M1y A2

Sbest=Snt » Foes=Fo

°

Bl

gen=gen+1
Y

[ AR S RAT NI S (P

3 £T APEO HIf i BIRMH R T &
RAsEHE I REE
Fig. 3 Flowchart of APEO-based modified droop

controller design method
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