W19 % 45 11 EHEMEAR Vol. 19, No. 11

2025 4 11 H SOUTHERN POWER SYSTEM TECHNOLOGY Nov. 2025
NEHRS:1674-0629(2025)11-0160-12 FE S ZES : TM732 NHEARERG: A

DOI: 10. 13648/j. cnki. issn1674-0629. 2025. 11. 015

T [ T 0 B 2 A 0 53 4 P ) — 0k B S 4
b2 o 7 3

A=k, G, FE, WHEMF, £EH

(FMARKRFEF 5L ETREFR, T4 5N 215009)

FE: INEMEMERIENENHZ L ETHY R, THERBREDESDE GBS FAETH, 1A B ERR
Ft; KIEHBAEARMEHELFHIH RA ML, AR RIS Fabik, Ak LR FEM, BT —F K
T 3h & F 4 AR HLH) 04 B B 18 o A7 X =k 42 %) 5% (dynamic event-triggered mechanism, DETC-P). 4t /8 #94 F
W, B H, G Kok 3g B FaRdph i AT d@a et A, KRB B R R A XK a3 SRR
B IEAMERC R TR B S FHBEA T RELRE R L3 SRR, ARIEFH LG TR AT
TRFEKT F AN GBS 42, FBET ZenodTH, &G, MWATINGME M R LAREFHATH A KRBIET A
PRIk AT

KRR WS MEM; KT, @ERTE; Bl —k; 3 AFHmLAIE

Secondary Voltage and Frequency Control Method for Island Microgrids
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Abstract: Isolated microgrids are susceptible to multiple disturbances while they are operating independently. Fluctuations in renew-
able energy outputs and load variations can distrupt power balance, causing voltage and frequency deviations. And long-distance com-
munication and network congestion may induce control command transmission delays that compromise the real-time performance of
secondary control. To address these challenges, a fixed-time distributed secondary control algorithm based on a dynamic event-
triggered mechanism (DETC-P) is proposed. To counter periodic disturbances, an H,, robust control strategy is adopted to strengthen
disturbance rejection capability. For communication delay issues, model order reduction techniques are employed to simplify the
dynamic models of distributed generation units, enhancing delay compensation efficiency. The proposed dynamic event-triggering
mechanism adaptively adjusts triggering thresholds based on voltage and frequency deviations, significantly reducing communication
burden between nodes while ensuring a lower bound on event-triggering intervals and avoiding Zeno behavior. Finally, a system
model of the islanded microgrid is constructed, and simulation experiments are conducted to validate the feasibility of the proposed
algorithm.
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Jo( 1) % S0 + US%N .

m 2n+m

o,N*»V, » —ogV,
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A
2n +m

v,=min { o, (1 - 7z)N »(2A(L + B)) » , o,N '}
1

v, =min {(o, — 0,7 — D)(2A(L + B))?, o5}
M= (42) AT PAFRIR A
YN

. 2+ 2+ m 1 1
V<-v (V2 + V> )—u, (Vi + Vi) + oy~

B
_m 2n+m 1 N
S—v27(Vi+ V) 7 —u(Vit V4)2+0'3%
_m  2ntm 1 N
=_U12 ZnV 2n — UZVZ + O-SL
B
(43)

P | 23 ] A5 Ak e, R Y e, s s i A B ]
T, = (44) frs o
2 2n

T,< Ty = + - (44)
K _m
2 n,Km2 >

S T Wy KA T

I ot I P 24 25 20 O T 0 s ) 2
A5 SRS 3 E A T, P
Y RGOS TT R B R A PR S A, T
S5 PRI T O 1Y Zeno £78 . A< SCH H ATEN] )7
VAT R T AR BLR AT ke, B A 4
PR R 2 %2k Zeno 13, AT T 0ot 1 5 4
RS

3 FE#MR

SR 95 UEAS SCHR H Y 8 T S e I S T
R RO, RHFRWET — ML E 519 DG K&
HOGE R AR B B IS S R R G, AR 4t ) 1] G ]
6 i, RGCRATCIN BN T, EEfE
J5 T SR R E AR DR . b DG AR Ry ifE—
REME 315 S %1 DG, DGl 5 DG5 A~ HAHEAE,
DAL S bR TR v n] RBAEAE 3 15 20 5t

% & 4t & | MATLAB/Simulink ' ) Special-
ized Power Systems 55 & R Gu 5 FARL Y, IR 5
PrizfTi i & T & HPT R, . L, TAZA )
NFE P A BTCI N AR Q. S RS HL, TEAI
AR 1 R
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Fig. 6 Topology diagram of microgrid communication
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Tab. 1 Simulation parameters

ZH DG1 DG2 DG3 DG4 DG5
K, /(x107)  7.95 6.41 7.37 6.92 8.65
K, /(x10)  9.45 7.23 9.16 7.92 9.70

P AW 79.004 97.649  84.369  90.548  92.472
S8 Linel Line2 Line3 Line4 Line4
R/Q 0.77 0.49 0.28 0.75 0.41

L,/mH 0. 96 1.5 0. 36 0. 74 0. 56
28 Loadl Load2 Load3 Load4 Load4

P/ kW 32.73  40.45 37.5 43.18  35.58
O, /kvar 12. 47 16. 19 12.63  29.72 15.37

x=0.6, 0=0.15; Mift—5 R iE4a il 5 s 0 41
PESERNME, ARSCHIAT BRI TP 5 el s
o s A1 R 7 RO 1R 1 2 2 S o/ (== 4 |
FEH :
d® = 0.1cos(5t) (45)
d; = 2cos(5mt) (46)

WAEATHE A h = 0. 01,

ST VEAS T 4 1 SR AE e TR B R Y
T, AW ESIAEDG3 M1 — A T —A
WANMR T, BEAT T HE R AW A BRI, EAAR
(R0 B R AN Ik

1) t=0—2s, {CRHTEE;

2) t=2—6s, LWHARSCHM I ke IR

3) t=6—10s, Hf 1 ff L, = 14 +j10 # A
DG3 ik —1;

4) t=10—14s, TuffL, Wi,

R 7 23T 3T Sk & AL R 1 504 5K
Pt 25 XA A R R R . A — BB, Y
SR FH T T 4] B B FR I 2R G AR BT 1 BB A DR Rr AR
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Fig. 7 Recovery process of frequencies and voltages by
distributed controllers with dynamic event triggering mechanism
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Fig. 8 Event-triggered times of each controller
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Tab 2 Comparison of controller response times under three
different event-triggered mechanisms

JOE3 Ik DGl DG2 DG3 DG4 DG5

SCik[23] 239983 239999 240 102 240 001 241 023
i % SETC 194289 199 163 200 679 205984 148 593
DETC-P 136 177 158 435 161456 166 317 108 152

Hik[23] 239878 231029 239 878 240247 240314
HIjPh#  SETC 199 681 193735 198002 203 164 145 884
DETC-P 136177 158435 161456 166 317 108 152

SCHk[23] 240217 248 426 247 545 242474 240219
ERAR SETC 243187 243519 244462 244769 240 669
DETC-P 192659 193 358 194208 195051 190512
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Fig. 9 Recovery process of frequencies and voltages under dif-
ferent event-triggered mechanisms
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Tab 3 Comparison of controller response times with different
control algorithms

X5 ik DGl DG2 DG3 DG4 DG5
WHEk[25] 255035 195888 241 855 239 537 252957
DETC-P 136 177 158435 161456 166317 108 152
WHEk[25] 255618 235089 191205 197597 157 417

BT
DETC-P 136 177 158435 161456 166 317 108 152
CHk[25] 248577 253521 254501 254240 250 762

DETC-P 192659 193 358 194208 195051 190512

e

LERES
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Tab 4 Comparison of controller convergence rates with different

control algorithms s
X5 Jrik DGI DG2 DG3 DG4 DGS5
CHk[25] 1.90  1.91 1.95 1.95 1.89
DETC-P  0.62 0.65 0.72 0.73  0.68
XHkl25]  1.86 1.86 1.90 1.91  1.87

AR

DETC-P 0. 62 0. 61 0. 62 0. 65 0. 65
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