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Stability Criterion of DC Microgrid Based on Improved Droop Control
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(School of Electrical and Information Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: To address the issues of uneven output current distribution and voltage drop in energy storage unit converters under

traditional droop control, an improved scheme is proposed. Firstly, an AC small-signal disturbance is introduced on the basis of

traditional droop control to formulate a frequency-current composite droop control strategy, achieving precise proportional current

distribution among distributed power converters in DC microgrids. Secondly, the large-signal stability criterion for microgrids under

the improved droop control is derived based on mixed potential function theory. Finally, MATLAB/Simulink simulations

demonstrate that the proposed frequency droop control strategy effectively achieves accurate current distribution in converters while

validating the correctness and effectiveness of the stability criterion. Additionally, the critical range for sudden increases in constant

power loads and the feasible domain for voltage controller parameters are determined for specific DC microgrid structural parameters.

Key words: DC microgrid; superimposed frequency; droop control; mixed potential function; stability criterion

0 35l5§

W% BT RE IR R B R R R R, B
TRy RBL . AR T B R I DR B R
eyl 5 R HERAR T ok A A SR
() LI P, 150 A7 6707 FhL A 1 4B AT, e S B0
63 XA TS 9 £ B 39 40T s 2205 S A e 1 )
WO HHT, B L R A T R T
T, L g B I A A — SE A B B
B, L nTE 2 AR BOF IS ATRE, TR B

EEUH: BERHRPFAIEE I H (51977013) ; W #E 4 A &R
2L A BTN (2017112265)

Foundation item: Supported by the National Natural Science
Foundation of China (51977013) ; the National Natural Science
Foundation of Hunan Province(2017JJ2265).

1) 2 it FEL BELAN [ 717 325 18 720 4 88 i P TS B e AR
VRS it B L A e, (RIS T e i i 25 5 | A v e ik
VE RIS AR S e e B, SCHR[ 11 R TRk
NIRRT, R MBI EN R E T
RBUGRRE R, (HRZEEMIER AR Z
B, £ ROIRA T R EBOELL A A g, IFHAR
FETE BV ), SCHRL 12 142t —Fh 2% JE A AR 2
FH 1) faf B R 25 (state of charge, SOC) ¥ gl ik F 3
FEHIARENE , 0 S BH TR SOC T4 Bk it 1) ~F- ity
R 1E N 1 R B LR UE L S B 20, (H2 %
FEmE T L BT, BN TSI A IR
i — P REAS AR T N R Geas T O A A7k B iR
FL OIS A 40 TC E s ) G T o R e

HAT, A SCEE B N SR i SR g T AR
SEMETT T AESY, S S TR SRR SR 5 T e A



104 FEITRMEEA 19 5
RGO AR s i T — MEAE A R, H RiEr & T N EERASRS R RS B eRES N H

X SR ) B R AR I 9T 2 2 Bl B8N T
PR IFE ), SO 14 5E 6 2 R IR B
XU R R S8, i T4 7 R 43 AR AR R 1 /N
ShAEAL R A H Lyapunov R AE {4 B 1 6 R 45
NTIRRE VAT ST s SR 15 1A IR IR 2 5l
RGN EVIME SREtE, i T2 4
A S A2 BAE R R G RGE R, SR
1M 7 18 21| 15 T %% 1 2% (constant power load, CPL) %
BAEFARFINT, NTHRA TR S, T
BRAG RGBT

L FEL D R B A M R R Y R
S X A TR A A AN S Al B T AR AR
R A, AR BIBARGERTY WOk
KRB EDR T HR E S R e, W Rk
T v 307 )7 B A Lyapunov B350 IRA
BRECA BT 27 R FH Lyapunov B 825 1 M 5 7E
TFME DL 37 4% H ) L 7 25 448 B9 Lyapunov PR, SC
k[ 20 138 2 b X AR LR T i gl 7 T AORIRI TR, Ay gt
T RS R BT R H Lyapunov B3R T 12
FEWE G5 SCER[21 J7EfE 40 N deds il e ah b, T
TAHUIRSE . A T3-SR T ) Uy -
B B sh A A, 38 5 Lyapunov ELEZIRIGIE T &
SRR ETE . Lyapunov HLEEK R R G
P F RS TR R 400 H BHL S i — AR, X LA —
Lot as S 8nsgm, JF YRS higtre X
RE A, X T RENSERIHE 7B U
550 IR G # R EEIE /34 il AR B 5 i 4
Z40. BEESE KRGS R e E . SCEk[22-
23 R TIR A HR BRI AR 2] T B A B E IR I A%
) CPL Rt MAETERIHE , BRI EEA —ER
PRy, [HOE TN A7, 25 XA L
ARG HATHITIEFE . SCER24 X T & A 2R E
T A TRRE R AT, R T AR TR A
PRAICHIS BRSE PEFIIRHE S s, IR T B
L AR M . SCHER[25 148 B i s T e g
il 88 T A 11 L e R A A A 1) A A A5 P R A
AL F TR A FeR NS ES T B WK AE
AR FIE S RS E B, SR [ 26 ] N7 XU ) B AR
T IR G AR gL, S0 A A B H AR BRIE R 5
e PEHN I IO 8 Ho s e M52 e . SCRR[ 27 J7E
iz IR A SR AT KRG S REE AT, HA %

TE FLHL A R EEAT AR E P B I 98 L 2 A 1 —
SO, TR e N TR AR, T ek
X R R R AR S R T BT LA
PRE AR MR E 21T .

Li LRTIR, ARSCRHN T —Fhdott & F b 0975
V5, IFAERCEERN B TR & H ek SO AT AR 2 T
A TRSINE v Y s VT el B il = ) | e a8 1
IME T, R T A B R A T SRR R Ok
IAF B A 1 rp 23 A X R D) A S i PR A
P o BE Y H A, 9 SR FH PLAA i E A7 BR 2 H R Ab
fo, AEDCIEAN 1z TR 4 R RO 4 S Hh AR SO
SR R e shAs e M, i il i (5 LR A
SCH R H AR E P A A R

1 ERAEMNTEES

1.1 RETEES

LR WS R G TRy iR ST W7
FEM AR . W)k AL IT RGeS T DL f
far, Horh B fE BT L DC/DC 78 e i i 4 2 H B
2, AL FEEE R DC/DC S i 2 R ITHFSE, LA
GARRER B, fEGR NEEERIT, RT A
BRI —2, AR ITR L R /NES 2
S, AFTEIRG, X R G R E B AT 7 A R R

B
o Uﬂ o

+ ——

. DC/DC—aaill fi#

zﬁmmn . -

| e o . —— gﬁ_

HRHTT , DC/DC}—W =
E;@E?F

RAHLETE - IDC/AC| A2 i fsf

1 EiREMRIEA
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Fig. 3 Voltage and current double-loop control structure
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