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Abstract: A voltage stability control strategy for DC microgrid based on muti-group energy storage unit
dynamatic regulation was proposed. Due to the volatility of the new energy, and in order to improve the power
supply reliability of the energy storage system, the multi-group energy storage equipped with a certain control
system was chosen to control the bus voltage stability. In order to avoid over-charge or deep-discharge of storage
units and reduce dependency on communication,an adaptive droop controller was designed to dynamically allocate
load power among storage units considering the state of charge (SOC) of storage units, the maximum power and DC
bus voltage. Meanwhile, the voltage feed forward control was designed in the power loop of droop control to
reduce voltage fluctuation. Besides, the voltage stability control strategy may automatically switch converters to
different working states, which ensures that there are convertors in all working conditions to control DC voltage
stability and system power load balance. Finally, the simulation model of DC microgrid was built in Matlab/
Simulink, and the simulation results indicate the proposed method may improve the ESS reliability and voltage
quality for DC/AC load.
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Fig.1  Structure of the DC microgrid
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Fig.2 Equivalent circuit of parallel converters
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Fig.3 The schematic of energy storage system control strategy
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Fig.7 The simulation results of main powers in sample 1
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Fig.8 The simulation results of DC bus voltage in sample 1
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Fig.9 The simulation results of main powers in sample 2

K 9 FE 0~1.0 s I YGAIR £ 40 2% F MPPT 345
il , 22 3= P il B 26 HL R R A, B IR R G UL R
U2 4.6 kW, 22 HIL T DI85 51k 3.0 kW A

0.8 kW, ILH i fiE R L Y 3.8 kW, FL i
FITE 1.0 s IS8, Sy 1 4 0 i Fs RS R R G2 1R
IBAT , i 8 ZR G0 T IR 70 F )R DU R L R AR
S o IBATE 2.0 s BF, 3 N 28 3 32 R
TF, R M 1 U4 45503, il BB R Sl
BB ERE . A, IR RGEAE 3.0 s &
HL TR/, LB T 0 R A, B ) R S
Yyag s me 1, [H S U1 F R B PR BEZE HL R
FE o
P& 10 A it BE 56 =22 1] 1) 70 A D) 2600 i

% o] ——— R
&_1000F

2000065 1 15 2 25 3 35 4
t/s
(a)RH HE R R 2 4l
1000 _
_______ )
= 0 E%%
~ — r
&-1000f
2000551 15 2 25 3 35 4
t/s
(bR L5 T 45 1l

K110 G345 2 97 fif Ty % 43 e
Fig.10 Load power sharing in sample 2

B 10 91, 25 0~1.0 s AR R TR 2 F 1 3%
FH HL A% E 2R 48 FE HAL L T A 1.0~2.0 s B 71 oy 44
IJEERE RS B ShRE R TR . R By, ATA
it BE R G870 i F DR AT AR H soC | sh i % A
T 3k G i BB 2R 40 1 3 Fo 0 O T RE R
JGIH] SOC PR ¥ . H &1 10 /T %0, $E 30 kA=
I, it e 22 G VDA -, i g R

11 A 2 B R R B2 SRR

420
380
7,.‘7375{ C
2400 3709 1 11
380 i : “—
300005 1 15 2 25 3 35 4
t/s
(a)y R HH FE R R A i
420
385
5 400 ,«‘vl,x"zxn{ B
S%SOA"—“ 0.9 1 1.1
30005 1 15 2 25 3 35 4
t/s
(bR & 5E T 45 il

P11 S0 2 ER R LR v

Fig.11 DC bus voltage in sample 2
A SCHR T 2 2 At R 20 AR T I B
Tl P, ) e, S A 2 ) SR S R T P S 5t 42 ol X
BT R RRLR B R BRI AT S A AMEE . AN ET 11
10 N B V- R B 31, 22 I R i) e %1, &) I E R
o D)8 S IR 1B AT SR B AT IR LT, RR TR
53



WA AR 20235F 534 3

B, 4 AT S

ZAA% A B0 SR T A B R P B R A T 4R ] SRk

Yy feAe e #1075 380 V., HLR B A Az ik g 1o ik i

PR, BB/
2 SR 2 H AN TR R T B 2 b i SR
R e 2 X HE 2

®2 HE2GBERBEERE

Tab.2  Bus voltage difference in sample 2

- BRI R (2
RHRRGE R RIS FRp
0.0—1.0 0.10 3.5
1.0—2.0 0.05 0.4
2.0—3.0 0.02 0.8
3.0—4.0 0.02 0.6

2% DG RGP B B2 L R R I E
SO, A3k SR AR SCF 3E R g AL
g F ARG S R R . ATE SR AR
A SR, B A AT s RE R L A R 25 die K
0.1V 2K TR E LT IR Y 3.5 V.
33 EHI3

AR RE R G R FH 2 4/ i RR ST
JRERIEAT , A F T e R e Ak 4 2 i R 4 B
FH A2 g g (R H () m] b ARSI X AR B Ak
fitt HE FR OG- Hk R 40 b FE i e S oc il e i R S is
1 OEIR R GE8 s AT i T HEAT T 0 LI
WE, EE IR BRI 12 R .

6000
4000
£ 2000
0
20000055 1 15 2 25 3 35 4
t/s
(a)Cfk R 48k %
4000 ]
= 2000 ]
< 0 ]
~2000 —
0 05 1 15 2 25 3 35 4
t/s
(b)fitE RG YR
4000
3000 ]
12 4
£ 2000
1000 :
% 05 1 15 2 25 3 35 4
t/s
(c)fffuf B R

P12 B3 EE R ELE R

Fig.12  The simulation results of main powers in sample 3

M 12 AT F ), 7E 0~1.0 s Bf B AR R 4ok
MPPT ¥ ] , i B R Ge ¥ il B2 L R R, IR &R
LB D F LY 4 kW, G faf D156 2.4 kW, BLH fif
RER G FE L INR 1.6 kW, i fif it R Go b thl & i+
LM RRRE . B 13 ARG i fe BT Z W Y

54

FF IR, YGIR RGEAE 1.0 s I & FL TR
0, 1] LA, LB fiff BE & 4t h 7o FE R S R G 1)
£ YR N TR il ol P i P R o
2.4 kW Dy H 14 o B e, BEZR R I Bl
BEAR, WE 13a fiR , e R 40— 2Lt BE BRI #E
2.0 s I FRBR S5 R PR AR 2 AT, b T AR i
FE MRS IEH BT, IEH 1217 B A% RE B0k
R A T LUR O £ 1 IR G B  RE R
G FoHL SRR 2.4 kW, Ll & AR GnE 14a
AN 22 WA %) AN (A - X B D W
Brol & Sk R G s o it e SR s AT
L B e A BB R I B0 e g el R

e

LY 0t
-1 000

0 0.5 1 1.5 2 2.5 3 3.5 4
t/s

(@) 135 1 ekl
ESS,

2000 ------meeee-- ESS,

ESS.

Z 1000 1
S0
~1000 ]

0 05 1 1.5 2 25 3 35 4
t/s

(b)R L5 F 4 4l
B3 B 3 0 fr T A3
Fig.13  Load power sharing in sample 3

3000

450
n
> 400} 585":&‘“?:
N 2.8 3 3.2 Cad
350 \ . . . . \ . ]
0 05 1 1.5 2 25 3 35 4
t/s
()R HT 3 L e 42 7
410
400 378
> 390 376 T
X 380 29 3 31 ‘
370 g
1 1 1 1 1 1 1
3600 0.5 1 1.5 2 25 3 35 4
t/s
(b)R &5 T Ed il

P14 S0 3 BB HLE
Fig.14  DC bus voltage in sample 3

SR, B 13 AT LA S E B RE ST
B HRIBAT R, IR T AR ) A B 2.0 3 3 B A 1
IR BT D) AR Tl R e
Wegho BEAb, R 2 4 /NVE R AR RE T s/ N A A
R, 4 m i RE R GE T SETE

P 14 73 5 D 2R Y & T T il AL 48 T
A% I A B R Z R R O HBOE . T LR
W PEBh A A e, B T T A o e e A
il L R AR E BWUE(E . FERIAY, AR 3 AL
B AR SRR M A R R S 42 T SR R A Ak
TS T IR R R gl



EAol, 5 KT S ek sh AR 69 IR sl W b R T 42 ) Rk

W AAEF) 2023 £ 53K 3

R 3 B 2 AN TR I e B 2 A i S
BRI g 2200 HE 3%
£3 HOHBARERE

Tab.3  Bus voltage difference in sample 3
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