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Research on SOC balance control strategy of energy storage unit in

DC microgrid in island mode
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(School of New Energy, China University of Petroleum (East China) , Qingdao 266400, China)

Abstract: As an important part of DC microgrid system, the energy storage unit is related to reasonable powerdistribution
and continuous stability of bus voltage during charge and discharge process. However, for DC microgrid systems containing
multiple distributed energy storage, the imbalance of SOC will inevitably reduce the availability of energy storage systems.
In order to ensure the normal and stable operation of the system and realize the fast equalization control of the SOC of the
energy storage unit under different working conditions, an improved droop control strategy is proposed by introducing line
impedance compensation feedforward link and dynamic speed regulation factor to eliminate the impact of inconsistent
initial states of the distributed energy storage units and different line impedance. After that, Matlab/Simulink was used to
build a simulation platform experiment to verify the feasibility and effectiveness of the proposed control strategy under
different charging and discharging conditions. Finally, it was concluded that compared with the original control strategy,
the dynamic speed regulating factor control strategy proposed in this paper can effectively accelerate the energystorage
balancing speed under various working conditions, and maintain the normal and stable operation of the microgrid system.
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Figure 1 DC microgrid structure diagram
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Figure 2 Equivalent circuit of energy storage unit in parallel
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Figure 3 The relationship between R, and AS,. when £#=2
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Figure 4 Control logic diagram of energy storage system

BAARR R «E 5 , HE f 8 5 0 Y R O
146 for LIRS SR 22 i B 0 A Bt SOC B 5
WA (12) 3075 4900 F 3 REGARE K52
()T 3 2 505 LR DC-DC T R AR B 2% 19 5 H i
HH 3P VR by 45 1 4% B A, e ad R R BUBE P
il s B S5, i PWM K 85 8L DC-DC ) 32748 e 25
PNITES: Ok G O E ot R

3 i AR50

Tk £ A W B A R SR ] Matlab/
Simulink £ £ LB 3% MM R &4 31
A6 A hAREERIT, HAW 4 SOC 435128 50% |
55% F160%0, R B 25 Q (Y BLIE B, IR R 48
RN 14.5 kW, 2k I MPPT #21il , B R4k
2% LR 400 V.,

31 BEFRH

TERRE 78 B BRAS N OGARBE PR AL AR % 1 2
T3 ) AT K [ IE 23 77 A e R Dy i o
Tl 1) Ty 38 10] fif R B, XL HEAT S . O TR



5538 B 4 1) W1 Ll

A U AR LA 190 H Ak B BRI SO C % Ml 42 i SR i 61

Fe o 0 HL A B LB O AR A B Ol B B2 3 Ol 1000
W /m*, Ji A5 8 i BE LR i R L 78 HL FL O R SOC I % 4n
K5 R .

PRI (1) B e T 2 R 4L, i 18] 5(a) O Al
AR E R LR E N 410 VB EWRSI/NT +5%,
T ) R o R R

460 : : : : 460 : : : :

440 1 4401 ]
Z 420 1 420 |
S 400 1400 1

o HEWEEET | 0 2 4 ke [ T

360 LT T 4 360 R

0
72 L '.“, -
4t
6t ”’;\
YN
10k
12k

Pdeil A

75 ‘
SOCI
701 -+-Soca
65 L _SOC3 /, |
55 / s ]
P [ 5 ] P T
5007, ‘ L

(c) fikfiE 2 IE 35 L SOC

BS5 ALY

Figure 5 Stable charge state waveform
o F 366 BE HL T ] i SOC A AHAE, X Ik &
Goim it EmAE G IEAT IR . MR AR L.
2.3 5B RE It SOC 4351 R 50% .55% .60% , 7¢
LR IR 20 0 1206\ 2A Y SR T [ 3 TR 5 (p=
5)HF, 1.3 51t i BT 11 Fi, I 25 2 ¥ 44 /) , 49 A
JE S HAS | I e AR 3.5 s A F T 5 T Y R A
) 25 8 3 K i, R T R DR B 20 B SOC 1 2518
AR 4K it B PR T B % 4f 2 0% Fr D I X A L O
A 2 sBFIA B SOC /Y ¥ i, 58 H HL I A1 SOC
I E 5(b) (o) fiR . Ui B FE RS T A LT
fi] 1) A PR, SR H 2l 2 8 3 PR 0 TR 4R
REE AT RO B SOC By 2 2 .

32 WEMB

TERRE B BRSO AR A A 14 2y il 2
AT BT R T A R BT R RE B DAL AR
MRS RBOGARBIE Y % B5R BE R 100 W/m?, fift

RERICH A ST, RE T E BB R it
HL i AT SOC P B an &l 6 fr i .
460 \ \ \ \ 460
440+ 1 440+
Z 4201 1 420t
% 400} . 400

3801 380 — |

360 360l FUEFERT |

o 1 2 3 4 5

t/s t/s

igeil A

(i1 7 9] 3 PR 7
34

t/s t/s

(b) i BE T HL R U

60 " " " ‘S 60 " " " S
T ocl T oc

55 ﬁ“x__\ = Soca | 55 r\,_\ = So(‘; 1
§ 50 _ — Socs | 50k \ —Socs |
o \\\
5 45t 1 45+ k.

40+ | S q 40r .

35710/63%]@[?]? ] sl EEEEET |

0 1 2 3 4 5 0 1 2 3 4 5
t/s t/s

(c) g HICH A SOC
Bl6 #5%5d 49k
Figure 6 Stable discharge state waveform
B (14 e 7 M RE, hE 6(a) BB ]
T R TR B 2 HR RE L R O 377V,
B A TR B B R R R 395V, A
JE A B8 /N F 2096, W 2 B R b o 1 K W] B )
A5 R S LR B B BN A R T B R R
FERE AR T, 1.2.3 5 4B L oc il
B 20 50 o 1.5.9 Ao 24 Sk [ I8 3 (p=
5)EF, i T g ALY SOC B 4 #2301, H 43 it (1 2
KA A W A, PR O 3 A T IR AR R B AE 3 s
R 3k 380 35 A 5 T 224 SR FH 2 25 8 1 B e RE

i R 5
s B B A R B L i SOC 7F 1.5 s B 3k 2 34 45



62 I <

15

Eid =S 3 20234E7 A

BT B 6 43 A AT R, 24 R [ o R
M R BB SOC W 2 (H B AWK AR EE,
PRt , B 2 F P AL B T 0 R B0 48 K% W e RO T
FA I T e 2 W R AR 5 10 24 R ) 3 A5 R R 1, R
e R BAE SOC A A5 15F BB 0% 4 H5 A0 X1 2 A {8, B
F SOC 52 4= B M i A 35 BAR A, 33Xt ] LA B[]
6(a) HhE X M 45 SR 2347 — Wk 1] 0% F R 3 o
33 mHMBE#R

BB 00 4 O BE AR B2 S 100 W/m?, 1 s B ) B 5
BEBAE Sy 1000 W/m”, i3 219 34 fig 57T SOC |
FE I HL FEL PR DA B B R R AR AR L 7 B

460 460
4401 1 440)
2 4207 1 4204
5 400 H =400
380 . 1380 o ]
2y 25 N I 5 ) 3 [ 5
360 L4 360 e
o 1 2 3 4 5 0 1 2 3 4 5

(b) fiff BE 5T L A L LR

65 — Sy 165

—Soci

== Soc2 == Soc2

2 60 — Socs 60k —Socs
\:\3
o
©

55F. > 1 550

sob 7/ masmmmT | S0

0 1 2 3 4 5 0 1 2 3 4 5

t/s t/s

(c) fHEHATE A il SOC
B7 kb 4k kY

Figure 7 Charge-discharge conversion waveform

1 s I I 3 6 IR B0 728 A ik BE B0 0T i i e RS B
ooy FE VIR S, B i IE(E AR O T 2R e
JA B F (p=5) i, BEZR HL R #h 395 V A8 Sl 410 V5
7 24 5% F 2 2598 3 PR i), SOC 1487 1) 38 32 AH X 45
P, E I REZ HL TR Ry 403V, /N TSR T 9 2 K]
N Y B2 L T

FEVN R RS T, 1.2.3 5% RE B0 AY i
B A3 508 1.4.8 A i RS, 1.2.3%5
i BB BT Y 78 L L 40 o 12,42 A SR E

R FAE 4 s Bk B SOC ¥4, i 5% A 2h 25 18 8
KFAE 2 s B R B o 3E— 5 UL BT, 76 70 i IR 2
A ok R, SR 2 3 U B R A7) A S B 1
SOC H i

Sy T 5k R H 3 2 8 3 AR SOC 2 i 3
A 7 Gt e o 2 BE Ty T OO0 A L DR AR A O IR R 1
%ﬂﬁ%“b$7—ﬁl§l@S()C%JJ{EK/}E,%%U%T&FHﬁ”ziﬁii
T p=3.p=9 M 5l & ¥ & 105 5,153 1
SOCREPIE an &l 8 frzn .

tls t/s

(a) [ W33 F T SOC R A B
65+
o\\° 60
V? 55k, - —Soci
/ = Soca
50 fe 7’/ — Socs

0 1 2 3 4 5
t/s

(b) ShZ&THE A T SOCREWIE

8 ShAAAEB L B SOC KAk H
Figure 8 SOC state waveform when external

conditions change

RV =1 s BHOE RS R AR 848 o 2ok H I
L [N i, R GE AR 1.2 s 22 A7 A TF IR P RICHLIR
A e RS T RS S N TR, R A
B 220 % A o o SR PR YR I 9 A
p=3 0, FEHUIRE T SOC A7 3.3 s ik N 4 5 242K
[ 5 W T p=9 i, SOCTE 3.1 s Ik B 44y , 1y 7 ok
JEE P (HAE =17 si}, 1 5 it T 2 S5 RE AT
SOC, &4 T H itk . X LR Sh 8 W 4, 72
HARE T SOCTE 2 sHF IR B M. X UEWI R 2h 745
IR PR BB AT B R AR G 0 e I R A AT PR
SOC M s i, I FLikE G 3 0 80 A 0 4 1) K A



55 38 B 4 40 R IG 1L, 45 - I8 A6 2T 20 3 19 0 v 8 BE BT SOC 14948747 1l 5 g 63
[51 P33 R A T ot T 2 A A O

4 4hEiE

O R = W N7 > QK A A ST ol )
) S, 5 T — AT SOC M4 B i 3 750 T 2 45 71
WS TE AL g T AR b i ACHT 55 R 2 R A
RS 2R B BT /N AR A5 i] LA B £k B B B Aty
K o 5 IR F AR BT SOC A — it 72 T
e 7 BCHE SR Borh i 8 B A R AR
SOC 2 {1 52 I s 8 8%, LUAn e SOC 4 i 3 Ji2 A
G000 I R R L S I 45 SRR B 4 T SR W A
BT AL G0 T 5 ] AE 6% T PR b S 34K B R T 1Y
SOC ¥ , 7] i R 3iF 76 78 550 L 3o B v B O B4R T
Rt A A 1 58 b o B 1 T 9 FRL DY, T i R R T
W% e B T wE e,

S 3

[1] FU Q, NASIRI A, BHAVARAJU V, et al. Transition
management of microgrids with high penetration of
renewable energy[J]. IEEE Transactions on Smart Grid,
2014,5(2):539-549.

(2] E 5 0 ta W, 2h 18 3, 5 T e A ) A B IR 55 Y R AL A

RE LT oA A A 4R ) 101 R 4 B 81,2022,
46(10):181-188.
WANG Xiao, HE Yigang, MA Hengrui, et al. Distributed
optimization control method of virtual energy storage
plants for power grid ancillary services[J]. Automation of
Electric Power Systems, 2022, 46(10):181-188.

[3] ) ARM K ARELSE . BRI M iR R o iE R B B Y
4 I ST AL 5 9 3 fiE TR, 2021,37(1):84-89.
JIANG Bo, ZOU Bin, ZHANG Xinyi, et al. Research on
energy dynamic balance control of DC microgrid energy
storage unit[J]. Power System and Clean Energy,2021,37
(1):84-89.

[4] SRS AR A R R] 4 b 09 6% BE 0 T A
FLOPR 2 2 4 BF 5 (], FL R 4 R, 2021,45(9):1202-1204+
1226.

GUO Kunli,FU Jianzhe,YAN Dong,et al.Research on state
of charge balance of energy storage units considering
different capacities[J]. Chinese Journal of Power Source,

2021,45(9):1202-1204+1226.

6]

(7]

(8]

[9]

[10]

[11]

QIR HE R G SOC Py HEms (1] Ly R R 5 5
l,2021,49(22):120-129.

HU Yanqin,ZHOU Renyou,HUANG Tianxiang,et al. SOC
balance of grid-connected cascaded

strategy energy

storage system based on improved droop control[J]. Power
system Protection and Control,2021,49(22):120-129.
R Bk R B2 N5 IR B0 3 A 24 g SOC
2002 22 455 2 o) SR D). W 0 1 B Ak iR 46,2018,38(4):
169-177.

WEI Zuolin, CHEN Minyou, LI Jie, et al. SOC and
efficiency balance control strategy of distributed energy
storage in island microgrid[J]. Electric Power Automation
Equipment,2018,38(4):169-177.

W AR O A I R ) o R T SOC I T I 45 T 5K W
WFFEID]. -6l B0 5 K °%,2021.

SUI Chunjie. Research on SOC-based droop control
strategy in solar-storage DC microgrid[D]. Qufu: Qufu
Normal University,2021.

DIAZ N L, DRAGICEVIC T, VASQUEZ J C, et al.
Intelligent distributed generation and storage units for DC
microgrids-a new concept on cooperative control without
communications  beyond  droop  control[J]]. TEEE
Transactions on Smart Grid,2014,5(5):2476-2485.

K BRI, A MORT A5 2 B DL e 2R B 4 A 5 A
AE B 7T FEOIR A I A A 52 (0], v P ML TR 24 41,2019,
39(15):4441-4451.

MI Yang,CAl Hangyi,SONG Genxin,et al.State-of-charge
balancing research of distributed energy storage units
with unmatched line impedance[J]. Proceedings of the
CSEE,2019,39(15):4441-4451.

B G A, P EIL B S 3% 4 L BV U e R e A
RE 2 HL T B 7 R 2 ) B 1) B AT D) 38 ) 2 43 IE O ¥R D]
o ] LB T AR 2 41 ,2013,33(16):37-46.

LU Xiaonan, SUN Kai, HUANG Lipei, et al. Load power
dynamic allocation method with busbar voltage sag
compensation function in DC microgrid energy storage
system|J].Proceedings of the CSEE,2013,33(16):37-46.

LU X, SUN K, GUERRERO J M, et al. State-of-charge
balance using adaptive droop control for distributed
energy storage systems in DC microgrid applications[J].
IEEE Transactions on Industrial Electronics,2014,61(6):
2804-2815.



64 W B % 5 H R ¥ i 2023 4E 7 H

[12] LU X,SUN K,GUERRERO J M, et al. SoC-based droop [20] YANG Q,JIANG L,ZHAO H, et al. Autonomous voltage
method for distributed energy storage in DC microgrid regulation and current sharing in islanded multi-inverter
applications[C]// IEEE  International ~ Symposium  on DC microgrid[J].IEEE Transactions on Smart Grid,2017,9
Industrial Electronics,Hangzhou,China,2012. (6):6429-6437.

(3] K WLREW AT RIS SO M E RO S [21) 0B A — Rl A B R 6 o

N 43 2 0 R (D). H B AL TR A 4, 2018,38(7): 3B R TR, R B2 5 BOR 22 41),2022,37(1):
1980-1989+2213. 48-54.
MI Yang, JT Hongpeng, HE Xingtang, et al. Adaptive LI Bing, LI Lan, WANG Hao, CHAI Lun. An improved
hierarchical coordination control of multi-energy storage droop control of load current sharing in DC microgrid|J].
independent DC microgrid[J]. Proceedings of the CSEE, Journal of Electric Power Science and Technology,2022,
2018,38(7):1980-1989+2213. 37(1):48-54

[14] LU X,SUN K, GUERRERO ] M, et al. Double-quadrant 1221 GB/T 35727—2017. Ik F 1 UL L FL H F S MU S .
state-of-charge-based droop control method for distributed GB/T 35727—2017. Guideline for standard voltages of
energy slorage systems in autonomous DC microgrids[J]. medium and low voltage DC distribution system[S].

IEEE Transactions on Smart Grid, 2015,6(1):147-157. (23] fR#Fiz, B B AR 2035 5 3T DAB ROLHEALIR & &

[15] LU X,GUERRERO J M,SUN K, et al. An improved droop GOy PN 5 ) R B S BOR 5 4202035
control method for DC microgrids based on low bandwidth (6):138-143.
communication with DC bus voltage restoration and FU Xiangyun, TANG Guosheng, CUI Hongfen, et al. Study
enhanced current sharing accuracy[J]. IEEE Transactions on power regulation and control based on DAB for a
on Power Electronics,2014,29(4):1800-1812. hybrid system with photovoltaic and storage[J]. Journal of

[16] OLIVEIRA T, GONGALVES SILVA W W A, DONOSO- Electric Power Science and Technology, 2020, 35(6):
GARCIA P F. Distributed secondary level control for 138-143.
energy storage management in DC microgrids[J]. IEEE [24] FEERIT, 0K S HEF T R BB EARS AN
Transactions on Smart Grid,2017,8(6):2597- 2607. P26 2 22 o i i vl ot 2 O 4K TG I D). A TR

[17) ZE MR, 40T, 5 98 98 % . Witk SOC T 3843 ol 9 53 A *#:4.2021,36(3):496-506.

4% B 2 B 07 A7 L AN BE Y 0. b R L TR S YUAN Tiejiang, ZHANG Yu, LI Lei, et al. Capacity
2017,37(13):3746-3754. optimization configuration of pre-installed multi-energy
LI Pengcheng, ZHANG Chunjiang, YUAN Ranran, et al. storage  power  stationconsidering  power  density
Distributed  energy storage system load  current constrained hydrogen storage[J]. Transactions of China
distribution method with improved SOC droop control[J]. Electrotechnical Society,2021,36(3):496-506.

Proceedings of the CSEE,2017,37(13):3746-3754. (251 )i LK A of v 0 LS BE T R SR TA ST H

(18] K EL.IEI YL 8 #F .55 5T SOC F 2 42 4 i 4 7 15 T DO TR 5 i T 3R 00 4 1) SR e CaRE (D). 4 e 07,2022,
A A P O B 0 S 0 B 9 1) P 3 R G AR AP A 50(9):39-44.
2021.49(12):87-97. HU Zhiguo, ZHANG Leichong, SI Shaokang, et al.
ZHANG Liang, YAN Kaihong, LENG Xiangbiao, et al. Improvement of hybrid energy storage system control
Research on coordinated control strategy of independent strategy of independent DC microgrid based on voltage
DC microgrid based on SOC droop control[J]. Power sag method[J].Smart Power,2022,50(9):39-44.
system Protection and Control,2021,49(12):87-97. [26] k@, BAUSCH J,KOCH H. S 1k 4t % T 6% 45 (GIS) iy

[19] RS-0, X1 5 B SCRE  28 T — S0P 2 vk 00 1 A N &2 BT I S R H R T B AT 4R AT A Y R

fiti i SoC 34 47 5K W (. % E& ¥ 77,2022,50(9):30-38.

CHEN Jingwen, LIU Jiaxin, ZHANG Wengqian. State of
charge equalization strategy of multi-energy storage in DC
microgrid based on consensus algorithm[J]. Smart Power,

2022,50(9):30-38.

[J]. =5 HL 27.2021,57(1):136-142.

SHEN Wei, BAUSCH J, KOCH H. Influence of service
continuity and module design of gas insulated switchgear
(GIS) on its operation,maintenance and extension[J].High

Voltage Apparatus,2021,57(1):136-142.



