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Dynamic Load Power Sharing Method with the Elimination of the Bus Voltage Deviation for
the Energy Storage Systems in DC Micro-Grids

ABSTRACT: In order to take advantage of the dispersed
energy storage units in the DC micro-grids, an improved
state-of-charge (SoC) based droop control method for energy
storage systems was proposed in this paper. Dynamic load
power sharing among different energy storage units was
achieved by using this method. Specifically, the coefficient in
the conventional droop control method was set to be inversely
proportional to the n™ order of SoC. The speed of SoC and
output power equalization can be adjusted by changing the
exponent n of SoC. Since the above method was realized based
on droop control, the deviation in the DC bus voltage was
involved. Secondary control method was employed in this
paper in order to restore the bus voltage to its reference value.
The conventional secondary control was used for the droop
control method with constant droop coefficient. In the above
improved droop control method, the droop coefficient was
changed by the SoC. It acted upon secondary control as a
disturbance. In this paper, the feasibility of secondary control
for the SoC-based droop control method was tested. The model
of the overall control system was obtained and the system
stability was thereby studied based on it. Simulation validation
was realized by Matlab/Simulink and a 2x2.2kW prototype
based on dSPACE1103 was implemented for the experimental
demonstration.

KEY WORDS: distributed energy storage; droop control;

state-of-charge; secondary control; DC microgrids
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Fig. 1 Typical configuration of the DC microgrid with distributed energy storage unit
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Fig.2 Overall control diagram
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(a) Waveforms of SoC. (b) Waveforms of output power.
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(a) Waveforms of SoC. (b) Waveforms of output power.
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the energy storage units is cut-off (Simulation).

(a) Waveforms of SoC. (b) Waveforms of output power. (b) Waveforms of output power.

705 T T T T i i T PTIY CETT T TR Trpppp.
T S
~ 08 Lo T SRR FRAEECEETEL-TEE
> | | | | | | | —_ b < ~. . = : : : .
0 T e e e e e e s ,ﬁ N S
.EJ | | | | | | | § 08 - N \;
S VA Sl T
| | | | | | | R . - : - - -
695 — e e e —— — _ — g _—_— - —— - - = - T~ =
ﬁ ) ! ! ! i Y oa] [ F seedisocizi L T
| | | | | | | :: : = L
| | | | | | | R ' ‘ASoC= 0.93%
0 S S S N L m o T e
“008 0085 009 0095 0.1 0105 011 0415 0.2 i 0 10 20 30 40 50 60 70 20
i 1] (s) B 8] (s)
Kl 12 —REEHRT BB RIERTE (7 820D
Fig. 12 DC bus voltage restoration by the secondary 4200
control (Simulation).
1100

3 SLIGIEIE

5T dSPACELN103 #5817 2x2.2kW [ 52560}
&, UGBS BT BT IAE . RASHRRED
F 1. B 13- 15 20 50 RS n BUEN 2, 3 -
Tl 6 [R50 T 140 ft il B TTTR 4 2 B A A A o 2 =TT Ee

K. NEHR T UIE, ot i) R g e b ‘
Kl 14 n=3 5301 SoC AHr i DR (it gh

itk (W)
g 2 8

o
g

g

70 80

ikl 3 TR A A B S T TS T o SoC 1
A o X TR RIEE n A, SoC At T (b) %t Th P

o e vk o 4 RIS \ Fig. 14 SoC and power sharing waveforms for the
FEI BB AR . b R R S UE £ R SoC-based droop control when n=3 (Experiment).
16 TR o AE I HITT A 0, B BHE i s ik (a) Waveforms of SoC.

(b) Waveforms of output power.

2100 5V AE YRR R Z )5, HUERE A sk

107 e st e s
<H /) Y » v >, N B ASoC=10% : : : : : :
TSI, REL B RS0 A (1 700V I R P N O

mf\ : Co
ASoC=10% . : S S o6{| N
e T AL 8
= » \(—; : : : 2 04
= : o : : : : : : 75}
Sull o mmme s
s Co . W gl
: : Do i G : : > ﬁ 0 10 20 30 40 50 60 70 80
0.2 .Sng,%usncaaqax ....... ASC,W W] (s)
. d : . . B o= 1.4%
— (@

(8 |
o
[-]

0 10 20 30 ‘?0 50 60 70 80
18] (s)
(@



AP=6100 W : -

= o 10 20 WN [‘:T‘JJ (s)m 70 20
(b)
B 15 n=6 50 T 1 SoC KA TR (LI 45 )
(a) SoC I

(b) fanth Dh R P
Fig. 15 SoC and power sharing waveforms for the
SoC-based droop control when n=6 (Experiment).
(a) Waveforms of SoC.
(b) Waveforms of output power.

705
> R
E 700 o iy * '
£ P LR
& LT ] " : : :
690 ; E ;
- 21 0.0 0.1 22 8.3 0.4
= B (5)

K16 T HR B IR BOE (SLER 45 A
Fig. 16 DC bus voltage restoration by the secondary
control (Experiment).

4 Z5ig

ASSCRER B HL 9 231 ik BE 2R S8 AR A
ST Tk U A A I SO T S R
o IR, SIS R EERDT %, ek
PRI VI B FL B R B AT M, BT
TR M RGBT RE . HARKRDE,

1) A PrdE s i ehcidt - wa i ik, A
RARBRIIRE R IR PR 2 (K T Th s 1Tl
R BN Ak RE O IR BB I AT DR Bt
17, H AR A BN R RO, 1 e R
o RS, BB T, B, &
filt BE S TC IR a0 1 DD R IR s TAH A . ek, SEl
TG R AEAN R ik e 0 2 TR S BT 1K) Do

20 B Az 7 iRon) LA ek iR 4
DI R L B H s BR VR B A T A%, 15 B
HL s PRS2 B0 R, S0IE T R T R L
AN AR R S T R A T OR o

3) RN R G R L, R R
GEREPER AT, Bk T EIREET At RE TR AR
SR PR L VRPN DL & EVALI B e/ € o

(K Bk i IS ST ik AT P

S0k

(1] BUENA, 25, $0E, WhOCHRAE. —Fhal ik feds ot 1
WA LS 22 18R PR AL RIEOR ], A L TR
), 2012, 32(12): 51-58
Hang Lijun, Li Bin, Huang Long, Yao Wenxi, et al. A
multi-resonant PR current controller for grid-connected
inverters in renewable energy systems [J]. Transactions of
China Electrotechnical Society, 2012, 32(12): 51-58 (in
Chinese).

[2] #IFuE, EHE JERR, B EEREIRM AR

T 104 P VAL PR U O 20 BT S LA S [, b AL
2244, 2010, 30: 167-170.
Hu Xuefeng, Wang Lu, Gong Chunying, Xiao Lan, et al.
Harmonic analysis and suppression strategies of grid
current for renewable energy grid integration system [J].
Transactions of China Electrotechnical Society, 2010, 30:
167-170 (in Chinese).

[3] R. Lasseter, A. Akhil, C. Marnay, J. Stevens, et al. The
certs microgrid concept - white paper on integration of
distributed energy resources. Technical report, U.S.
Department of Energy, 2002.

[4] FkpCHE, 24X, WRMEAR, SEMWSE. — R 2

ARSI WABAT PRI SR mE (7], b E L RE AR, 2012,
32(25): 126-132.
Zhang Qinghuai, Peng Chuwu, Chen Yandong, Jin Guobin,
et al. A control strategy for parallel operation of
multi-inverters in microgrid [J]. Transactions of China
Electrotechnical Society, 2012, 32(25): 126-132 (in
Chinese).

[5]1 SRHELH, BBz, ¥E/hoR. ol M =AM SR I s
AT HIER[I]. o E L CFR2EH, 2011, 31(33): 52-60.
Guan Yajuan, Wu Weiyang, Guo Xiaoqiang. Control
strategy for three-phase inverters dominated microgrid in
autonomous operation [J]. Transactions of China
Electrotechnical Society , 2011, 31(33): 52-60 (in
Chinese).

[6] &FAH, ERE, HBEE. WUbMiTRegRI]. W R
48 | sh1k, 2007, 31(19): 100-107.

Lu Zongxiang, Wang Caixia, Min Yong, et al. Overview
on microgrid research [J]. Automation of electric Power
Systems, 2007, 31(19): 100-107.

[7] X. She, A. Q. Huang, S. Lukic, M. E. Baran. On
integration of solid-state transformer with zonal DC
microgrid [J]. IEEE Trans. Smart Grid, 2012, 3(2):
975-985.

[8] H. Kakigano, A. Nishino, Y. Miura, T. Ise, Distribution

voltage control for DC microgrid by converters of energy



storages considering the stored energy [C]/ Energy
Conversion Congress and Exposition, Atlanta, USA, 2010:
2851-2856.

[9] T. F. Wu, K. H. Sun, C. L. Kuo, C. H. Chang, Predictive
current controlled 5-kW single-phase bidirectional inverter
with wide inductance variation for DC-microgrid
applications [J]. IEEE Trans. Power Electron., 2010,
25(12): 3076-3084.

[10] H. Kakigano, Y. Miura, T. Ise, Low-voltage bipolar-type
DC microgrid for super high quality distribution [J]. IEEE
Trans. Power Electron., 2010, 25(12): 3066-3075.

[11]T A. A. A. Radwan, Y. A. I. Mohamed, Linear active
stabilization of converter-dominated DC microgrids [J].
IEEE Trans. Smart Grid, 2012, 3(1): 203-216.

[12] S. Anand, B. G. Fernandes, J. M. Guerrero, Distributed
control to ensure proportional load sharing and improve
voltage regulation in low voltage DC microgrids [J]. IEEE
Trans. Power Electron., 2013, 28(4): 1900-1913.

[13] F. Blaabjerg, Z. Chen, S. B. Kjaer. Power electronics as
efficient interface in dispersed power generation systems
[J], IEEE Trans. Power Electron., 2004, 19(5): 1184-1194.

[14] J. M. Guerrero, J. C. Vasquez, J. Matas, M. Castilla, et al.
Control strategy for flexible microgrid based on parallel
line-interactive UPS systems [J]. IEEE Trans. Ind.

Electron., 2009, 56(3): 726-736.

[15] J. M. Guerrero, J. C. Vasquez, J. Matas, L. G. Vicuiia, et al.
Hierarchical control of droop-controlled AC and DC
microgrids - a general approach toward standardization [J].
IEEE Trans. Ind. Electron., 2011, 58(1): 158-172.

[16] J. He, Y. W. Li. An enhanced microgrid load demand
sharing strategy [J]. IEEE Trans. Power Electron., 2012,
27(9): 3984-3995.

[17] N. Pogaku, M. Prodanovi¢, T. C. Green. Modeling,
analysis and testing of autonomous operation of an
inverter-based microgrid [J]. IEEE Trans. Power Electron.,
2007, 22(2): 613-625.

[18] Y. Li, Y. W. Li. Power management of inverter interfaced
autonomous microgrid based on virtual frequency-voltage
frame [J]. IEEE Trans. Smart Grid, 2011, 2(1): 30-40.

[19] Y. W. Li, C. N. Kao. An accurate power control strategy
for power-electronics-interfaced distributed generation
units operating in a low-voltage multibus microgrid [J].
IEEE Trans. Power Electron., 2009, 24(12): 2977-2988.

[20] R DI, ffitly, HKEE, ERMEUIAE. ELIGINAT T
REEHR[]. T HARSER, 2012, 27(1): 98-106.

Wu Weimin, He Yuanbin, Geng Pan, Qian Zhaoming, et al.
Key technologies for DC micro-grids [J]. Transactions of
China Electrotechnical Society, 2012, 27(1): 98-106.



