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An incremental droop control method for DC micro-grid

LIU Ningning, CAO Wei, ZHAO Jinbin
(College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: In the DC micro-grid, the droop control is a basic control method to solve the problem of load sharing. The
conventional droop control method is the U-I droop control based on the load current /. Although the reliability and
economy of this method are better, due to the inconsistent line impedances or unbalanced local load between micro
sources during real DC micro-grid operation, the load will not be shared accurately between DGs and then produce

system circulation. A voltage incremental P -V droop control method is proposed, which introduces the voltage change
rate v and corrects the output power of each DG by using the average power p,, , to achieve reasonable load share and
reduce the circulating current. The control method is simulated in the line impedance inconsistency and local load

imbalance to verify the feasibility of the control method.
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Fig. 2 Droop curve with different droop coefficients
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Fig. 4 Theoretical analysis of incremental P —V droop controller



ELULIA L -

ol U TV - 27 -

2.3 EitBE&mEREIME
Ry AT RSN BE SEHLT) R AR HE 7T
{H 2 JE I R 22 R AR D T F (v, (1) =

1 3 &
T R
gy ——{ R <=

|-H‘1-1

Ve (1)< 0), BEEHURDIS . ik, ASCER
IR IN T Thae-H FEAME 38, il 5 iR,

(0D
_.O_.
Vit

EriE 'Lls
e

TR
il 4

5 RIGGZHIHEE
Fig. 5 System control block diagram

FEBl s B AT Wk 6 s

. A
U

Vaer(15) = Voo (65)/=
4

Vger (1) =V, (1)

6 ThER-mEFMEI=H 8 R

Fig. 6 Principle of power-voltage compensation controller

bl R AP ME R R
B p, . B 23 WRHRE, 6 FA
N p, SRR 5 SAS] T V. T SeO0E
AIGTNA SN, ARSI PGB 5\ T A
e AT RO I p,, o AIE )
RPN p,, o AMETIE Ap, R (19)5 5],

_ le sz
ci 18
zl Py d (18)

AD; = Py = Prs (19)

A %ﬁPtMﬁ%ﬁE’ﬂfﬁuﬂjﬂﬁima L &b

£ )% Ap, HOAAHEE, i TAMEIR TR T PLE S,
MR TR, ERBENFEEN Ap, AN
0. IR 22 Ap, V5 A A MR s 3D % 1)
ZHAH, A IR o 5 P HHEE, LT

NGNS A A R %, 1
P-V FIERHONBHG R, el 5k as k
NS HAY P WL FET, 43 P -V F IR i 2k i
PR YR AT A FRTR AR LR v, W 1) R AE 4 I
T Ve (1) =V4er () =0, B AT S AR (LB 0R
IV, UL RGAFIFAA SRMIRA TR, fifr
Sy TC S Th - M o PR 45 34 A i A R A A

el 7 Bios
Vier = Vo =0 Viel <Vyer <0
Pioas = Pact T Pacz = Prett T Pren Ap, = Apy +Apy,

,
Ploat = Proas + DDy

Ap I/
Ap iR

IRA
(1)

Vger = Vg =0 Vaer = Vaer <0

Piosa = Pict ¥ Picy = Prent ¥ Pren Ap, = Ap| +Ap),
7 #ENP -V TEZRHRESET

Fig. 7 Incremental P —V droop control state change

2 JS 3R TE T A IR 1, AR SCAE
FEBlas BTt PR IR B T ARSE RS Hl. 5
AR T A5 5, WAL G R SRk 4
DA, IR LI R D7) e 2 52 31 W 2% S5 H 2 5L
(RIS, (H 2 2 BRAR A Wi R (R, iy
T ARGMRENE



228 - @A &R B R

3 {HEWIE

3.1 KM A—HEH AR

AT AER P — v IR AT R,
DL R ], AN R A S A L2 B
PIA—BURE L FHATI . RECRA P -V R
NS, TR T 0~2 I, ZREEBH T
Ryw =Ry, =5Q; 2~4s i, EEMHIR,., =5Q,
Ry =25Q; 78 4.0s WZAEA LG, 0
Ap, =1000 W . HARZHWN SRR IEAHI . REZEH
JEh 500V, AdLfifh 2500 W, i Ih S
IIAE Preri (0) = Prer2 (0) =1000 W . 4] 8(a)—I&1 8(d)
5376 . DG, 1 DG, it AL 4 i s AR AL
e B R RGO S % (A LA R

DG,
510 :
500 X : :
¢ i
> 490 S
= 480
470
460

t/s

1(a) i H H

AV [5)
1
Ln
gﬂ‘

2000 T
1 80 s S
1 GO0 b
1400
1 2']{'} : ....... o
1000

800

600

PIW

2000
1 8D frmsespimnn
1 600
> 1400 :
2 1200 <
1000
800
600
0

t/s
(d) S ISl
8 IR A—H I ESE R
Fig. 8 Simulation results of two inverters under the condition

that line impedances are inconsistent

&l 8 A4

1)=0~2s I & BB IR0 B 458 4 —
Diet = Daer =1220 W SZEL T 45,

2)t=2~4sIf RGBATAE P -V T IS HI
3 IEWES 2.2 AT, BORGE A2
HEB TSRS AR, TR R LY
KI5y I HAE ¢ =4 s I INA L4 1000 W,
LN LR LG Poot = Paer =17T10W ¢

3) [ s o Hs AR A AR IR 0 T A5 AR IR 128 2.2
TP g A AT fEe=2s 1, v U R
B, HZBEJSAE G 2], = v, BEAGE 2.3 TR
PRSI fEs 22 )5, 5 2.3 it
AMESRTT IR RAFAE T, — 7 di s D& 2%
8, 53— Jiif i AR B, FeuE Tt i,
B AT 5 IS 2RIV
3.2 EEMHEI—E. KihGEmATENAERIE

B 1 SR AE% RE A A AT H 2 6 PPt — SO 34T
Wi E. TIESHRE: Ry = Ry, =5Q: DG, A
DG, Hy A S g 7393 h py =500 W . p, =0W ;
DG, M1 DG, &AM R A3Aimhy 2 500 Wo 05
B Zs IR AAH ST 4 s A ST Apg
H4hm 1 000 W & 9(a)y—F& 9(b) 431l % i DG, 1 DG,
(0% LB DS R G er DY S A R SLAE R

7411 — e B e i’___ ¥ J
1750 it

= 1500

%1250

1000

750

500

0 1 2 3 4 5 6
t/s

(OEIRIES

2 000

1 750} . S i
1 500

X,
1250 be;
1 000
750
500
0

*

PuiiW

1 2 3 4 5 6
t/s

(b) Fufaf L (1 B A1
9 AR AT MHINERAFELER

Fig. 9 Output power with the inconsistent local loads

HH I 9(b)rT 4, AEREIEAS 1I1E DL T BE SN 43
FIRAF BRI IE AT DR S AH, AN 7
W RERELEM & 2 W 35) 43 o tHIE 9(a)rT 5, fE¢t=2s I
DG, A T A A qmr, P9 5 B FL IR 43 il 3 O Dh 2R
250 W, eSS A 7. JEHAL t =4 s F R



FLUUCR I () — b T T 1

- 29 .-

T A 1000W, DG, fil DG, # i Ih %
Pt = Paca =1940 W o SZELT g bl 1:1 20
MR T 1245 i S R T 470
3.3 BIEMEAELIE
ASERGIGUE TN R G0IE T TAER, JEAEEE5E
SRRSO FEN R G A TR TR0 ) 23 43 L () 510
D ESHBEE : RRBLPT Ry =5 Q5 Ry =2.5Q;
DG, 1 DG, (75 fEAH R Afimrh 2500 W, 7E
2.0s WA I IE A A b, Pl as AU R AR 4
AR 7E4.0s IR . BN LS
iz4765s, & 10(a). K& 10(b)5 5%} DG, 1 DG, ff]
fiar HH D2 A R R 0 SU A AR
2000 !
1 750
2 1500k
12501
1 000

750
500
0

t/s
(a) it h %

510
500 et}
> 490 5
= 480
470
460

' DGy

t/s
(b) fin i HL T

10 BIEMERRES

Fig. 10 Simulation results of communication failure test

H & 10 wJ 41

1) t=0~2s MIEfEIEW, RGEBITEP-V T
FEHRT, B TWEMAEESH—E, )
R

2) t=2~4s I 5T, REUIRAES T E
PRIz AT, W), BT PRI
2 F BN [R5 Th R D AN AL IR 101, (Bt =4 s I
WMEWE IR, @dMEmitshem, fakEis
BIEAT . I H i 10(b)rfr b v DA Y, 384
A I B L TR FEASSEAE 500V, B R L Bk

4 HEE

ASCE E R R R U -1 R 4546, 24
S BTN Al S gy AN — BN 5 E A DR 0 A
BDL R RGP, BT i ep T R
P—V Uk R SN Y FRAIC T
Fe 5 DA KA ELRE W, I HLA AR 7 A 1a )

DA R i DR A Al B IL BB

YRR %2 IF HARZR B BHPTA — R

G AT BT 75, S5 RIGUE T %42 15K

W PR P AT P A AT

Sk

[1] LI'Y W, KAO C N. An accurate power control strategy
for power-electronics-interfaced distributed generation
units operating in a low-voltage multibus microgrid[J].
IEEE Transactions on Power Electronics, 2009, 24(12):
2977-2988.

[2] KAZMIERKOWSKI M P. Grid converters and power
electronics[J]. IEEE Industrial Electronics Magazine,
2011, 5(2): 54-54.

[3]  AEE#k, 5677, £, 2. BERGEE M CBE AR
ZEIR[T]. Hh E LT RE AR, 2016, 36(1): 2-17.

LI Xialin, GUO Li, WANG Chengshan, et al. Key
technologies of DC microgrids: an overview[J]. Proceedings
of the CSEE, 2016, 36(1): 2-17.

(4] e, ATEE, IRAT 2. BT TGO 19 FR) O 199 306 A 4

RE AU BT # B B R ZRR (0], 0 R RS 1,
2017, 45(9): 144-154.
YUAN Chang, CONG Shixue, XU Yanhui. Overview on
grid-connected inverter virtual impedance technology for
microgrid[J]. Power System Protection and Control, 2017,
45(9): 144-154.

(5] XZKmh, WHIE, £4, % BERECD s T g
[J]. HMEK, 2014, 38(9): 2356-2362.

LIU Jiaying, HAN Xiaoqing, WANG Lei, et al. Operation
and control strategy of DC microgrid[J]. Power System
Technology, 2014, 38(9): 2356-2362.

(6] RIR, fzhy, TKEE, & ERBMIAOTIT ARG,
AT, L HEAZER, 2012, 27(1): 98-106, 113.

WU Weimin, HE Yuanbin, GENG Pan, et al. Key
technologies for DC micro-grids[J]. Transactions of
China Electrotechnical Socity, 2012, 27(1): 98-106, 113.

[7] CAO X, CHEN J, XIAO Y, et al. Building-environment
control with wireless sensor and actuator networks:
centralized versus distributed[J]. IEEE Transactions on
Industrial Electronics, 2010, 57(11): 3596-3605.

[8] IJIN C, WANG P, XIAO J, et al. Implementation of
hierarchical control in DC microgrids[J]. IEEE
Transactions on Industrial Electronics, 2014, 61(8):

4032-4042.
(9] 5. ok 386 AR 2% 5 HH PH B4 Sh SR M T 92 (D). 80
K2, 2016..

[10] SHUAI Zhikang, MO Shanglin, WANG Jun, et al. Droop
control method for load share and voltage regulation in
high-voltage microgrids[J]. Journal of Modern Power



-30- @A &R B R

Systems and Clean Energy, 2016, 4(1): 76-86.

(1] FB7KF, BRECHh, 250, 5. FEp T R 50
LR IR (D] WL RS H B, 2013, 37(7): 6-11.
ZHENG Yongwei, CHEN Minyou, LI Chuang, et al. A
microgrid control strategy based on adaptive drooping
coefficient adjustment[J]. Automation of Electric Power
Systems, 2013, 37(7): 6-11.

(12] WG, BRg, ARl &5 BET oo Rk m i s i

A RIFBE TE AR [T, B RS E Bk, 2009, 33(6):
77-80, 94.
YAO Wei, CHEN Min, MOU Shanke, et al. Paralleling
control technique of microgrid inverters based on improved
droop method[J]. Automation of Electric Power Systems,
2009, 33(6): 77-80, 94.

(131 FHEW], FRA, RARE). BT 805N T 42 5 1K i

FL g 4 I SRS A FULT]. O RGOk A, 2016,
44(18): 68-74.
TANG Kunming, WANG Junjie, ZHANG Taiqin. Research
on control strategy for microgrid based on adaptive droop
control[J]. Power System Protection and Control, 2016,
44(18): 68-74.

[14] AUGUSTINE S, MISHRA M K. Adaptive droop control
strategy for load sharing and circulating current
minimization in low-voltage standalone DC microgrid[J].
IEEE Transactions on Sustainable Energy, 2015, 6(1):
132-141.

[15] 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, 1(6):
2804-2815.

[16] FERREIRAR A F, BRAGA HA C, FERREIRA A A, et al.

Analysis of voltage droop control method for dc
microgrids with Simulink: modelling and simulation[C] //
10th IEEE/IAS International Conference on Industry
Applications, Fortaleza, 2012: 1-6.

[17] PECAS LOPES J A, MOREIRA C L, MADUREIRA A G.
Defining control strategies for analyzing microgrids
islanded operation[C] // IEEE Russia Power Tech, St
Petersburg, 2005: 1-7.

[18] SHAFIEE Q, DRAGICEVIC T, VASQUEZ J C, et al.
Hierarchical control for multiple DC microgrids clusters[J].
IEEE Transactions on Energy Conversion, 2014, 29(4):
922-933.

(19] By, IR, KB4, &5, ST IR ALK 2
WA SRS )] O RGP S ], 2017,
45(15): 30-39.

ZHAO Qiaoe, ZHANG Lele, WU Xiao, et al. Control
strategy for multi-inverters based on parallel virtual
resistance[J]. Power System Protection and Control, 2017,
45(15): 30-39.

[20] LU X, GUERRERO J M, SUN K, et al. An improved
droop control method for DC microgrids based on low
bandwidth communication with DC bus voltage restoration
and enhanced current sharing accuracy[J]. IEEE
Transactions on Power Electronics, 2014, 29(4): 1800-1812.

[21] ANAND S, FERNANDES B G GUERRERO 1.
Distributed control to ensure proportional load sharing
and improve voltage regulation in low-voltage dc
microgrids[J]. IEEE Transactions on Power Electronics,
2013,28(4): 1900-1913.

[22] LIU W, GU W, SHENG W, et al. Decentralized multi-
agent system-based cooperative frequency control for
autonomous microgrids with communication constraints[J].
IEEE Transactions on Sustainable Energy, 2014, 5(2):
446-456.

[23] SANNINO A, POSTIGLIONE G, BOLLEN M H J.
Feasibility of a DC network for commercial facilities[J].
IEEE Transactions on Industry Applications, 2003, 39(5):
1499-1507.

[24] RIpeds, SRR, AR56 30, AR T 4545 42 SR w15
I, W RS AL, 2010, 34(19): 91-96.

MOU Xiaochun, BI Daqgiang, REN Xianwen. Study on
control strategies of a low voltage microgrid[J].
Automation of Electric Power Systems, 2010, 34(19): 91-96.

[25] SCO6, 5K, H. S ELAUM AR SRR R ot T 2

FEHITRRETSTI]. H LHREAR, 2016, 31(3): 31-39.
ZHI Na, ZHANG Hui, XIAO Xi. Research on the
improved droop control strategy for improving the
dynamic characteristics of DC microgrid[J]. Transactions
of China Electrotechnical Socity, 2016, 31(3): 31-39.

YrkS HHEE: 2017-04-06;
EH TN
WFF1992—), B, @fE46E, MEHRLE, ARF
) Al W A KRR ASR,; E-mail: 1iu3923@126.com
& M (1963—), %, AL, SHZ, HARFT@AES
A% oA 5454%); E-mail: cw-jenny@ 163.com
xBR (1972—), 5, i, 3z, MEA S5, FR
FEAARRE A TFHARARLAEFRBEL DL EE HRAAET
#) 2 f) . E-mail: zhaojinbin@shiep.edu.cn
(%38 3 W)

{&El HHF: 2017-08-25



	DOI: 10.7667/PSPC170490 
	直流微电网的一种增量式下垂控制方法 
	An incremental droop control method for DC micro-grid 
	2.1 基本方法理论分析 
	2.2 连线阻抗不一致情况分析 
	2.3 直流母线电压跌落补偿 
	3.1 线路阻抗不一致时仿真验证 
	3.2 线路阻抗一致、本地负荷不平衡时的仿真验证 
	[1]  LI Y W, KAO C N. An accurate power control strategy for power-electronics-interfaced distributed generation units operating in a low-voltage multibus microgrid[J]. IEEE Transactions on Power Electronics, 2009, 24(12): 2977-2988.  
	[2]  KAZMIERKOWSKI M P. Grid converters and power electronics[J]. IEEE Industrial Electronics Magazine, 2011, 5(2): 54-54. 
	[3]  李霞林, 郭力, 王成山, 等. 直流微电网关键技术研究综述[J]. 中国电机工程学报, 2016, 36(1): 2-17. 
	LI Xialin, GUO Li, WANG Chengshan, et al. Key technologies of DC microgrids: an overview[J]. Proceedings of the CSEE, 2016, 36(1): 2-17. 
	[4]  袁敞, 丛诗学, 徐衍会. 应用于微电网的并网逆变器虚拟阻抗控制技术综述[J]. 电力系统保护与控制, 2017, 45(9): 144-154. 
	YUAN Chang, CONG Shixue, XU Yanhui. Overview on grid-connected inverter virtual impedance technology for microgrid[J]. Power System Protection and Control, 2017, 45(9): 144-154. 
	[5]  刘家赢, 韩肖清, 王磊, 等. 直流微电网运行控制策略[J]. 电网技术, 2014, 38(9): 2356-2362. 
	LIU Jiaying, HAN Xiaoqing, WANG Lei, et al. Operation and control strategy of DC microgrid[J]. Power System Technology, 2014, 38(9): 2356-2362. 
	[6]  吴卫民, 何远彬, 耿攀, 等. 直流微网研究中的关键技术[J]. 电工技术学报, 2012, 27(1): 98-106, 113. 
	WU Weimin, HE Yuanbin, GENG Pan, et al. Key technologies for DC micro-grids[J]. Transactions of China Electrotechnical Socity, 2012, 27(1): 98-106, 113. 
	[7]  CAO X, CHEN J, XIAO Y, et al. Building-environment control with wireless sensor and actuator networks: centralized versus distributed[J]. IEEE Transactions on Industrial Electronics, 2010, 57(11): 3596-3605. 
	[8]  JIN C, WANG P, XIAO J, et al. Implementation of hierarchical control in DC microgrids[J]. IEEE Transactions on Industrial Electronics, 2014, 61(8): 4032-4042. 
	[9]  郑玉芳. 微电网逆变器输出阻抗控制策略研究[D]. 湖南大学, 2016.. 
	[10] SHUAI Zhikang, MO Shanglin, WANG Jun, et al. Droop control method for load share and voltage regulation in high-voltage microgrids[J]. Journal of Modern Power Systems and Clean Energy, 2016, 4(1): 76-86. 
	[11] 郑永伟, 陈民铀, 李闯, 等. 自适应调节下垂系数的微电网控制策略[J]. 电力系统自动化, 2013, 37(7): 6-11. 
	ZHENG Yongwei, CHEN Minyou, LI Chuang, et al. A microgrid control strategy based on adaptive drooping coefficient adjustment[J]. Automation of Electric Power Systems, 2013, 37(7): 6-11. 
	[12] 姚玮, 陈敏, 牟善科, 等. 基于改进下垂法的微电网逆变器并联控制技术[J]. 电力系统自动化, 2009, 33(6): 77-80, 94. 
	YAO Wei, CHEN Min, MOU Shanke, et al. Paralleling control technique of microgrid inverters based on improved droop method[J]. Automation of Electric Power Systems, 2009, 33(6): 77-80, 94. 
	[13] 唐昆明, 王俊杰, 张太勤. 基于自适应下垂控制的微电网控制策略研究[J]. 电力系统保护与控制, 2016, 44(18): 68-74.  
	TANG Kunming, WANG Junjie, ZHANG Taiqin. Research on control strategy for microgrid based on adaptive droop control[J]. Power System Protection and Control, 2016, 44(18): 68-74. 
	[14] AUGUSTINE S, MISHRA M K. Adaptive droop control strategy for load sharing and circulating current minimization in low-voltage standalone DC microgrid[J]. IEEE Transactions on Sustainable Energy, 2015, 6(1): 132-141. 
	[15] 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, 1(6): 2804-2815. 
	[16] FERREIRA R A F, BRAGA H A C, FERREIRA A A, et al. Analysis of voltage droop control method for dc microgrids with Simulink: modelling and simulation[C] // 10th IEEE/IAS International Conference on Industry Applications, Fortaleza, 2012: 1-6. 
	[17] PECAS LOPES J A, MOREIRA C L, MADUREIRA A G. Defining control strategies for analyzing microgrids islanded operation[C] // IEEE Russia Power Tech, St Petersburg, 2005: 1-7. 
	[18] SHAFIEE Q, DRAGIČEVIĆ T, VASQUEZ J C, et al. Hierarchical control for multiple DC microgrids clusters[J]. IEEE Transactions on Energy Conversion, 2014, 29(4): 922-933. 
	[19] 赵巧娥, 张乐乐, 武晓冬, 等. 基于并联虚拟电阻的多逆变器控制策略[J]. 电力系统保护与控制, 2017, 45(15): 30-39. 
	 ZHAO Qiaoe, ZHANG Lele, WU Xiao, et al. Control strategy for multi-inverters based on parallel virtual resistance[J]. Power System Protection and Control, 2017, 45(15): 30-39. 
	[20] LU X, GUERRERO J M, SUN K, et al. An improved droop control method for DC microgrids based on low bandwidth communication with DC bus voltage restoration and enhanced current sharing accuracy[J]. IEEE Transactions on Power Electronics, 2014, 29(4): 1800-1812. 
	[21] ANAND S, FERNANDES B G, GUERRERO J. Distributed control to ensure proportional load sharing and improve voltage regulation in low-voltage dc microgrids[J]. IEEE Transactions on Power Electronics, 2013, 28(4): 1900-1913. 
	[22] LIU W, GU W, SHENG W, et al. Decentralized multi- agent system-based cooperative frequency control for autonomous microgrids with communication constraints[J]. IEEE Transactions on Sustainable Energy, 2014, 5(2): 446-456. 
	[23] SANNINO A, POSTIGLIONE G, BOLLEN M H J. Feasibility of a DC network for commercial facilities[J]. IEEE Transactions on Industry Applications, 2003, 39(5): 1499-1507. 
	[24] 牟晓春, 毕大强, 任先文. 低压微网综合控制策略设计[J]. 电力系统自动化, 2010, 34(19): 91-96. 
	MOU Xiaochun, BI Daqiang, REN Xianwen. Study on control strategies of a low voltage microgrid[J]. Automation of Electric Power Systems, 2010, 34(19): 91-96. 
	[25] 支娜, 张辉, 肖曦. 提高直流微电网动态特性的改进下垂控制策略研究[J]. 电工技术学报, 2016, 31(3): 31-39. 
	ZHI Na, ZHANG Hui, XIAO Xi. Research on the improved droop control strategy for improving the dynamic characteristics of DC microgrid[J]. Transactions of China Electrotechnical Socity, 2016, 31(3): 31-39. 
	曹  炜(1963—)，女，硕士，副教授，研究方向为电力系统分析与控制；E-mail: cw-jenny@ 163.com 



