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An Advanced Control Strategy for Flexible Multi-terminal DC Distribution Network
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Abstract: With the improvement of renewable integration scale, the development of power electronics and the
increase of various types of DC loads, DC distribution network attracts more attention. However, the control
strategies of flexible DC distribution network and HVDC transmission system are not exactly the same. Therefore,
the control strategy needs to be further studied to meet the requirement of DC distribution network characteristics.
According to the analysis of the traditional droop control strategy, an advanced strategy was proposed to apply for
multi-terminal DC distribution network. Based on the simulation, the proposed method was performed to validate
the improvement and effectiveness. The results show that the advanced control strategy can effectively eliminate
the traditional droop control of steady-state voltage deviation problems, and control the DC voltage within the
established range when the system load fluctuation occurs, which can effectively improve the stability of system.

Key words: DC distribution network ; voltage sourced converter; variable intercept droop control

No.12

AT, 0 A SCRE TR U5 2548 1) AN B i
T, B TR B BRI, B ) R 5
BT IR e B G B
PR LA D 283 P P G AT ELA R 3 ) A e AR
ShREUAL s LR D7 U A8 9 . AR T2 e
FL IR, SR R D F A A A SR P 0 P R R
AN DAR AT A M, ELURC R AN A3
AR IR B LA R IO A R AL, R A R e L RE T
A AT REYE 5 2) SR BV BC R Y s BE
SETA B LS A LL b AR TRk aE )y, 22

EERN:2271(1992—) , 5, A+, Email : 1ili_19920814@163.com

28

fiff 1 T PR R 5 PR R P ) A5 3) SR L
T I FL R, T B A A B a0 A X T R T P T
B LR 6 20 AC/DC G 345 RE LA R 15 45 1
A 54) 32 UL L 2R B A AE P S R L i 1 A B sg
T ARG TC DA , B G H R (R SR AE A R 58
T MR —2E ELURY, H, R R R S
F UL Szl ik ABEFEN B2 LR it — 4 1)
PR AK L W A 14 5 el LA E Y 2,

H A, B P ANE A 25T LR RN R AR
TECH AT TAFSE . o, 2004 4F AR 5 Tl oK



FN,HFERT %30k LA B R M 6Y Btk 45 ) s

WA 20215 HS51E F12H

SERE I TN B BRI L RS % R G
BT 10 kW I B BCH RGN, RIS, oK 22 3
T TR T AR EN R RS, R
45 E 2k 7 SR B (i R 58 . g e
B TR 24 W FE 2007 45 $8 A& Sk B AR R Al
R HEE T AL RO IR E WA S
T AT BB MAATST , 2013 48, I H )
MFE 863 314, 42 H JE T 10 kV HE R S5 94 1Y 2 vk
L I T A X L PR by L R s ol O 5K, O S B A
B S 80 2= SR AT IR E b e g 28 E R
1 T D L A AR X A% e T P X A T e, SR
T iR ER A M BB . 2016 4F , TV B
JCIXTF T g BRI H |, 3 B e
XL [] YL 20 ) B R ELIE P AR 25 410, 2018 429 1,
] PN 1 i 2 T L B L R Y TR AE S R
SRR X A ARG AT, O Ak B L M kR
PUE T R AP RO

R T AR R PR D
Jont 388 TR SRA A5 O T B R 28838 A 2 o 2 M
HIRARG R R SR, AR T3 b B
FHL 2R G0 R A, 2 M A T P O S R R SR T
IR A B AR R B RS T R A
LPEARTE AT T M B AL, 5 i R R Gk
BHEH R . AR SURFCERIINE A& 1 24
L R R T R S 1 22y ALY T T X R
SRR M U I R X R EA TR AR
HH — Tl aE FH T 2% 1 O T 1 e T A o
D5k g SR TR A AR I A B L OR R T
D5 BB UE L AT A7

1 324 Xobr

SRS e e RV E S R LD S
ANF T A B L R AL, h T w5
JE TG A FIAR AL [R] 25 2 )RR, BT LA 00 P T
TR T B RGBT DL . 5 IR
0 AL IAL IC 190 ) ) 538 L5 15 R v A AS AR DE i
N s 5 G R WA ) s N SR I B )
e ik S 28 46 B 254 sh i 9 B4 3 fig
PRI , U R A2 ) A T R A R R SR R
L PERE A S BEHE AR 2 — o AT, SRk B ISC I
P NS % F kS B, R M
SO R T R A RN L e R R 2 4R
[/

2 A T ) B — 48 7 3 A0 Sy T 8 T

S5 ) U0 4 PO P , A0 0 3 PR D 2
BEa AT 2 T, B A oy R
A, TR R T R R
LM IR AE A3, b PR Ry 23
P MR SR, X4 A e B o
T TV TE TR I , 5 — 46 AL
S P s ) A4 o R AR SRR
AR T M BRI R 5 B R L SR T
ROCHHOT I , oL A A 1 ) B 25
WARGME . I EL AL B
S FRGEHLIE B L 5 I A
Y R e R G 5 I, T

HXEF ELVLA R B, ol ROV B R S
HARZ UL 2, DR, SE B TR A
JE i A A7 2 A B e LT BB
R PO R

b P 2 0 UL ) R, SR
T 5 P30 0 7 ] R0 0 3R S B O
S U 2 0 190 B 407 2 3 o
B0 7 1 0 {5 B T AR R, T R 1 9
RS, MR TR, B A T AR
B 5 PR ARG, 4090 246 E 10 200 30 I
B, FLA R OB, AR B R e
A A R 7 D BN 46 e R [
25 RGN A ROR T B R
TR S TR, oh 32 2% S o SR A o
5, o FIREI, ERE A T SRS

2 AT B 5T

8 2 47 1l SR P LU P A ) S E A
DT RPN LS A, DL =il ), R s i
HIH R U, 58 3R P 2Z 0] 5 R FAM 4 ]

A LA 2 TR
U, A U,. Uy,
I l Udcrci
_+<<:____ I S
Pl Ip,, I P,
| o o L
el P Wt P W3 P

‘ ARG AE L

gt P

ik P
Bl T IR 2

Fig.1  Characteristic curves of droop control
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Fig.4 Characteristic curves of variable intercept droop control
SCHR[2011) 1 H e R 3 — BorE 5 12, B 2
T 2 A RS T R 2 SR TG T &R
Guoxd TR 2R o SCHR[2 TR & il — e
V5, T2 08 i Y ] B £ R S L 4R R Y



FN,HFERT %30k LA B R M 6Y Btk 45 ) s

WA 20215 HS51E F12H

H A i 400 H BEL IR 2% T SR A i 2 R TR R
MO A T RIGPEAR L o SCHR 22142 H i i 42
e AR RS BT SR CRMES , U T TR i
LS E R TN B 5 BB S I
SCHR[23 1R SR 42 il 8 4 0 i 28 R 80, S
Sy 2% S i RE ST I BRI BC A, 98 AR LT
FEAMEE o SCHR[24 00046 28 B T30 F R T 2 5R
WX IR R S A ) T A r R e o O A Tk
HE A0 B L D Bh n) 8, %05 s T
RINEP SN RS0, AN el T B M R 5.
TR R G P A e 2 R 2 M)
RGBS BGE T TRO & AE AR R, T 2k g
AR SEAE O, B AT R A ST R gk 5 B
FEIBAT R AU I L R AR B
SR 57 1 T 9 2R 0 L9 R P e 22 0 K, T R L
TEELR F R HEAT U CRME . R AR SC AR —
GRS R O . SR e R S
DI OC R AT IE T i e %S
AR, A T AR I 4R AL A T R
F I Bl R 7, DA S ERRR RE B LR G T BE
SRR UE L9 T O O R R AR, B R
FRESLUES R T Rl i R 250
RV L 4 v ) B3 R e K B BRAA U, 5 B
L e KN BRAA U, FITE FELZ P o B E 9046 B
2 Z v A RS AT T AR 2 26 B
SOFBITRRE , 2 R G0 B G far 28 PR, 537 3
TERSEITAHBEERETEIMZL20C
Mo RGEHWHEE U, THE, FR RSB EH
RSB ZAAP I, R0 B R 22 . 70X F i
LR BB MR SRR 2 R 30, RGBT AN
B R E AR IIB T A, HL R R 22 R Rl T s, B
MHEERE £2SHH U, o
AU, = U,y - Uys =123 (4)
K2 Uy A S i HR B R S %
{85 U, A BR300 308 1) T T4 o 42 15 52 19 90
GRHUER ; AU, A B4 it 4 M2 L R Al 22 18
TN R T REBITH RN RS
B, H, B E R ERCEFEARSES., &
R AR FIRRAS , 38 aod 15 U0 B3 L U v
RGN, 2R AR E BT,
% 82545 (moving average filter, MAF) J& T 44
AbFR Ty S 8 A R e B TR 7 T P A B X
HAEAT B E AR, R R F ],y =
oYl iYoo), W MAF 19 31 58243 50

RS
t=12,---,N (5)

o &, R TR E R F TE 1 N2 MAF 5 15
S A s IR F ok T s s 3o 118 oA BSCFE ¢ B 1Y)
BUE; T rdE s ORI EH T<i<N - T,

PRI AT 3 3 >R MAF o 490 37 s B 11 A 2 o
RAE — A RO ¢ P HURE IE 24T 7 008 p it
B, 25 3 a6 AR A ) RO ¢ R TR
LM g P d < e FAER WA A D) R
HEAB RS BT — il . Rk, % ekt
AR I R R W S TR

JITE L
i B

P,
o] | e Ara] 1 P T P |y
HiEP|] | (MAFRUS 5T {8 Fsforbe P el

P

FRGE Fi]

HUE R

5 Bl T S i A s B

Fig.5 Advanced droop controller schematic
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Fig.6 Multi-terminal DC distribution network
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Fig.7 Simulation results of traditional droop control



FN,EGERT %ok AR B W 69 B 4 Rk wAtES 2021 514 F 124
15.0 ___ Fe RGO TE TR S 1 B R R
[3 k4.5 sii 61 4RI R gE 5] . . . s .

ool / T VSC, 3t I B L R AR IR B prise e - TR

Wi 3L 8e T H Y RS B IR, R
= 4% TE G748 Pl B 22 1 B 2 ot 220 2R 05 0
< 00 HEFFIE20 KV,
5ol PR, F A BLSS SR W, A SOOI 1 A 3
FH T 22 3 % AL 90 T O 190 o e )y 5 T
- 0'20.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 B OALE S T R H T B B M B A A 1Y B
)50 R L P 2 1) B0, 28 5 AL 0 ML R O A A 9 1 T i
2000 Tt FL b A IR 2% R £ %E/f}o kV Zﬂio‘ EEX IR L ey SNl
20500 g — S I, B — FAE R BRI, SRS B
2 20000\ iﬂk = B2 B2 2 A R T o £ T A
2 oo Ml S U 1 U R TR AERRTE 19.5~20.5 kV 22 Ji]
lomf Bas sﬂfrﬁiﬁHjj E;ﬁig\sé%ﬁ I %@mlﬁﬁL&ﬁﬁmlJ e RE R SR E 21T o
18.50F
18'02(‘{50 3.I00 3.;0 4.2)0 4.I50 5.I00 5.;0 6.I00 6)50 7.00 5 ééj:‘l/a
OB P H O R S AL R 5, O
210 ML 2R HL T R R 8, SR T, phy T A
;g:fﬂ AR DR 1 AR SR S
2 2000\l %wﬁ ) VAL FEL T AR 20 2 T SR W 199 22 S R VE BRI PR R 5
Sl L |/ Cx MLV MR R A A, LI P S (A7
10.00{[3 54 5 ST 6B B,V SC.I0 11 FL P A IR e 2 o A2 IS T A0, T RE B 22 e
50l At IR KL, 52 0 B G I TE B 38 4T, $E 2 38 s
Y N N N SN (N I .

e /kV

H e /kV

18.00
2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00

21.50
21.00
20.50
20.00
19.50
19.00
18.50
18.00

2

10.0

5.0

0.0

-5.0

-10.0

t/s
(A0 T #ir 2855 11 L 37 H 1

|3 sk4.5 sﬁﬁﬁiiﬁﬁ}%ﬂ—‘ﬂt,vsc‘ﬁ%uEiﬁiﬁJﬁE&i&ﬁ:fﬁ‘ll
5 AT HEABOE VL N

1 1 Il 1 Il Il Il Il

50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00

t/s
(YA #4533 1 LI HL

{ EREREIEY,

3sM4.5s

il RETT
B Sikf
T H il J1 I ot AE

IR TFHALL

H TR AT A

3.00 4.00 5.00 6.00
t/s
(e)Z% M LU I I 1 67 B 3 B 2 v I
K8 Bk N aEfER T R AR

Fig.8 Simulation results of advanced droop control

7.00

AR SCAR ) — i T 0 4 o B el A
il 77 2 38 o PR R R A5G R BEAT IR AT, L
ol /D 2 7 RG2S A7 AE 1 F e i 22 08 F AR
e Oy FISUESS RAT AR SCH i i et B
R A ) 753 T AT AT S S AR R T
SEAHRIRH LKA, LB A SR RIER S
iy 1 DR AR I A TR B P o SRS g
5 A 0/ T B R s (i 22 4 5 AL, 24 R &
BB S TR AL, SRAIE R S8 B RF 2R L s
FIPEBEE R B/ AR E RIFE N, SE R G %
EREIBTT .

Sk

[1] E—P, 0%, B8 5. 0 BB RE IR B iy
MBS o E H LT R 244, 2015,35(14) : 3551-3560.
[2] g, RS R, A LU R SRR AR AT 5 0
B E AL T AR 2R, 2018,38(23):6791-6801.
[3] B, BT, E—IR, 45 I T3k b R B A B TR
BRG] b E LT R2 2447, 2015,35(19) : 4843-4851.
[4] 255, Yy, 2Rl 5 . ELURIC L R Go Xt T A BE VR T 44
BE 1A HTT]. RE T LR, 2017, 11(3) 1 46-52.
33



wAAMEF 2021 4

F51% F124

FN,FEAT SR G0 ARG M 0 B3 ) R

(5]

[6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14

[}

[15]

[16]

BT, SRR, 0 5 S A S T F TR TR L TR £
TSR FEL) 1. B 7 R AR 2014, 8(6) : 44-47.

PR, AR . R P A oom R v B H R TR A
AT AR %, 2018(9) :93-94.

TR e B i T R S M]. AL ST HUBC T R Rk, 2013
128-135.

R VBT, AL AF L M B R SR R B AL,
FHUERAR,2016,42(10) :3025-3037.

TR, 22T 22 SR, 4 BT B A R —A R
) VSC-MTDC Bl 42 il S W& [1]. Fis 3 &= 48 A 34k, 2015, 39
(11):8-15.

Ao AR 15 T VSC-MTDC ZRGE i B0 HL T F ) S s
1 1 &5 A3k, 2006,30(19) : 28-33.

Chai R, Zhang B, Dou J. Improved DC voltage margin control
method for DC grid based on VSCs[C]/IEEE 15th International
Conference on Environment and Electrical Engineering (EEE-
IC),Rome:IEEE,2015:1683-1687.

Jun L, Jing T. Operation and control of multi-terminal HVDC
transmission for offshore wind farms[J]. IEEE Transactions on
Power Delivery,2011,26(4) :2596-2604.

Liang J, Gomis-Bellmunt O, Ekanayake J, et al. A multi-termi-
nal HVDC transmission system for offshore wind farms with in-
duction generators[J]. International Journal of Electrical Power
& Energy Systems,2012,43(1) :54-62.

Haileselassie T M, Uhlen K. Precise control of power flow in
multi-terminal VSC-HVDCs using DC voltage droop control[C]/
Power and Energy Society General Meeting. San Diego, CA:
IEEE,2012:1-9.

Zhao X, Li K. Droop setting design for multi-terminal HVDC
grids considering voltage deviation impacts[J]. Electric Power
Systems Research,2015,123:67-75.

Rouzbehi K, Miranian A, Luna A, et al. A novel approach for

voltage control of multi-terminal DC grids with offshore wind

34

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

farms[C]//ECCE Asia Downunder (ECCE Asia) , Melbourne,
VIC:IEEE,2013:965-970.

Rouzbehi K, Miranian A, Candela J 1, et al. A generalized volt-
age droop strategy for control of multierminal DC grids[J]. IEEE
Transactions on Industry Applications,2015,51(1):607-618.
R B, X SR A AR B AC L TR 2Rk D). o
FLHLT A1, 2013,33(25) : 9-19.

PO MRV BB B, 4 . TR SR A Y 1 AL P L
FASZHT). P E UL T R4, 2018,38(12) :3516-3528.
Morstyn T, Savkin A V, Hredzak B, et al. Multi-agent slidding
mode control for state of charge balancing between battery ener-
gy storage systems distributed in a DC microgrid[J]. IEEE
Transactions on Smart Grid,2018,9(5) :4735-4743.

ERT:, RAEAE, MG, 45 BT BI—BOPE 9IS R
P 1138 8 3 4 A (0] P LT R SR 4, 2015, 5(17)
4397-4407.

Guerrero ] M, Vasquez J C, Matas J, et al. Hierarchical control
of droop-controlled AC and DC microgrids—a general approach
toward standardization[J]. TEEE Transactions on Industrial
Electronics,2011,58(1) : 158-172.

Diaz N L, Dragi¢evi¢ T, Vasquez J C, et al. Intelligent distribut-
ed generation and storage units for DC microgrids—a new con-
cept on cooperative control without communications beyond
droop control[J]. IEEE transactions on Smart Grid,2014,5(5) :
2476-2485.

SRR A B B TWT, % VSC-MTDC R 48 I B
JE R SR T E Bk, 2016,36(10) : 60-64.
Yan Zuanhong, Zhang Xiao-Ping. Master-slave wave farm sys-
tems based on energy filter with smoothed power output[J].

Global Energy Interconnection,2018,1(5): 559-567.

ks B 47:2019-12-06
ek H 9 : 2020-01-06





