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Abstract

Distribution system based on DC could be superior to an AC system in terms of
efficiency, reliability and distribution capacity, and better absorb the distributed
energy. Therefore, the flexible DC distribution system, has a huge market potential and
economic value. Therefore, it is paid close attention and its engineering practice and
research are in full swing within the whole world. Control is the key of DC distribution
system. Effective and reliable DC voltage controllers need to be designed and the
coordination control between converter stations should be researched, for ensuring dc
voltage stability and power balance under all operation conditions.

In the paper, a three-layer hierarchical coordinated control system of DC distribution
network is proposed. First, the paper introduces converter control layer and finishes
accurate modeling and analysis of related characteristics of each unit of DC distribution
grid, including mathematical modeling and control of PV, energy storage, DC-DC
converter, voltage source converter and load converter.

Based on DC voltage margin control and droop control, hybrid control method is
proposed, which is validated by simulation. Then, simulation and data analysis for several
basic control methods and hybrid control method are made in the multi-terminal flexible
DC distribution system, and related conclusion is get. On this basis, the paper proposed
multi-Converter voltage coordination control strategy for DC Distribution network. Each
power electronic converter coordinates its control method by instruction value to keep the
power balance of the DC grid under different operating conditions. Each unit is controlled
independently without communicating with each other, which is decentralized and
autonomous.

The concept of secondary voltage regulation is put forward in the upper layer control,
and analysis of operation optimization is made. One of the concerns is the operation
requirement of the system, which will solve the problem of power fluctuation in the
condition of fault and load variation. Accordingly, the related control strategy of DC
distribution network are studied and designed, which leads to a better control effect and
can ensure DC voltage stability.
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1, EsEEAE €K, TEENRZEELS W LMLk,
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TUCH ISR H AR E A ML AT A . AL R 4
EIAEE . SCHER[47, 48]xF ELITAC FE M R I AL BEAT T TE, S 7 —FhH R 2
PR SENG,  — UIEHIR R S ], kEE ] DL R N e DA H s, 8L
PRSI S ) BT — Uz R A SR S, SCHR[491%F EL i A L R (¥ PE A 17
FETTi, PR TR RS, JREENL T LA BT AN . MRk BLR R S
M2 H AR DAL TR BERERY, (B ELIAU I H I8 — R e A VR s 22 T A S 535
ARATIRAMT I SCRR[S0] 41X R A T2 A2 I B AC FL I, S HY 1 IR L IR A
Pl FEFEARTIE FT 70 AT ARG VRFE AT ELAUAC AT AR 20, DA A0 B s AN T4 52 0
F b R 0 37 1 LU HL X ) OPF SR, (ELO - JER S22 M R FH 22 i T S P2 1) ) ELUA
A B R AR AT i it — 2B T

5.2.2 BEMKEBITHH

M B F X R — RO R 2 R T R SRS, S 5 — RO R ) i
ot sti F T AR R, BERE SEHPUIE I N R GE N I Th RS, B R SR
WARE S, HATFENLRNEG . (RSN R N EEGAEEAN K R, MRS
N R AR IhZ WS, 255 FEOL R R E . BT B W A A2k 2% B bt
FRIAEAE, DRI 2R 5 PA) 110 5 ity 60 38 3t EEL JAE A0 b AN T R RIS #0008 40 L R o[RSy
T T — R S R 0 B R A 2, A SR I R R H R SRR S A %
S 0 AL 3 ) LY PR AW S 35 /0 o

TE BRI A, AR LI FE R AT Thh 2 (5 i o] DL AT B A Wi ds: — 2%
F& P A, BRI A R AR R GRECR A RG5O —2K
A&V AT, RSN IR AR GRR A B RS RO. BA, HiRE
FL X P FRDRAS AR B X AT BAE SO P AT B LR, AR & U @ SO VT S
B, A E W E Xy P ST BT AR R e s,
AR B AR ] LU R(5-1)-(5-4) K H ik -

min  f(X,U) (5-1)
W AE L R AN ANGEL) 264

g(X,U,W)=0 (5-2)

Vdcmin <Vdc,i <Vdcmax I =1’2"" n (5_3)

IR|<Pp i=m+Lm+2..,n (5-4)
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|

TR I PR H AR BRSNS R AR LR
FEGG-1)H,  H bR (X U) 2R 75 BT HL I A 2870 i LU R e 25 0 RS )
ZEAE T 5 0

|

f(X,U)=(Uy-U,)? +..+(Uy,-U,)? (5-5)
Forbr, Un N ELRUEC FEL X O A00E FL S
(G- X Lo BB M P S B B R A &, U RoR BIRAC M 3V
R ERBERE, 20RRA:

X = [Vdc,l ’Vdc,2 """ Vdc,m ]T (5'6)

U = [Vdc,m+1’vdc,m+2 """ Vdc,n ]T (5-7)

Herb, NhEm RoR PRI, n RO RGN BT R
LFRARFMG-2)AR T P W RUEA NI, RoaN:

g(X,U W) =[0,,95,9n]" (5-8)
g =Fsi —PRi+ zGijViVj (5-9)
i1

Horb, Poi f1 PL 20 I 27n 11 R T R BT TR, Gy Ron 11l 1 2 8] Y
HLS

AEELYR AT (5-3) (5-4) 70 73 27 ELI A L R PR 1) AN it i A2 46 ) 2 (A BR 71 o
7(5-3) " Vaemax 1 Vaemin 7525 7 I [ )48 S 00 0t ) LA FiL M 1) |7 FRAEL
H(E-4) ' Pimax Rn S 5 U0 Hs Bt 52 45 Ty 22 (0 BRAR

H170(5-1)-(5-4) K7 1) ELIT T L 99 5 DL A 1) il S o e — AN AR LR PR LRI M7
PUAC RN, W] UL TR 2 B0 BEVE R SR . Ja P BA% B H e s, R I 0 B0 H R 2
ALY AT AL H bRk 2, RS B H pR 44

L(X,U,W) = f(X,U)+ATg(X,U,W)+q(V,P) (5-10)

Hrp, 2 R 5SEAFREM(G-2) A PLR B H e &, q(V,P)R&E X RERAF %
£(5-3)s (5-4)5I NHITT RS, RN

n

q(V, P) = irmax,i (Vi _Vdcmax)z + Z rmin,i (Vi _Vdcmin )2

. . (5-11)
+ 2000 (R = Rina)’

HA, rmais fminis ei 28K T HAR AL ER. BRAE TR, Saidssh R RIE
TR 1
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R — AR AFEL KA, WAHN T I0N 05 AW, AH S ) A% 31 150
N0, G, H(5-10)AT 15
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oL o [ag] . &g
Vi, =—=—+|—| A+—=0 -
“E0 T U {au} au (5-12)
oL

VL, =—=gX,UW)=0
AT a( )

F 41 B B SR AR e A 25 B F

(1) B HH ARG UO;

(2) RARFEAF T Ve = IUW) =0,

(3) |1 (2) TS HPRS AR X, kg, I =00 oA Vi =0, ks,
ﬂ=—[JT]1[%+§—QL

(4) FIH (3) hprd kg Vi,

(5) HIWF R ARk FRE TR, g Yol 2 e R, B,
Bk 52 K

6> iR U TV AV EE s ) b, g, st
BRI

5.2.3 iTEIIE

TSR A 5-1 F VUG B R SRR Z A P IER . 0 & E R A 1%
#1770 G-VSC1 M G-VSC4 kK HEH ViTh##=H], G-VSC2 # G-VSC3 KH T
P

ZAGEBESHUNT : FUE B Y 20kV. G-VSCL HI4IE 25 8 10MW,
W Th3R BMW. G-VSC2 HI4iE A& AN 10MW, TRIIhE 25MW. G-VSC3 %
TEREN20MW, FERECN 0.1, G-VSC4 HIFIE R &N 20MW, TERHCH 0.1,
LR B 1 B K B LB ro=0.0139Q/km, B K B HLJE 16=0.159mH/km; ELIRZE %
l12=10km, l13=15km, l24=5km; l34=10km.

G-VSC3 1 G-VSC4 eyt ¥~ HRr 1t 7 #2507 9
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Uges =10-0.1P, (5-13)

H, Uy F1Uges 23051189 G-VSC3 1 G-VSC3 i s Eim &, PP,

23948 G-VSC3 1 G-VSC3 K B M T,

I12

: AC - DC 4@

AC

G-VSsC1 |14 |4 % G-VSC2
23

G-VSC4 G-VSC3
DC DC
AC AC

E &

5-1 DUt ELR R Ge 4 14 ]

FIF matlab B E, $#ZBAFR(5-5). (5-9). (5-3)F1(5-4) /A H T FEZH ¥ H
PreR g F XA RAAEARL A, (RIS H T e i e st i~ 2 5E 77 £(5-13),
X Z O SRR S I B S A ZE A AT R EL A0, AN 5-1 . e it il
LR D2 LA IR ELR G L Y TE 7 1a) . Hid Udcel. Ude2. Udce3. Udc4 4351l y#6
¥k G-VSC1. G-VSC2. G-VSC3 1 G-VSC4 i Al B H T, P2 A1 P3 4354
it G-VSC2 1 G-VSC3 WA LI, fwmZE iR 22 2 (5-5) B Hi HY EL It H S 2K
P o

3 5-1 AJ AN, SKRAZEE, AT LLSR H 2 2% T2 A s B0 i He i 22 B /N 1)
B REEE . IR KRG BB R A DD R, B oon s fl a4,
RPAT Ak BAT T e ik B4 d 8O0 . Hod f s B A KV

 5-1 MRALHT 5 I *T He oy b
Udcl Udc2 Udc3 Udc4 P2 P3 i ZE 18
PeAL T 21 21 21 21 5 25 4
fifkJ5  20.0209  19.9992  20.0014  20.0057  5.0083 2.4858 0.0004

5.3 ETIhREMEERIESITREE

FL L SRR 0 T B R R DR AR BRI, LR S 2 A AR i
ZiH, EHRCR A ZE, N E ERERSNS S B s, sl e x
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N Y
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