U ER TR

2023 4£ 1 A

Electric Power Engineering Technology

FAR2E FH1IHY 124

DOI:10.12158/§.2096-3203.2023.01.015

HF DCT B9 H B B i B L X B, T - HE 37— 2 28 1l

FoP, BIR, BEK
(Hedbr Jr k2 i A T R, b At 102206)

O EEAMMAAREM Y, s TRIMLIN 27, K EEG T E38 50 15 5 IR 69 & B4R 2 042 5 09 0 A
BW , BEERTE, %A RORB T BT HRTE, A, P EREE R A LR B —F % F DC/DC
% 4 % (DC/DC transformer, DCT) #9i& | T A A6 41 49 b, B- w8 — R4 ) ok, 2424 Ruk Ak T8 12 RERMR
P SF B DCT 84 W 7 Ae S5 A0 8 B2 DCT 89 % /& | R — B0k S48 w45 b 5 b R 35 ) 39 38 2 08k, A fn 52 30 1 47
49622 2 B I A AP O 5 AR B R 69 R T4, £ PSCAD/EMTDC -F & F 45 3 A AR A B b, P AR A 347 15 AL I
PE, 45 AR 45 RIIE T %425 s £ R B T O0U T 698 0K 3R B 4641 69 18 b & Bt W) R A s B 6 =T Sk

KEBIA AWM A B W ;T &34 ;DC/DC % # % (DCT) ; — 50k ok ; — 354

HES S TM73 SCBRFR SRS A

0 3

T BRIR W LB AN Y R R R OK A A gt
BRI BEE B e I B AR B,
RGP IR i 78 G A5 PR YT 24 T I — AR AR Pk AR
FCr 7 =0, R G H LR i A R b oA
K IBATRCR i | Al R M T RE TR A SR
> B A A SR T FEL 9B 9 R % SR ) Tk
55 EARR P  Z8 R FE, RO U T H T R DL AR 2
A HL RS, A e TR O e A
Hhrg al SEME A2 i A i R, — o DC/DC A2
#%(DC/DC transformer, DCT) 52 3 B 3 W N A BE 2k
W RS, SRR AR T 3% o T R e
PR ARG RORRER RS %, H iR
BT o TSR Y R PR R P B AT Y
TR (H TR R P 2R S 22 5
ARG8T 45 T 7E 38 SK /) 1Y v, T D 22 1488 15 1Y 53
TR ERE AFAEE A TG . MRS E
AR VI I, 233 B0 0 BCAS 5 B, H
TE DRI A 1A e T AN P S0 R G Y
FUEMEFBITIN AT . IE AR TR 2
SFESIMAFEH N, HRE SR R, 7 ] RE G
WEGEAFaE "

BEX B U G B 9 7 A 20 FC AN B ), SOk
[ 13 ]38 /i = H1 P Buck-Boost 245 25 52 B BUR L )
2% A7 A T A RS 1 7 TG, 1HL 25 P 2 38 S AR 3
FR [ 14 ] 34 A 2K P Y5 A — 3 s 4 o SR
SIS BT, U VELF . BRIk ARSI T
KRS B 17 :2022-01-03 ; 45127 B 47:2022-02-28
A2 A BE B AT EET BT A (51777066)

il

X E S :2096-3203(2023)01-0124-10

T )G BRI C, (E0) 30 15 SR8 i , 252 i R 40
AATEEME . Sy 1 AR 30 A P AR, — S o 5
DA B A AN, ek 1R F e A i — 2Pk
ko SCHR [ 15-17 ] $2 1 35 77 v T Y548 37t @ ( voltage
source converter, VSC) ¢ B 1& v/ Jg $0 H, BHL A9 &G T
e R, T I R ACRE B3 R R 3R T AR
G B2 5 SCHR T 18-20 ] iz HI itk R 55 73 A =L U, 7 —
BOPESR G T ], SIS B . R
SR IR SCHRAS I T DCT 0B B e H 1Y), {HH:
T BAEAR A %

BEOXF I BAR H s AN 1 A6 ) R, SR [ 21 ] &
VSC $& i 255 IF K Buck/Boost Y Bt He P i, fif
T A B AR SCBR[ 22 J 4 iy —Fh e T
A TR T PO 255 AH 25 G 1 22 L - 168 0 1k
AT S UMERE TR 7 B R g A T R GE AT
AB-50E AR IA) f s 45 ) 2R G AH B2 o, HLAL P
r #5015 e A PR, [R] B 2l R B I s A 5 Sk
[23-24 | FE T Z A RE ] Dp o 4a il A PR Bk L TR
AT T BRR H AN 5 SCHRL 25 ] B Tk g =
S-S H s {ELOR I AT
S TC )R SCHRL 26 ] 38k £ £ I 56 2237 Y46 17 far Al
I D e O N Tl T IO el
M), DT 9/ N A B 2 65 2 fL 38 L 990 ) 79 A Pl AN
A, IR STHR A T A G SO AN A Y
T VR A TR 75 S A LB L i TG H
W J5A 1) DCT AT PR

25 b BN EOBUR L B L R R A E A Y 47 £ )
BCAS G B R) S AR P AN P-4 m) R, ST R
—FPEE T DCT Y H - F i — AR il SR M o 320K i
FET (5 R AR R A JF B¢ DCT A9 H 3 DA B S A Bk



125 A SF LT DCT A EOOUR B I e H 199 HL - 3 — sl

DCT (¥ r Hs , SR FH— SR 5 o o 0 15 R e 4 il 24
IR BB, DA IS B 00 A 45 I3 P e T 97 B R L
B E = H H bR /£ PSCAD/EMTDC - 5 5
T SO LU TRC FE 0 A S TR SR T L 3 TG 2
LR TR AN B AT S AL PEARY [ B 20 Ar 17 3 155
P X6 324 T SR W 1) 2 475 AN 45 R Bk T
A ) AW ) A R I I R AT R

1 fEETEEHEERET DCT HERRER
Fic i o) R AR R FF FE HY (8] 7R

1.1 EXRAREREE M #H

A 44 0 o 51, 00U T E F I ] 1 o
N, B R E S DCT 5 B BRI 12, 7EBC
P 5 A LR A 97 U B A AR (AR T
RIFBERR) HAE 28055 . IR AR
St EL A A s e BT il i M) P 230 L A 20K
DIARAF B WO e HTE & R PR & 5 10 4
BRELBE > FE R 4 A~ DCT b, Jetk 2ot ik il
Boost L i, fiff E #0128 HI XL 1] Buck/Boost A A
WA

DeAR]
R pec] g
DCT1 R 1454 DCT2
e e g sy s et DC
DCT3 |ﬁ|%€2| |ﬁ??53| |ﬁlﬁ5| DCT4
R. %,
3 DC/DC ¢

]
BT s ELR B P 3

Fig.1 Topology of two-terminal true
bipolar DC distribution network
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Fig.3 Traditional droop control block diagram
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Precise time synchronization strategy of power distribution

field network based on HPLC communication
XIAO Yu', DENG Hanjun', HUANG Rui', LIU Mouhai', REN Weijun®, LIU Xuan’
(1. State Grid Hunan Electric Power Co.,Ltd., Changsha 410004, China;
2. School of Information Engineering,Chang’an University , Xi’an 710064, China;
3. China Electric Power Research Institute Co.,Ltd.,Beijing 100192, China)

Abstract ;: The high-precision time synchronization of each node in the power distribution field network is an important technical
support for realizing real-time and refined business. For the power distribution field network based on high-speed power line
broadband carrier communication, a step-by-step precision time synchronization strategy is designed. Firstly, the clock of the
central node is calibrated in real-time by the communication master station through the long-distance communication network
and used as the master clock of the field network. Secondly, relying on the low latency, the broadcast mechanism, and the
network time base of the field network, the time and frequency of the clocks of each node in the network are accurately
monitored and their deviations are obtained. Thirdly, the clock frequency is adjusted by re-calibrating the temperature
compensation coefficient of the node clock,so that the node time is gradually synchronized within a timing cycle. Finally, the
time synchronization performances of the field network are tested in the laboratory and job site. The test results show that the
time synchronization accuracy of the field network is within £0.23 s during a day, which is 28% higher than that of the power
distribution field network based on narrowband power line carrier, and these phenomena of time gap or time repetition are
avoided in the time synchronization process.

Keywords ; power distribution system ; power distribution field network ; high-speed power line broadband carrier communication ;

time synchronization strategy ; network time base ; crystal oscillator temperature compensation calibration
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Secondary voltage and current control strategy based on the DCT

in true bipolar DC distribution network
GUAN Shangshu, TAO Shun, MA Xihuan
(School of Electrical and Electronic Engineering, North China
Electric Power University, Beijing 102206, China)
Abstract:In the true bipolar DC distribution network, due to the difference in cable impedance, the traditional bottom droop
control has inherent contradictions between reducing voltage deviation and improving shunt accuracy, which affect the stability of
the system and the economy of operation. Based on the underlying control ,a voltage-current secondary control strategy based on
DC/DC transformer (DCT) suitable for true bipolar topology is proposed. The control strategy is based on communication to
collect the current of parallel DCT and the voltage of series DCT with different polarity. The consistency algorithm is adopted to
achieve convergence of current control and voltage control, thereby achieving the optimal load distribution and effectively
suppressing voltage imbalance. A true bipolar DC distribution network model is built by PSCAD/EMTDC. The simulation and
evaluation results verify the effectiveness in diverse working conditions , adaptability to different topologies and reliability when a
fault occurs in a distribution network of the proposed control strategy.
Keywords: true bipolar; DC distribution network ; droop control; DC/DC transformer ( DCT) ; consensus algorithm ; secon-

dary control
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