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Impact analysis of control parameters on the stability of flexible DC girds

FAN Mingye, LI Hui, LIU Sijia, FAN Xingiao
(School of Automation, Beijing Information Science & Technology University, Beijing 100192, China)

Abstract: Reasonable selection of control parameters is a precondition for stable operation in a flexible DC power grid, and
their tunings will depend on the stability model of the flexible DC power grid. First, a small-signal model of such a grid based
on DC voltage slope control is proposed, and the internal dynamic characteristics of the modular multilevel converter and the
function of the circulating current suppressor are considered. Secondly, the root locus method is used to analyze the influence
of the PI parameters and the slope parameter of the DC voltage slope controller, and of the Pl parameters of the circulating
current suppressor on the stability of the system. The participation factor method is adopted to identify the mode
corresponding to the double frequency circulating current, and then the suppression effect of Pl parameters on double
frequency circulation is analyzed. Finally, a simulation of the Zhangbei flexible DC grid demonstration project is built on the
PSCAD/EMTDC platform to verify the correctness of the proposed modeling methods and conclusions. This paper provides
a theoretical basis for control parameter tuning in practical projects.

This work is supported by the Beijing Natural Science Foundation (No. 3172015) and the Science and Technology
General Project of Beijing Education Commission (No. KM201911232016).
Key words: flexible DC gird; stability analysis; DC voltage slope control; circulating current suppression

0 31§
THEF R RE . S0, Al S R
RITRRZAAZ 7 25 F Y BB RN AR e R 5 Y

A AR TFB, AR X T RS e ) B 2T
) 2 — -2, & (PR AR AR TP SR A A 2 S 4
¥, AT A% S R IR 5 R A (Voltage  Source
Converter, VSC)II 5, HAFFRIRAC. HiXhe
R RIS AT, CORON MR S EL R
()RR % 1341,

HELIE: bxdaRAFEA 478 K8 (3172015) ; b=
T AA R R @ LR B K (KM201911232016)

SR, AL 2 B P90 2% (Modular Multilevel
Converter, MMC) 5 it St i 8 R0 50 A A e 85
JEEE ] R, 45 R A kB . Bhak, Rtk
LI R DX 22 A AT 2 T O B U 42 ) S R, 2
SHIEBAGE RS ARG etk Hik, A
TP 542 1] 2 B00) e 1tk LI R AR e ME R

MBS TR AT R TR —,
HewnTHT RasHmget, 3, EpRs%
FHhF MMC itk 1) /M5 5 A2 Mt iU UE 7 A b
R . SCRR[7-8]7%5 FE T A2 E M 2 MMC N33 45
Rk T HUME SRR, WAL . TR ARG
PUAEHIR 2 R B AR TARIRES R X RS M 5
FoE MERZ M R 22 55 SCHIR[9] 7% FE A AL 41 1) 25 A1) 1



-44 - ® )& EY5EH

M, #2327 10 Br MMC /IME S48 SCHR[10]4E RS
SHERRIEAS b, SR — A AT 2 T REDR
53 [FERR 73 TR LA S LEAN R 00 R d A1
SCHR[11]2 % Hankel 77 78 FERHEAT- T 8#4e, 52
BT MMC /ME SR B3R SCRR BT 1Y
MMC /M5 SR, Jyidt— Pt £im MMC #4t
ARG E PE IR LB T Ao

SCHR[L2] 87T MMC 12 B M ] 4k
MESER, BT MR A 2
Hoot R G/ME S RGETERIRE M, (BB R R
MU 5 A0 MMC N RS AR 200 s SCRR[13]
BT SCHR[7IEAL T 895U R R MMC /M5 S 15
UCP LI A RV - 2 N g SV I PS5 1PS)
7 SCHR[I4]E W T MMC 92 8542 2 4
FEH L B B AR TARIRESIS, X RGME 51
SEVERZ R I 22 5 SCHR[15-16] 43 Al i 78 B 2k itk 1
S LT 4 A0 BRI TR 0 22 i M B L R 4R
MESRUEPERIFEN; SCHR[17125E TR AR A,
K ELUR LR 73 AN it AT LI 2k s = T
T3 3 IR, I3 8T T M 2 HO0 R G E PE IR

bR 2 v R G E ML AR, AN
) 7 1 SRS PA1R P 2 M), — EL R ity A A
PREEGEAE R, HA R TE S S R R
Lo, FEARGIRA. SCHR[18-19]42 H T {F
FIF VSC Heft vt i) ELIAL HL R AR 2 s, FLAMK
T RS, AT SRR B . B
JE AR s ) 4 A AT AR s ) SR LA S EL VAR PR
HORLHT, B TE R WA ) 2 0 ) SRR R R S
HOPE 7 BB, BUEAS R i il (] D 4 5
WP Be AT SCER[2014RT 1T S 2] R o Bt
HL B AS AR E FSEE I 57 BT RIHE A BI4ERE R 4t
R )N AROEHEL SCHR[21E R Bt S
REZIEHIFRH) VSC-MTDC /ME SR, 50 iE4% il
SRRSO R G ME SRE TR, (R AEfi
BT MMC ISR ELR B R AT SCHR[22]
SR HR LIRS, =3 MMC 5538 25 45
A, IR T R SO TR b R s S
Wik [23] 42 T 3 42 ] ) 5% 1k L e I 2 B AL
%, 1T RGUME SREN.

RSN T BT B AR AR A SR B
HLR/IME SR, 25 R8T 2 i R Gt 16 £ 0
FEfil. MMC BBl HFIE . PR S0 L&
BRI A I E R R 2 HTRFEAR AR B
Ry M B Ve T T B R AR R AR 2 PI S8
REESHRRINGEI . Pl SET KA e
UEPNET TP S PN S w R P A | (3 TEZ R RN

AR NS SFEE Fm s, H—PmR
TR AL 400 1) 2 42 1) 2 B0 A% AR IR 400 1) PR B2 1 R
HR: 7f PSCAD/EMTDC V&4 sk bt B iR H
WIS~ VG TR B, did X L /M S A A
MG AR S5 R, E 1S58 IR

1 EMEREMNNMESER
1.1 MMC #iat st E BB /IME SHRE

Kl 1 5 MMC i) a AR FNA, b
BR(Sub-Modular, SM)RFH 4454, L, MR, 705

AN R R TR LR s U, A, 703 9 5 e e
FEAT; L, AR, 20 A O E RN EERE s, AT
U 7299 B IHFE R i, AT, 7258 B R
MBI g AP Uy A1 255 9 B
H PR S AT AL N OB SMRAN 4.

1 a#d MMC RSt RIFRINE
Fig. 1 Topology of a-phase MMC converter station
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based on DC voltage slope control
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Table 1 Parameters of converter stations
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Table 3 Control parameters of each converter station
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6 -0.4740.5 X1(36.8%), X2(38.4%)
7 -0.10550.29 £1(49.8%), f2(49.7%)
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