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Fig.12 The correlation waveforms based on the
traditional strategy (case 1)
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proposed strategy (case 1)

6 FH S R T SR W R S A I T e R A o R
TR LARAT — T P DR H M B, A R0k o is AT
Y e He v i v | TR AR SR Bl
3.2 Efl2: BEHEEHIR

TEEA) 1 EAl F, 0.05 s J5, BUERETRHLALH
WRRE, 2Kttt B 5 ATIREREIRZE 500 MW, At
ZHOLER 1o Rl GGE T s i 5w A S r
PV TR M, A A TR | R R AT
T R BRI ANE 14, & 15 BiR .

= 3000
= 2500 " P,2800.0~2 775.2 MW)
B | AETII10752MW)
= so0l
A — o
2 1000F —"P,(~888.9~500.0 MW)
£ 1500[ PCI2000MW)
> en -
]i 222 [ U,(509.8~525.0 kV)
Zs00f
i 475
5 07 Kooy 1(30~0)
W 30 - 1
Eol0p Koop {(0) | Kooy o(24)
U P —
0.10 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.20

I 1) /s
E 14 {ERESREN RSERNEXER(EF 2)

Fig.14 The correlation waveforms based on the
traditional strategy (case 2)

K14, G 1 3RE E, Rgdkstia it &
0.15 s I, Jy 10l /2 32 s i i D I 855K, 43t
U A WERATEZI%, Y A A YR
W% 10752 MW I, RS0 BEZ s g fn ) FRR
525 KV, N T kG HL R FR, 43 A T ROR
B, 3z vt e i b D AN B R 05 D R S, TR
AR 24.8 MW, BRAURE LT, D) R EE S 50D



97 SRAKIH A5 T Nk EOR R G AL A 1 2 BT T 42 )

= 3000
S 2500] “Py(23800.0 MW)

B 00 P(-727.1~1 136 MW)

=T N e
e P,(~908.9~-500.0 MW
K2 ~1000 =\ Pyl )

£ -1500F PL1164.0MW)

25507
5 s [ Un(5105-525.0kv)

i /
Es00f
;,;j 475

507

Kdmop b(3 ONO)

W% 30 |
N Kiroop (24~26.4
FI0L Ky 3709 [ e
0.10 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.20
i) 8] /s

15 {ERATIRRIEH RERHEXEE () 2)
Fig.15 The correlation waveforms based on the
proposed strategy (case 2)

B I £ far 3492 B = G0 1, 1 R IR R
1237.6 Jt/h.,

15 11, 0.15 s B, P4 i st B i A D)%
RRAR S 0 T R BR800, it A AT 26 R BN W
TR AT, Wi il C 4226 1F H T R 5,
T RGBT 1 164 MW, 4820 TR B L)
BRI B HAE 525 kV I, #ii ok A BTG
BIEE N ERE, A2 M RETAYIE 1136 MW,
RGN R4, GG A FD C AT 3 R
RIREAE IE R 26.4, 9.3, BEZHL TR 525 kV, &/
kAL AL T R A R A R RN 20.9 ¢, AT V) 67 o7 15 il
M2 TEIR .

4 g
SCrp R — RO T 2R G0 i A e A T
SR, 15 EL AT

(1) £ T 42 1 B0 2% b 14 0 T 2 R 4008 1 2R
J& , ¥ 2R G0 Re AE Ty et 45 5l i R RR B A, A
N T e R EL, e i s AR S ), FER
KRG LZ 2R EBITHIRT, Uik RE G A
i, $ETHEE AT AR R BE TR 4K

(2) DAUE T R AR bR /N RGFERERIZ
Trin R i/ HAR, SRS 2T I R BUR LB ER
BE, BEHI S5 T I R E08 IE X R AT T4 i) R W 1 ok
B 52 ) -0 Ak 22 5 R RE VR AR S 1, $2 1SR g Y T
PR HE

EST |

AAFE P R FH AR A LS ERT 2
T8 B (B210202064), ¥ B L5 A5 ko0 A
(2020M671315), it H A B EFHE B R E EE B
'E R A2 (2021JSSPDO8) 7 8), 3# b Zift |

SE k-

(1) sHRT, 3T, /R, S5, vy HOA o] PR AR RE TR ) RGT O
AL SRR ] s 1 258 A 8k, 2021, 45(9): 171-191.
ZHUO Zhenyu, ZHANG Ning, XIE Xiaorong, et al. Key tech-
nologies and developing challenges of power system with high
proportion of renewable energy[J]. Automation of Electric
Power Systems, 2021, 45(9): 171-191.

L, 205, T, 55 ARBLH REUB A MR R EHA [T].
o [ AL T4, 2015, 35(6): 1289-1298.

MA Zhao, ZHOU Xiaoxin, SHANG Yuweli, et al. Form and

2

[

development trend of future distribution system[J]. Proceed-
ings of the CSEE, 2015, 35(6): 1289-1298.

SO, X7, AW, 2. LR v IO RE IR 291 S B e 2B
B PG (1], A BRABUH AR, 2023, 6(6): 567-576.

YUN lJiangyang, LIU Ningning, YANG Ming, et al. Compre-

—
\5)
[

hensive assessment and analytics for renewable energy accom-
modation key factors of Shandong power grid[J]. Journal of
Global Energy Interconnection, 2023, 6(6): 567-576.
(4] T, BRI, ZR A, 55, KRBT REVR G REHEA S5 0 I f4 1
NREFTIPAG ik (7). i, 2023, 44(11): 86-94.
DING Kun, CHEN Boyang, QIN Jianru, et al. Evaluation
method of consumption ability of new large scale energy clus-
ters connected to weak grids[J]. Electric Power Construction,
2023, 44(11): 86-94.
KARIMIANFARD H, HAGHIGHAT H. Generic resource allo-

—

(5
cation in distribution grid[J]. IEEE Transactions on Power
Systems, 2019, 34(1): 810-813.

PAMSHETTI V B, SINGH S, THAKUR A K, et al. Multistage

[l

(6
coordination volt/var control with CVR in active distribution
network in presence of inverter-based DG units and soft open
points[J]. IEEE Transactions on Industry Applications, 2021,
57(3): 2035-2047.

VRUER, WRAE I, FBEAR, S5, Aok o oI B 45 1) R gen T D BiE
B D). ) R 58 A 3ifk, 2018, 42(1): 1-7.

XU Honggiang, YAO Jianguo, NAN Guilin, et al. New features

(7

[

of application function for future dispatching and control
systems[J]. Automation of Electric Power Systems, 2018,
42(1): 1-7.

X, 2B, PRI, S, VL5 QAR 1 XU 22 TR R ST R
SAHT S 1], d i, 2023, 44(6): 144-152.

ZHAO Zheng, LI Ming, TIAN Yuanyuan, et al. Resonance anal-

[

(8

ysis and suppression in Jiangsu Rudong offshore wind power
flexible DC system[J]. Electric Power Construction, 2023,
44(6): 144-152.

TRL R, BRI, . —FE A TR X 2 MMC-
MTDC - ¥ 14 g, o0 00 3 I 25 8 12 (7). o 0 RGEAR AP 5 4
il, 2023, 51(21): 76-85.

JIA Ke, DONG Xuezheng, LI Juntao, et al. A grid-side fault

—

[9

ride-through method suitable for offshore wind farms connected
with MMC-MTDC[J]. Power System Protection and Control,
2023, 51(21): 76-85.


https://doi.org/10.7500/AEPS20200922001
https://doi.org/10.7500/AEPS20200922001
https://doi.org/10.7500/AEPS20200922001
https://doi.org/10.12204/j.issn.1000-7229.2023.11.009
https://doi.org/10.12204/j.issn.1000-7229.2023.11.009
https://doi.org/10.1109/TPWRS.2018.2867170
https://doi.org/10.1109/TPWRS.2018.2867170
https://doi.org/10.1109/TIA.2021.3063667
https://doi.org/10.7500/AEPS20170518001
https://doi.org/10.7500/AEPS20170518001
https://doi.org/10.12204/j.issn.1000-7229.2023.06.014
https://doi.org/10.12204/j.issn.1000-7229.2023.06.014

& AH) ALK 98

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

250, B, R, A5 T TR KR S O K B 58 U AR S I
Py 0], ABRARIR LI, 2023, 6(6): 628-639.

PENG Zhong, HUANG Hai, YE Rong, et al. Coordination
control for sending end AC system fault of flexible DC trans-
mission connected offshore wind power[J]. Journal of Global
Energy Interconnection, 2023, 6(6): 628-639.

ST, B, 2R, S W XU SR R RO S A
R T]. 2BRAEIR G R, 2023, 6(1): 1-9.

WEN Weibing, ZHAO Zheng, LI Ming, et al. Design and engi-
neering application of offshore wind power VSC-HVDC
system[J]. Journal of Global Energy Interconnection, 2023,
6(1): 1-9.

PRI, BUTCAR, AT, 55, ¥ b XU 22 T VAL i v e s A 2
BRI IGE LT L] Wi )1, 2024, 43(3): 8-18.
CHENG Xiao, GU Qiaogen, REN Xuchao, et al. Adaptability
analysis on differential protection of converter transformers in
a VSC-HVDC transmission system connected to offshore wind
farms [J]. Zhejiang Electric Power, 2024, 43(3): 8-18.

WANG J, HAN X, MA H, et al. Analysis and injection control
of circulating current for modular multilevel converters[J].
IEEE Transactions on Industrial Electronics, 2019, 66(3):
2280-2290.

WU M, MA X T, DONG Z W, et al. Impact of droop coeffi-
cient on dynamic voltage stability of DC grid[C]//2018 Inter-
national Conference on Power System Technology (POWER-
CON). Guangzhou, China. IEEE, 2018: 2666-2671.

YHZ, Y GW,KL, et al. Droop control strategy of microgrid
based on dynamic droop coefficient[J]. Measurement and
Control Technology, 2018, 37(7): 127-131.

RGN, B K, S TR TR A P A AR
FEVERSZI AT L. H ) RGP S5 15, 2019, 47(10): 8-
15.

WU Meng, HE Zhiyuan, YAN Fayou, et al. Influence of droop
control on the dynamic voltage stability of DC grid
analysis[J]. Power System Protection and Control, 2019,
47(10): 8-15.

DEWANGAN L, BAHIRAT H J. Comparison of HVDC grid
control strategies[C1//2017 IEEE PES Asia-Pacific Power and
Energy Engineering Conference (APPEEC). Bangalore, India.
IEEE, 2017: 1-6.

KOUTSOUKIS N C, STAGKAS D O, GEORGILAKIS P S, et
al. Online reconfiguration of active distribution networks for
maximum integration of distributed generation[J]. IEEE
Transactions on Automation Science and Engineering, 2017,
14(2): 437-448.

ARE, ZE5F2R, VP18 REMC L I M EL IR IR S e
RAFT]. AR, 2020, 44(12): 4664-4676.

QI Qi, JIANG Qirong, XU Yanping. Research status and deve-
lopment prospect of flexible interconnection for smart distribu-
tion networks[J]. Power System Technology, 2020, 44(12):
4664-4676.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

AREIRR, 507, B, 45 B RS A S A TR R DB AR SY
LRI, E A ERAR, 2019, 45(10): 3039-3049.

LI Xialin, GUO Li, HUANG Di, et al. Research review on
operation and control of DC distribution networks[J]. High
Voltage Engineering, 2019, 45(10): 3039-3049.

TR, B, RO, 2. PR R R A (M. bt AL
BTl A, 2013.

XU Zheng, TU Qingrui, GUAN Minyuan, et al. Flexible DC
transmission system [M]. Beijing:China Machine Press, 2013.
HIERMG, 425330, SRE B, S5, SR T TRl 1) 22 3 28 1 L0
i L R e Dy AT R Y AR AT D). R EOR 5 TR,
2022,22(8):3110-3118.

SHEN Jinpeng, LI Yonghui, ZHANG Yugqiong, et al. Quantita-
tive analysis of power regulating range of multi-terminal direct
current transmission system with droop control[J]. Science
Technology and Engineering, 2022, 22(8): 3110-3118.

XS, XS, AR, S H R IR 2Z B ER VSC-
MTDC F &t bR A6 T 420 0], B8 0 &R 58 A ik, 2022,
46(6): 117-126.

LIU Haoyu, LIU Chongru, ZHENG Le, et al. Cooperative opti-
mal droop control for VSC-MTDC system with quasi non-error
DC voltage regulation[J]. Automation of Electric Power
Systems, 2022, 46(6): 117-126.

WOHERR, WA, BEAKHT, 55, 22 o B i I PO i b XU 3%
S50 BB [R] 422 1 R RUAIL e SR A2 50 s (0] g it PR, 2021,
47(10): 3537-3547.

YAO Yahan, YAO Wei, XIONG Yongxin, et al. Coordinated
frequency support and wind turbine preset restoration scheme
of VSC-MTDC integrated offshore wind farms[J]. High Volt-
age Engineering, 2021, 47(10): 3537-3547.

FEF U, RN, F 4R, 55, — R0 T 22 00 22 1k L A
RGO E T R 05 vk L] i R o A Fhik#
1, 2021,33(2): 136-141.

WANG Xiuru, LIU Gang, WANG Yizhen, et al. Novel volt-
age droop control method for VSC based multi-terminal DC
system[J]. Proceedings of the CSU-EPSA, 2021, 33(2): 136-
141.

XUk, WEE, B F. Mk B AR ST A N KR AL T
s SR (7). a1 REEA 3k, 2021, 45(5): 129-136.

LIU Yingpei, XIE Qian, LIANG Haiping. Frequency regula-
tion control strategy for flexible DC transmission system based
on adaptive virtual inertia[J]. Automation of Electric Power
Systems, 2021, 45(5): 129-136.

fipf2, TR, ARRUT, 45, M R B T A S BRI B R X
3 e ) 4L L DR B S (D). o L PR R, 2022, 48(4):
1277-1285.

HE Jun, YU Hua, DENG Changhong, et al. Power supply guar-
antee strategy for key regional power grid load based on situa-
tion awareness in extreme weather[J]. High Voltage Engineer-
ing, 2022, 48(4): 1277-1285.

) A, R, BN, S 5kdb 500 kv IR HL R OCBERL AR


https://doi.org/10.1109/TIE.2018.2808901
https://doi.org/10.7667/PSPC20191002
https://doi.org/10.7667/PSPC20191002
https://doi.org/10.1109/TASE.2016.2628091
https://doi.org/10.1109/TASE.2016.2628091
https://doi.org/10.3969/j.issn.1671-1815.2022.08.017
https://doi.org/10.3969/j.issn.1671-1815.2022.08.017
https://doi.org/10.3969/j.issn.1671-1815.2022.08.017
https://doi.org/10.7500/AEPS20200519011
https://doi.org/10.7500/AEPS20200519011
https://doi.org/10.7500/AEPS20200519011

99

SRAKIH A5 T Nk EOR R G AL A 1 2 BT T 42 )

[29] FRAHA, ) — B, FEMG, 4% akAb TR R HICE R SR

[30] T, 0l — B, H5 /0, 4. BRREE B AR BN P B4 K

59T 3], B HEHR, 2018, 44(7): 2097-2106.

TANG Guangfu, WANG Gaoyong, HE Zhiyuan, et al.
Research on key technology and equipment for Zhangbei 500
kV DC grid[J]. High Voltage Engineering, 2018, 44(7): 2097-

XU Ke, LIU Yimin, ZHENG Shaoming, et al. DC blocking
criterion and measure calculation method for VSC-HVDC grid
of ring structure[J]. Electric Power Engineering Technology,
2022, 41(1): 101-107.

2106.

YEH R

FRRIEIRG 30T (1], 2 IRABUH IR, 2023, 6(6): 608-617.

ZHENG Shaoming, LIU Yimin, DONG Peng, et al. Analysis
of sub/super-synchronous oscillation between wind farm and hhu.edu.cn);
MMC in Zhangbei Project[J]. Journal of Global Energy Inter-

connection, 2023, 6(6): 608-617. HL ) ZR GE R L T H ke A

HOMERE TS24 D). ) TARHOR, 2022, 41(1): 101-107. WUIT MRt A B SRR AT

A sagging control strategy for optimizing transmission capacity of flexible DC

interconnection system

ZHANG Qiuyue, WANG Chuyang, ZHANG Li
(School of Electrical and Power Engineering, Hohai University, Nanjing 211100, China)

Abstract: With the increasing load and a large number of new energies connected to the grid, the flexible DC interconnection
system is widely used. The flexible DC interconnection system based on sagging control strategy can realize automatic
regulation of power and voltage according to sagging characteristics, but the transmission capacity of the system is limited by
the capacities of different converter stations and requirement of voltage quality. So it is difficult to make full use of the
transmission capacity of the system. An adaptive sagging control strategy for capacity optimization of flexible DC
interconnection systems is proposed in this paper. By the proposed strategy, a sagging coefficient correction loop is added to
gradually adjust the sagging coefficient of the corresponding converter station when the voltage or power is close to the limit.
By the correction loop, the power can continue to increase without exceeding the limit. In addition, in order to reduce the
influence of droop coefficient change on the traditional control and optimize the energy consumption characteristics of the
system, a mathematical model is established with the goal of minimizing the adjustment rate of the power flow and the energy
consumption of the power generation of the system. Then the non-dominated sorting in genetic algorithm (NSGA-1I') is used to
solve the model and the optimal correction gradient of each converter station can be obtained. Finally, PLECS is used to build a
four-terminal flexible direct interconnection model which verifies the effectiveness and feasibility of the proposed strategy.

Keywords: flexible DC interconnection system; sagging control; converter station capacity; voltage quality; power

transmission capacity; optimal correction gradient
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