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DC Voltage Fluctuation Suppression Strategy of Flexible Interconnected Device Based on Torricelli Point
ZHOU Qi, WANG Chenging, KONG Xiangping

(State Grid Jiangsu Electric Power Company Ltd. Electric Power Research Institute
Nanjing 211103, Jiangsu , China )

Abstract: Considering that the problem of voltage fluctuations on the DC side caused by the three-phase
imbalance of the AC grid of the flexible interconnection device,a DC voltage fluctuation suppression strategy for
flexible interconnection device based on the Torricelli point was proposed. Firstly, by defining the Torricelli point
of the triangle formed by the voltage vector in the three-phase unbalanced fault system as the "new neutral point",
the voltage amplitude asymmetry and phase angle drift faults in the traditional three-phase coordinate system were
transformed into voltage amplitude faults in the Torricelli point coordinate system; secondly, the relationship
between the active power oscillation of the three-phase power system and DC fluctuations was analyzed, a new
control strategy was established to suppress the voltage fluctuations of the DC bus voltage by suppressing the
fluctuation of double frequency component of active power effectively. Finally, the proposed method was proved to
be effective by the Matlab/Simulink simulation model.
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Fig.1  Topology of flexible interconnection device
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Fig.2 The schematic diagram of the coordinate

system of Torricelli point
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Fig.3 The fault voltage phasor diagram in the

Torricelli point coordinate system
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Fig.4 Schematic diagram of the system power calculation in the

coordinates of the traditional neutral point and the Torric

elli point
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Tab.1 Simulation system parameters of flexible interconnected device
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Tab.2  Simulation control parameters of flexible interconnected device
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Fig.6  The simulation diagram of three-phase symmetrical

and asymmetric grid based with traditional control
300 T AR X B

22 A AR
ﬁ% EEE‘ SR P ,:

0.2
i /s
P77 BET AL gl AA SO B2 1Y

HL I AR X U7 LR 1
Fig.7 The simulation diagram of asymmetric three-phase
power grid based with traditional control and

the control proposed in this paper
5 4t

S SCRE R S LI e B 1) = AT AN R AR



B # S A TRENA SN FRIREE R 8RR H Rk

WA AR 2024 5F H 544 F 4

L O e By B T R, 2 ) — R A T T FRLAR A A Y
LU L PR P S 5 i o 7 A AT LR
A R 1 G L IR AELAS 25 R AR TS 1) = A A X
PR Bt A Ay Fit P I (AN S5 Ot o, FRRAIR T T
PG Pk s A R A P A SRR B S T =
AT R T AL o 3l S AR e s i Oy vk it
FIXFEE, AR T7 AR T B s 5 A
DDIRE AFUE SN , 45 R B UE T A ST § 757k
1 AT AT PR R

S 3Lk

SR KT /NGR4T AR AR R O R G OCHE
A DS JE PRI B 1 R 5 A Bli4k, 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 Pow-
er Systems, 2021,45(9):171-191.

K58 ZE X530, A AR 0 S T B, T RIS BRAR £ 5k K
FRRIRRNL) /R 11,2020,33(12) :3-13.

ZHANG Yongjun, LIU Ziwen, DENG Fenggiang. Review on re-
search status and development of flexible interconnect distribu-
tion networks[J]. Guangdong Electric Power, 2020,33(12) : 3-
13.

AR, XIBHIT, T e i, 25 AR AE E i BC L SR P TS 3R 5
TFFE B TR ERIT. W i B ST AR R, 2022,20(3) : 111
REN Zhaoying, LIU Keyan, MENG Xiaoli, et al. Research and
application prospect of flexible interchange system for low vol-
tage AC/DC distribution network[J]. Electric Power Information
and communication,2022,20(3):1-11.

PR B S, 45 AR BRI RE IR AR SE Y
B2 AL Bos AT AR D) B0 R &L A 34k, 2021, 45(16)
49-62.

JIA Hongjie, MU Yunfei, HOU Kai, et al. Morphology evolution
and operation regulation of urban energy system from perspec-
tive of energy transition[J]. Automation of Electric Power Sys-
tems,2021,45(16) :49-62.

R BRIGE | S AR S 3 AR 12 [T, A 3 Al
N ,2023,64(8):53-55.

LI Peiyi, CHEN Yi’ao. Influence of three-phase unbalance on
power oscillation[J]. Automation Application,2023,64(8) :53—
55.

AR, ZETF0 58, VFEE - R REIC 0L 19 32 P TR 50 BRAR e K
JEFAFT). L 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.

FR, ZET, BEREAR L AF RO HL R G BRI OCHIR K
1 BT RS A BI1E,2022,46(4) : 1-14.

[11

[12

[13

[14

]

—

]

]

[}

WANG Chengshan, JI Jie, JI Haoran, et al. Technologies and
application of soft open points in distribution networks[J]. Auto-
mation of Electric Power Systems Press,2022,46(4):1-14.
T, TRk, ST IR, 45 M 2RI SR et 7 ) e
WEFEIT). A% 50,2022, 52(13) :27-34.

FAN Zhenning, SU Qiang, ZHANG Xinmin, et al. Study on im-
proved control strategy of flexible multi-state switch[J]. Electric
Drive,2022,52(13):27-34.

SR/ SRR, ERDUZ AL TR R AR R AR AT AR
FEAR I I 390 AL A8 42 H SR [0, v B LML T AR 27412, 2013, 33
(3):22-28,19.

GUO Xiaogiang, WU Weiyang, QI Hanhong. Control strategies
of three-phase PV grid-connected inverter under distorted and
unbalanced voltage conditions[J]. Proceedings of the CSEE,
2013,33(3):22-28, 19.

FH, B R, AP R LR SR T PWM R
Ui D A PR ) S (). o [ AL AR AR, 2012,
32(21):46-53.

WANG Meng, XIA Changliang, SONG Zhanfeng, et al. A power
resonance compensation control strategy for PWM rectifiers un-
der unbalanced grid voltage conditions|]J]. Proceedings of the
CSEE,2012,32(21) :46-53.

BT, BT R A ST L IRY - BRI IR AT Y
I P8 39542 g S S D). o I AL PL TR A 4, 2013, 33
(19):84-92.

ZHAO Xin, JIN Xinmin, ZHOU Fei, et al. Unbalanced control
of grid-connected inverters based on proportion integraland re-
duced order resonant controllers[J]. Proceedings of the CSEE,
2013,33(19):84-92.

AKAGI H, WATANABE E H, AREDES M. Instantaneous pow-
er theory and applications to power conditioning[M]. Piscat-
away: IEEE Press-Wiley InterScience ,2007.
TR, B M. R0 39 A AN T A M S
(7. ML T AR 4441, 2015,35(19) :4956-4964.

WANG Yichao, LUO An, JIN Guobin. An unbalanced voltage
compensation method for parallel inverters in microgrids[J].
Proceedings of the CSEE,2015,35(19) :4956-4964 .
ISERENSE NS N S RV Y 2 fe 2 O )
WA e I S )], U TR R 2023,42(4) 1 195-205.
LU Yu, WU Xiaodan, LEI Jiaxing, et al. Control strategy of the
modular multilevel matrix converter under unbalanced grid con-
dition[J]. Electric Power Engineering Technology,2023,42(4) :
195-205.

PGS, BT T H AR A T B = AR A8 2 P T LS
PAFETHETI. B ) TAREEAR ,2020,39(3) : 114-119.

SUN Zhipeng, TAO Shun. Calculation of distribution loss under
three-phase unbalance based on current phase estimation[J].
Electric Power Engineering Technology, 2020, 39 (3) : 114—
119.

Wk H 9. 2023-07-04
Bk H 1 :2023-07-18

33





