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Fig.2 The topology diagram of DSSC sub module

DSSC LT AE 2 1] H 22 2 i 42 B A TR AE
TR P 0 R T o e SRR AR SR, AR T R
THLU 900 A MEREATT T AHL I S TR 90°
1 T ELUR 2 58 i B i AR AR ARG, SE PR TE AR T
It HLH A R ME RS, 7] REA AR /NI B 11 £
B A% . DSSC FHLH A4l S ms an sl 3 Fs

TN 55
P PE +- , l
R o T
'...qu.z.__ * —
DSSC A *Hm/sz;ﬁ /2 s
W : ‘ I E S
- el lis T
- ik @ Eg—%
7 [ ATE LT
TEL DN AR5

3 DSSC FHEHuzHl
Fig.3 Control block diagram of DSSC submodule
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Fig.5 Real-time optimization distribution method
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Table 2 The parameters for every sub-unit

He /v Eil350 WA/ V
1 +50 1(12%) +20
2 +50 1(2%) 0
3 +40 2(2 %) 0
4 +40 3(22%) 0
5 +20 4(2 %) 0

ERITI R A o BE ik R BT i
(O RRZH ) Rsem A oy ICE AR I , AR S i —
BT, JEIXBEE N 0.5 A2 s i T 4%4s N A
FIBRZE LI S00 A, I8 LM 1% B0 AN &l 7 i

<20 — S AL
% 560 B AEE
2380 — AR
2w 520 =
X 500 . h :

0 2 4 6 8 10

t/s

B 7 3 FforELT ik T e R E L
Fig.7 Trend responses under 3 distribution methods

M7 Fal DU Y R 3 20 B IE A, 4 s JF
LRI, 11 s S50, IR 22 g USSR 5, FBRT 7 s, )5
AR TIAE 500.4 A, SRHATHCHI 3 FCHE RS, 2 s
THIRWE N ,9 s S5 5, ILZ2 Py T DURS Y, RIS 7 s, B
JEL K AR HIAE 500.3 Ay SR ST Ak 43 it i
I,2 s JFURWAN, 7 s G50, JL2 T T =Ry, et
5 s, TR L L A HIAE 500.1 A3k 2 47 ) 2L
Ko 3BPIIECTTIE A, S0 BOIE S — R AT W IR
ARAL B, AR i 1 5 ARSI AE AL B RER AT LU
S A TE 125 ) A B 7 e Dy e 8 O A
Bt HEAh, SEHOL AR 23 BE vk 22 D = e R 1 A s 2
BERTF-45 3 BC 12 A0 LG 491 73 B 2 22 D DU e 11, 33
AL S IG A 73 B 125 14— R ) ) IO G R i T
PR GE -2 0 IE 12 R0 L 8] o3 WE ik, 3 2 PR g S A
LI, B AT Y TR AR AL T KRS K
BERAR B o £5 1, SEHOU A 23 IE I AN 9 A T AL
REPLE TSR eE i e i) i i WU S A LIRFS
FEE B3 BE i o

K8 i A | A 3 M Bc s vk T A

> 60
= 50t
2 301
_P3O'
Z 20 —_—
€ ot ‘ ‘
P — ! ! !
0 2 4 6 8 10

t/s
— SERHMRAL A ACVE — LB ECiE — PR A ciE

8 A1 FHEIRTE 3 MABE A TMAEESR

Fig.8 The response of No 1 submodule
under three distribution methods

R L 3 BCIEI 2 s TRARWR N, H ) e A1
JAIZEA ETE 1L s RNASH I D T AT, R
LB PCREIT 2 s FRER WA N, H S22 BT, 9 s
e oy 25 o, SR 22 T DA TR T o R SE AR 20 E
VA, 2 s TR, O BRI B A, 3 s WA 4G
W, RGN 7587y, [R] i, S P A il i s 3tk



Wil 45 . —FE T DSSC B il ity Semb Ak 2o Bl Ty 91

HBOA 3 dlsfT, e ge ik TR it AiatT,
PREL T S LA 20 BE 3 D0 S 6t 1y 5104 e 1 R B
TR R

4 E

BEXHE G5 He 7 ¥ B SR L 3 IR DUIRZS 7026
PAPA TS PERE ) g D0 e 207 A JEARL, 3240 T — b kT
DSSC £ rp 2 il 79 5 4 b 3 19 1 52 5 4G Ak 20 B T
Mo HET RTDS fj V-5, WAL G I SO 5 12
PEATOTEXS b, D5 A SRR T SE A Ak 73 Bic ik g
AL T A R R A T AR Y S SRR R RS
AL X 53 O AN A o O A B R R

SO TR RV IR T T RIERE R
7 DU P 3 i T L, 0 S B L ol 2855 TE Y
SR HLIL IR I A o A v s ] ) S i i) A
Fpt— 5T
SE
[ 1] DIVAN D, JOHAL H. Distributed FACTS-A new concept for re-

alizing grid power flow control[ J]. IEEE Transactions on Power
Electronics, 2007, 22(6) ; 2253-2260.

[2] GAIGOWAL S R, RENGE M M . Some studies of distributed
series FACTS controller to control active power flow through
transmission line[ J|. IEEE International Conference on Power,
Energy and Control (ICPEC), 2013, 1(6): 124-128.

[3] MEHTA D, RAVINDRAN A, JOSHI B, et al. Graph theory
based online optimal power flow control of power grid with dis-
tributed flexible AC transmission systems ( D-FACTS) devices
[C] // 2015 North American Power Symposium ( NAPS),
Charlotte, NC, 2015 1-6.

[4] BRISSETTE A, MAKSIMOVIC D, LECRON Y. Distributed se-

[}

ries static compensator deployment using a linearized transmiss-
ion system model [ J]. IEEE Transactions on Power Delivery,
2015, 30(3): 1269-1277.
[5] skbed WU, SCAEEE , %6, oM #2  f R G R RE T
wR P Bt I]. o RGE A, 2017,41(17) :72-77.
ZHANG Xiaoyu, GU Qiaogen, WEN Jifeng, et al. Series trans-
former protection design in unified power flow controller system
[J]. Automation of Electric Power Systems, 2017, 41(17) .
72-77.
TREUMR, AT, IR A — B X A B AR I 25 5 A0 4 T
ML), T4 1,2017,30(3) : 11-14.
XU Zhuolin, HUANG Qi, LI Zhuoran, et al. An assessment

[6

[}

method for comprehensive benefit of series compensation [ J].
Guangdong Electric Power,2017,30(3) :11-14.

(7] WAB RET, BT, % —FEETEE TR R
EARFBRBIARLT]. ] 7< 8 J7,2018,31(8) : 182-187.
WEN Caiquan, WU Zhiyu, LI Xianning, et al. Research on se-
ries compensator capacitor gap technology based on plasmal[ J].

Guangdong Electric Power,2018,31(8) ;182-187.

[8] MOHAMMADREZA D G, MAHMUD F F, FARROKH A, et
al. Optimal distributed static series compensator placement for
enhancing power system loadability and reliability[ J]. TET Gen-
eration Transmission & Distribution, 2015, 9(11) : 1043-1050.

(9] RZRHE, HAR, fk e, &5, —FP LIk & 58 sl S M RE Ay BT AL
SSSC FE Hems [ T]. WL THARER,2011,26(12) : 156-161.
WU Jiekang, JIANG Cheng, ZHANG Jianhua, et al. A novel
static synchronous series compensator control strategy for impro-
ving the dynamic performance of power system[ J]. Transactions
of China Electrotechnical Society, 2011, 26(12) : 156-161.

[10] JALAYER R, MOKHTARI H. A Simple three-phase model for
distributed static series compensator (DSSC) in newton power
flow[ C] // Asia-Pacific Power and Energy Engineering Confer-
ence. IEEE, 2009, 1-5.

[11] TAMBE P P, JOSHI K D. Power flow improvement using dis-
tributed static series compensator[ C ] // International Journal of
Engineering Research and Technology. ESRSA Publicati-
ons, 2012.

[12] RAYTHATHTHA K G, VYAS B Y. System parameters im-
provement of transmission line using Distributed Static Series
Compensator ( DSSC) [ C ] // International Conference on
Energy Efficient Technologies for Sustainability. IEEE, 2016,
459-463.

[13] FAJRI P, AFSHARNIA S. A PSCAD/EMTDC model for dis-
tributed static series compensator ( DSSC) [ C] // International
Conference on Electrical Engineering. IEEE, 2008, 1-6.

[14] KHALILIAN M, MOKHTARI M, GOLSHANNAVAZ S, et al.

—

Distributed static series compensator (DSSC) for subsynchron-
ous resonance alleviation and power oscillation damping[ J].
International Transactions on Electrical Energy Systems,
2012, 22(5) : 589-600.

[15] KHAZAIE J, MOKHTARI M, KHALILYAN M, et al. Sub-
synchronous resonance damping using distributed static series
compensator ( DSSC) enhanced with fuzzy logic controller[ J].
International Journal of Electrical Power & Energy Systems,
2012, 43(1) . 80-89.

[16] DIVAN D M, BRUMSICKLE W E, SCHNEIDER R S, et al.
A distributed static series compensator system for realizing
active power flow control on existing power lines[ J]. IEEE
Transactions on Power Delivery, 2006, 22(1) ; 642-649.

[17] MOHAMMADREZA D G, MAHMUD F F, FARROKH A, et
al. Optimal distributed static series compensator placement for
enhancing power system load ability and reliability [ C] // IET
Generation, Transmission & Distribution: IEEE, 2014, 84-88.

[18] LI M, WANG Y, FANG X, et al. On high precision distribut-
ed series compensator control in static referenceframe [ C] //
Processing of the 7th international power electronics and mo-
tioncontrol conference : IEEE, 2012:94-98.

(191 29I, B %, B 2%, 55 6T 25 R R 43 A A 43 45 20
R s E AL ems [T]. s R 48 A 31k, 2017,
41(17) :60-65.

LI Shun, TANG Fei, LIAO Qingfen, et al. Location andcapac-



92 2 HEHEAR

ity optimization strategy of distributed power flow controller LU Jun. Research on reliability of distributed power flow con-

based on multi-indicator performance analysis[ J]. Automation troller[ D]. Wuhan; Wuhan University of Technology, 2013.

of Electric Power Systems, 2017, 41(17) ; 60-65.
[20] Jaakse, dthut, 730, 4. & 2R R E B [P

VLIRS M R G A SR BT L] e, 2018,

35(7) :20-27,48.

FAN Zhihua, MIAO Shihong, LIU Ziwen, et al. Research on

WRIN (1978) , 55, B L, v 90 TR Jill, Ao
FH W 22 4 A #5 i T4 (E-mail: chenxiong@
sgepri.sgec.com.cn) ;

AR (1982) 55, P, v 2 AR U, A
N RGREE BT AR

ERH(1992) , 5, AL, By B ARG, T

power flow control strategy of AC/DC hybrid microgrid system
with multitype distributed power supply[ J]. Distribution & U-
tilization,2018,35(7) :20-27,48.

[21] SR A= s il # i TS EpsT [ D). s i R0 A HH 2 e e TAE o
Tk ,2013.

A real-time optimal allocation method for DSSC based on centralized control

CHEN Xiong'*, ZHAO Jingbo®, FENG Ke'?, ZHONG Liangmin"*, ZHU Kaiyang"’
(1. NARI Group Corporation ( State Grid Electric Power Research Institute) ,Nanjing 211106, China;
2. NARI Technology Development Co.,Ltd.,Nanjing 211106, China;
3. State Grid Jiangsu Electric Power Co., Lid. Research Institute,Nanjing 211103, China)
Abstract : The distributed static series compensator (DSSC) has the characteristics of small size and low power consumption,
and it can be directly connected to the power line for power flow control which makes it become one of the most promising
distributed flexible AC transmission technologies. In order to solve the problem of coordinated coordination control of each sub-
module in the DSSC system, the paper discusses the difference between the operating state and the adjustment performance of
each sub-module, and proposes real-time optimization allocation method on the output of sub-module according to the idea of
“classifying with state-setting performance with adjustment performance”, to achieve the minimum number of start-stop sub-
modules and to extend the operating life of the sub-module. Based on the RTDS platform, the closed-loop simulation analysis of
the optimized allocation method is carried out. It is verified that the method can meet the power flow control requirements of
DSSC. Compared with the traditional average distribution method and the proportional distribution method, the method has
greatly improved the adjustment speed and adjustment accuracy.

Keywords : DSSC;; centralized control ; distribution methods ; real-time optimization
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