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Analysis and Simulation of Improvement of DC Voltage Control of STATCOM Through
Phase Angle Feed-forward
LIU Yuxuan'?, DAI Chaobo’, ZHAO Guoliang’, LI Bin', SUN Yi', LU Zhengang®
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing
102206, China; 2. State Key Laboratory of Advanced Power Transmission Technology (State Grid Smart
Grid Research Institute Co., Ltd.), Beijing, 102209, China)

Abstract: STATCOM is a flexible AC transmission device which has been widely used and studied for a long
time. The performance improvement and cost reduction of the STACOM are always the focus in the research.
Based on the analysis of the output characteristic of the phase detector of the typical Park transformation of
three-phase phase locked loop, a novel three-phase PLL with instantaneous response is proposed to improve
the transient performance of the STATCOM DC voltage and enhance the utilization rate of DC capacitor or
IGBT by way of reducing the DC capacitance or increasing the DC voltage. The equivalent simulation system
of three-phase bridge STATCOM and chain cascaded STATCOM are set up respectively in PSCAD software.
Such small disturbances as step of reactive current instruction, amplitude of grid voltage, step of phase
angle and frequency and such big disturbance as short circuit fault of grid are systematically simulated and
analyzed. The simulation analysis comparison result shows that in case of remarkable change of voltage
phase angle of common connection point of the SATCOM during the disturbance, the DC voltage control
characteristic of the new method is more superior to the traditional method, the response speed of the
reactive power increase slightly and the electrical stress of the DC capacitor can be reduced significantly.

Keywords:STATCOM; control of DC voltage ; phase locked loop; instantaneous response
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Table 7 Comparison of DC voltage fluctuation range
(cascaded H-bridge)

T TG HL A i LA

W Bh/p.u. W 5h/p.u.
FAL A A7 R 0.955~1.062 0.952 ~1.048
FA R AR R AR 0.976~1.025 0.978~1.018
S B 0.820~1.210 0.901~1.073

0.7 s B, FEL o0 25 2 A R URAH £ 00 BR 7R A —
30°, A& G I FIHT ] ) D 2ASH L 3 H R B
Ao WL 13-14 FitoR o A 545 A L R 3l
il 4 0.955~1.062 p.u.,0.1 s Jo ¥k & BIFa 25 5 B da thl
(A L R I ShFE TN 0.952~1.048 p.u., 0.03~0.06 s K&
SRS o TEAH A R AR B 3B 42 1l 114 2 785 i o o
SRR , H A S R

.36.

U, /p-u.

o=
ocvooo=
SShSho

D
(=]

0.65 0.70 0.75 0.80 0.85
t/s

U, /p-u.
SoOo==—

0.65 0.70 0.75 0.80 0.85
t/s

o booo=
SSLSGo

(=}
(=}

U, /p-u.
SoO==r-

0.60 0.65 0.70 0.75 0.80 0.85
t/s

15 FREHE f BRI A A 5 B i 2k (Fris )
Fig. 15 Simulation curves in step of voltage phase angle
(novel control)

43 ARAAINEREEREIRESNER

Wit 3 3 5% 4, 5% W =HNHINS H
eIk STATCOM [ FH I 7 1k % 403 B 3k F R () 0% 30
SR . DA SRR IR R 8], AT AR IE R AR
(3% SR 0.017 puu., TR H AT 4% 3l i J3
4 0.172 pou., HA T HLIEARL, AT WA 7 L AE = AHFR
STATCOM st R B 4T, fe 24 1) L i L e U8 ) s
BN MITE H MG B N p g AN D4 T
{ENERTTNE VAR A1 5 N =2 3 B 3 = T

1) Gt Ml 2= 4 MR A f B 20t — AN U8 Dk
IR I S A IR, AR R
I AR A 15 kHz, faiy H il 26 F A 0, R e g
PR A IS [R) 5 50/, 5 0T DUOR T i HAfF 9k
R 38 4 S R SR Ny 8.8 kHLz, T B s i) 5 K
TR UE I AT A = M oyt o B JR) R SOK BRER
(1R R [ L FH A A5t Y A MR el 22 2 B0
it FL R I ST R

OO —
SO WBnO



2024 4F5 4 1

X FELE FATTRME STATCOM ELJR H R 355 20 505 2

(2140

2) FLIMN A 25 5 i B A A Y LA

EES = @RI AN UE ek 7 N [ E Rk SRS
A Q AN

Q=2nfCu’ (3)

e fONTHRG COARARA L u LA MRHL

HL 25 it A7 T P 3B o 2 0 A Y LA p

N
p=2 (4)

X Q NHAERITCIIENA; Sy STATCOM 2 & 1Y
WUE R . BE A STATCOM HiZ He il {E hy
po, HUE Y 10.053, 9008 H 7 A9IZ HL A K ps, HH
b 5.542, = HAMF STATCOM e 2817 TCTh )
T O RS R A e R ST
A6 A5 0 55 R Y s, T AR IR R R, = A
1) L Bh 2L/ N8k H AR o

5 ZEiE

TE 73BT = AR BV PR SRR i 1 e 1 ) Ak |
SE T B A BRI BRER R Y AR ER , SE B
G AZ A S U PR AR A DR A8 2 A []
HI585 1 B R S R A B . FE A = AR A A
24 H ff STATCOM Pifift STATCOM #if Ml 4715 B
BAIE A4 SRR, YA S AR A FE I B i
(U SR A N T o TN E R G ERAR A IS o e
BER TGN AL b, 2508 0 B E R
P AR 0 2 AR i o A 2SI A (B 20K, i o0 b
TP R B R BCESOR I 22 57
S Sk
(L] W iE, XA, 5A P 4>, 55, B T LCC-HVDC 5952 3 1)

HEASTATCOM St Pl e A T[], v Fl AL AL T AR
#2,2018,38(12) :3662-3670.

YAO Weizheng, LIU Gang, HU Siquan, et al. Research on
improved control strategies of STATCOM for LCC-HVDC
weak receiving station[J]. Proceedings of the CSEE, 2018,
38(12):3662-3670.

[2] PARKJ,YEO S,CHOLI J. Development of +400 Mvar world
largest MMC STATCOMIC)/ 2018 KIEE EMECS (KIEE
Electrical Machinery and Energy Conversion Systems) ,
2018.

[3] PISANI C, PALONE F, GIANNUZZI G, et al. 125 Mvar
STATCOM systems for oscillation damping and supporting
HVDC_x0002_LCC reactive power unbalance, 2022[C]//
Session Materials,2022.

(4] X515, X125, AR, 2. STATCOM MRk 5 M
R B AE KU 37 P S FHBIESE D). L s AL e 52

#M3,2020,41(2) : 18-25.

LIU Yindi, LIU Huigiang, XING Huadong, et al. Study on
the application of suppressing low frequency oscillation
and stablizing voltage by STATCOM in wind farm[J]. Power
Capacitor & Reactive Power Compensation, 2020, 41(2) :
18-25.

[5] AKAGI H, KANAZAWA Y, NABAE A. Instantaneous re-
active power compensators comprising switching devices
without energy storage components[]J]. IEEE Transactions
on Industry Applications ,1984,20(3) :625-630.

[6] HEYDAR R, ZHANG H. Grid-forming control for STAT-
COM—A robust solution for networks with a high share of
converter-based resources|Z].2022.

(7] & =0, S0, et B EE D-STATCOM A & 1 G

TR IR D). vy LA & 5 TR A, 2018, 39(6) -
48-52.
LEI Ertao, MA Ming, LIANG Xiaobing. Adaptive passive
control technology for distribution network cascaded D -
STATCOM][J]. Power Capacitor & Reactive Power Compen-
sation,2018,39(6) :48-52.

(8] BRAKIT, BAFH , 2054l , 5. S5 HAfF STATCOM LI L&

RAE AT ST SR (). T B A S OIS, 2021,
42(3):36-43.
CHEN Jikai, HU Yang, LI Haoru, et al. DC voltage unbal-
ance analysis and control strategy for cascaded H - bridge
STATCOM][J]. Power Capacitor & Reactive Power Compen-
sation,2021,42(3) :36-43.

(9] B, HiBLEE, 1K JT 2%, 4510 kV HEUR 3% STATCOM B

WA SHOTH G5B R RM ()], T i A 5 oAb
%,2015,36(3):24-31.
FENG Lei, GOU Ruifeng, ZHANG Wanrong, et al. Calcula-
tion of DC capacitor parameter and grading strategy for 10 kV
cascaded star-connected STATCOM][J]. Power Capacitor &
Reactive Power Compensation,2015,36(3) :24-31.

[10]%/NIL, Zeite i ntte 45, X STATCOM HY ELL LA
HL P ) SR . ) TR, 2019, 53(6) 1 1-4.
ZHANG Xiaowei, LI Yaohua, ZHOU Jinghua, et al. Direct
current capacitor voltage balancing control strategy for cas-
cade STATCOM][J]. Power Electronics,2019,53(6) : 1-4.

[11]WANG X, TAUL M G, WU H, et al. Grid-synchronization
stability of converter-based resources-an overview|[]|. IEEE
Open Journal of Industry Applications,2020(1):115-134.

(125K, 850, 5K ER, 45, I A2 46t s 1 7 25 Tm] 2D S 1 F
FELRR[). LT AR, 2021,41(5) 1 1-16.
ZHANG Yu, CAI Xu, ZHANG Chen, et al. Transient syn-
chronization stability analysis of voltage source converters :
a review[]J]. Proceedings of the CSEE,2021,41(5):1-16.

[13]REMON D, CANTARELLAS A M, RAKHSHANI E, et al.

An active power synchronization control loop for grid-con-

.37.



2024 4F55 4 1

EWILRES AE P RvIE N

Fa5%

nected converters[J]|. IEEE Transactions on Industrial Elec-
tronics,2014,61(1) :297-306.

[14] TEODORESCU R, LISERRE M, RODR GUEZ P. Grid
converters for photovoltaic and wind power systems[M].
Chichester: John Wiley & Sons,2011.

[15]DONG D, WEN B, BOROYEVICH D, et al. Analysis of
phase -locked loop low - frequency stability in three - phase
grid-connected power converters considering impedance in-
teractions[J]. IEEE Transactions on Industrial Electronics,
2015,62(1):310-321.

[16 JCHEN J,1IU M,GENG H, et al. Impact of PLL frequency lim-
iter on synchronization stability of grid feeding converter{]].
IEEE Transactions on Power Systems, 2022, 37 (3):2487-
2490.

(17 IBRAR A 2R, XUHCBH , 45, v PO BELAC L XoF B 190 A2 46 i

[0 R PE RS2 ALER L], [ AL AR A= 4, 2022 1-
10.
CHEN Junru, LI Guanqun, LIU Muyang, et al. Influence
mechanism of R/X ratio on synchronization stability of grid-
following converter{]J]. Proceedings of the CSEE, 2022: 1 -
10.

(18 177% Wiz, IR 05, A58 S PB IO 1 25 SE TR PRS2 I 1)

AT R GERA F AR R DT (). P E LT R
#,2018,38(20) : 6099-6109.
YANG Ling, CHEN Yandong, CHEN Zhiyong, et al. The
phase compensation control method considering the effect
of phase locked loop for three-phase grid-connected system
in the weak grid[J]. Proceedings of the CSEE, 2018, 38
(20):6099-6109.

C1OTXUHR 5=, XU P ] f3ik. 200 MVA STATCOM & ¥ it
HL R ISR AR R R REEAR, 2015,41(10) :3428-
3433,

LIU Jinning, LIU Yang, HE Weibin. Control strategy opti-
mization of DC voltage of 200 MVA STATCOM[J]. High
Voltage Engineering,2015,41(10) : 3428-3433.

(205K S, 2248 4= /DobR, 4. L T B AR E X AR M Y -

AL AR R FE R FRRIEEAR 2021,45(5) - 1648-

1657.

ZHANG Siyuan, LI Meng, LI Shaolin, et al. Stability con-

trol method for grid-connected converters based on symmet-

ric compensation of dynamic characteristics[J]. Power Sys-
tem Technology, 2021, 45(5):1648-1657.

[21 JH BE ik e e i 2% : GB/T 12325—2008 [S].2008.
Power quality- Deviation of supply voltage : GB/T 12325—
2008 [S].2008.

(22 VERBL. B R85 4T M. FLAR Tl i i
#t,2004.

(23] WL fiE Bt &t L J7 A% 50 00K fi 2% : GB/T 15945—2008
[S].2008.

Power quality frequency deviation for power system: GB/T

15945—2008 [S].2008.

(24 ] 55 30 1k 9]0 #bh B2 85 56 1 48 23 - T RE MLV« DL/T
1215.1—2020 [S].2020.

Code for remote sensing dynamic monitoring of power grid

engineering construction: DL/T 1215.1—2020 [S].2020.
(25 J5KER, 2508, AHIE. Ay e KU L2 )BT A5 AR E 1 o)

Hr(I). LT AR, 2017,37(14) :4018-4026.

ZHANG Chen,CAI Xu, LI Zheng. Transient stability analysis

of wind turbines with full - scale voltage source converter|J].

Proceedings of the CSEE,2017,37(14) : 4018-4026.
EEEN:

X FE(1998—) 5 Bk, ERA T @ A LI R %
FHERHAMEB A, E-mail :2287792708@qq.com.,

WK (1972—) B, ESHA LRI, ERFRFT @ H
ERAAME BIRBFAMEEE BF IR B KR
R O AN I RN S

RAEE(1978—), B, EHA LA, ELALFT QAR
G B | AR SR

FM(1983—), F, 84z, LBH R @A 8 A,
W AAE B ARARRBTR .

FR(1972—), B, #A4%, LB 57 61 AR LB A&
HAZ BABAZHAR IR B IARAE BAHAR

MR (1985—), 5 , TAZIF , ZBBF 50 7 &) A Fe e div B
W ARSI ARS LA





