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Optimization strategy of phased excitation control considering phase
modulator saturation parameters
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(China State Key Laboratory of Power Transmission and Distribution Equipment and System Safety and New
Technology (Chongqing University), Chongqing 400044, China)

Abstract: There is a problem that conventional excitation control fails to make full use of the synchronous condenser
transient nonfunction during the fault period. Also it is difficult to accurately and effectively support the voltage of the
power network. Thus a staged excitation control optimization strategy considering the saturation parameters of the
transformer is proposed. First, the expression of the transient reactive power output of the phase modulator is deduced,
and the influence of saturation parameters and different operating conditions on the transient reactive power
characteristics are analyzed. Second, based on the mathematical relationship between condenser parameters and output
reactive power, reactive power increment considering saturation parameters is introduced to optimize the reference value
of inner ring voltage and outer ring PI control in excitation links in stages. Finally, the reactive power control model of the
Ximeng-Taizhou UHVDC transmission system is established, and the optimization effect of the excitation control strategy
is verified by simulation. The results provide technical support for the optimal design of the phase modulators, and also
play an important role in improving the power grid voltage fault support capacity of the phase modulators and the voltage
stability level of China's HVDC power network.
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Table 1 Parameter settings of the synchronous condenser
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Fig. 1 Maximum value of transient reactive power output of the

synchronous condenser is reduced by the variation of grid voltage
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Fig. 2 Maximum value of transient reactive power increment of

the synchronous condenser under different initial reactive power

BRI AR FE R IS E R, ot
RS PR R, KA G) LI ER RN E
xSRI EARPUFE RS, REX N

t

(K" -K)Us 7,

1 _% 2N7 72 T,
AQ,, =—e “(K-K)HU; + @ coswt
O = e (K- KOWS 4=
(7)
1 _t _+
AQ,, =——(e " +e " YK -K*)U; ®)
Xd

1 7% 1 2Ny 72
A =|—e “‘ +— - 9
Oy, [ % % J(K KU, ©)

X AQ,, NWERE S RPN & AQ,,
NERE RO MR AQ, NEHFDH
PO N &

BT B ERE RS BT ECEE KRR, 5l
X E RS T B A Bt AT b, WE
HUR RV 9 0.4 pu., BB RS HPTNES T TH
BN 3 PR

R A MY, A W S A I 1) Bk 0 2 T
Xy R TIII B R, RIR B, B



- 46 - )RR HEH

AT X, MG ELE 02 s WA E, JFRREH
JToLy, T EHED X, R EAEE N, X
re i T FP T E AL AR ST, XS
R SCH 7 BT — 2

5
’ "l”'l”vlnl”'l'”xilq ‘ll”ﬁl' (i

0 0.2 0.4 0.6 0.8 1.0
t/s

3 EMERTSHEMNESLIEE
Fig. 3 Transient reactive power increment of direct axis

transient and steady-state reactance
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Table 2 Saturated parameter settings of the synchronous condenser
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Fig. 5 Comparison of transient characteristics of the synchronous
condenser with saturation and unsaturated parameters

under low voltage fault
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Table 3 Reactive power peak and increment of the synchronous

condenser under low-voltage fault
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Fig. 7 Comparison of transient characteristic of the synchronous
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parameter under over-voltage fault
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Table 6 AC filter bank of Ximeng converter station

ACF BP12/24  HP24/36 HP3  JREAHZ4E
e HLR/KV 530 530 530 530
HUE 25 5/ Mvar 245 245 245 365
1 1 1 1 2
2 1 1 1 2
3 1 1 0 3
4 1 1 0 3
R7 RNBRTRIS AR 284H
Table 7 AC filter bank of Taizhou converter station
ACF BP 12/24 HP3 HER AR
BUE HBE/KV 520 520 520
HUE 25 2/ Mvar 245 245 210
1 3 1 1
2 3 0 2
3 2 0 2
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Fig. 10 Reactive power control strategy of Ximeng converter

station and Taizhou converter station
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Table 8 Switch/cut value of Ximeng converter station

and Taizhou converter station
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Table 9 Minimum filter configuration

ACF  HP12/24 HP3  Hii4)k/Mvar # A% 7 . /Mvar
1 1 0 638 638
2 2 0 1275 1275
3 2 1 1913 1530
4 3 1 2703 2040
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Fig. 11 Schematic diagram of network structure of the

synchronous condenser
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Fig. 12 Operation phasor diagram of the synchronous condenser
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Fig. 13 Optimization strategy of excitation control

considering saturation parameter
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Fig. 15 Comparison of the transient characteristics of the
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synchronous condenser with conventional and optimized

excitation control under low-voltage fault
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Table 10 Terminal voltage for conventional and optimized

excitation control under low-voltage falut
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Fig. 16 Comparison of the transient characteristics of the
synchronous condenser with conventional and optimized

excitation control under over-voltage fault
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Table 11 Terminal voltage for conventional and optimized

excitation control under over-voltage fault

Bl L WIS R A
AR 1A HL S 3 T K A /p . 1.236 1.222
bR K )5 2 A B R KA p . 1.121 1.035
bR K S )5 A e R R ME p . 0.944 0.99

Wi 5 P S R R TE D) Dh B i KA 0N 2.574 pou., B
/IMESSA-1.08 pau.. EHEFINLHE I TUR TETh 2 S8
Wl R s, MBS EE. HE 16(d)RTHl,
i TR A ) SRS A Lo L &S 1.236 pou, W
o f K T e R ) A e R A R AR 1,121 pau.s
H/ME SN 0.944 paue

HH ] 16(c) Rl A, FERUE &AM B i JE B, Tl
AL SRS (T THIN R A -2.251 pou., WG K E
AR TE T Ih 2R e KAE 50N 0.588 pou., B/ ME S
=0.004 p.u.. HIP& 16(d)RT AN, JEIREFE HIIL AL SR 1)
Ml L _EFFZE 1,222 pou., #08fE IS FE A A 245
i H R BB AN 1.034 pu., /IMELAN 0.99 puu..
SRR TR, A PRl ) SR
(R HL e, J G 42 1) SR M AR AL 5 FE b T R T gk /b
1.1%, K587 253k i R F I 7643, 5% 500 E Ha R Va Rl Y o
4 Vg

] P A SCHRET TR AR AT LR R F 3 HH T 2 Aok
J7i, MOUHFR -2 4 L R in P 2
Tz 2OV T T A SR R e S . 23
F, EEE R B S AR B S b i e
i& ) PID Z80ek 3 5] N sl etk BA L
T3] Lh— g R B AR v VR AR AL ) i S92 33 5 2 e T
W EE ST, PEm AL B Y L R PR T, H
#&, PID I 0R 2 H HARS 50 B 2 BRI
FEMLAA s RE S B R P, T B U 42 ) 22 () 21
RS 00 N RARML S et i B, 75 T A3
) L LIS S P RE S AR AR . [ ik i Ak
FEAFHL N UAARLE B S MAE O BESEAN
TR A AN L) o) 7L

Bt A b 5 VA s 3 18] A 6 78 20 R AE VAR AL
BATCIIRE ST, MEVAERAAT 50k = 4% i ) H s
(I, AR H 5 RS IRAR AL S A S50 7 B
BRh Rz SR me LR RUIRES R AR LR A%
H SRR, AT AR RS HUR T 00 T B 78 o Mo R 4%
VAL S TR s R () S 4 RE . (A, AR
SRR T 125 7 AT AR LA R F A FR o4
SRIVAFURAS T LSS



25 RE VAL PR 250K 0 B Bl R 22 ) DAL SRS

- 53 -

5 £ip

Xt i Ll R T A e B 1D oK e 7 o0 R P L
BIATCIhEE 1, MECLHERRA 0 S L X H S b
PR, B 25 EE AT S B0 4 B B G e Ak
WM. B, HESEANES LM RES, o
M AN FE AT 00 WA S B0 8 748 T8 ThRs 14 1 52
M, Hk, HETIREISESHE LR R
SINFBEBMSE TR, 5B B A
TH AN HEIESEESINE PLEE . &5, @318
R R v T LI L R S ) ToTh s d AR Y, JE ik
7 B G AR b R4 1 SR I AR A 2 R . TS B A i
W

1) 2 T A ML & TC D i 3R 0A8 X5 i 3805
B, M 7 URARNUE AN S EON R AL A0 Dhi
REJIMSCm . 25 3R B RGN R AH AL A
KES LI O, K T4 1.7%H5ETT

2) FE T AL & TE T R ik RS i g
B, AT T URARNUA [ B R AR AR FE R AN R UG T
DX EANLE S TC Dhn E BE e . g5 R
FEL D L SRV B, YR ARATL B S o D 1 = Pl R R AR AL
FEEEIIE R, Jetf KJE0; B RARNLIILGTC )
P3N, JRAENLE A TC T A, B S e E
VN R E R IR TEIN, AL S T DA
B R B AR R 8 KM G K B AR ML 4R
THEOE/N, JEARHLAE AR T ThIg (a3, 4
HEARTC I 3G S A

3) 5 eI RIS B 2 B BRI R B H LAk g,
5 FLA M 1 A [R) HEL X R e ) P g sk e A 5
SRR . SR BRI A A SR m s R R A
AR D L) E2%, PGB A I B R A 7E £ 3% %0 €
L Y A .

B33k

(1] FE3E, FW2, BR/heg, 55 —Ffud T HVDC i XL

PRIEPEN B 36 Bk AR ()]. IR GRY
s, 2022, 50(18): 165-176.
WANG Ying, WANG Yalan, CHEN Xiaoqiang, et al. A
series-connected 36-pulse rectifier for HVDC with a dual
passive harmonic injection method[J]. Power System
Protection and Control, 2022, 50(18): 165-176.

(2] EBk FREE, I, 55 FEERTRZK HVDC
RGNS FRHE AR R I HT[T]. B RG RS S5 4%
1], 2021, 49(1): 17-23.

WANG Lu, LI Fengting, YIN Chunya, et al. Analysis of
asymmetric fault commutation failure in an HVDC

system with DC current variation[J]. Power System

[3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

Protection and Control, 2021, 49(1): 17-23.

THIO C V, DAVIES J B, KENT K L. Commutation failures
in HVDC transmission system[J]. IEEE Transactions on
Power Delivery, 1996, 11(2): 946-957.

MIRSAEIDI S, DONG Xinzhou, TZELEPIS D, et al. A
predictive control strategy for mitigation of commutation
LCC-based HVDC systems[J]. IEEE
Transactions on Power Electronics, 2019, 34(1): 160-172.
GUO Chunyi, LIU Yuchao, ZHAO Chengyong, et al.

Power component fault detection method and improved

failure in

current order limiter control for commutation failure
mitigation in HVDC[J]. IEEE Transactions on Power
Delivery, 2015, 30(3): 1585-1593.

Wi, FEX, TRK, & SEREAREGEERGER
G P R 425 ) SR A AT D], o [ L DR AR, 2019,
39(15): 4356-4363.

YANG Shuo, GUO Chunyi, WANG Qing, et al.
Coordinated control approach for UHVDC system under
hierarchical connection mode[J].
CSEE, 2019, 39(15): 4356-4363.
kiR, REKET, ZFRER, & ATkt VDCOL
2N B R GBS AR R WA ) S Rk (7]
TR GARI 5 H, 2020, 48(13): 63-72.

ZHANG Weichen, XIONG Yongxin, LI Chenghao, et al.
Continuous

Proceedings of the

commutation failure suppression and
coordinated recovery of multi-infeed DC system based on
improved VDCOL[J].
Control, 2020, 48(13): 63-72.

R, EHF, ML, % LCC-HVDC #ifaiik 2
RES A RIGHLEL A 5 I FE A )], o B AL T
TR, 2020, 40(10): 3163-3172.

LIU Xiyang, WANG Zengping, ZHENG Bowen, et al.

Mechanism analysis

Power System Protection and

and mitigation measures for
continuous commutation failure during the restoration of
LCC-HVDCIJ]. Proceedings of the CSEE, 2020, 40(10):
3163-3172.

VE3E, TRigag, MG, 55, JETHRME TR AR o) b
fEH) HVDC B (R AT R[], ARG RS
i, 2022, 50(7): 126-134.

XU Tingwei, ZHANG Haiqiang, LIN Sheng, et al. A
novel optimization scheme for HVDC rectifier station
protection based on an integral ratio of characteristic
harmonic current[J]. Power System Protection and Control,
2022, 50(7): 126-134.

AR, M, R, A RILERD IR AL f SR
RN, HFE A, 2017, 50(12): 44-50.

SHI Xiangjian, MOU Wei, HAN lJiao, et al. Research on

control strategy of large synchronous condenser[J].



-54-

W) R GRP bk

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Electric Power, 2017, 50(12): 44-50.

RIBF, BR, PAE%, & O RBOHAENUBRL S T
FE PR HI F WS PRI [I]. W HLTT, 2018, 37(2): 36-41.
WU Kuayu, FANG Le, LU Cencen, et al. Discussion on
coordinated control strategy for large synchronous
compensator and reactive power[J]. Zhejiang Electric
Power, 2018, 37(2): 36-41.

e, 2R REANIAME R HVDC HT AR SE 12 1 SRS
WFFE[I]. B HS, 2018(7): 16-21.

DANG Rui. Research on high voltage direct current voltage
stability control strategy compensated by synchronous
compensator[J]. Electrotechnics Electric, 2018(7): 16-21.
FU M, CUI C, WANG L, et al. Influence of excitation
parameters on the dynamic characteristics of the distributed
synchronous condenser[C] // 2021 13th International
Symposium on Linear Drives for Industry Applications
(LDIA), July 1-3, 2021, Wuhan, China: 1-6.

HESERA. §593%35 HVDC F&8H 2 AL It Be 70
[D]. WA/RIE: W&/RIEH T K2, 2019.

HE Yingming. Analysis of performance of synchronous
condenser in HVDC with weak system at sending end[D].
Harbin: Harbin University of Technology, 2019.

AR, HvE, 2, & BRBPIAHENL AVC i
RMEAFFE[T]. HPIHAR, 2020, 44(8): 3106-3113.
GONG Weizheng, XIAO Yang, XIA Chao, et al. Study
on AVC control strategy of synchronous condenser in
East China Grid[J]. Power System Technology, 2020,
44(8): 3106-3113.

DAI F, TAN F, JIANG M, et al. Characteristic analysis
and parameter optimization of synchronous condensers[C] //
2020 12th IEEE PES Asia-Pacific Power and Energy
Engineering Conference (APPEEC), September 20-23,
2020, Nanjing, China: 1-5.

XUHEY, ZEme R, XUHREE. & PHARMLI & R B 1% v
o I8 3k TG T P 1A 4% ) G B FL[D]. LR, 2020,
44(10): 3857-3865.

LIU Zengxun, LI Xiaofei, LIU Jianqin. HVDC converter
station reactive power coordinated control strategy with
synchronous condenser[J]. Power System Technology,
2020, 44(10): 3857-3865.

RAO B S, GOUDA P K, RAO S S, et al. Reactive power
control in hybrid system using fuzzy logic control[C] //
2022 International Conference on Intelligent Controller
and Computing for Smart Power (ICICCSP), July 21-23,
2022, Nanjing, China: 1-6.

A, AR, P, & AT — RN 2 A
3 JC Dy L P 1R A% ) R GO FL[D]. EL R, 2019,
43(8): 2961-2967.

[20]

[21]

[22]

[23]

[24]

LI Kai, SHAO Dejun, XU Youping, et al. Research on
coordinated multi-objective reactive voltage control system
based on new type synchronous condenser[J]. Power
System Technology, 2019, 43(8): 2961-2967.

TR, HBSHE, EAER, 45 B8N B R iR R
LI 55IE 5 A GL I TP SRS (1], B R G E B,
2020, 44(15): 172-179.

YUE Han, SHAO Guanghui, XIA Deming, et al. Reactive
power control strategy for UHVDC weak sending-end
system considering overvoltage suppression[J]. Automation
of Electric Power Systems, 2020, 44(15): 172-179.

LI Jianfu, LI Hui, XIAO Wang, et al. Assessment on
transient reactive power capability of a grid-connected
synchronous condenser[C] // 2019 22nd International
Conference on Electrical Machines and Systems (ICEMS),
August 11-14, 2019, Harbin, China: 1-7.

XIANG W, LIN W X, XU L, et al. Enhanced independent
pole control of hybrid MMC-HVDC system[J]. IEEE
Transactions on Power Delivery, 2018, 33(2): 861-872.
A3, KRR, XISCHE, & FET R ER BN
S i b 2 A R P A SR 0] HLRIEAR, 2014, 38(7):
1739-1745.

LI Qi, SONG Qiang, LIU Wenhua, et al. A coordinated
control strategy for fault ride-through of wind farm
integration based on VSC-HVDC[J].
Technology, 2014, 38(7): 1739-1745.
farge, 228, ZWM, . BT HEBRELN VSC_
MTDC HGFHRFEAGRIE]. ARG AL, 2017,
41(19): 95-101.

HE Yan, LI Zhou, LI Yazhou, et al. Power conversion

Power System

strategy of VSC-MTDC system based on real bipolar wiring
mode[J]. Automation of Electric Power Systems, 2017,
41(19): 95-101.

i HER: 2022-11-01;

&M@ HEA: 2022-12-31

EEEN:

* W1993—), F, MR A, ARG @A AR

ALt B4z 4], F LR A I AR; E-mail: cqubingo@

163.com

& ¥W1973—), ¥, Hit, 4, HEA SR, 22

R T @A KA ZEG BT EMELR G T W E, RAK
B AR ik wAIEH]; E-mail: cqulh@163.com

B4R (1993—), B, @4E4EE, Hd, BEMARR,

FRF T @ AFRIRABHEA, AP ekt 5424l E-mail:

xueweixiang@cqu.edu.cn

(%4 2. m)



