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Optimization strategy of condenser excitation control parameters under DC blocking faults

YUAN Tianrun, LI Fengting, YIN Chunya
(College of Electrical Engineering, Xinjiang University, Urumqi 830017, China)

Abstract: To address a transient overvoltage problem caused by DC blocking faults, an optimization strategy of the
excitation system control parameters of the condenser is proposed. First, a transient voltage influence factor is introduced
to quantitatively analyze the influence of the reactive power output of the condenser on the transient voltage under a DC
blocking fault, and based on the transient characteristic analysis of the condenser, the influence mechanism of the
excitation system control parameters on the transient reactive power output of the condenser is clarified. Secondly, the
quantitative relationship between the dynamic reactive power output and transient overvoltage of the condenser under a
DC blocking fault is established, and the relationship between the transient reactive power output of the condenser and the
excitation control parameters is quantitatively analyzed. An optimization strategy of the excitation system control
parameters for suppressing the overvoltage is put forward. This can realize deep mining of the condenser’s transient
reactive power regulating capability under a DC blocking fault. Finally, an AC-DC hybrid system with a condenser is
constructed on the PSCAD simulation platform. The simulation verifies that the proposed excitation parameter
optimization strategy has good transient overvoltage suppression capability.
This work is supported by the National Natural Science Foundation of China (No. 5236070148).
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Table 1 Typical excitation control parameters
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Fig. 2 Comparison of the reactive power surplus of the sending-

end system before and after the addition of the condenser
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Table 2 Short-circuit current, short-circuit capacity and

short-circuit ratio of the sending-end system

under different schemes
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Fig. 3 Condenser excitation control system
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Fig. 7 Transient reactance equivalent circuit diagram

H EiR s (7). (@®). AR (6)r]
R, O EAALTIS T A S P R R A i L )
HITHERESH
0,Ux
0, —W—
(Um—UC)UC{ S 4 Un U jUN
U, X, +X,, —-X,
U,
S Bt S RS R AL S L
Dh e, R AR AL A = (16) TR
Uy =0X, (16)
3.3 HHEN R E S NI IR
TEG BRI T, ANFES e SR
T R AE, B e E A RE R A
BRI L S, @ AL 5
BT HIENEREXRAGENSEN S, A EE
HEAIALEEAT St DR E I, 456 30(15). 2(16)
P& — AR AR DL G ) S R s . AR R
AS)SHAARNEHAT B e it 5, DI ESRIER
Jah R R R G e Dhi A, RS R (16) TR
(R A AL Loty R B 2 b A T TR I sh & 25 R
V!, IEFIRIE PR R R AME RGN TR
FEHIHEE U 8 Frm . 2 HIAE B x® B2 3L
AR T, N/D B SO N BR Do SR
KR RS U, BRTIRANEE S %M
Ve FARERINLEE N 3%k A B A
W, b RERIEE ST B ER KA, HEH
FIT 6 I (A R A AL L FL S, K A A B AS R S5 E
V!, S mEr R AU L R AT b, HEE
2238 PID ¥R JAlRE A 1 25 A1 IR IR AT 4
HiEHIE S, WIEdE S 5 B R AL RS
5 F,MEA, B R o R
T TR B T XS N () ol R H S SO VR AR LA Lo
JEFEXE RGUHAT — 2 T DA
B R AR S, AL S R &S AL
KA 3 AR, RESIREE B, S
RAT R, LRGSR B SRS, YRE
1 s KA PSR, P ZE RS 2 A AR LLE B AR

(1s)




- 130 -

W) R Gy B

PN EC N csillh o ki oy da Y SR S Ul
FFEEIFIA K2 20 ms, PRJEHENE BB MBI
B FF BRI IR) Dy 0.2 s o 32 i SR B 1R B2 42 4 1 AH AL
PRI A L R B RE 7, B RBRIRAS TR IR A AL B
A L R S N B AL

vl

AR

8 BT HISREE I3 B0 R R A HIAE

Fig. 8 Block diagram of excitation system control

after adding the proposed strategy
4 HEIE

i PSCAD V& #5885 FAHBLI A2 BRI
RYGE, WEAHNLRRE S B0 SN 7E 8 250 L
il Hh R R FEATBRAE, BL 300 MVA AN G, 2
Hn#k 3 fros.

3 RS
Table 3 Condenser parameters
ZH Bl ZH A
e TN Z/Mvar - 300 HhE S B /pou. 1.505

HIE HLIRT/KA 8.66 HHE AR Up.u. 0.124
e HLR/KV 20 HHUCE AR Upu. 0.104
BUE B Hz 50 | AKX EPHE TR PU/pu.  0.0025

NIAE R A SN, KB 4 HEED N
300 Mvar. 400 Mvar. 500 Mvar LA}, 600 Mvar ]
ML, BEEWSMASAT 1s B REERABK
R, FELERS 20 ms JE R AALTERE, JEP AR T
[B] 278 200 ms, WEERFEER AN 0.2 s, 5L
B G BFER B 250 W R 5 ARALIC DOt 7793 31 o 1]
9. KB 10 A . PRALHT G Heif BEGe i fUE A
[F 25 = WANLCID H Juxt tbingk 4. £ 5 k.

% 4 nThn, v AT JE B B2 B s it
FE AL 350 Sy i o e A 1 1) 327 25t vl P P e KA, G
A AARALHT I PR 2250

H#& 5 aTLUE W, AN 53R v tRAGHT
Je VEARAL i B TR 7 1 P34, AR Ak & ek
I

K 9 &3k 4 vLLEH, TEMAMRARIE S, A
[) 25 LA AL 8 2 L PR 8 0 AT 25 43 2142
Tt A0S A AR BT IR AR AR
JERIE AT R ET VR H, HEEEBERL
EREFAE 0.029 pu.bh b, ARALRIAE. .

435
5 —— Ak
- — s
=
2
J@ 420
o
o
j2ag

405 L 1 1 L 1

1.02 1.05 1.08 1.11 1.14 1.17 1.20
B A /s
(a) 300 Mvarifi AHAL Ve AL R 5 BE 2R T 250 H R X L

425
. ——— ekt
= —— A
=
5
& 40p

I
22y
395 A s . .

1.02 1.05 1.08 14|11 1.14 1.17 1.20
W 1A]/s
(b) 400 MvariBFHHL Vet AL HI 5 BR 2R 255 L B bl

420
A
Z AR
5
]
2 400l
5
o
ot
j2ag
380 . . . . .
1.02 1.05 1.08 1.11 1.14 1.17 1.20
i I () /s
(c) 500 MvariFAHHL Ve VoA BT 5 BEZ 8 A5 o R 5T Ed
410
A
; —fhiE
5
=
B 395}
+a
<L
g
B
380

1.02 105 108 InT 114 L7 1.20
I 1)/
(d) 600 Mvarifl FHHL VoA HI J5 BEZR T 25 1l RSt
E 9 TEREFEN VMU FEESLRE
Fig. 9 Transient overvoltage at bus before and after optimization

of Ve for condensers with different capacity



SEHIE, 55

JSE%0F LI PR e 1 VR AR AL e i S B DA s

- 131 -

-200
A
5 WAL
>
=
’5 -275+
=
z
=
-350 . ! 1 1 !
1.02 1.05 1.08 1.11 1.14 1.17 1.20
W [A]/s
(a) 300 Mvar il AHHLAR AL AT 5 H I35
-225
A
5 WAL
>
=
.R
7 -325f
_E
=
=
-425 - - - - -
1.02 1.05 1.08 1.11 1.14 1.17 1.20
i 1)/
(b) 400 Mvarif HIHLILALFT 5 H 10 H
-225
WAL
5 HALIE
=
’;; =350}
=
=
=
~475 . . . . .
1.02 1.05 1.08 111 1.14 1.17 1.20
BEEIES
(c) 500 MvarifAEHLARAL T 5 3% b
-200
A
5 WALF
>
= 300}
.R
E=
2 400!
£
JiEY

SNer 105 18 Ll Lid L7 120
R A/
(d) 600 MvariE FHHUIL LT IS i Jx] He
E 10 TREIEEFEN V. MUFIEE XL
Fig. 10 Comparison of output before and after V¢ optimization

for condensers with different capacity

HE 10 &3 5 TLLE H, AEEE RV
AT J5 HR RE W B 2 0l R HE T K 11k RE, ik
B R AL 2 1A s R, HEEE AL
HEAW LT, RACEEAWIE N, SR E
N 75 Mvar.

5 EiR#EgE 5, RE 1s R MBIT
F, PR E )y 0.2s, M 300 Mvar JEAEAL

PRALHT J5 5 oA JE Dl B0k 2 25 i v PR 4] 80UR
XFEL G 11 F3E 6 Fis.
R4 Vo MUBTEREE ST BENEE
Table 4 Comparison of bus transient overvoltage before

and after V,.; optimization

LiLitkilkss sl Pt v E/p.u. A&/
O,/Mvar . N
MVA PALHT HALSE pu.
300 600 1.255 1.220 0.035
400 600 1.223 1.188 0.035
500 600 1.194 1.162 0.032
600 600 1.171 1.142 0.029

RS Vi MALRHTFIHEHLLE I3 EE
Table 5 Comparison of condenser output before and

after Vi optimization

PN 2/ PEFIHLH 71/ Mvar flitb &2/
O,/Mvar — -

MVA R g Mvar
300 600 232 286 54
400 600 269 331 62
500 600 208 368 70
600 600 31 396 75
1231 ABLIRALA] —— STATCOM

4 WAL SvVC

2

]

2

b=t

Xa

'5‘3]]

E7
1.17

102 1.0 1.08 Il 114 17 120
WA R )/
E 11 BERASEE T RENRIE RS i
FTInMEEERIEER
Fig. 11 Comparison between synchronous condensers and other
reactive power compensation devices before and after

optimization under DC blocking faults

* 6 BERAPEIEE R FLEE

Table 6 Sending-end converter bus voltage under

DC blocking fault
1 s W e I BEER AN HE o
EIERE e Wlpa,  ERL
MR E 1.000 1.490 0.000
Y 1.001 1.265 0.224
STATCOM 1.006 1.291 0.193
AL FT A ARHL 0.986 1.255 0.249
Ak 5 AL 0.997 1.220 0.267

BRI A G, AFETIAMER B A
LR HRREAT 1 B0, B 11 W RAE . B



-132- B 2GRy 524

HMEREE A, STATCOM Wi m, EMHKT SVC
FoA I RN RO E L, SVC X E AT IR
AR AR B 22, PR AR LT 1) 3R
i, & 6 nTLAEH, RAE AL &N
0.267 p.u., RAGERK, FHILALTETHIHI &S T
£50.02 p.u., HESITHEHERE.

EEFM, 300 Mvar AL B S50,
MRALHT 5 ELIR FR -5 L T el b 12, B
13 fiose

3

AT

< —fifE

=

B2

Bt

5=

=4

O L n n
0.5 1.5 2.5 3.5 4.5

I [)/s

12 Vi R BIEERMERER
Fig. 12 DC side DC current before and after V¢ optimization

600

Z

2 LAy
ERE — iR
ES

o]

= 160

BS

2

._60 1 1 1
0.5 1.5 2.5 3.5 4.5
i ) /s

13 Ve MBI ERMEREE
Fig. 13 DC side DC voltage before and after V,; optimization

T EARYL 5 AR S B B R
AR BLHER AR, BTELRA 300 Mvar AR A 5 0
SMALRTIG V,, R E IS B A2, A 12,
B 13 W RAFE H P Bl e 1) AT A 24 - I i
FAMLE B HLI S ELIAL R IS TE R M, e P S 3 ]
DAL m B R BRI R B RS 2 kA 24, 2
THT RGO BRI SRR R RE S, BT S
TEPRBA HARSHUA 500 kV. Z5 LATIR, 17 HEE
TR T2 R AL 098 70 SRTHRARALA
HE A IR AR, HAE— IR bRgsd
THEL N RGeS T B B IS B R R T R

EEVAR
5 £ip

PRI A i s AL R B e, 7 AR S
R R R G R Efdr, IR RS

A R T D SR A R AN R A . RARKIL

ANJF]T STATCOM. SVC S TIAMELE, TEBRN

oD SCHETT T BA HAR LSS . ASCNRAENL S

HHLHIERERRRAT, KR T ABHEE T

NI ) SRS R N FERR R, 15

LU
(1) HE 2 L PR RR T SR ARG DA M 5 Hi

BRI R IR R, e T —Fmd i T

P B e A1 o 3 A T F s ) IR AR AL R s ) 2R

ZHAATNE, AL EEAUGET T R 0.029 pu.,

AR R, HAHELT SVC. STATCOM HEik 2

SRR A I H R A K
(2) P SR ms AN RE A R AHHLAE 2 2 AN AR ) R

S NIKBIE R Jy, SRTHHANE AT R R

PERE, IEREA RN ELFLN ELIR A it S H s A g s

VRIS 1) P S 2, {66 P o B BRI B RS e IR
(3) 3L FH PSCAD B 57 2 AR BN A2 B

TR RS, 5Ebr RAAFERZUNE 6 BT

ARSI BRI FE AR AKAE 1.0 pu), PARBLLE

BT AR A 2 20 — 72 1 I R AR (9] v A S0

Wi E T oA S I e SR L S AR, X sy

SEERE, B RAG R EBREE .

AR SCMFAHBL R AR T A E AR AL SR, R RS

HRESIEIATOI, a8 e S i e

HWHHNL S REREAT T TT .

&3k

(1] Z=%E, #9E, B%E, % Wkl&EERRR G0

SR 5 SR T R P SO ] ) RGURY R
], 2024, 52(6): 109-119.
LI Kuan, HUANG Qiang, LU Xuebin, et al. Enhanced
extinction angle control for subsequent commutation failure
mitigation in HVDC system[J]. Power System Protection
and Control, 2024, 52(6): 109-119.

(2] R, BREOR, MM, & R T HEN AR

L 1) 450 AR 2% IS0 1) SR B [T]. BB D R GRS R,
2023, 51(1): 165-175.
CAO Shankang, WEI Fanrong, LIN Xiangning, et al. A
commutation failure suppression strategy based on adaptive
voltage limits[J]. Power System Protection and Control,
2023, 51(1): 165-175.

(3] sk, e, FNE, & AR BERES
Hoor ik o B A R RS AL 23 AT 0], R T, 2024,
52(3) :71-79.

ZHANG lJianpo, SHI Maohua, LU Yajun, et al. Influence
mechanism analysis of DC control parameters on transient

voltage of sending system under commutation failure



SEHIE, 55

ST FEL A P A3 A XD 8 AR ALl il 2 ) 2 E DA SR

- 133 -

(5]

(8]

[10]

condition[J]. Smart Power, 2024, 52(3): 71-79.

XWET, RPN, XIAPE, 55 T RGBT
HIE N RGE A BEVEG[T]. B RG R 5%
1], 2023, 51(23): 71-81.

LIU Haoyu, LIU Tingjian, LIU Youbo, et al. A method
for evaluating transient overvoltage of an HVDC
sending-end system based on a graph convolutional
network[J]. Power System Protection and Control, 2023,
51(23): 71-81.

TR, FMETR, B, 5. R8I W 5w L
AE VR B O B R 22 S PR A AT (D). R EER, 2021,
45(12): 4641-4649.

SHEN Zhengwei, SUN Huadong, TANG Yong, et al.
Analysis of cascading failure differences between traditional
AC power grid and high-proportion new energy Power
grid[J]. Power 2021, 45(12):
4641-4649.

BRE, S, WET, . m AU AR B ACE
A RS SR8 5 R E FEALHLEL[D]. PEE
HLLAR 4R, 2020, 40(9): 2745-2756.

MAO Anjia, MA Jing, KUAI Shengyu, et al. Evolution
mechanism of transient and voltage stability for power
system with high renewable penetration level[J].
Proceedings of the CSEE, 2020, 40(9): 2745-2756.
INRIL, AR, XURE, %, G5 H ) B 0K RULAIG HL %5
R B R A L 7 24 LS A M 0], o [ R A
2E3R, 2021, 41(14): 4777-4786.

SUN Dawei, WU Linlin, LIU Hui, et al. Effect of the low

voltage ride through characteristics on PMSG terminal

System  Technology,

transient voltage in
Proceedings of the CSEE, 2021, 41(14): 4777-4786.
XFNE, FEHEIR, RE, & BEIRHBAH RO XU A H
HLARF MR KAl i EAIHI[T]. D RF A BhL,
2022, 46(8): 29-38.

LIU Qihui, DONG Churan, WU Yong, et al. Characteristic
description and transient overvoltage suppression of

doubly-fed wind turbines with LCC- HVDC commutation

weakly-synchronized  grid[J].

failure[J]. Automation of Electric Power Systems, 2022,
46(8): 29-38.

X, . B RIS R G T R A R
ZAELRIIFM[I]. HEE T, 2022, 55(2): 152-158.
LIU Hui, WANG Kuo. LVRT reactive current index of
renewable units based on the constraints of transient
voltage[J]. Electric Power, 2022, 55(2): 152-158.

TERAl, xal, MEETT, S5 KU 2R R T X
XU HL B A% R 4 A I R B s e K 2 Ak
[7]. HLRIEAR, 2021, 45(12): 4612-4621.

WANG Xichun, LIU Chun, LIN Weifang, et al. Influence of

[11]

[12]

[13]

[14]

[15]

[16]

wind turbine fault ride-through characteristics on transient
overvoltage of large-scale wind power DC transmission
systems and parameter optimization[J]. Power System
Technology, 2021, 45(12): 4612-4621.

JOtUR, T, mEE, S B BRSO REE )
AL 2 B H U 0 A HE T S 0 R[] T D,
2021, 54(10): 38-45.

FAN Shiyuan, YANG Heya, XIANG Xin, et al. Derivation
and comparison of modular multilevel converter topologies
with DC fault ride-through capability[J]. Electric Power,
2021, 54(10): 38-45.

Fewt, whiR, sk, 55 KCHUBX R EAMNE RS AR
PRI BT I8 3 ARG R SRR (7). FE L ROR 4R,
2019, 34(19): 4108-4118.

LUO Yue, YAO Jun, ZHANG Tian, et al. Coordinated
control strategy of large-scale wind power generation
system under mono-polar block fault[J].
Transactions of China Electrotechnical Society, 2019, 34(19):
4108-4118.

FAIL, 29, xRS, & ETHERBUENEST
LR B B Ak 42 I [J]. B TR AR =R, 2021, 36(9):
1888-1900, 1913.

WANG Changjiang, JIANG Tao, LIU Fusuo, et al.

Two-stage optimization control of transient overvoltage

sending

based on trajectory sensitivity[J]. Transactions of China
Electrotechnical Society, 2021, 36(9): 1888-1900, 1913.
fkat, T, BT, SF BRASUE IR R A Y
AR E R SRR BT I B L H R 324, 2020,
35(17): 3714-3726.

ZHANG Yan, DING Ming, HAN Pingping, et al. Study on
the transient stability and control schemes of the
sending-end system involving wind power after UHVDC
block[J]. Transactions of China Electrotechnical Society,
2020, 35(17): 3714-3726.

w1, TAL U, A AN S BT
0 T M 2 BB A AR v e 52 LA R I o S P 8 LR ]
LA, 2018, 42(7): 2095-2102.

JIN Yiding, YU Zhao, LI Mingjie, et al. Comparison of
new generation synchronous condenser and power electronic
reactive-power compensation devices in application in
UHV DC/AC grid[J]. Power System Technology, 2018,
42(7): 2095-2102.

Mezelle, sk E, ST, 55 ARSI LMK E
Xof L 22 e A 5 32k i 4 2 1o LS P41 ) 285 SRS B
U] A S-S LML, 2020, 41(4): 116-122.

LIN Anni, HUANG Yongzhang, LIN Weifang, et al.
Comparison of suppression effect of different dynamic

reactive power compensation devices for transient



-134 -

W) R Gy B

[17]

[18]

[19]

[20]

[21]

[22]

[23]

overvoltage caused by HVDC system faults[J]. Power
Capacitor & Reactive Power Compensation, 2020, 41(4):
116-122.

PU Ying, ZHONG Qidi, LI Xuan, et al. Influence of
synchronous voltage stability of
HVDCIC]// Power & Energy Society General Meeting,
2018, Portland, OR, USA: 1-5.

REAHE, XISCH, BRpp, &, BT RMANS svC iR
R0 1) vy S T 9t 226 s RUATL B P ) 422 o) SR [J]. "0 B
LA, 2021, 41(6): 107-115.

ZHU Liping, LIU Wenying, SHAO Chong, et al. Control

strategy of suppressing wind turbine tripping based on

condenser on

coordination between synchronous condenser and SVC in
sending-end network of HVDCIJ].
Automation Equipment, 2021, 41(6): 107-115.

XIAO Fan, CAO Kan, TANG lJinrui, et al. Study on

coordinated multi-objective reactive control system of

Electric Power

AC/DC power grid based on new-generation synchronous
condenser[J]. Energy Reports, 2023, 9: 2140-2148.

ZHU Hongchao, ZHANG Jie, ZHANG Yin. Startup control
strategies for pre-fabricated synchronous condensers using
static frequency converters[J]. Journal of Physics:
Conference Series, 2024, 2708(1): 1-9.

FRENE, d L, R, SE BT RASEINS )
WrREIE Il oA O AU B ARG E BT[], REOR
2024, 48(10): 4185-4195.

ZHANG Jianpo, MENG Fan, WU Linlin, et al. Research on
distributed condenser capacity configuration of new energy
field station based on the weighted proportion of electrical
parameters index[J]. Power System Technology, 2024,
48(10): 4185-4195.

ZHAO Mengyang, TANG Xiaobo, WANG Yu, et al. A
new site selection method applied to Synchronous
condenser’s suppressing transient over-voltage at the
sending end of new energy resources[J]. IOP Conference
Series: Earth and Environmental Science, 2021, 632(4):
042013.

MW, AR, IR, 5. ST m HE e ik
R DR 2 L 22 A TR AR DL AR AL B SR s (7] LR K
2R (L 2EAR), 2024, 54(2): 174-182.

YANG lJingang, SHI Zhenjiang, HE Chengming, et al.

Optimal configuration strategy of condenser for improving
short-term voltage safety in a sending-end power grid
with a high renewable penetration level[J]. Journal of
Shandong University (Engineering Science), 2024, 54(2):
174-182.

Fig, XK, TR, & HRABEIERESTH
JE 57 KL R 2 A [1]. BREOR, 2016,
40(10): 3059-3065.

WANG Feng, LIU Tiangi, DING Yuanyuan, et al.

Calculation method and influencing factors of transient

[24]

overvoltage caused by HVDC block[J]. Power System
Technology, 2016, 40(10): 3059-3065.

ZE, MZE, BEE. Pl hESm RE AR
A TIRERIR I UE]. o E LR R, 2019,
39(23): 6877-6885, 7101.

LI Zhiqiang, ZHONG Zhiyi, HUANG lJinjun. Test

verification of dynamic reactive power characteristics of

[25]

fast dynamic response synchronous condenser[J].
Proceedings of the CSEE, 2019, 39(23): 6877-6885, 7101.
R ZEHWH I RESEAT A HUR DL R
Fm K EAE S B E (M. JbRt: AUk T
A, 2004,

¥d%. BraeiR F B LR T LR R AR e YE R BT T [D).
Jent: b IR, 2023.

YANG Xin. Research on enhancing the voltage stability of

[26]

[27]

power grid by motor-generator pair[D]. Beijing: North
China Electric Power University, 2023.

YrFs BER: 2024-03-07; f&EIHHE7: 2024-10-04
fEEE -

FLEIE (1999—), B, MEHRLE, HLHTAHXALA
W AR S ERS A AI ], E-mail: 321247476@
qg.com

FRGE (1965—), %, @EHEH, HE, 8k, HRH
MATHARBINARGENFE 4
xj1ft2009@sina.com

FHT (1994—), F, H+, gl#dt, HEFTOH4F
PO 5] 37 66 TR BEA G A AR IR B, M AL IR AT 5 4 4K
E-mail: 1399132297@qq.com

E-mail:

(¥ B eH)



