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Joint optimization of parameters of synchronous condenser excitation and step-up transformer
considering the stability boundary of the power system
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Abstract: Existing parameter optimization methods for a synchronous condenser (SC) to promote its dynamic reactive
power characteristics often focus on electromagnetic parameter optimization. This brings high technical requirements and
significant cost pressure to manufacturing enterprises. Thus a joint parameter optimization method for the SC excitation
system and step-up transformer considering the stability boundary of the power system is proposed, and its substitutability
of optimizing electromagnetic parameters is analyzed. First, the reactive power frequency domain characteristics of the
SCs are derived based on the Park model. By comparing it with that of the 6th-order practical model, it is found that the
Park model can enhance the accuracy of analysis of SC dynamic reactive power characteristics. Then the stability
boundary of the SC grid-connected system is analyzed, based on which the parameter optimization range is determined.
The frequency domain sensitivity method is applied to determine the key parameters, and the artificial fish swarm
algorithm is employed for parameter optimization. Finally, simulation results demonstrate that the joint optimization of
SC’s excitation and step-up transformer parameters can achieve a similar dynamic reactive power performance of the SC
by only optimizing the electromagnetic parameters. This validates the substitutability of electromagnetic parameter
optimization, thereby reducing the manufacturing cost of the SCs, and enhancing its scope for application.
This work is supported by the National Natural Science Foundation of China (No. 52077061).
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Fig. 8 Disturbed trajectories of SC under voltage dip

sl 2 BWE N =6s M AT A 8 T ThH
R 200 Mvar, FEC A9 KIHEIATE. &9 N
FEATHRSD N EARYLE T T S L

MIEL 8 FE 9 FTEAE e 1) SRBhITAGEE], ]
AR N RE NS [l HL e P A1/ T T3 in/ s/ JE 2h

77, BARIFMShATISCERE ) 2) mid i
WESH N E A AL S THE AR S5, AN AT
I AR SIS TC DR AT H R S Re T, FHES
FARACHT AN LZESR S AT TE T H ) S 3548 /PR
FH PR KT AR T RN 3) MR PR Ak 45 5 R i
AINLIISZ T, AT LAE HAANUE S T R 2
BOES AR BACRR . WM EIUAL 5 B AR
ML, TEH R BV 5 U363 5 R A M e sh
MRNLRE T, TCIAMRNGESE . JoThiin i EAR — 5. Bk
A D) BN 1 R KA TS 100 ms BAE], HLRL
SR N RARLF 3 TCTh H O 30.2 Mvar, B
A B VR FHALF 3 e Thiar A 30.0 Mvar, oI
IAHZE 0.7%5 2) Pish 2 RS &AE ST 100 ms P,
HESEAL J5 AN JC D N 6.7 Mvar,
B2 B RA N T Shi oA 6.6 Mvar,
THETIVERR AL, T AU ZE 1.5%.

=37 1
5 st
2 Y
& -7+

79 L L

1.026 ¢ —o— Ak

VAARML LR+ THE AR I ERA L

El — AR UL+ THE AR I A AL
2
2
=)

600 602 604 606 608 610
I} [#)/s
E 9 BERAM T IEEAZ T
Fig. 9 Disturbed trajectories of SC under voltage jump

gr b, AU R S AR R 4% BT A 1
AL TC Tl HELL G 2 4R A A S 2 B 25 I HS 5 H
WS B R TCTIPERE, AL, TS0 il
RGN 2 B & U B AR #E S B A
A, AT BEARS AH DL G S B R R ZEK, $2TF
VRAHATL A AR B A

5 &5E

AIHET Park B AT [ RARBLAIZh AT
et AECT DA e AR LA B A HE A 1
HOEHES T Park MR [FERAHMLATE D) A
i K FRIEN, R SIAET 6 Hirsg s
T Ko #EATXIEL, ATRUABL: #E 50 Hz LR 91K
PRBLPT AR (R JE T BRF SR — B, £ 50 Hz
PAESRB N —FH A ZEROR, UHIRHA] Park 7 7 i
[F) 2 R AR AL B A To T R s LA



B, %

58 R Gk A RS AR UG 5 T AR S Bk A Lk - 53 -

NIRRT AP SIS e Th ke, B T %
WEORH S BT R O A B BT x] %K
ERBUIN . SRR A= R, KRN LS5
X!y T L (G L AN A s 11 B R
SRR 5 S, AR AL 2
R EAETT S UGBS HCT
MEhA LIRS, SRR RLAN T EAZ
BREMACTTE . SRR, LA T AR 2 Kk
et TSEELS S SRR IE B A AL
TCDIMARLRE 7o PRI, AT il 2 e AN AR I 2
ZHIBE IS RS H I, TR
TR AL RE 2 B0 TN R ZESR BLR R AR LA ) 38 ok
A, ARTIRBE TR R -

Mis% A
BB SLLFE, AN o=1, WESL(1).
QAT F7 KA, A5

U,=s(—x,1,+x,1, +xadID)—(—xq1q +xanQ)—rId

(AD)
U, =s(=x1, +x, I )t(=x, 1, +x,0; +x,1,)—r],

(A2)
U, =s(—x 1, +x 1, +x,0,)+ 11, (A3)
0=s(=x,1, +x 1, +x1,)+r1, (A4)
0=s(=x,,1, +x,1,) +1,1, (A5)

H(A4). KA

S X
I=—" (I,-1

b S_XDHD(d r) (A6)

S-X

I,=—"—1

? S Xg 1 ! (A7)

XTI U, =U,siné~0, U, =U, cosé =
U, U =x1,+U, #%KX(A6). ATRAN(AL).
XA PH/RNL - LRT I URRIER.

B (s xq +rQ)[(r—s-xk)ld —S-U]

I 2 (A8)
! (s> +1)-M(s)+ N(s)
I =fid,1(s)'[d +fU,1(S)'U (A9)
/\qj
M(s):—s-qu+erq+s-quQ
N(s)=s-r(r, +5-x5)
—r+s-[ S Xy —deﬂ- (r=s-%)- M(s)
S Xy 7y (s> +1)- M (s) + N(s)
fid,l(S):

-M(s)-U
- 1][(52 +1)- M (s)+ N(5)]

& X NN E, = (x,, up)/r » BIERAL A
(A3). R(A6). (A

S Xy

fU,l ()=
N

S Xy + 1,

E; = [42(9)-1,(s)+ fio(9)- U (A10)
Hor
fid,1(s)+ X .fid,l:S)—S Xy .
fid,z(S)Zxad .

s* a1 = £, (5)]

r(s-xy+1y)

2 2
S X, S
w JuaC )+

fu,1(s)_
fo(s)=x r(s-xy+1y)
U2 ad S'xf'fU,l(S)
I

Fi 2 (A10)E R g B TR 30 E (@) BT,
B2 AL, 5 AU BIfEIERECN
_ F(s)+ fi,(s) A

;= U (A1l)
Jiaa (8) + F(s)x,

R

(17 Fel, hRAE, B, & miEmelie ) 24

HA R AS E M A LM RV )]. ARG
3, 2023, 51(5): 47-57.
QI Jinshan, YAO Liangzhong, LIAO Siyang, et al. Online
probabilistic assessment of static voltage stability margin
for power systems with a high proportion of renewable
energy[J]. Power System Protection and Control, 2023,
51(5): 47-57.

[2] LI Botong, ZHENG Dingchuan, LI Bin, et al. Analysis of
low voltage ride-through capability and optimal control
strategy of doubly-fed wind farms under symmetrical
fault[J]. Protection and Control of Modern Power Systems,
2023, 8(2): 585-599.

[3]  ERME, WIRT, PIE, 5. 4RI BE W At A
7R ERE I DCSS IR E[J]. B RGIRY S1H,
2023, 51(6): 179-187.

WANG Zhiwei, ZHANG Zhenyu, LI Zheng, et al.
Optimized DSSC configuration to enhance load-carrying
capacity of the new energy grid with high permeability[J].
Power System Protection and Control, 2023, 51(6): 179-187.

(4] EREF, W, mEE, & BEXAEHLATLIE

AR R 37 T T R I 4 ) SRS 0], PR R GE IR S
2022, 50(24): 83-90.
WANG Yaoxiang, DAI Chaobo, YANG Zhichang, et al.
Voltage control strategy for a wind farm considering the
reactive capability of DFIGs[J]. Power System Protection
and Control, 2022, 50(24): 83-90.

[5] LUND T, WU H, SOLTANI H, et al. Operating wind
power plants under weak grid conditions considering
voltage stability constraints[J]. IEEE Transactions on Power



-54-

W) R GRP bk

(6]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

Electronics, 2022, 37(12): 15482-15492.
HHTRG, 246, Zhh, & HT ook I s se iR %
BRI AR R G B UG T, AR ER, 2023, 40(10):
35-45.

TIAN Xincheng, LI Hua, YAN Kun, et al. Estimation of
utility harmonic impedance at grid-connected new energy
field stations based on improved Bayesian methodology[J].
Distribution & Utilization, 2023, 40(10): 35-45.

LI C, HUANG Y, DENG H, et al. A novel grid-forming
technology for transient stability enhancement of power
system with high penetration of renewable energygy[J].
International Journal of Electrical Power and Energy
Systems, 2022, 143: 108402.

BRrE, BRiE, 228, . 5T PCA-PNN-LVQ 1
HH R RV P B VR HE R T VR (D). A, 2023, 40(7):
48-56.

YANG Zhennan, CHEN lJinchang, LI Xinchao, et al.
Identification method for voltage drop disturbance
sources based on PCAPNN-LVQ[J]. Distribution &
Utilization, 2023, 40(7): 48-56.

ALAM M R, MUTTAQI K M, BOUZERDOUM A.
Characterization of voltage dips and swells in a DG-
embedded distribution network during and subsequent to
islanding process and grid reconnection[J]. IEEE
Transactions on Industry Applications, 2018, 54(5):
4028-4038.

FWom, ZEE. FB RV REE]. T E LT
TR, 2023, 43(15): 6050-6064.

GUA Qiang, LI Zhigiang. Summarization of synchronous
condenser development[J]. Proceedings of the CSEE,
2023, 43(15): 6050-6064.

FH%E, FLR, IMER, F. BETZEERIIKFE
H AN E RS E B POR TR I] RIS A,
2022, 59(1): 99-105.

WANG Jihao, WANG Andong, SUN Fuchun, et al. A
step-by-step identification method of synchronous condenser
electrical parametersbased on alternative iterative
optimization[J]. Electrical Measurement & Instrumentation,
2022, 59(1): 99-105.

HADAVI S, MANSOUR M Z, BAHRANI B. Optimal
allocation and sizing of synchronous condensers in weak
grids with increased penetration of wind and solar
farms[J]. IEEE Journal on Emerging and Selected Topics
in Circuits and Systems, 2021, 11(1): 199-209.
MARKEN P E, DEPOIAN A C, SKLIUTAS J, et al.
Modern synchronous condenser performance
considerations[C] // IEEE PES General Meeting, Detroit,
July 24-29, 2011, MI, USA: 1-5.

FRE, HARA, 6, & BB ER AL SR B AR
LBt ). o TREROR, 2020, 39(2): 2-9.
CHENG Ming, TIAN Weijie, WANG Wei, et al. Review
on key technologies and latest development of new
synchronous condense[J]. Electric Power Engineering
Technology, 2020, 39(2): 2-9.

ZER, WY, EEE, & REEH AN,
AREFRERABTT]. KENLEAR, 2017(4): 15-22.

LI Zhiqiang, JIANG Weiyong, WANG Yanbin, et al. Key
technical parameters and optimal design of new types of
large capacity synchronous condenser[J]. Large Electric

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

Machine and Hydraulic Turbine, 2017(4): 15-22.
2N, MZE, WERE. PukshA R [F 2 AEAL
BNA LR RIGIGUE[]. o E AL TSR, 2019,
39(23): 6877-6885, 7101.

LI Zhiqiang, CHONG Zhiyi, HUANG lJinjun. Test
verification of dynamic reactive power characteristics of
fast dynamic response synchronous condenser[J].
Proceedings of the CSEE, 2019, 39(23): 6877-6885,7101.
NI, HERR, TRAFH, 55, BB AL E) &S
HERESHEEMNRA]. B ETEE AR, 2023, 39(4):
91-98.

SUN Shuangkui, SHI Junjun, ZHANG Cunhao, et al.
Adaptive optimization of dynamic performance parameters
of the new-type distributed condenser[J]. Power System
and Clean Energy, 2023, 39(4): 91-98.

MA Yiming, ZHOU Libing, WANG lJin, et al. Analysis
for influence of novel synchronous condenser access on
dynamic process of UHVDC transmission lines[C] //
Global Energy Interconnection and University Innovation
and Development Forum, September 26, 2018, Jinan, China.
VREER, i, WA, & RS EARBLURREE & LS R R
X ENAIBATRAERIREMAT]. bl K524 (8 AR
221, 2018, 45(6): 52-58, 67.

XU Guorui, LI Xuan, PU Ying, et al. Influence of
resistance of excitation winding and damping winding on
dynamic operating characteristic of synchronous
condenser[J]. Journal of North China Electric Power
University (Natural Science Edition), 2018, 45(6): 52-58, 67.
£, AR, E3ERE, 55 AU R S S5
AT FE[T]. LS53R, 2022, 26(2): 102-110.
FU Min, CUI Cancan, WANG Luyao, et al. Parameters
optimization model study of excitation system of
distributed synchronous condenser[J]. Electric Machines
and Control, 2022, 26(2): 102-110.

BLLME. shasi ARG BRI M]. Jbat: 5%
K2 iR A, 2000.

KUNDUR P. Power system stability and control[M].
New York: McGraw-Hill Companies Inc., 1994.

hedn, ML, BAUH. — AT E Y BRI S
A B BERIET]. R LRI 55, 2002(11):
32-38.

LI Xiaolei, SHAO Zhijiang, QIAN lJixin. An optimizing
method based on autonomous animats: fish-swarm
algorithm[J]. Systems Engineering-Theory & Practice,
2002(11): 32-38.

IiS HER: 2023-11-19;

{&E HEA: 2023-12-22

EEET:

BERE W92, *, W, %, AT @ APFERER

W, ) A G #EAR S 547; E-mail: xueping_pan@163.com

# —1998—), F, MEHARL, HARF AR A

AP FAMACR I %); E-mail: xu-yi@hhu.edu.cn

RN (1992—), §, @15k, i, SR, A

2
3

RACQAFAEE N Z AR S A 424 . E-mail:
jinpeng.guo@hhu.edu.cn

(R F R



