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Research on Improvement of Anti-bird Damage Protection Strategies for Capacitor Towers
Based on Frequency-domain Feature Analysis
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Xi’an 710049, China)

Abstract: In view of the issues that the unbalanced protection of filter capacitor towers in converter stations of high-
voltage direct current (HVDC) transmission systems is susceptible to bird-related disturbance, and that traditional
physical bird-deterrent measures lack long-term effectiveness, in this paper the fault mechanism and identification
methods of bird-related disturbance are investigated so as to enhance the operational reliability of protection system
under complex environmental conditions. The differences in the generation echanism between internal faults within
the capacitor towers and transient bird -related faults are analyzed. Based on frequency - domain analysis of fault
waveform characteristics, key frequency-domain indicators that can effectively distinguish between the two types of
faults are extracted. An electromagnetic simulation model of the capacitor tower that is consistent with actual operat-
ing conditions is established, revealing the overload characteritics and withstand limits of capacitor units durign
fault process. On this basis, a targeted improvement strategy for unbalanced protection is proposed. The deficiency
of the existing protection in riding through transient bird -related disturbance process is addressed by refining the
fault discrimination algorithm and the trip delay logic. Both simulation and test results demonstrate that the proposed
strategy can significantly suppress protection maloperations caused by bird activities while maintaining a rapid re-
sponse to internal faults. This research offers both conceptual guidance and a technical basis for enhancing the reli-
able performance of unbalanced protection for converter station capacitor towers in complex operating environments.

Key words: filter capacitor towers; unbalanced protection; bird-related faults; frequency-domain characteristics;
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Fig. 1 Schematic diagram of AC filter tower and
capacitor unit structure
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Fig. 2 Internal fault unbalanced current waveform
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Fig. 3 Schematic diagram of equipotential points of
voltage equalization ring
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Fig. 4 Bird-damage fault unbalanced current waveform
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Fig.5 Frequency-domain analysis results of internal faults
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Fig. 6 Frequency-domain analysis results of bird-damage faults
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Fig. 7 Structural diagram of filter capacitor tower model
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Table 1 Overload situation of the unit during internal faults
[ PN e el ot |3 R BT [l B HL S HL I
pitis BB L R/ V T R JE/kV CERER ARG /A %k
iZE 4.928 8 0.775 3.288 5 0.517 60.112 1 0.515
A HB
L IE Wi 4.900 7 0.771 5.1173 0.805 59.997 2 0.514
iZE 4.956 0 0.780 1.652 1 0.260 60.427 3 0.517
24 H B
V2L I W 4.899 2 0.771 5.5554 0.874 59.982 1 0.514
fiZE 49833 0.784 0.0191 0.003 60.613 9 0.519
3B
I 2L N5 Wi 4.897 8 0.770 6.1756 0.971 59.967 0 0.513
1.0 1.0r
0.81 084 082
(5.12) 0.79 0.78 0.77 (5.31) (5.19) ((S)gg) 0.78
- (5.00) (4.95) ] 4.96)
i (4.90) osh Q\.\.\(.
0.75
(4.76)
= 0.6 = 0.6+
4o 4o
il Bee
B 04t = 04}t
0.29
0.2 (1.38) o 02}
—@— ek 0.19
—— T (1.19)
0 500 1000 0 500 1000
W BAAE /O WA A /OQ
(a) 3N BT % (b) SAHILKE I
1.0r 1.0p 0.90
0.87 0.85 573
(5.51) 0.82 (5.73) 0.81
(-39 (555 0.79 (5.18)
(5.05) 0.88
0.8} 0.8F 561) 0.86
OS85 46)
= 0.6
ﬁg
H
Bee
7 04r
02F
0.14
(0.89) 0.72)
0 500 1000 500 1000
W A /Q W AR /Q
() TA™ T HE % (d) 9K

Fig. 9 Distribution curves of overvoltage factors for capacitor units under same-side bird-damage faults
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Fig. 10 Distribution curves of overvoltage factors for capacitor units under opposite-side bird-damage faults
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Fig. 11 New protection strategy flowchart
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Table 3 Test results of the proposed unbalance

protection strategy

[ e [ KT8 fH F s
1 0.123 922011 PRI e
2 16.828 193 140 PRI e
3 0.334 833 463 PRI e
4 71.474 989 270 PRI e
5 N 0.021 030 941 PRI b
6 P 0.071 401 996 A b
7 0.058 040 985 A b
8 0.117 424 688 A IS b
9 22.873 362 730 A IS b
10 11.128 635 940 A IS b
11 5212870 000x10™° SR
12 0.001 029 614 5 FE W
13 0.020 083 669 19, T
14 19,9 s 0.001 214 244 15
15 0.000 431 361 5 E W
16 4.230 200 000x10°  ZEH
17 0.001 368 805 5 E

e 3MNRLE SRR, SCrh il d iy ke el 4
PRAEAE AR X o0 A BB 5 1 H RRe . 10 {31 AR
OB REA A PR APl 2 T 1 TR R AR, 4T
BTG A R kg PN PSR 5 7 091 5 5 B A A AL 2

IERA TR A M R PN 8 e s s ) kI 3 e 1
o, SCHh T AR AT 17 RS B Y SR )
IERRIRF] 100% .

4 Z5iE

B RS 8 I 0 0 D0 P A B T R D) 3 A
P DR AP R B RIS 255l R SR HLER 3B
LRI UL, W 5 % F A e A A ) A -
FLJRARRAIE , 2 14 Al 5 A S TSR ) AN P18 PR3 10
P o e A ST A AR RS A , 7 3 P A
S R AL PR AT 06 R, R TR R R R
AFAE T DO, 5 T R A R L R 2
1175, BAS I AL B 67 11 X L 2 Rl o3 4 5
BeJm B HCFFT B BGE B Ak, AT VA — A i e 5
SEDk Re AL g U HIE | 10 61 N R R 7 5] 2 5 i
WA AR 00 TE % o 5 200 TR B 1Y i A 8
= B R P O, S I P S e 22 S A A 3L T
RAIE A i e PR3 1) I 1 [ e B 5 385 B | &
REl), AR S P R AR . %071k
S BUA I, (0 7R DR 2 B P 50 531
W, ORI — TR, TR SRR . %
B R WA AF IR, BUA A EA AR, S5 2ems i
FZ T IR , 2 — B I EFUINERE o

SEM:

[1] sKIET, EPHRH R A A5 Wk B bR R RERZE & AR IR RS M
RICHEEOR S BRI, LIRS 31,2022, 46(8) : 189-207.
Zhang Shenxi, Wang Danyang, Cheng Haozhong, et al. Key
technologies and challenges of low - carbon integrated energy
system planning for carbon emission peak and carbon neutrality[J].
Automation of Electric Power Systems,2022,46(8): 189-207.

[2] B, 5k F, R B A A AR PR B R iR
[J]. HLRIEE A, 2012,36(4): 1-9.

Liang Xuming, Zhang Ping, Chang Yong. Recent advances in high-
voltage direct - current power transmission and its developing
potential[J]. Power System Technology,2012,36(4): 1-9.

(3] WA R L T AREOR M. H5 2 iR da g i
JiAt,2011.

Zhao Wanjun. High voltage direct current transmission engineering
technology[M]. 2nd ed. Beijing: China Electric Power Press,2011.

[4] VRERER RS H L R R A A BT S B
HL A T, 2018, 13(11): 1-10.

Xu Ranran, Du Boxue, Xiao Mi. Research status on solid dielectric
material in HVDC capacitor[]]. Journal of Electrical Engineering,
2018, 13(11):1-10.

[5] WAL, XUHE R, AR AR08, A5, St onti o R A It i AR A R By 2
TETEREFE 5 R ). H AR 50 #ME, 2018,39(6): 12-16.
Chang Dongxu, Liu Huachen, Fu Lipeng, et al. Study and



HL T B AR R B PR AR

SRR, SRR, VA, A ST ST A BT S R R G

-149-

application of AC capacitor tower’ s anti-bird damage measures at
UHVDC converter station[]J]. Power Capacitor & Reactive Power
Compensation, 2018,39(6): 12-16.

(6] H fi,E FE. GRS LI AT 5 B A R L))
AR T35 M5 B4k, 2018, 8(17): 110-111.

Cui Jian, Tong Meng. Analysis of bird damage fault mechanism of
transmission line and prevention measures[J]. Modern Industrial
Economy and Informationization,2018,8(17): 110-111.

(7] 2. AT A I IR AR B 5 S ). AL AR
2020(29):60-61.

Li Mengchun. Analysis of bird damage prevention measures for AC
filters in converter stations|J]. Mechanical and Electrical
Information, 2020(29):60-61.

(8] BRAM, B, 4 B PSR LS SR ST B B
JE[T]. NS L AR, 2007,25(5):1-3.

Ou Shucheng, Wang Yuhan, Yang Wei. Failure analysis and its
precaution measure on bird damage to Inner Mongolia power grid
[J]. Inner Mongolia Electric Power,2007,25(5):1-3.

(9] 2% Sk, FRMGIE. USSR v L T O R R A3 BT R
Petiti[]]. TR A F7,2019(6):22-25.

Chai Bin, Lei Zhanfei. Analysis and solutions of typical bird
damage fault in AC filter field of converter station[]J]. Ningxia
Electric Power,2019(6):22-25.

[10] i A8, 50T, AN AR, NS LR IFIR AL 2 e i
St NSEEE IR ,2017,35(2): 10-14.

Xun Hua, Zhang Xiangyu, Li Guohao, et al. Defect analysis of
parallel capacitors in Inner Mongolia power grid[J]. Inner Mongolia
Electric Power,2017,35(2):10-14.

(1] EHRM, B KRR S8, iy A DL 20 BT 2 8

L. TR B ICTRME , 2020, 41(2) : 42-46.
Wang Zhenhe, Chen Tian, Xian Richang, et al. Analysis of
common faults and preventive measures for power capacitors|J].
Power Capacitor & Reactive Power Compensation, 2020, 41(2):
42-46.

[12] IEC/TS 60479—1: 2005 Effects of current on human beings and
livestock—Part 1: general aspects|S].

[13] JFFLL, F=—09 R, 2. Sl i das i 1k C A de 2z 1)

LI L A e S A R BT (D] D RS S TR b
%,2025,46(1):7-15.
Zhou Chunhong, Ji Yiming, Zhu Mingxuan, et al. Overvoltage and
overcurrent analysis of capacitor of high-voltage C, capacitor bank
layer of AC filter as bird damage[J]. Power Capacitor & Reactive
Power Compensation,2025,46(1):7-15.

[14] Inouye T, Shinosaki K, Sakamoto H, et al. Quantification of EEG
irregularity by use of the entropy of the power spectrum|J].
Electroencephalography and Clinical Neurophysiology, 1991, 79
(3):204-210.

[15] ¥ 3C,FOUM. IR AT 0 = R AR I iR AN - i)
SMmBEIEN]. AR ,2014(10):32-35.

Xian Ji, Cheng Hanxiang. Research on the influence of initial

unbalance of shunt capacitors open - delta voltage protection[]].

Electrical Engineering,2014(10):32-35.

[16] SMEWe, BMG T, EAEAR, 45. SSIus o e Rl A 2 A Al
OpTEBE]. RS A 3k, 2008,32(24):56-59.

Wu Yani, Lyu Pengfei, Wang Delin, et al. New principle of
unbalance current protection for capacitor of AC filter[J].
Automation of Electric Power Systems ,2008,32(24):56-59.

[17) B PSR, RV S RIS im 8 TR A9 R
PO R E SN R TT). LR, 2010,46(3): 68-71.
Tian Qing, Yuan Minhong, Wang Zhiping. Configuration, setting
and application of capacitor protection in UHV pilot project[J].
High Voltage Apparatus,2010,46(3):68-71.

[18] ARubAR, B A A L 55 T+ RS I s A aR RN
SR G ARIEL)]. L STV TR IR, 2025,41(12) : 56-64.
Zou Hongsen, Fan Runqi, Hao Zhiguo, et al. Improvement strategy
for the filter capacitor tower unbalance protection considering the
effect of bird damages[J]. Power System and Clean Energy, 2025,
41(12):56-64.

[19] TP B SR HDUM, 45, S SCUuE B el S P am ik

SIWENIEE B R B RIEL)). B TR, 2024, 19(2):239-248.

Zhang Yurui, Fan Rong, Weng Hanli, et al. Mal - operation

mechanism and anti - mal - operation strategy of AC filter overload

protection in converter station[J]. Journal of Electrical Engineering,
2024,19(2):239-248.

R SCET, A, A AR 35 kV IFIAME L A H A Ak L O

VT f R AT KB g, 2017,53(8): 1-8.

Sima Wenxia, Jiang Xiongwei, Peng Qingjun, et al. Analysis and

[20

i}

protection of overvoltage of 35 kV shunt compensation capacitor
bank when relay protection take action[J]. High Voltage Apparatus,
2017,53(8):1-8.

[21

—

Mohanty R, Pradhan A K. Time-domain protection and fault loca-
tion of wye-connected shunt capacitor banks using superimposed
current and differential voltage[J]. IEEE Transactions on Power De-
livery,2021,36(6):3486-3495.

GB/T 11024.1—2019 FRFRALHE 1 000 V LA _F 28 3t L 1 R G0 H I
RHLASAT 5 1 8R40  SUN[S].

GB/T 11024.1—2019 Shunt capacitors for A.C. power systems

[22

—

having a rated voltage above 1 000 V—Part 1: general[S].

ARk R(1982—), B, A4, &) SR TAZT AR50 7 6 b T ik

A (2002—), B, MR A PR T @A LRERY

#GE(1976—), B W+, 348, AR 7 @ A AL ) RGPy
L5 35 %) (GBAZ 4 F)(E-mail : zhghao@xjtu.edu.cn)

X 5 5(1992—), B, AF, TAZIR BT 52 75 161 Ay i b 3K BB G

B R(1991—), B, A, 8l SR LA AR & A R bk

W $(2003—), B, LR AR T @A LRERY

E O#(1987—), B, W&, B3R B R @ BLRAL W A 4R
FEIEH,



	
	页 1
	页 2



 
 
    
   HistoryItem_V1
   Splitter
        
     列：： 2
     行： 1
     重叠： 0.000000 points
     重叠到出血： 无
     仅将横向页分页： 无
      

        
     2
     1
     0
     0
     0.0000
     798
     299
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     1
            
                
         3
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





