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Tab.1 Volt-ampere characteristic
w/V in/ A i/ A ic/ A
40 0.319 0.311 0.328
60 0.503 0.476 0.511
80 0.658 0.636 0.662
100 0.726 0.709 0.780
120 0.911 0.955 0.925
130 1.446 1.572 1.406
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Fig.2 Magnetic characteristic curve of PT &-i
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Fig.3 Circuit diagram of one-phase
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Fig4 PT model based on transformer principle
R T e R BIR EE Ml A DA Lt Y S BRas AT T4
ABERAE IR T 10 kV KRR A o, BE
10 kV B4 I E T DT o 2 MV - A, B4 45 20
TR R BHL | A S R IR R A S B T S 4 S B D) R A
HIER 0.8,

3 HUAHEHLELRE SR A TV IR Ko b

3.1 hEITE

W H LB 35 kV SRR BEREL N A A R A
e IR R AT RE S A TV IR L, 5
RAEH B 5 Q, L [ R G AFRESST 0.04 s,
FE LI SR 0.08 s B & 1Y 35 kV BERIE RS H
R

TE 422 SR 300 ) | 28 46 — A H R PP B 422 M AR A
TE 4R R ZUHR 5 | P 2k B v e R e v AH (C AR

t/s
5 35kV IBIREB& =HBEERF
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during ferroresonance
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Fig.6 35kV bus voltage waveform when
grounding fault disappears at 0.095 s
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Fig.7 Ferroresonance suppression
by nonlinear resistor
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Fig.8 Ferroresonance suppression by damping
resistor connecting to broken delta winding
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Fig.9 Ferroresonance suppression
by arc - extinction coil
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Fig.10 Ferroresonance suppression by grounding
neutral point via large resistance

45 HAbiHiEE®E
451 HEXEEZRPHREEMG ML EEA
H.A.Peterson % A X i 4R X 38 09 0 52 48 | 24
AHEBE X,/ X,,<0.01 BF, AT B 1R 4R | {H 2 A SCik
(13 JFUAR SCH 5 EL 25 R U IR 2 L3R 45 10 5 i & mT
e AR IR R, Y X, /X, BT FEET iR
(O HE R S T BE R | H [R) BRF v BE 7 B R 22 3 il e
T 2 i 7 AR sk S A AV R R YA, 7 AR T A A
HLOE T DL A I 3 O AR ME R AR Y X,/ X,
A bt f R 8 R A 1S R S,
452 KA BEEE S TV
K FH Al 0 A P2 2 TV 3 R N R R R R 1Y)
— AR, 77 A RO IR AR AR A T TV
() Sl R R P AN e R AE T FUER B R R, &
JP R 2 RIBE N, BRAERF TV Bh#ERETE R et
B Z G TV B R #E R et &2 2% AR
PRUE A 15 O # A 7= AR

i [l

5 #hig

a. FIH ATP-EMTP 15 B 72 ¥ 76 7% 18 1 28 F ol
B E IE 7 S8R 4 0% SE B LT S5 L T
HEAT T AR B B R 5 BT AR L S 35 kV
BELR TV 712 M 2 26 Bt A PR 422 s 380 1 i I
0L, G5 R M RAE R SR RS ER S
SR — PR VC I OC R A5 O | BRORH 2 Ml i e
TH 2% B 2000 T RE Uk R Gl iR e & DGR VE AT

b. B XF FR Pk S AN RS TV RS
B0 R S R G H B T A AT T
B S8 TV JF = A JE ik 42 ACBH JE H BH A
TV — WA rp o5 20 JE 286 M r B2 b 2 b 4 it 250 2R
S

c. T EHE R FEM . H.A Peterson MR 4515 H
RETE — o T2 B L R ECH B R SRl IR 115 O | I AN g
YE R RGeS 7 A IR 00 80 U1 2 B0hR o

SEH .

[1] ARAUJO A E A,SOUDACK A C,MARTI J R. Ferroresonance
in power proceedings - generation systems:chaotic behavior [J].
IEE  Proceedings - Generation,Transmission and Distribution,
1993,140(3): 237-240.

[2] VUKELJA P L,NAUMOV R M,VUCINIC M M,et al. Experi-
mental investigations of overvoltages in neutral isolated networks
[J]. IEE Proceedings - Generation, Transmission and Distribution,
1993,140(5) : 343 - 350.

(3] T BRBOE MR Bh. BT ZnO 2R v BEL A9 57 2238 S0 18

REEHEFE ()], 1 H 2% 4% ,2006,26(9):16-19.

YANG Zhen - yu,QIAN Min - hui,CHEN Hong - zhong. Study on

arc and resonance elimination strategy based on ZnO varistor

[J]. Electric Power Automation Equipment,2006,26(9):16- 19.

KR, b E B R A B A (M. b At A K U

2002.

[5] WaLH. X35 kV B LATF o I i ik g s 4 K 1 R b 9 4 BT ].
PEHIHE,2005,22(2):33- 35.
CHANG Li - zhi. Study on ferroresonance and its suppression

[4

measures in 35 kV and the lower distribution systems[J]. Dis-
tribution & Utilization,2005,22(2):33-35.

(6] ZEz il BBl BLJH A A 3 20 M7 v 1k a4 M 28 500 v U0k 0
P —— Ak L e vl J% Tl W R R AR B[ ] e AL TR 2
i ,2003,23(10):94-98.
LI Yun - ge,SHI Wei. Study of fundamental ferroresonance on
neutral - grounded system by using analytical method —solution to
the power frequency excitation characteristic of nonlinear induc-
tors[J]. Proceedings of the CSEE,2003,23(10):94-98.

(7] SKBE SK/NE. 5 IEERRE TR RS TERY L I AT R ()],
%4 ,2005,20(3) :235-236.
ZHANG Ying,ZHANG Xiao - ging. Transient calculation of the

power networks containing ferromagnetic elements[]J]. Journal of



6 & D8R

£27%6

Electric Power,2005,20(3) :235-236.

(87 &g I, S W, FR A X Pl TR R TR 2 Dl e i 2k
I TR )], T HAR AR 1 1999(2) :36 - 38.
DONG Hai - bo,SHI Li- ping. Analysis and application of the
conversion method of the excitation character curve of the
electric - magnetic type TV and the transformer [J]. Electro -
technical Journal,1999(2):36-38.

(9] BRse VERLH  ESREF A5, —Fop B ny g fb i 2 05 B8R ()],

KR 24,1996,29(6) :859 - 864.
CHEN Chao - ying,XU Yan - tian, WANG Rong - qin,et al. A
new model for simulation of magnetization curves[J]. Journal of
Tianjin University, 1996,29(6) :859 - 864.

[10] 253, BhoE B, £ e Hm 45, 708 F # Rl 2 e P 2005 O vk O 4R
). FHIREOAR 1997,23(1):19-21.

LI Qian,ZHONG Ding - zhu, WANG Xiao - yu,et al. Research
on fitting methods of core excitation characteristics of trans -
former[]J ]. High Voltage Engineering,1997,23(1):19-21.

[11] Bz FER RS, B RERBOE RIS IHAR S]],
LR 5 TR, 2002(4) :49-51.

WANG Xiao - yun,LI Bao - shu,PANG Cheng - zong. Research
review on ferroresonance in power systems [J]. Electric
Power Science and Engineering,2004(4):49-51.

[12] ZEM. AW RIS (D], TP EICRA: 2002,
AN Chang - ping. Study on vacuum circuit breaker switching
overvoltage [ D ]. Chongqing : Chongqing University ,2002.

[13] AW AL iRRIEE 55 10 KV S A 199 2 08 4 T T 1 e 19
DiBC I ML) ], FFIHE AR, 2005,29(11) ;24 - 34
ZHOU Hao,YU Yu- hong,ZHANG Li- ting,et al. Comparative
study on ferroresonance elimination measures in 10 kV power
distribution system by simulation method [J]. Power System
Technology,2005,29(11):24-34.

[14] Ve, Bt e FORAE. 10 kV AL TV Bk Ik id it R 205
DB RWF5E[]]. W0 A b4 ,2001,21(2):27-29.

XU Zhi - long,HUANG Jian - hua, WANG Da - zhong. The

digital simulation and study of TV ferroresonance over voltage in
10kV power network[J]. Electric Power Automation Equipment,
2001,21(2):27-29.

[15]) BRI LA 7T, 55, A U e AR A U IR 9 43 B 5
XPHEL)]. R H AR, 2004,30(7) :58- 59.
HUANG Zhi - guo,LEI Hong - cai,MIAO Qing,et al. Frequency
dividing resonance and countermeasure of capacitor voltage
transformer[J ]. High Voltage Engineering,2004,30(7):58-59.

[16] FAIE MRk, 87 60w, Tic /L 00 i SR BRI R 5 i 5
L)), k4% ,2004,32(20) :40- 42.
WENG Li - min,CHEN Ling - xin,JIN Jian - feng. Characteristics
and suppression of ferroresonance of electromagnetic PT in
distribution network [J ]. Relay,2004,32(20):40-42.

[17] sk 7R skAE e R85, 1)) REERREIE IR 0 a5 6 5 K BT iR
T[] ], W 1541 ,2002,17(4) 1283 - 286.
ZHANG Xiang - dong,ZHANG Hua - long,LI Ying. Danger dis-
tinction and prevention and cure treatment on ferro-resonance

in electricity system[J]. Journal of Electric Power,2002,17(4):

283-286.
(EEHE. & %)
EE B

3 L L E(1965-), %  #dmFA WAL AEFIT
T ANFEZEEMEERAR SLGHEREE ) R %L B EHR
7% (E - mail : cgsmwx@cqu.edu.cn ) ;

3R (1981-), B , W KEA MEHRAE ANFdE A
% it & JE B % (E - mail ; shitou0121@sohu.com) ;

o R(1981-), 8 w@lGmA LMLl NFHE
JE 55 48 2% H K 50 (E - mail : cquyangqing@vip.sina.com ) ;

A (1978-), B w B A LR E HFRT
wA R A F R R RSt 5 A (E- mail . liufan
2003@yahoo.com.cn)

Simulative analysis of substation ferroresonance

and its suppression measures
SIMA Wen-xia',GUO Fei',YANG Qing',LIU Fan®
(1. Key Laboratory of High Voltage and Electrical New Technology of Ministry

Education, Chongging University , Chongging 400044 , China;
2. Sichuan Electric Power Experimental Research Institute,Chengdu 610072, China)

Abstract .

With the zero and positive sequence parameters of its busbar and the geometric

parameters of its inlet and outlet considered,the busbar PT ferroresonance caused by outlet single
- phase grounding at 35 kV side is simulated using ATP—-EMTP for a 110 kV substation system. lIts

suppression measures are also simulated:the neutral point of PT primary windings is earthed with

nonlinear resistor,a damping resistor is temporarily connected to PT broken delta winding. The

validity of some other ferroresonance suppression measures are researched,such as connecting three

phase capacitor group with grounding neutral point to busbar,applying capacitive PT. Reasons of

ferroresonance are analyzed and principles and effects of different suppression measures are

compared. Simulation results show that,the time when the single-phase grounding fault disappears is

the key factor to excite substation ferroresonance;effects of connecting nonlinear resistance to PT

neural point and connecting damping resistance to PT broken delta winding are better than those of

other measures;results

ferroresonance.

of H. A. Peterson test can not be used as the proper criterion for
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