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Researches on Ferromagnetic Resonance Calculation and Harmonic Elimination
Measures in Substation Based on EMTP-ATP

HE Lizhu', WU Jingfeng’, ZHANG Lu’, HAN Yanhua’, ZHANG Yibo’, SHANG Yu’

(1. State Grid Tongchuan Electric Power Company, Shaanxi Tongchuan 727031, China;
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Abstract: After the single-phase grounding fault occurs in the substation, the ferromagnetic resonance of the voltage
transformer (TV)is easily triggered, which causes the frequent fusing of the TV fuse and influences the safe operation
of the power system. For researching the essential laws and influence factors of ferromagnetic resonance in substa-
tion, based on the EMTP-ATP electromagnetic transient simulation software and considering the nonlinear character-
istics of TV core, a distributed parameter model of ferromagnetic resonance calculation in a 35 kV substation is es-
tablished. The cause of ferromagnetic resonance in substation is analyzed, and the restraining measures are put for-
ward. The research shows that the single phase ground disappearance time determines whether TV will excite ferro-
magnetic resonance. If the voltage of the non fault phase is instantaneous maximum, the most severe ferromagnetic
resonance of TV will occur. The arc suppression coil and the harmonic eliminator should be preferred in the substa-
tion harmonic elimination measures, and the second is to put the damping resistor in the open triangular winding. Af-
ter the arc suppression coil is put into operation, the TV three-phase current is reduced to far less than its rated cur-
rent at the time of earth disappearance, which fundamentally avoids the fusing of TV fuse. 35 kV side adding arc sup-
pression coil as no effect on suppressing 10 kV ferromagnetic resonance. When installing the harmonic eliminator,
the TV three phase current should not exceed its rated value to avoid fuse while ensuring the suppression of ferromag-
netic resonance. The smaller the input resistance value of TV open delta winding is, the better the inhibition effect
for ferromagnetic resonance. But the larger the three-phase current of TV is, the easier it will burn the fuse. The time
of the earth’s disappearance should be accurately judged, and the damping resistor can be switched accurately.

Key words: EMTP-ATP; ferromagnetic resonance; harmonic elimination measures; arc suppression coil ; harmonic

eliminator; damping resistor
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Fig. 1 Connection diagram of a 35 kV substation
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voltage transformer

2 FTRILHTEEE

A LV LT R LR 3, B 3, 35 kV AR
FE AR R WA A AR FE AR AR SAT, HL 48 2k R
RLC PIA Y 4y 1 45 R I LCC 2R 28 G B 78 | 171
if K I RLC Y35, 35 kV 1 10 kV BEZ R 4
SN A B AL T ATP PR 4R A R O
MBI TV AR, SCrfeR F A2t HL B TYPE9S
BEALL TV B ER O, 25 A B A R AR RL g vy T A
T =541 TV ALY,

3 HRELEIREERSHIERES T

3.1 HRENEIRIEE

5 EATE R, A b S HOF R S 5] R
5 Ll BRI IR T Y B M S S L TV A AN
IR R . 10 kV TRE & Az P 422 5% 31
KI5 (0.1837 sTEHBIAR), TV —AHHL FRHLI I ZE UL 4.

Kl 4(a)H1,0.095 s(A FHM-1.0 pu.)i, A AH4ZHEL,
1M FsF A A B A i 5 HL R A 2.6 pau(CAH) . 0.183 7 s
(BA 1.0 p.u.) B, A MBI 2, WU R S8 B T 40
R 10 Hz 5B IR , 1R L fe K 2 -2.09 pLu.
(CHH). FHE4(b)TT UL, AR ML & A2 )5, TV I B.C
PR LI AR MR R . 2 M BB 2 5, TV 1)
A B C = AHHL R ORI K R R (B A 0.952 A
A SR U AT 3 3 15 68 A AT 4 T, 0 s v 3 T
TV 5 RS W g A5 T -

10 kV TRk A B A& A= 50RH B2 B 918 2k s
(0.17 s4ZHBIH ), TV = AHH R H R £ LI 5. &
5(a)H1,0.095 s(A A1 -1.0 p.u)if, A HEHL, 0.17 s



- 212 - 20184F5 A

544 S

3 35kVEZHEESKEIERAEITERE

Fig. 3 Simulation and calculation model for ferromagnetic resonance in 35 kV substation
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