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Identification of ferromagnetic resonance fault in non-effectively grounded neutral
system based on phase space reconstruction
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Abstract: Accurate identification of ferroresonance faults is a prerequisite for starting a microcomputer detuning device,
but the existing time-frequency analysis methods are prone to misjudgment and mutual aliasing of adjacent frequency
modes when extracting the characteristics of ferroresonance overvoltage signals. To solve the above problems, based on
the chaotic characteristics of ferroresonance overvoltage time series, this paper presents a method for fault identification
of ferromagnetic resonance in non-eftectively grounded neutral systems based on phase space reconstruction. First, the
characteristic parameters (embedding dimension and delay time) of phase space reconstruction are calculated by C-C
method. Then, the overvoltage time series is introduced into the high dimensional space by phase space reconstruction
technology to analyze the attribute features (correlation dimension and phase point distribution coefficient) and geometric
features (radius vector offset and center distance) of the reconstructed attractor phase plane trajectory. The characteristics
of reconstructed phase plane trajectory of different ferroresonance types are revealed. Finally, the K value is introduced as
the characteristic parameter of change law of four kinds of characteristic value, and the reference K value of different
types of ferromagnetic resonance is given in combination with the characteristic change law, which is used as the
resonance criterion to identify the resonance type. The feasibility of the proposed method is verified by simulation
analysis and a real ferromagnetic resonance case in a 10 kV distribution system in Yunnan province.
This work is supported by the National Natural Science Foundation of China (No. 52367002).

Key words: ferromagnetic resonance; phase space reconstruction; phase plane; attribute feature; geometric feature

EeTiH: BRaAAFEALTA K8 (52367002); =d4Ba4E 55 A %8 (202201BB070001-15)



-132- B R GARY 524

0 38

BRRGEIR R TP R AR B R R BN L
A — PP AR 2 1t Wi, 52 W il X R L JER (potential
transformer, PT) I B AAREYE . 28 2% X Hbu o 25 A1 A 14
s 7 & 2 AR R S F st kR IR
RAFFAEBAG IR, M2 HT RG22 W A
FEHO IR O . DR G WS iEh G, PT KA T
Wi, FEURURPTS R NI, S SR HLAS
RAEZHULICR, sho sl RERMER, HEm I
PR B o TUHLTH ISR B R IR BN, FREL )i
PRt o I 2 7 A H ) 1) 2 A e 3 AT
I, AHEREOE IR MR PR HERRHER, v ROk
LY 2 B ARSI SR SR S Rk AP,

NEBHER SR, NI K E AT T
KEWTT. XHR[7)i2 H 2 H 3 TR EIR I 2 B 5 TR 1
(/N JRy S Bl KB AT VSRR IR, 1% i LUR
Ui b e Bk S o W R AR 5 B LRI S MR AR, R
TEP T WAL 7™ BN % 7 V525 By IR H) . SCHR[8)iz
FH [R5 TR 46 /)N 8% 728 3 FURH 5% REVE SR BUE 5 A
A, FHET Hilbert A2 #k IUE 5 USSR, DASEIL
WIRPFR . 27 E R 73 B8 2 A5 5 () [ A A
A, AHH X 22 A AR A5 5 I A7 AR ity S RN, FEIR 45
RIAEFIPEA L o SCRR[9]HE T BRMLIE IR 7 i e
R R, B E N RHER, DA
PUONA R R ANEYR . %7 7R 8 T ARG s dr 7
RIS S AUSAFAE T, AELE N RN A TR B
BRI A, AELAS [R]9 o A3 TR 915 L ) 8 o 3 AN
W5, AKHIERORHA . SCER[10]E X 2R ik
A JE R AR ARE R 8, R /N AR e B B
FBEAReEE . DR ESEERE,
HEATC HR DX s S Y RN R L IR R IR . 1 TR IE
YO, AB/NE AR P AR IS ARAE 5 (10 2 Aok
FEAE, I B2 IR AR Ze it 77 R AE LR G AR
[B] B A AT A T PR 1), e BB s PR . SR [11]
T 7 BN EA SR U SRS T B b e, IR 3R
HE 2R TR REL A XA (B B % 2 AR H R AT SRR O [ %
WITTE . %07 A RRIX 3 9101 v BE 2 i e A
ARG VR, (S R SR I R] /N T A I T i 2>
SEEIRRA . SCER(12)FHZ E 5 Al S A2
B IR IR IS A S IR IE R, FE4 G R
] EA LA T BR AR 70 KR . 2T VERT RS
0] A BRI IE R, (HHRRGE AR 7 K E
(B EAT HH SR U 25 DA R S B0 , WO i e L IC
gr b, A B AR B TR A SR R R R L
B RHIER RS G R A e B E e . A

A AR ALZS A ELIR B AN U AR IR S B A

BT L3 R, ARSI 3 A kR R R
(8] P 1 R IARFAIE B Y 17 T 2 ) A v
AR B R GRHLE IR AR T, B %, R
C-CETHEAR 2 [ A RIS B (R A RS IEIR
S T), 85 38 I AH 2 () FAA T L I [ PP 47 5\ 2
r e lE], HG AP G s S R
PERFAEAT LTS AL, BI 0 AR BG4S, i A
PRI biE. RABWAS 4 FURHIEEAE RSTIEHIR
SR ELER A A R RV AL, i) 5]
AN KAHAEDN 4 MR R R IE S 5L, 4G
Rk B 4 A FSR R BRI IR I 255 K
1H, PASEAE i P et i A Ao iR IR . 3@
AT FLA TR S SR IE , UEBA T BB 5V I AT AT 1

1 SRELOERIRIE

AT RGP E V2 BRI 4
R IEHEIBATH, HRMBAEASHISHIT,
24 ARG B FHA A 10 R 2t i i R 2508
RILD, RGEARRIE T IBITRSHBIR, &
HASHTRER AL SR, 3000 5] ik piis kit
R0, B bt Y R e R 1 S
w1 TR

B 1 BAEEEIE TR AR SR TR RIE

Fig. 1 Schematic diagram of ferromagnetic resonance induced

by single-phase ground fault disappearance
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Fig. 2 Identification process of ferromagnetic resonance
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Fig. 3 Ferromagnetic resonance overvoltage time series
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Fig. 4 Phase space reconstruction phase plane trajectory
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Fig. 10 Recorded wave chart of ferroresonance fault measured
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Table 2 Results of the FFT analysis
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Fig. 11 Reconstructed phase plane trajectory diagram of

the measured data phase space
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Table 3 Identification results of measured data
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