199

U ER TR

202247 A Electric Power Engineering Technology AL P4

DOI:10.12158/7.2096-3203.2022.04.026

3+ CEEMDAN-ZCR ) 2F 1 i B AR AR 2tk iR 22 14 )

EaaE', ksom', st
(1. ZRH R BeRl e 5 TR IT 4 R 5T 210096
2. E R NS AR A FR S Bl R IE BE , NS dr IR IX FEFNE4E 010020)

H EA R ARERE (FOCT) 24 Rrkik s SRR ZE ARG PR, LPRE—FETHELR
FRAELZIF A 5 (CEEMDAN) -3t & % (ZCR) # FOCT 32 273 % . & 4 ,#] & CEEMDAN 4% 2+ FOCT
Wk RS 5 AT M R B S A AR ZH R B A AES 2 (IMF) , MR R 4637 2 S HAEE KRB, 1k
FREE TS EHE, AR ZCR F ik H AR E £ T &A IMF 49 ZCR 4547, B T IMF 5% ; %5 , 13 ZCR
FeAR IMF A2 59k 3 X, 5t & mTLA 3 N0, ME RS MERBFET IMF 125 3B F 42 69 4F 42 5=
IR ZRF], IR AN LT CEEMDAN-ZCR #4938 2R3 5 ke A 2R 5] 2 AR £ 2B R 2 H L2 2 4
P IMF F5 = 2 (C3), R £ T HE P £ IMF 5 = £(C2),

KB A LARLARE(FOCT) ;ZAREZ; BR L AENRF TEE S 2 B4 55 M (CEEMDAN) ;i & &

(ZCR) ;% £ 177

HE S E S TM452 SRR : A

0 3§

FGEF i B %S (fiber optic current transformer,
FOCT) Rl A 2 VERE LT ATk iy U e FL B A R
U RS RRE SE 0 AL, 76 5 B i AR e 2
TREMA" ™ BN —K ARG, L
JE AT SEBAT S AR L DR A DU A | HL BB T Y EE AR
U FHAREAL T ,FOCT /o' [a] B | I i [l j# Ao 52 3|
(R 25 6800 S 2 PR 1Y, B HSG [l i ) el
P&l N e KR R B G T S B B B A
S AR F o 2 A | AN oy - Py da B
B FHEE T

FOCT fE —Molt2e T WAl N4 &2
2 T 2Ot i R T AR DI A 4
PRI LA 1 R 0 77 iy A2 150 28 1 I AT 5 AR 19 G
JRAE AT R R A i e ) 2 S B A il i, Y
FOCT A[RIEBAL & Az S B ), g i A5 5 S R H A
AR, S TH FOCT [yl & 1 Rk , 7615 BGR 1Y
TR RE M BRI 57 A /4 R 7 AR B A 7 FE R
BARELT il & 5 07 | 2 A 1Tk R R,
SCHER [ 10—11 ] 3 5 $2 v 6 U 2 32 1 n A% 1k el
B R REAH AL ] O B A A S R S T FOCT
2 M PSS I S R EE . DB FOCT 1Yy
B RHLEE, AT B A T AR IR Ol B
R ) I A L 42, A ST R, SR
MG B #7:2022-02-10; 44 w1 B #4:2022-04-15
A2 A B R EEHLT R KR A (2021YFB2501603) ;
F b, [ A7 PR 3] AR B (5700-202018483A-0-0-00)

SCE RS :2096-3203( 2022) 04-0199-06

THEEEN S o Ik FOCT a4 R 2%, SCHik[ 16]
TEPRTE S AT RIS 22, SCRRL 17 1R AT
TCIEAEE T BY e 5% 56 2T Mueller [, SCHR[ 18]
RN BCE SR B AR AL , IF-45 & 708 BIg E T
W 5 AL DL EWESE B E S8 FOCT A
{5 AL BREETTJ8& , % 4 1455 7 A i AR e i 22 Bk
AR TTIE . SCHRE 19 ] 4 th i A 3 1 e 7
TR BTN S7 i (complete ensemble empirical
mode decomposition with adaptive noise, CEEMDAN)
LA T 0 B8 A R R R S 1 B R, BB A 2
IS0 f# ( empirical mode decomposition, EMD) |
BRZ IS )3 ( ensemble empirical mode decom-
position, EEMD ) 4§ 7= 24 — 2B STR & 73 il A 58 &
MBS, B R B W) 2 0 THE 5 B
Wag /=BT

BEXS FOCT JEL iR 22 Rk, SOh #8817 —Fb
FLF CEEMDAN-ji % 3% ( zero-crossing rate, ZCR) [
FOCT $R 221 J ¥, il i CEEMDAN 533 X 52 22
15557 15 3 [ A B 7S 4> & (intrinsic mode func-
tion, IMF) ; F| ] ZCR 5535 , 11545 845 7 = 1Y ZCR
Tt KA T An ¥ 5 5 AL 3 B, 19 B BB R AE
FOCT #§ BRI (5E 5 o %07 R RE PR $2 X FOCT Ay %
LRRAE , T R 1R 2 R AT e IR ) TR, R
B TR FOCT (isf7 nl St 5%

1 IEEMHIRERFEERE
BT AL BRI B 30 FOCT JEU R 4nl&l



& AH) ALK 200

1R S R TR ETE (1310 nm) & HE 1Y
ML mdiRas 5 450 85 Bl 2 RIEAC IR
PRIt et im i Of I G 4F , 3% #2321 S A =K
ML IR LT 2Rl . 2R B A 10 Ak 1) vy A [0S 6 2T ol
A /4B TR A A B RAROC I . R R G TE
B IBRICET el v 27 313 P RN Y A 37 25 0 7 [1]
TR RO RO G R AR 7 1) B, 7 A AU A
(i, 2 A /A PWRIGIKE R 2 RIES MR,
W 450 ST FE R AR 2R AL kAR T I #E A8
HLERIN S (PIN) o '3 O Th0 A 2o 1) 1 5

A = 4VNI (1)
K VRHE Y Verdet 550 N AL IR IR
BEE 1 AR HL I

______________________________

[

R i

i e 25 1J§?$§%
45°

45°

___________________________________

B 1 FOCT JRiE
Fig.1 Principle of FOCT

FOCT i i 3= SR By 56 42 2 BRI | [ 7 fig
FERRE K B2 R | A i 22 i e % 722 L i 22
BB SR AR A B N PG W S 1 S
H 7 5 F 3] 5 1 i 22 5 I e 00 IR K T
FESIRE RS T W A B W7 | 8 o A R
o A IS ) BB BIL 30 2 M P AR MR A MR P O
SRMER AL L TR B P 4 B L
WA RGN 2 LR MR S AT T WAL DA
SO 3R [ SR IR R RIS LU AR O Y R 4R M 1R 22 TR TT
W5 .

FOCT % i BE sl 4R sl 2 Wi, PN BB e i )1 g
P 2% 5 Bt A (P IR TR 888, 9 20 a2 AR Ak,
ECEEAR— YN AN G T B s, H.
R RETZHT R e o A5 5 D i B B i ) A2 A i A2 4k
PRARARL R IR 22 . EERS IR 22 R BN — B g i i n
MERRS i, AR ZERIRL

L) =k (t—t) +r1, (2)

A fi(0) NERBIREE s t JERAEIS 25 by RS
B 0 MR A AR 25 1y O AR TR AR TR 22 I R
FIBERLIE 7=

4 FOCT WHROGIR DG 35 bk 32 3 4 AR R
SN, A B 8O A, 5 B b AL R

SHIEFESHIAAE—E Mm%, FOCT 1k 5
5 5 URTE S IR A H O &R, Y IR ] [l i K AR
W S {1 A= A8 A ), 2577 £ FOCT 7% it 22 , i
ZEREALy

() = kysin(wt + @) +1, (3)
e fo(0) AR EE s by NRWIREREG 0 N
P s @ AHAL; ry DRy R A28 L 1% 22 I B T A Bl
PR

FOCT AyAEZe iR 22 B AL I AR N

x(t) =Asin(wt + @) + f(1) (4)
A a(e) Jyo 2RI EAE; A S B SHE R (E
SCo) NARLR MR ZE A £ () 5140 .

2 FHRMRERTSHULSE

CEEMDAN 5348 EMD B3 i S A b k47 &
Ji& ARG T EMD B335k 1] LA ff AT el 45 - i A0
FOIBREAE —E R R/ D ERCSIR SR, R,
CEEMDAN B3 5a ]k 7 EEMD B30 ff AN 58 4 Vi
PR 25 ORI Bl A% W 75 114 ) R, 996 3 226 AR A s 2
A EEMD Bk fy—2p 22

CEEMDAN 5535 a6 Ao A5 5 20 i o 45 4
IMF Z FITE 2, H TG E 05 R A, T AR 454K
I 8 B i) ROBERRIE AT 40 A, 8 T & AR AL A5
5. CEEMDAN 3378 73 fift 1) B — i BOAR S A0
IS LAY e R ME— R AR AR T, T
R GBS TR 2B RO i s R, 2 8 A R 7 91 43
FRAOMERR B o BE XS FOCT i 015 5 A JE Lk 4 AL,
fdi /i CEEMDEAN 5303 e A 80t DA 5t 4 i 10 45 5 b
PEBCE A BRERFAE Y TMF

x;,(t) =x(1) + ew, (1) (5)

e o, () HE WIS Z )5 15 5 7515
x(1) Jy FOCT [ {5575, h1xX(4) 4t s & IR
1B, 4 B R EG w,(0) BRI R IR B 7
ZEBMEN O 1 il e RS 1)

ic ¢, (1) 24 FOCT {5578 N K EMD [)-F-21E,
R

c.<t>=%;cl,i<t> (6)

Kree, :(0) AES x,(¢) 78 EMD 555 i 4~ IMF,
32 N K EMD R )38 r (1) JE AT
A58 r (1) RN
ri(t) =x(t) e (1) (7)
R EMD S035K N U 3T RS O3 i, R4
IMF, 55504 ry (0) AR, #5385 EMD 539%, B
PEAEIR S — A IMF K HAR Dy FOCT {55 /955



201 FALHE A5 ST CEEMDAN-ZCR B G2F i L JE vk 1 22 U1

“ArE )
D)=y X B (1) + 6B (0(0) (8)

X E () Jyidisd EMD RES IR —A IMF,
3 = ANFRAR N
r(t) =1 (1) = ey(t) (9)
T b+ 1O RAFER b B Bery sk o (1)
Gk + 14 FOCT {55008 ¢, (1) 2351008«
r(t) =r_ (1) —¢(1) (10)

(D= DB + 6B (0(0)) (D)

X £,(+) yadiad EMD BRSNS kA4S IMF,
AIRARIP R IR N BOR T4 2, W45 11 EMD,
PRI AR RIFS r(e) Fori e, (1) o W FOCT
WREFR T 2 (1) BRI

x(1) = AZlckU) +r(1) (12)
CEEMDAN ¥ FOCT i% 215 5 /0 i & K 4
IMF iR 25751
XFFASIA] {32 251 0L, CEEMDAN .7k 43 ff 15
B W) o B AS S8 4 AH ], PRI S b Ve R 0B 1 7 i
PREA R ZCR F8AR 1T 51T 1. ZCR 2485
Wi PN A5 T 3 B B, A5 5 4 B v B — TR
ESH, T R 5 IR A5 B o XA B ()R b
FRIELEAE S, AE LSS 3] I 88 e T2 3 5 A e 1 195 000 5
X BB IR 5, 5 AH A8 B SR RE AT AR T AR 5
TSR & T i %, M (13) 4303 R A
A IMF (1) ZCR, FARSE L5 500 IMF 754

Z’%;\%Md@)—%ﬂdx‘”)

(13)
X Z AfE5 00 ZCRs ToAfE S IR s sen(+)
FE7 BREG e(x = 1), () 23500 IMF AR SR i) o
v = 1A o AR R
BEX FOCT AYIEH RS 2 MHRZEIRES, 456
CEEMDAN 83 5 ZCR 835, 70 5 e A iE W RS 5
SRR N i A5 5, B BB AR AR . G, A
i CEEMDAN $35 %t FOCT fr thh #1455 £ 47 70
fift A B FARZR PR DR ZERFAE (1 IMF 44 1 i 0 10 22
[ BRI AR 5 SR G, F FUAS IR ER 22 1 19 70 i B, )
M ZCR LB AR R 22 F 44> IMF | ZCR $7
s foce A ZCR $550K IMF {55700 3 28, 4T
BINE A, 0 i A R BCR RRUE ) IMF {745,
MRAEAN R 3 B R AR 52 B R 22 R o A AN R]
2§ 3 B RA B AR RHIE, SEBL FOCT %
ZERFIESRIR

3 SLIREEIE

RN 2 Pros S 5-F 6 #E47 FOCT (iR 22
D5 B, FOCT phya 27 15 i 3k | v 404 B 4 A
HL BT, SR PO R 0 D B 5 P O A A 2
e PDC4000A =ik B LU 52 9 e B, FH T i —
UL I (E R B £100 A Jf i FOCT f2Jgek e
SRR I, ORISR AR Ry 4 KMz, B B UER
PRI, G I IS4 5 8l iR E U 5, F
AR IR ZE WS o

E2 ZRFA
Fig.2 Experiment platform
3(a) WIEBIR (G T AL R 2455 I
WP . Hp, ERREG S SAER &, R
HERAERT 100 A Hfg/MEART-100 A28 Ho ik
ZE(E MR AELAL LU B3 R, B e RAER T 100 A
Ha/ME/INF-100 A, anl& 3(b) iR .

100 [
50
< 0
2 50
-100
-150 . . . .
0 1000 2000 3000 4000
SRAE
— IEWES EREY BLAES
(a) WXL
120
L ESON: e/ ME
100 |
<
80}
a
_;' 60 L
E
o 40f
20}
0 - fra N /e f>a
EHES EREY BLES

(b) FAELAEXHE XS L
E3 AEMETHHESEEERESITET

Fig.3 Comparison of output signal waveforms and
absolute maximum values under different faults

SRR IE N AR 2E R HIRIE 3 M E S AT



2 HEHEAR 202

CEEMDAN , 5 5 1M 5 i {8 & = 0.02, EMD 1 43 fif
WELN = 50, & EMD s KAE 2% AR ECH 200
U A B o i 3 o 1412 14, #id4E ZCR $5
Fr,IMF5 ) ZCR {E#4 % 49, IMF6 ] ZCR {5 H
50, IMF1—IMF4 IMF7—IMF9 ] ZCR & %5k, Hift
Sy ZCR fH Y/ T 49, B, ZCR 45 45 4%
CEEMDAN (534558 53l 3 B, I-4% B8 ZCR $5 45
THRZE R, X o fg A5 20 IMF #1755 31, 15 3
SRR RRE (REIH B RAE IR ZRHE M AR5 o

X T IEE AR5, Hoar 45 R b IMF1—IMF4 |
IMF7—IMF9 £ %4 T CEEMDAN % ¥ 43 f# B [y Mgt
75 IMF5 . IMF6 g T 4% i 77 {5 5, IMF10—IMF14 |
RIS IR/ 1 W FEBIRZERY, L
ff 4 b IMF1—IMF4  IMF7—IMF9 447 43 i) 1)
7 IMF5  IMF6 >k T4 B i & =, IMF10—IMF12
WETHAMRBRIE SRR IR EZE S X FAELL
WRE(ES HAME L Jerp IMF1—IMF4  IMF7—IMF9
HMEFE A 4, IMFS (IMF6 S HL 3 {5 5, HL7AE Ho i 22
RZMFHES B & 7E IMF6 b, R E 4] IMF1—
IMF4 IMF7—IMF9, 13 3| f 41 {5 5 IMF1,i¢ & C1;
4 IMF5 \IMF6, 13 2| 4 {5 5 IMF2,ic ok C2;4%
T TGS AT EMA AR FEAFS IMF3,5028 €3,

Bl 4 JER TIEBIRZE N EZER . ERIRZEN
REFE EZE P C3 For, & —Bg i m - m
BfE ", R A ek ps o 3 e I 5 1Y
TRAE AT ST, n] IS WHERS 1R 22
10 ¢
sl

Cl/A

i S

sl

. /\/W\/\/W\/W\/\A/\/\/W\M/\/W\A/
—100 = - - - - ’

0 500 1000 15002000 25003000 35004000
PR

C2/A
=)

C3/A
ST

B4 EBREESHEALER

Fig.4 Recombination results of drift error signal

K S s TS IR ZE A AE R . AR LLIRZERY
REE R FEEPTE C2, 2 —BUREA LR IE 523
fig. Wik C2 PRIES HIEWE SR L, AT
LS AZ o2z

X TEBIRE, IERIREG T S IERHE S
BRIEAF TR IR o, 5 SO h SR AR IRy €3 ik
XS L, aniE 6 Firzs o il LA HE, MORAE £ 1 000 JF

Cl/A
o w

C3/A C2/A
|

0 500 10001500 20002500 30003500 4000
R A

5 TRIREFSHEHER
Fig.5 Recombination results of ratio error signal

f S BAFEBERIRE, C3 0T MR A 2R BERS 1%
28, UEW] T SRR XHE RS IR ZE SR AT A5
4.0
351 O g
30l EBIRES EFESNEE 5
251 Vd

2.0t el

1.5+ 4

1.0} Y

0.5¢ A
0 I A N g |
705 F
-1.0

ERRZE/A

0 1000 2000 3000 4000
REE R

E6 FEBERITLL
Fig.6 Comparison of drift results

XA RS R IR ZE T 5 IEEE TR
POl A8 e, T SO P R TR B €2 5IE
WSS 0 AR, PIE X, I 7 fe, AT RVE
MERAE 1500 JF i, A5 5 R AR AR 1L, & A 72 iR
25 C2 M LIRSF R 8 iR 22  UER] 1 3R 0 7%
PR ZESR U A R

1.020 ¢
1.015|
1010}
2 1.005|
1.000
0.995 ¢ C25IEH 5 SMLE
0.990 — @Il:hf%%'iﬁﬁ{%?ﬁ‘]ttﬁ
o 1000 2000 3000 4000

7 TWILEERFGLE
Fig.7 Comparison of ratio results

4 #5iE

BHA FOCT ¥5F8 AL e I gl A AR 2tk 1 22 ]



203 FANLHE 55 I T CEEMDAN-ZCR 6T i i Bl R 2 ki 22 11U

SCHR g TR T CEEMDAN-ZCR ) FOCT Rk PR
2PN, T T FOCT SR A8 H SRR kiR 2
AR . A CEEMDAN 5395 %} FOCT {55 i
T30k, AR 18R 22 155 20 Al 45 2N [R) 400 1Y
IMF, FIH ZCR 535454 IMF 1) ZCR 1545, 4%
IMF 5534100 3 41008, M 20 i 45 SR B AR
SEM IMF {55, ARIRZF 51 3 MR A
Rl FRAIE o IR IR 22 RO Rl T B4 P e €3, 3%
B — Bl LIRS B 55 A8 LUIR 22 9 iR ZE R AR 4R
e C2, RIUY— B R E LLE 5 )
Wi 3 ANEA AT I BA A FRAE , A AEVE
iR E FOCT AR ZZRAEFHF AT IR ZE I o

A AT E) B WL g5 b Ay A TR 8] AR A
(J2020012) %8l , 3£ 3 BT

Sk

(1] 8RB, A5 TR i TR A 47 T AL VL U L Sl
REMFFE (). oo 4R ,2020,54(9) :19-22.

ZHAO Jun,SHI Lei, HUANG Kun,et al. Study of the perform-
ance of new extra-high voltage all fiber optical direct current
transformer[ J |. Power Electronics,2020,54(9) :19-22.

(2] ZO5rpg, EME, THE, 55 ML B4 AL T =500 kV B4t

LR HRER R R K [T ). e E 4, 2017, 53 (6)
48-55.
LUO Sunan, WANG Yao,DING Ye,et al. Development and test
of £500 kV DC fiber optical current transducer for flexible
HVDC system[ J]. High Voltage Apparatus,2017,53(6) :48-
55.

[3] FLLE, I, S, 5. Aobar it il H s IR B DR 22 BT
FELT]. 77 A shfkis45,2017,37(12) :200-204.

WANG Hongxing, GUAN Yuanpeng, HU Chunchao, et al. Tem-
perature error of fiber optic current transformer [ J ]. Electric
Power Automation Equipment,2017,37(12) :200-204.

[4] MULLER G M,FRANK A, YANG L, et al. Temperature com-

pensation of interferometric and polarimetric fiber-optic current

sensors with spun highly birefringent fiber[ J]. Journal of Light-

wave Technology,2019,37(18) :4507-4513.

B R SR EI D, 4. b et e il HLIERE R U e v

53[T]. BT Ak 45,2017,37(1) :212-216.

XIAO Zhihong, CHENG Song,ZHANG Guoqing, et al. Research

—
W
[

on sensitivity characteristic of fiber optic current transformer
[J]. Electric Power Automation Equipment, 2017, 37 (1)
212-216.

[6] Zotlr: B, XM, . HGE R i H AR I & 1=
ZMLI R k3% [T]. P EEOE,2017,44(9) :0910002.
LI Chuansheng,ZHAO Wei, WANG Jiafu,et al. Harmonic mea-
surement error mechanism and performance improvement of di-
rect-current fiber-optic current transformer| J ]. Chinese Journal
of Lasers,2017,44(9) :0910002.

(7] BRI, 320 R vh 2 45 PATER 0 W Ui S el B 2

JrEBEgEL ] AR 2A4R ,2019,32(4) :576-579.

CHEN Xuyu, HUANG Kun, ZENG Zhongliang, et al. Research
on temperature compensation method of closed loop all fiber
current transformer[ J]. Chinese Journal of Sensors and Actua-
tors,2019,32(4) :576-579.

DL, T PR, SEAOBLT A4 R RO E (T .
LA SIOE TR ,2018,47(12) :299-304.

XIAO Yueyu, JIANG Xiaoyong, CHEN Hua. Temperature char-

[8

[}

acteristics of broad-band fiber-optic A/4 waveplate[ J]. Infrared
and Laser Engineering,2018,47(12) :299-304.
(9] MA4EZ Wi, XWEIR, &5 SeLM &I B R FOGLT BT 5
PR RE[J]. b T ,2018,45(9) : 180243.
TONG Weijun, YANG Chen, LIU Tongqing, et al. Progress and
prospect of novel specialty fibers for fiber optic sensing [ J].
Opto-Electronic Engineering,2018,45(9) :180243.
[10] Ztl, B0, 0, 45, 206 F s Ui B8 I o v e 1) £
P 59 p e [T]. B LR AR5k, 2018,33(17)
4146-4153.
LI Yansong, WANG Bing,LIU Jun,et al. Optimization analysis
and experiment study on measurement performance of all-fiber
optical current transformer[ J]. Transactions of China Electro-
technical Society,2018,33(17) :4146-4153.
B0 5 SRR, S e i U RS S B BOR OF
FLI] ARG 5, 2018,46(3) :67-74.
FAN Zhanfeng, BAI Shenyi, YANG Zhide, et al. Research on
key technology of optical current transformer[ J]. Power Sys-
tem Protection and Control ,2018,46(3) :67-74.
[12] BB, EEm 158, 55 B R 7 2 0h i s
BRG] AR ,2018,42(10) :3170-3175.
RUAN Siye, WANG Delin, XU Kai,et al. ECT fault statistical

[11

[

analysis of DC transmission system[ J]. Power System Techno-
logy,2018,42(10) :3170-3175.

ERN, AEE, R, 45 RIRFF ST A 7 i
WOLHE S BLI AT SBEFELT]. W IR 4%, 2020,56(5)
135-142.

WANG Chuanchuan, BAI Shijun, LI Yi,et al. Analysis and re-

—
—_—
(O8]

[

search on laser power supply condition of electronic current
transformer under low temperature environment[ J]. High Volt-
age Apparatus,2020,56(5) :135-142.
(14] Petmise, M8, B0, 5. 1E5X PR G 9 46 25 i U 1 s
HOERLELA BT LT ). W0 R4 A 31k, 2020,44 (17) : 153-
160.
PANG Fubin, LI Peng, WEI Xu,et al. Analysis on fault mech-
anism of fiber-optical current transformers with sine wave mo-
dulation[ J]. Automation of Electric Power Systems, 2020, 44
(17) :153-160.
PRI, E 50, 2R —, % SET Bt X5 5 e 2 M ik
FORR R B 2BET H R LS 2 W e KR L]
T RGN B a4 ,2019,31(2) :1-8.
CHEN Haomin, WANG Junlong, LI Junyi,et al. Fault diagnosis

[15

[

expert system for fiber optical current transducer based on fail-

ure mode and effect analysis and fault tree[ J]. Proceedings of



2 HEHEAR 204

the CSU-EPSA,2019,31(2) :1-8. [J]. High Voltage Engineering,2017,43(2) :654-660.
[16] &N, A&, =B, F. LLF b i B L s B 12 (22] ERZE, BUE. 2k vl T X 1l o 70 P B 12 W O 1
Wk 7. B 2% [ 3hik,2018,42(21) :172-177. [J]. B3 TREHAR ,2018,37(1) :136-140.
GUO Jingang, SI Lei, YUAN Zhijun, et al. Self-diagnosing WANG Weijun, YIN Hui. Diagnosis method of soft fault of line
alarm algorithm for optical path fault of fiber optical current electronic transformer [ J]. Electric Power Engineering Tech-
transformer[ J ]. Automation of Electric Power Systems,2018, nology,2018,37(1) :136-140.
42(21) :172-177. (23] P53 F1, B B, 422 %2, 48, BT CEEMDAN HE51) 4 5
(17] W358, SR &, BT 50, %, FOCT g 627 1) Mueller SVM (i e sk e s B R a0 . R 3l I 51218, 2021,
FERRE R T ], W TR ,2020,43(16) :94-98. 41(1) :33-40,198.
HU Haoliang, HUANG Junchang , HUANG Yuhao,et al. Muel- JIANG Lingli, TAN Hongchuang, LI Xuejun,et al. Fault diag-
ler matrix model of spun fiber for FOCT[J]. Electronic Meas- nosis of spiral bevel gear based on CEEMDAN permutation en-
urement Technology,2020,43(16) :94-98. tropy and SVM[J]. Journal of Vibration, Measurement & Diag-
(18] BT AR, SLTF /N -43 B 30 i F 7 =X B IR A8 i e 12 W nosis, 2021,41(1) :33-40,198.
T D]. EmPC . Em PR, 2012, [24] CHEN S, HUO X,ZHAO H, et al. Axial unbalance identifi-
YANG Xuedong. A study of electronic transformer fault diagno- cation of GyroWheel rotor based on multi-position calibration
sis based on wavelet-fractal theory[ D]. Chongging : Chongqing and CEEMDAN-IIT denoising [ J]. Measurement, 2021, 183
University ,2012. 109852.
[19] TORRES M E,COLOMINAS M A,SCHLOTTHAUER G, et al. [25] JOO S,CHOI J,KIM N, et al. Zero-crossing rate method as an
A complete ensemble empirical mode decomposition with adap- efficient tool for combustion instability diagnosis[J]. Experi-
tive noise [ C ]//2011 IEEE International Conference on A- mental Thermal and Fluid Science,2021,123;110340.

coustics, Speech and Signal Processing. Prague,Czech Repub-
lic. IEEE,2011.4144-4147.
[20] WANG L H,ZHANG W P,PANG F B. Error characteristic a- EHECL1979) 5B A B A S
Uiy, BE 5 75 1) S TE N FR SR RESS A A0 Lo
A ¥R B RER 4 (E-mail ; wlhseu@ 163.com) ;

FRICHE(1996) , 55, WL AR B2, 58T 6

nalysis of fiber optic current transformer with sine modulation
[J]. Optical Fiber Technology,2021,65:102620.

[21] %, B0, 280, 4. S s i RS M 7 i 5 15
WLt it [T]. wy s RS, 2017,43(2) :654-660. RS B REAL I BAL A 5
HU Bei, XIAO Hao, LI Jianguang, et al. Noise analysis and TSCE(1989) 55 -, TR, A2 5
SNR optimization design of fiber optical current transformers F AT HE JEAR IS B 48 46 TAE o

Nonlinear error recognition of FOCT based on CEEMDAN-ZCR
WANG Lihui', ZHANG Wenpeng', AN Yiyan®
(1. School of Instrument Science and Engineering, Southeast University , Nanjing 210096, China;

2. State Grid East Inner Mongolia Electric Power Research Institute , Hohhot 010020, China)
Abstract : Focusing on the problem that it is difficult to distinguish the nonlinear errors such as drift error and ratio error of fiber
optic current transformer (FOCT) ,an error recognition method based on complete ensemble empirical mode decomposition with
adaptive noise (CEEMDAN)and zero-crossing rate (ZCR) is proposed. Firstly,the output signal of the FOCT is decomposed
using CEEMDAN algorithm to obtain the intrinsic mode functions (IMF) containing nonlinear error characteristics, which
constitutes the original error vector data set. Then,the number of components under different errors is compared. The ZCR index
of each IMF component under different errors is calculated by ZCR algorithm. The results are used to classify the IMF. Finally,
the IMF component signals are divided into three categories according to the ZCR index. IMF components are superimposed and
reorganized into three components, and IMF component signals with stable number of decomposition results are constructed.
Error identification is realized according to the expression forms of different components. Experiment results show that the
CEEMDAN-ZCR based error recognition method can effectively identify the two kinds of errors. The drift error characteristics
are mainly concentrated in the third layer of IMF (C3) ,and the variation ratio error is mainly concentrated in the second layer
of IMF (C2).
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