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Corona Discharge Detection Based on Extrinsic Fabry-Perot Interferometric Diaphragm Na-

noscale Amplitude Recognition
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2. University of Chinese Academic of Sciences, Beijing 100049, China;
3. Electric Power Research Institute of State Grid Jiangsu Electric Power Co., Ltd., Nanjing 211102, China)

Abstract: To detect weak partial discharges and evaluate the severity of partial discharge, a novel corona discharge de-
tection method based on acoustic-sensitive diaphragm nanoscale amplitude demodulation for an optical fiber extrinsic
Fabry-Perot (EFPI) ultrasonic sensor was proposed. Firstly, an EFPI probe with a resonance frequency of 55.5 kHz was
designed based on theoretical analysis. Then, the phase generated carrier arc-tangent algorithm(PGC-Atan) was investi-
gated to demodulate the weak amplitude of the diaphragm. The EFPI ultrasonic sensor was constructed based on the EFPI
and PGC-Atan algorithm, and its performances were verified by a single-point sound source and ignition pulse generator.
The resolution of the EFPI ultrasonic sensor to the amplitude of the diaphragm can reach 0.43 nm, and it has good linear-
ity of response and ultrasonic signal detection ability. Finally, the EFPI was installed into the experimental device to
detect the air corona discharge, and 13.86 pC partial discharge magnitude was achieved. The relationship between the di-
aphragm amplitude and the corona discharge development was established by Bootstrap small sample analysis. The
experimental results indicate that the amplitude of the diaphragm increases exponentially with the discharge voltage,
which is similar to the variation trend of the partial discharge magnitude with the voltage. The amplitude of the diaphragm
is related to the severity of corona discharge.

Key words: corona discharge; Fabry-Perot ultrasonic sensor; PGC-Atan algorithm; diaphragm amplitude; small sample
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WMERES . A DARG R RS . AR K
s AP M ESE . 2018 4F, ] ORGSR
T B AE AR TR R P AT S (R R
JI0 H A EARAE A 2% F (extrinsic Fabry-Perot
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Fig.1 Schematic of EFPI ultrasonic sensor
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7E 40~60 kHz, DHICHE A 1 B 4R EAME R 1%
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Fig.2 First-order free vibration frequency and pressure re-

sponse sensitivity as a function of effective radius
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Table 1 Material parameters

L XA AEPHE EEGE Ik REU
TR CEN FIED) (kV-cm™) (10 'C
VRS 6.05 9.5x102 9~10
MEESES  4.5~5.0 200~350 3234

i 3.7~3.9 250~400 0.54
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Fig.3 Structure of the EFPI ultrasonic sensor
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51 Ls 381k,
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MAF Lo 79 680 pme SR FHFE T FLfa A & 4314 (charge
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HAEREZE N 23108 pm. RAEX @)W HI, Litls
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K H 75 R AT &R G006 EFPL (1400 gh 28 E AT kR 52
ZHAL IR MPA4OL AL 3%, e 45 RunE 5 i
TNe TATATBOHEHE T, EFPIfEJLHRANA 55.5 kHz
Ak £ 7 s e R EEEE D9 5.6 mV/Pa
1.3 EFPIEBE{ERRESH
131 RHALA: s S S

FAAL A BB R AR AT 5 A0 AP 5N R AR
TR ) BT IAE 5 40 0l 5 BN B — S
SHABR ARG 1 X IEAS(E 5, PRl o228 AR 3fe
(differential cross multiplication, DCM). jz 1E1J](Atan)
SRS GRS A O B b, A
KA AR - S E V) BE2(PGC-Atan) 1 JR FE K N & 6
F7i o

EFPI % th 10015 5 200 M i J5 T4 11
HAES VREXA:
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b AW B NEHIN, 5RATHH 2 R0
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FrME 5 Deosawt, LASIREE . KSR ST
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Fig.4 Picture of the EFPI ultrasonic sensor
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Fig.6 Demodulation principle of PGC-Atan
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P(t) =—BGJ,(C)sin p(t) (7

O(t) =—BHJ,(C)cos (1) ®)
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C=2.63rad I, H J(C)=/(C), H J(C)I(C)ZZL
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I UL FE IR bR I 5, A5 5 Deosat (1) k IR
S EREE EE T J(D). 4JuD)<0.1 I}, £l
T kR UL B T RS, ARG S A
HTEG1) oG Bl N . ikt it 1R 2 S SR AR TR 2%
H, o502 620 L :
W, —ko>ko+ o, (11)

X o NRBEEBEHISEFE. THEHRB
J1(0.92)=0.099, B 47505 5 & fH AL 0.92 rad
B, o, N KT 4o0+o0, .

£ LabVIEW -~ &48% PGC-Atan HL{7 HAE
o W FRE SR {E D=0.5 rad, 1% @=55.5 kHz;
BPINR @,=250 kHz; KAR N 5 MHz; AHALI
il % B C=2.63rad; JE P 4% FH 4 L 80 dB.
PGC-Atan SHiEXT 0.5 rad FFlAE 5 R 45 5 1 A 3
BICAE 7 s RS RIE(E Y 0.511 rad, 51
MHE SIRAE R ZE N 2.2%, 4S5 R 1540 H (signal
to noise and distortion, SINAD)4 86.332 dB.

BE—25, 78 107~5 rad 6 Bl R 1E S iRAE
FrAR 25 Rk 2 s PiEa LB, BN
250 kHz I}, PGC-Atan 5% 0] 45 % 1 8 {5 78
1074~0.92 rad [ 1 55.5 kHz fRl(E 2. i EL
RN, FOHEKN 1550 nm, g b AT
W F-P s K ARG 2 0.012~113 nm.

YT 2GSRI, RES ARG S IRE A
At 0.92 rad, PGC-Atan BRI A &K I Z 4= 5 .

2 EFPI BBEEREMEEIRE SR

2.1 RS m R S M E R

BT LR WK 8 iRt EFPL Hi
A R G eV K A I B TR O
(vertical-cavity surface-emitting laser, VCSEL),
KA 1550.02 nm, PAHIRFEA 0.4 nm/mA. 1
WA 1 S55 KERTAE, RN
250 kHz, C {HWEN 2.63rad. 2 5155 KA ger
A 55.5 kHz 1E5445 5 3B, [7] 40 cm 41 EFPI
Jit A E 5% 83 » EFPI [ A5 5 & IR IEN
Z T DETOICFC ZY-5 [ 5% LRI #5 H F 40 hy
155 . %5 5H PICO 4225A 4R UL 5 MHz ()X
FEBEAENTFENLH, FEAE PGC-Atan AR 7
BEATAR I . VeI R, RIS IR B IR N
25°C, MXTREN 35%.

PR RS M R BOE L, WTE S R A
AT R SO TR OKADN, 45 B R R IE(F-P s i
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Fig.7 Waveform diagram of the demodulation signal
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Table 2 Simulation results of PGC-Atan algorithm

Rl fE/rad  fRVAIEE/rad SINAD/dB KU
107 1.030x10°6 0.014 W ER A
10°¢ 1.514x10°6 1.179 W ER A
107 1.025%10°5 15.078 BRI
10 1.022x104 34.944 fE R 25 I R A
1x1073 1.022x1073 54.969 fER 25 0 R A
0.1 0.105 72.547 fil R 2 R R A
0.5 0.511 86.332 fil R 2 R R A
0.92 0.883 62.330 IEAE 172 4.0%
5 1.592 4795 W ERE

reren S C o
N T| wee d
L EFPI PR

5 - - m“.
: -‘ d
-

VCSELBO 3 12 520

8 EFPLEH (LA HNAT &

Fig.8 EFPI ultrasonic sensor demodulation platform
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EFPI 5 P JIRilE 55 7 5 o o HL I SR 2R MRS &, — 7T
K] EFPL {EiZ Vu B W EPEm N, 55— 7 TR
W] PGC-Atan fIRZEIERE RAF. BEAh, il s
RSBy 50 mV I, S AT AT RO IR IE A A2
e, RIIZ ARG JRIE 7 95 420.43 nm.
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Fig.9 Relationship between the diaphragm amplitude of EFPI

and the voltage of the sound source
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20 cm AL E, 2 BEEKE sk R AR 2% 2 1)
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AT KR RG], TWHE LK IIRER
HLPRIN 38 B BE R AR 38 o PZT kM tH AN K
WEB IR 2 BRI S5 5
MAESLWTE 10 s,

f & 10 A %1, EFPI 5 PZT [R50 N 5 ok ik
5%, {2 EFPL XFiZ £ K kb5 5 1 v B g A
PZT. EFPI ] 3 dB i Gy 54~56.5 kHz, ri‘K
Jok b BT A 2 G {5 5 4 RE S 1S EFPL 1A
RO R, Rt EFPL RIS A 0% PZT (1)
AR 75 Bl 50~400 kHz, X & B0 78 & H 4, i
S S T AR AL o
222 SRS 8 () A

Yol 8w IR B o R UK K R AR R, X
EFPI i #2214 s K k5 5 0T AR o 4 s SR
A Rk 8 EEPT 0 7 3% T 5 5 R 1 e
R 11 iR

T PGC-Atan BiEHE ISR EECOK, fHA
Gl AR SR S 2 0.05 mso ARFE I 11 740,
17.2 ms Fi, W R 51 A IRIE S TE R
172 ms &, EFPL fxill 52 Kk fE =, A
PRIEABMELK . 2 DMEIEMEERIEAR—2, AN
PGC-Atan 532 RE8fif 1 EFPL X 5 {5 5 1M B
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Fig.10 Waveforms of EFPI and PZT response to pulse
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Fig.11 Waveforms of EFPI response and the demodulation

result of diaphragm amplitude
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Fig.12 Corona discharge detection platform based on EFPI

ultrasonic sensor
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J HRIN A LR N AR I, S5 R SR T R A
SR AE M S R, ARSOF EFPI 2 PGC-Atan fi#
WHRS, VAN EFPL B PRIE KRR B ik
e WCT-2 L5 11 A I AL T Hs 2 N R 56
SEEE L, HAHI BN TWPD-2E M5 s 5
A, A0 W82 e i s L e T il s R i . 158
IR EE N 25 °C, SRR N 35%.

3.2 HFHEBERNZEERE Bootstrap 734

EFPI JI5 4 7 35 S5 U < 1) (1) 36 R o i
SR M A 7P 8 e ) M SR T 3 Ko R it o R
A AR A R R R, 3R T A R R P A R R
23N e B iD= AR W % e ] e D0 R 7 s o B
FHE, YRR GG BB ikek, 3R
B, UL A & LU & B s 3.7 kV;
LR EE 14.7kV I, EESLEIS S BIEE
B HEEFEE 143 kV, Wi RO IE L EE
WS Rk, SRR SRR, AT S
TR . RS RGeS 5 Z I i 7 i
HONE R TR sE, il 13 .

MW 13 HATEH, e Ed g R
B AR ROG K. o, RRgAe e i HR O
T, JRBE SN AR DG, R
R 0 o it ) PR PRI KT 3G K S LR R R R
EIE N 13.86 pCo IGFTHEF T, RERN,
B e R AR K

RS S ARG, N 4 B HY 3.7 6+
8. 10, 12kV #1143 kV. K PGC-Atan Hyx R
AR L R IS AUAS R B & R ) EFPT JBE R . AR
Wb RN, 2SS EFPI BN, EAH —
SENIGTRIE, Sk RBUNARE S . eyl ia R
W PRI AR G 7 5 R 2% 5 M 5 7 i LA 5
W, B &I RIE . A AE 5% . R
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