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Table 1.  Comparison of ultrasonic location accuracy of PD.
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Fig. 1. Test system schematic diagram of ultrasonic testing (T}, isolating transformer; T,, voltage regulator; Cy, L;, low-voltage low-
pass w filter; T, high voltage test transformer; C,, Lo, high-voltage low-pass filter; Cy, coupling capacitor; Z,, detection impedance;
T, Tank; S, piezoelectric sensor; AMP, preamplifier; DAQ, data acquisition card).
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Fig. 2. Schematic diagram of needle-plate discharge model
(1, high voltage wire; 2, polyethylene sample; 3, support
frame of polytetrafluoroethylene; 4, copper electrode; 5,
cable oil).
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Fig. 3. Location illustration of PD source and ultrasonic

sensors in the oil tank.
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Fig. 4. Schematic diagram of ultrasonic time difference in
TDOAM.
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Table 3.  Adjustment strategies of quantum rotation gates.
Z; Thest, i (@) > f (Best,d) Ab; e 2)
' a; B; >0 a; 3; <0 a;=0 B;=0
0 0 false 0 0 0 0
0 0 true 0 0 0 0 0
0 1 false 0.01n +1 -1 0 +1
0 1 true 0.01n -1 +1 +1 0
1 0 false 0.01n -1 +1 +1 0
1 0 true 0.01n +1 -1 0 +1
1 1 false 0 0 0 0 0
1 1 true 0 0 0 0 0
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Fig. 5. Calibration curve of pulse current method.
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Table 4.  Algorithm parameters of PD localization.
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(58 L B RS e, HoP X IR 2R (017 +
0.04) cm, 1M GCC v fe F A, 13 4 X% 22
ik (1.32 + 0.14) cm.

1.6

e Ax
N Ay

"
[N~}
T

SERLUERTIRFE /cm
e
[

e
=
T

. B 7N 7N N 7N
PSO  HAHX%
6 AR T Ry F 0 H o B 4 4 % i 2 AR AL
Fig. 6. Average absolute errors of PD location under differ-

ent algorithms.
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Table 5. The PD location of different algorithms.
Ao
EERES — — — —
SEAT (12, 14, 6) cm SCERA2 (14, 10, 6) cm LGS (15, 11, 6) cm SLERAH4 (16, 12, 6) cm
QGA (11.79, 13.61, 5.78) (13.78, 9.88, 6.06) (14.88, 10.86, 5.90) (15.82, 11.84, 5.88)
GA (12.33, 14.24, 5.73) (13.62, 10.22, 6.16) (14.65, 11.24, 6.22) (16.34, 12.30, 6.24)
SAA (11.58, 13.41, 5.78) (13.66, 10.32, 6.24) (15.34, 11.22, 6.20) (16.32, 12.28, 6.26)
PSO (12.12, 14.21, 6.15) (14.32, 9.72, 5.84) (15.42, 11.28, 6.30) (16.42, 12.34, 6.32)
GCC (13.38, 15.06, 7.42) (15.51, 9.62, 6.94) (15.71, 8.32, 7.24) (14.76, 10.31, 7.13)

(ELASL Y 2 o 152 2 U P HG S (37 5 R S I AN A
(0, R AR IR 2 €, AW ZE Dy A KGR E
PIRJIRZE AR SFIRZAERS DAL T 00T, HAH5
AT A R

Lact - Lcal

& = x 100%, (22)
act
|a7act - xcal‘
Dijax = max |yact - ycal| ; (23)
|Zact - anll

[u

AR=[(@—w) + -y + (= 2%, (20)

K, Pz, y, 2) F Py, Yo, 2.) 7B NEFRATTE
(R FRL VAN B AR, T Loy A Ly 20900 A SEBR AN
BARbR. FETRFBEIEM SRR SR 2E €., Diax
AR PPERZEIE 7 s,

TEE 7 TSR X iR 25 | oK 2218 S 25
HiR2E, GCO B IR 22 (6 Y5 B 8 i 1 HoAth U Fp 15
%, DILEEiR 2200, GCC MYiR#Z N 2.37 em, 2
QGA 11 7.65 15, & (kG BE S A BB i HAth Y
PR 2z b, QGA B 25 5 0 B 5/, i K
FHXT IR 22 AR 2.08%, M AL SR GA, SAA
PSO #5125 86.54%, 7 4 Xf 1Y E A 3
XS HE R (T4 AR — 2L

4.2 BEEESHREBESH

SR T PRI A 0 — Bk, SR ki R R
5 P Bt [T s iﬁiﬁﬁi%fn 5, AT kg
ik ERea i)y GRS o F e A ERE DO NIVA: ) N |
IRCUNI TS Eéﬁ%ﬁ%ifiﬁiﬁ*, T A 1 6 24 R
150 M HAT AN, JFHR 400 ps PP {EAE
HHE SRR U ShkopB B IESS U

I FFARR P I8 A e 3 AR - AR AR ] RO 2,
31 4 mm R AEARIEA T SRk Fe . SR ] PR

20
(a)
P e, .
b Ney
& B e
]
b
= 10
=
ﬂ
B 5
0 B
QGA GA SAA PSO  HARXH:
2.5
(b)
2.0 E Dy ax
B NN AR
= 5t
i
Z L0}
B
0.5

QGA GA SAA

PSO  HAH&E

Bl 7 AR T RSO E A iR 242 (a) T
B iR 22 ; (b) R oK 25 L5 G iR 22
Fig. 7. Average errors of PD location under different al-

gorithms: (a) €,,, €, and &,; (b) Dy, and AR.

PRI AS Ti) L 0 4GB 38 1) 75 A5 5 FL S 1 5 0
1 C R ANIEl 8 FTow, HE 2 48 5 SR RITRE OG & lcn
%6 FT. mIE 8 M 6 Al %, A IS S R
P T {55 PR T3 P o ) 22 30— AR LE AR OGP, L
FARJE T LMK R (AR5 L B I 7 B AN
], A5 I 2 ek s, S S S h T
I HH B — R PR 22, 3K TR X R A PR A
AT — 2B bR E .

R Y W EE T U5 A S TR I RS s k]
AR, CETMAE DRI AR 4 S ALK
7, HAE 4391 (0, 7, 6), (17, 10, 6), (25, 7, 6) Al
(17, 23, 6), Zead K LB HE TR 7] SR IO bR
S8, 3k 7 A,
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Fig. 8. Fitting curves of voltage amplitude and discharge amp-
litudes at different thickness of insulating papers: (a) 2 mm;
(b) 3 mm; (c) 4 mm.

# 6 ARGERMBULRM R

Table 6. Change of system sensitivity and correla-
tion coefficients.
LAY /mm RO RHE LEESES
2 14.91 0.99
3 14.37 0.99
4 14.84 0.99
T AR AR
Table 7. Linear coefficients of PD.
LMk FREL Ky K K, K K,
Hife 501 298 293 286 295

TEM AT 100 kHz N 3480 IR AE
A, AR AE 9 Fis, Hobh s, KA
B E R R, T s, AR RLE, RV
AL O S R B T R I R Y s
7.00 cm B, s, il s, I SE 2T A, X PR E
A RS,

P O Al L, SR 5 5 A AR AH R, 5
RS s EWTHEIN, TR e,

PR ILALE R R e TR R, LR P AR 5 L R
{H 33 mV A, MSiEEE s 4 37.80 cm A}, £
SR EL X IO A RAE TR Rl 633.83 pC, SR
B 7.00 co AH TG, PR AR FEIE R T 28.51%. Jf
H, Bt 00 R 1, B 0 B B ) T B
i AQWIERWIE K. 2 s hy 13.89 cm B, 5l &
S 7.00 cm AL, BB AQ M 4.03 pC/em,
MY s/ 37.80 cm W, ST HEFEE] 7.00 cm AH L,
K R AQ N 4.57 pC/lem, AQ K # %
FEE T 13.40%. 38 33 A R H AR R K Y
A3HT TR, R R4 R AN K SR L A AL T
FL i, ) R R S L R L

700

— 84, =7.00 cm
600 F— — Sw="7.00 cm e
- -8, =13.89 cm g
o) 500 b=~ Sw=15.52 cm - - ,//'/.,'/"
2 — - 8y =16.76 cm - A
ﬂ]ﬁ 400 F Sw=20.22 cm e
ih) Sw = 23.85 cm -
® 300~ Sw= 37.80 cm - /'
= 900} =
100
0 I
0 7 14 21 28 35

(3 IO N I o SR Py R R WA (U PSS
Fig. 9. Relationship between apparent charge and voltage

at different measuring distances.

5 & %

PL TDOAM & {o7 J5 B Sk Aty XoF iy 740 5 P Y
SEPR R A, X SRS R A TR A A R R
PRE 7 RRHEA TIE IE S AIE, 53] DL T 4518,

1) JR R R e v 25 SRR W, R QGA T
Jeiy RS A FL IR ) S SRR T, AR O A R 2
1009 2.08%, SIEGH) GA, SAA F1 PSO MLt ft
ATHE ] 86.54%.

2) Jr IS A R R P IR A P R {5 A R
B8] A ¢ R BURIA 0.99, T8 7% H g Mk TEAH
KepE.

3) I JR R B A R i SR R (S
FERIZRIE R, G557 AL RGNS ST 35
AT FERENAN, ST T SR R VR L B
SE W E TR AL, TR - AU AR A ) M e A
SHEN 33 mV, W R 7.00 cm B, JREBL
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AR B M4 S bR e iU A I L8 A, Ul
T b s A TR

4) MM E S W R IR AE AR R, T e
VRN, it ISR B K T R R A R R TR
WG, SR 2 A 37.80 cm B, JR AL
T5 B L AE JICH 2 R 633.83 pC, 5 7.00 cm AH L,
BRI R T 28.51%.
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Localization and intensity calibration of partial discharge
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Abstract

In the insulation system of power equipment, the partial discharge (PD) of short period does not cause the
insulation to produce the penetrating breakdown, however the long-term PD of is one of the important causes of
local deterioration, and even breakdown in dielectric. Therefore, it is very important to study the location of PD
source and the calibration of discharge intensity. To achieve this, in this paper we take the needle-plate
discharge model for example and go through the following steps respectively. Firstly, combined with the positive
correlation between the ultrasonic signal and the apparent discharge magnitude in the process of PD, the
ultrasonic method to detect partial discharge can be implemented. Then, based on the principle of time
difference of arrival method (TDOAM), the accuracy of location is analyzed by using quantum genetic
algorithm (QGA), genetic algorithm (GA), simulated annealing algorithm (SAA), particle swarm optimization
(PSO) and generalized cross correlation method (GCC), respectively. And thus, starting from the study of the
attenuation effect of sound pressure caused by the propagation loss, reflection and refraction of acoustic wave,
the calibration model of PD intensity is established for the first time after determining the location of PD
source with high precision. Some important findings are extracted from simulations and experimental results.
First, the localization algorithm of PD source with high precision is observed. The localization of PD source by
means of QGA is the most accurate, with maximum deviation of (0.27 4 0.13) cm. Comparing with GA, SAA,
PSO and GCC, the accuracy of location is improved by 33.57%, 41.51%, 32.11% and 87.26%, respectively.
Second, due to the attenuation effect of sound pressure, when the measured voltage amplitude of ultrasonic
signal is the same, the apparent discharge magnitude of PD source gradually increases with the test distance
increasing. When the test distance is 37.80 cm, the apparent discharge magnitude of PD source is 633.83 pC,
which increases by 28.51% compared with 7.00 cm. Moreover, simulation results and measurement results are
compared with each other and they are well consistent. The discharge curve almost coincides with the
calibration fitting curve of PD source when the test distance is 7.00 cm. Finally, it is concluded that the
discharge intensity calibration model of PD source is accurate, which is of great significance in evaluating the

extent of insulation damage.

Keywords: partial discharge, localization of ultrasonic method, discharge intensity, mathematical model

PACS: 52.80.Pi, 43.28.Tc, 51.50.+v, 47.50.Cd DOI: 10.7498 /aps.70.20201727

* Project supported by the National Natural Science Foundation of China (Grant No. 51577045) and the Youth Innovation
Talent Project of Universities of Guangdong Province, China (Grant No. 2020KQNCX117).
1 Corresponding author. E-mail: x hzhang2002@hrbust.edu.cn

095209-10


http://doi.org/10.7498/aps.70.20201727
http://doi.org/10.7498/aps.70.20201727
mailto:x_hzhang2002@hrbust.edu.cn
mailto:x_hzhang2002@hrbust.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

