creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

A7) <=

Insulation Diagnostic Technique for Oil-immersed Power

Transformers by Analysis of Acoustic Signal

20114F 8H
R ERE A BB
EREF LEF

K



K X = AhKone TEEt Bfimo= RUET

il
H
B
35
H
i
it
S

20114 6H
el N PN
ERET TR

/N NI v



A7) <=

Insulation Diagnostic Technique for Oil-immersed Power

Transformers by Analysis of Acoustic Signal

20114F 8H
R ERE A BB
EREF LEF

K



r

m

Hr
2
K

TH

Vi

A1 A

1.1 ?j:FLHH 751

24

24
35

il

A

TH

!
~
HO

T
il

45

=
=

3.3 7



4] TG ZHIE T s 54
42 €32 SFA T Y ATFEA e, 61
4.3 QR FE T ceeereereee e 71
;é” 5 Fé;l- @ % ................................................................. 82
=} Il A T] e 85



<Yy B>

2

10
13
16

-

il

D tiieieeneseeceesescssssascssssscssssssssscasssssssncsnnns
=

ez} W

L=
[}

AL o

el

gl 22

s
o

vzl

_ZTI

Ho

olo

3
N~

a9 23

16
18

Y

mmﬂ
xr
ld

by

il
o

1% 25

21
99

Gt
0
_5 I
;O.ﬁ
=
e
ojn

o)

X
=0

il
prl

a9 27

24
26
28
30

FZFAFE] TP ceeeevmmensin i

13 3.2

x4
=0

il

a9 34

31

o %

1

LOU
Py

1% 35

32

36
38
40

N

T
A
TR
o
[==o)
R
-

a3 37

=)
N
!
A
=0

i)
il

1% 38

41

28 310 ABAIA]Q] TEZ coererremeii

44
46

LR =R TN ¥ [

o YA, WA R

9

KX
=]

I 311

=1]
=

a9 312

47



48
49
49

-
olo
¢
Jln_ﬂ
N

o)

i
Nlo

ol
;OO
ojn

w
M

51

1

53
53

—_—

-
No

e

-
[¢]

a9 318 AlA A

i

oo

A
ﬂ
N

oy
-
Njo

B

Ho

TR
1

95
o7
58
60
62

® 41

)
‘_.ao
s
;O.ﬁ

;OO
olp

a9 43

WA AT A Q] FLA ererrrertrenei

2% 45

64
65

o)
0
B

<
el

fvzel

E

1% 46

ol
Ve

X

)

65
66
69
70

a9 411 A w

72

|

73

o

=
=

19 413 AEAA

74

X

9 414

74
76

_?4 ‘]Z‘,:;g "E]@ 74]9] :,L}é

3|
=0
iz
il

™
1

78
79

35

9 417

_iv_



19
43

w47}

=
T

718] o) el

oF
H

45
50



Insulation Diagnostic Technique for Oil-immersed Transformers
by Analysis of Acoustic Signal

by Dae—Won, Park

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

This dissertation deals with the on-line diagnostic method for
oil-immersed power transformers by acoustic signal measurement,
which is recently being accepted as a non—destructive and an effective
dielectric diagnosis. Partial discharge (PD) detection can be divided
into two methods: one, electrical, the other, non-electrical. The
electrical method has high sensitivity, which enables precise
measurement. However, some of the shortcomings of this method
include the fact that it is likely to be affected by electromagnetic noise
and its coupling network can not be installed during operation. The
non-electrical method includes acoustic, optical, and chemical detection.
The acoustic detection method is less sensitive than the electrical
method. This method, however, is less likely to be affected by

electromagnetic noise as it is electrically insulated. Additionally, the
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acoustic emission sensor can be installed easily during operation.
Locating the defect is possible by measuring the time difference of
arrival (TOA) of the acoustic signal using multiple sensors.

Partial discharges were generated by increasing the AC voltage
from 0 to 50kV while immersing the electrode system in insulating
oil.

To detect acoustic signals generated by PDs in insulating oil, a
wideband acoustic emission (AE) sensor, with a frequency range of
100 kHz~1 MHz, and a narrowband AE sensor, with a frequency range
of b0 kHz~250kHz, were used. The two types of AE sensors that
measured acoustic signals were installed on the outer surface of the
metallic enclosure. As the AE sensor uses a single cable for
transmitting both power and signal, therefore the acoustic signal was
separated from the DC voltage by a circuit with high-pass filter
characteristics. The decoupler was designed to separate the acoustic
signals from the DC voltage. The prototype decoupler designed in this
paper transmitted acoustic signals from the AE sensor to the DC
source are attenuated by more than 200 dB, but are transmitted to the
input terminal of the amplifier without attenuation.

Electrode system have been fabricated to simulate the defects that
can be generated inside the oil-immersed transformer. A plane
electrode was made from a tungsten-copper alloy disc 15 mm thickness
and 60 mm diameter to avoid electric field concentration; the radius of
curvature of the needle electrode was 10 um. A pressboard of thickness

1.6 mm was inserted between the electrodes.
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From the FFT results, the frequency ranges of the acoustic signals
generated at the needle-plane, plane—plane, and particle electrodes were
in the ranges 50~170 kHz, 50~400 kHz, and 50~400 kHz, respectively.
Although the signals vary depending on the type of defect, the
frequency spectra of the acoustic signals lies in the range of 50~400
kHz. Therefore, it should be noted that a narrow-band AE sensor with
a resonant frequency of 140kHz is suitable for the diagnosis of
oil-immersed transformers by acoustic detection.

Relationships between acoustic signals and distances were analyzed
to determine the propagation characteristics of acoustic signals in the
insulating oil. To determine the sensitivity of the measurement system,
a calibration experiment was carried out with a standard PD calibrator
(CAL 1A, Power Diagnostix Systems GmbH, 1 pC~100 pC).

The output voltage of the measurement system increased linearly in
proportion to the injected charge. The sensitivity of the measurement
system was measured as 23.60 mV/pC.

Relationship between the magnitude of a PD pulse and the acoustic
signal was analyzed while increasing the distance between the AE
sensor and the electrode. When a PD of 23.3pC generated, the
magnitude of the acoustic signal appeared to be 940 mV, 795 mV, 700
mV, 570 mV and 450 mV at distances of 170 mm, 300 mm, 400 mm, 590
mm and 800 mm, respectively. The acoustic signal was non-linearly
attenuated with respect to distance.

To find the Ilocation of the PD occurrence in oil-immersed

transformers by the acoustic method, three or more AE sensors are
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required. In this dissertation, five AE sensors were used to estimate
the position in 3-D by the TOA of the acoustic signals and
coordinates were marked on the enclosure to calculate the location of
the PD occurrence by installation of AE sensors.

Five AE sensors were installed to estimate the position of the PD
source in a 3-D by using the differences in the TOA of the acoustic
signals. The experimental results show the position of the PD source
with an error margin of 10 %. The positioning error was due to the
non-linear propagation characteristics of the acoustic signal.

The insulation diagnostic technique by acoustic signal analysis is
expected to be widely used power facilities with oil insulation such as

power transformers, metering out fits (MOFs).
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Table 3.1 Acoustic characteristics of materials

a2 SFI A~ &5 I
(kg/m”) (m/s) (kg/m’)
7] 0.00004 343 0.001
= 0.15 1490 1.00
1) 1.70 6300 2.70
= 4.20 4700 8.90
AA 0.12 1490 0.86
TYARE 0.18 2000 09~1.3
a9 311dlE mde] B2 F AAWUS Aoz &ute] ukalel £l
ZAIe] BAS Yt S37F AANeE vaEs ArE o, 7

= (3.16)
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Table 3.2 Coefficient of acoustic reflection between various mediums

o A | DFEUFE (%) | (%) | AR (%) | B (%) | $71(%)
GF ) F 0 20 74 72 100
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A H 74 89 0 0.3 100
= 72 88 0.3 0 100
27 100 100 100 100 0
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Fig. 3.18 Prototype wideband amplifier
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Fig. 4.13 Positioning of PD origin using AE sensors
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