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A Study on the Propagation Characteristics
of Acoustic Signal in Insulation Oil
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A Study on the Propagation Characteristics
of Acoustic Signal in Insulation Oil

by Min-Young Yun

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

Busan, Republic of Korea

Abstract

This thesis dealt with the propagation characteristics of acoustic
signal in insulation oil for the purpose of improving the reliability of
acoustic emission (AE) method used for degradation monitoring of
oil-immersed transformers.

A discharge source was placed in insulation oil and AE sensors (140
kHz) were attached on the oil tank to study the changes of velocity
and propagation path with the depth and distance. The average
velocity was 1,436m/s and the velocity decreased with the increase of
depth from the oil surface to 430 mm. The propagation paths were
classified into three sections by the shortest reflection path of the

detected signal. The minimum distinguishable distance in each section

_Vi_



was 70 mm.

In addition, with the application of average velocity and propagation
path, a partial discharge (PD) positioning algorithm was designed
using the time of arrival (TOA) based on LabVIEW program. It was
also verified that PD with a magnitude over than 526.3pC can bhe
detected by the AE sensors. The proposed algorithm could localize PD
with a error below 29, which was 2% higher than the conventional

method.

- vii -



cpebA geauel Aag Aol A AA R slEHen wa
Vet wo@ AdE BE At

201395 A7 ALEA ARE Edw 49 BFow Q¥ Az

o

o
5
i
Aul
=

Q
£

22 %, AAL3tz s Alarl 16 %E Ao, 1

NERE e
1% \,

\

A ASELE
2%

Uy

Seintay)
4%

e Y
o EsYE oEH

9% 5 20,

8%

a9 1.1 20139 % A7|AuA AL Al (A7)bHEEAl 2~ 8 2013)
Fig. 1.1 Statistics of electric equipment fault in 2013
(Electrical safety portal system, 2013)



ﬁo
B

=K

714 8.,

SESE LRI

o] o
T- -

¥ 9} Crack

o 7]

1A -2

ol A dd

al

{ﬂ,

o)

ik

o]/

==
s

71004 o]

i

ol
G2

5]

1
T

EEEE EREE

B

A

2y

o]

Z
S

-

Ho

ol

ol

A8717=

] O

X

=

3

e

=

=

<

A B gzt

bl

o

°] 7I&

o)

wK

)

4 o a8y E

il

=

o
o

ok

o
il
ol
T

o

~
Nk



min

ojn



i

Al 27 o

21 2 2 43

A

—
file)

2re= B VA FEe SFe

9

3L

i, LA FE o

Bje] dd

¢}

Z

I

ol
ol

o

o

)

P~
fite)
TO
il

ol

T
oF

A9 Fagd, FEARzA] 24, AdgwzA ]

ol

7ol
-
)

il

—~
fife)
_—
o)
JJo
juze]

B

foll
o

7o
B
el

"0

B
XV

p—

0
K

27 vetu, 2 Ast "zl el 2 5] Aolrt A

CAARze T W v

= 7HA7] Wil o8 ZHA]

A

3

O = =
o]:td'?

ol
B
T

i
_Eﬂ

o
i
-

o)
Nfo
N
Ho
3

-
o
o)
oF

B/
X

o
Gl

o
Pl

o
ol

—_—

-
o
T
pf

K
1o
</
o

o

il

ﬁo
B

A3}, AlzA

]
ZS|

7l = 71A14

oF
H



=K

—
fie)

e

Z 7

o 7]

] o

U

3

ol 7HA 2E & 9

-
.

A ]E7] o

]

a3 7p LAY

Z o

o

)

A

A =™, b= Hol=

9

Q

7}3) =2
28

p==

[

°
pal

ul Ay 'PE}US].

g3 B2 A

a

-

2.1 YERR AT

i
st

5hH,

°

3 A

S

Table 2.1 Causes of deterioration

of <]

™M
T
mw .
i ok
S el T
- .
ol . ml W
el I ar
Gy of |
oy | W
B ) K| T
%o N
T4 @w
- ad
"
BT (A
= Mo | A+
5 X o |
! X K7 B!
=
(il -
of of o
" B T
~ T |
= ~

A9

MAYZS a9 229
el

o] A

1
T

AzRE sy st
kg

i

1o

7] el A4
Sie;

s

QUi 52 2104 g 1
25 HE5y

o
]
=y

2t

el

-
9}

=

el

o
olo
3

0



I]
11
e,

I
1]
()

Q)HV
==t
T LY

a9 21 FEUAe 573 =
Fig. 2.1 Equivalent circuit of partial discharge

A71A Q0 dstel o7 AAdvty= dhe) Aold whel vhEw, dnks

a = (btoAV (2.1)

oA7IA, AV = U—V= Holt o AYAstioltt. 12y ¢, &

H HdEo] E7sse=z whd #AA] gEAS Fd 225 WHAAsE
SAso =z WA AV|E Ao
ojluf WA EF g

qg= bAV (2.2)



=

V=_[2V,sinot

a9 22 FEd -

Fig. 2.2 Typical patterns of PD

oF o] dET 4 Utk Al A5AAY HFAs= b ola, W
HAE7IANA= g2 ol A9 Y. WHAsts g7 EAT w, o]ue
WA ol A=
1 i Ol
P= QC(U—V)ZECXAVX(U—%- V) (2.3)

7F H=d), o714 Vi Ul Hlske] oF 10% A== 2] wlio] 2] (2.3)

< ofefle} #Zo]l 3T F U

P= scxAVxU (2.4)

a3, pRAANAYe U = o el m@H=E oY)

o
+| >
[0
=~

A, Vi AEeAM o]

o
o
o
rir

o5 WHAINAI ol e



(2.5)
(2.6)

EARIIREG

o 2 (26)% #Zt}.

Vj
ko

I

b
b+ ¢
< gkol7] o

&

2}
FH, A=zrell s3] o] 24

%CXA Vx
tef ob5

°©

°©

]

o

P~ LbAVV, =

2

P
cot v

-

obele} o] tha

-

T

(25)°l4 b

(2.4)
of wet Az 27)7F Sk

Partial Discharge) ©]#}

Al
2]
Al
2]
=
=

_ZTV

il g

<& 37t

[}

Pol wel 7E

-
R

o

l:]oﬂ

ass
n

k)

i of
A

e}
LB

o] HE
A2 Al AA

°

h=i}
=

A2we] A

Z] o



e AAA UFe] Hol=e =yt FAEE, thye Rol=rt A
o Asde s AdnyE wHPAA G e Fo] gol |
Hidl, o] A7 wgEo] Azt mel WMaE 2T i AL 3

S2IANS AL Axde] AY me BIRFOR Aste] wASHE

5o ol 9% w7 IHIFR, Increasing Failure Rate) o2 3
Aot FUREATIAAE ] HALE2 A Aol mekA A

g ARl wEts Aol & dEA i, I 239 dER LT

E7|H op=I|7E
R E T b FHRE b (R E R

AlZE (1]
a9 23 &x3A
Fig. 2.3 Bathtub curve

vl <H 1
G AAH el B 5 ARl WA E Qo] v 2
Fol Mg Wiel ool MASAY WAT el A B A
AnE + A PAAAZ 2753 9tk ol F 98 FAYSLE G,



]
=

=
=

SEE]

SRIEEEEE

5

wopel FAE WA

Rl
= Fust7]l 9

= 7w
BETO

7] ol 4

(1) A7134
T
o S X

)

)
Jlo

O

A

d A ek H A A el A

o]

-7

g
N

!

o

olo

ol
Hlo

i
T

ey

o

A5t w77

=
=

A ZE7F

R

mK

7 e %
A7} waAEA ozl FRel Fhart 24

T

ol
B

7t~ ARVE

1
.

Faheka), COx(e]2t

04k 2), No(A2), Hy
oy

ass
=z =
[¢)

kel
o 9

o

o3

_‘IO_

-

O~ =
—

A HE7r
(F742), CHy(MEH, CoHg(ol B, CoHu(el 2 &), CO(

1=}

LN

Ea

stol 7t

S

g PR F5F 2722 7~ AZuE 299 (Gas chromatography)

2z 24



2.201 YERT
2(Ho)oF oFA” A(CH) 7k, 53]

Aol 1

B o I
TEE.TJL_

3

A

w7

=
R

HQE7] o] el wt

¢

e g el

o A LpEfLb=

d

Bol- Z

KeR
T

0

A5

3

Ea

7L

=
=

2.2 W}t7] o]/l w
Table 2.2 Gases generated by faults in an oil immersed transformer

o)

T | o | 4| o

o 5 | O 5

I 5| B2 5

N LR REES

O = | O 5

=0 s | = RO

mm:._ HZ Q H),_ @)

dl C LS e S

HESAEIN

O Lo | OO

N ®) 5 @)

s J W 8

o an

ol alil

o | B | ok B

BB | ®E

1 I - e R

Mo g g
o)
Nro

o oy o

° T B T g

L T

lir o m.o Tod

o o)

¥ (UHF A=H4)

=3

(3) AAst A

it

)

ol 5 300 MHz~3 GHz9] T35 919 UHF W4

2t 9

A 7}

g]

—~
o

_‘I‘I_



o 5

£ ERsn A¥E Wb E 54 b a3t e A 5

4 QA A% YAEE SO A/E Sgeldn dhul, Fash WA
A~

of wel ek o

QR vde WEd 558 FH Ao 4 @D 2ol el 4
9\}]\]—4_[28]

P

, TPt c (2.7)

AN PE &% v Wk EE, g sdel WE, o= gdoln

2.300 ¥ 74A widel Wi FFSAS e

=<

23 S¥54

o2

Table 2.3 Acoustic characteristics of medium

SRRy L S& R
UH 4 3 3
[kg/m"] [m/s] [kg/m"]
e 0.00004 343 0.001
= 0.15 1,490 1.00
s 1.70 6,300 2.70
AR 0.12 1,400 ~ 1,500 0.86
k< 0.69 5,000 ~ 6,000 1.27
TYPAHE 0.18 2,000 09 ~1.3
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Table 2.4 Reflection coefficients between different mediums
A EFeE %] | B [%] | 2AR(%] | E[%] | §7][%]
el 100 100 100 100 0
= 72 38 0.3 0 100
&Fu| g 0 20 4 72 100
A 74 89 0 0.3 100
A 20 0 89 38 100
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Table 3.1 Specifications of experiment equipment
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11kHz ~ 55MHz (-3dB), 40dB

A AEALA]

HFCT
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Fig. 3.5 Prototype of acoustic signal amplifier
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AE Sensor
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a9 41 WAl §F A9y

Fig. 4.1 Propagation paths of reflection in insulation oil
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= 99l 30058usol A Al 1 FHS A9 1449 us7t Al 2 Fiko] ©
tho Al 3 e B I EZRY 530mm Aol HAIEE H,
x= 5323mmZ AEMA7A o] 57 e 1064.6 mmolth. ERA S A4t
g AR 74127 us7F AEERA L A 1 733 A 2 F1hE A E G
4366 us= Al 3 ol Har 17 4.2 vehRi

shAI R AAef Ao RRE Atole A7 300 mm, 500 mm, 700
mm % 900 mm¢| Al 1 #3Fe AF ALE = Aot Agabel 7k 20~67
mm7HA 2= AH AuEs 3o =dA kg ke AARS & 7 A

ok E 4lE 2o o w4 7ol 430mmolA AMARFE A
H

x 41 A9Ad=E ols AR B EgAIZE (Z o] 430 mm)
Table. 4.1 Distance and TOA by propagation paths (depth=430 mm)

e} A1 TR A2 T2k Al 3 T3k
4 A2l [mm] | A17F [ps] | A2 mm] | A1ZF[ps] | A2 mm] | A13F [ps]
100 223.6 87.7 431.7 145.7 1,064.7 436.6
300 3674 | dEES 516.1 108.4 1,101.1 407.3
500 5383 | IAFEF 652.9 102.3 1,172.0 361.5
700 7280 | ATETF 816.3 78.3 1,270.2 316.1
900 9219 | AT EF 993.1 64.5 1,390.5 276.8
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Fig. 42 Examples of discharge pulse and acoustic signal by
propagation paths (depth=430 mm)
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¥ 42 A9 =2 ols A 2 =IAZE(ZH o] 230 mm)
Table. 4.2 Distance and TOA by propagation paths (depth=230 mm)
o A1 TR A2 3 Al 3 T3
42 ) A [mm] | A2 [ps] | A [mm] | A1ZF[ps] | A=) [mm] | A17F [ps]
100 431.7 230.3 608.2 121.8 1,064.7 318.4
300 516.1 220.2 670.8 107.7 1,101.1 300.0
500 652.9 105.3 781.0 89.8 1,172.0 272.7
700 816.3 82.0 921.9 73.6 1,270.2 226.2
900 993.1 69.7 1,081.6 61.6 1,390.5 215.0
R EEEt < Mail q | o
il st
Tot80s ez EITPET— ’
2.20us ¥1(CH1) 3.41pV
Bl Rem i
A A= [1.00 V/div, 100 ps/div]
s §¢AE [100mV/div, 100 us/div]

(a) 100 mm
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3. 000V
o 0. 0w
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WV yryvwyuey
6217 us e e 6 s
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(c) 900 mm

A= gaHse) S3059 %4 o (o] 230 mm)

Examples of discharge pulse and acoustic signal by

propagation paths (depth=230 mm)
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% 443 ol Zlo] 30mmolAAY Y WE T FFANT =LA
H S5 100 mmeoll Al 27 688 us 9 1,453 m/s, 300 mmeoll A 204.8 us
9} 1,464 m/s, 500 mmol A 343.1us < 1,457 m/s, 700 mmol A 487.1 us<}
1,437m/s 2 900 mmoll Al 618.1 us®t 1456 m/s7} SAHNL, B EEE
°F 1,453 m/s©| t}.

® 43 AAFEFE Zol7l 30mmY o, Ao A Alele] A
g7 S7F & wo] AuAdRE deddn. Al 3 ks B s T
b 7 gldeh A 2 A3 A 3 3] A A7F 45 ~ 60 mmE

A gob FRS T 7 gich

* 43 AoA 2 olsAg E =IAF (o] 30 mm)
Table. 4.3 Distance and TOA by propagation paths (depth=30 mm)

o A 1T A2 w2 A 3 2
42 ) A2l [mm] | AlZE [ps] | A2 [mm] | Al ZE[ps] | 78] [mm] | A13F [us]
100 431.7 230.3 1,004.9 400.2 1,064.7 | A& 5
300 516.1 220.2 1,044.0 107.7 1,1011 | AHE&E5
500 652.9 107.4 1,118.0 323.8 1,1720 | dHE5
700 816.3 82.0 1,220.6 73.6 12702 | dHEF
900 993.1 73.3 1,345.3 245.2 1,3905 | AHEF
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14 .53488kHz
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3. 000V é
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e AR A A )
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4 [
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Fig. 44 Examples of discharge pulse and acoustic signal by

propagation paths (depth=30 mm)

I 459 46+ Zo] 30mm, 230mm % 430 mmol A 27 =EA
2 £ 5 Yot AlA el A dAkele At FrE mEk &=

e AFPHow Zvh ¥y, £ ZH7F 1419m/s, 1,447 m/s 2

e

wela] §Fo A oo WE HEi= 29%9 Ao]lE KA, S
1436 m/s2 &4 HQUeh Aot Srhge] wel gEe] ket

o] &/go] TAsAT

of,

It

s
b
e

1B
H

_30_



1,500

—&—® 430 [mm]
1,200 —Z | m—=—m 230 [mm]
3 s
= 7 30 [mm]
S 900 -~
£ -
< -
5 600 o~
(]
= /
[_4

300 .
w
m/

500 1,000 1,500 2,000

Distance [mm]

% 45 Al wE ST =EAzt

-
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Fig. 46 Change of velocity against the distance
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[5mV/div, 50 us/div]
(a) 10 pC

"

[20 mV/div, 50 us/div]
(b) 100 pC

Oy 47 wAZHA0Y L o
Fig. 477 Examples of calibration pulse waveform
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Fig. 4.8 Relation between injection charge and output voltage
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Fig. 410 Examples of detected signal
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v.t (4.2)

lL=wv.(t+At) (4.3)

v. (t+ Aty) (4.4)
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