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Design and Fabrication of an Insulation Diagnosis

System by Detection of Partial Discharges

by HYEONKYU CHA

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

Busan, Republic of Korea

Abstract

This thesis dealt with a study on the algorithm design capable of
detecting and analyzing the partial discharge pulses for insulation
diagnosis of power facilities. Also, the proposed a TF map(Time
frequency map) algorithm which can easily detect noises and
discriminate the partial discharge pulse by analyzing the alteration of
amplitude by time and frequency of signal.

The measurement system consists of a coupling capacitor of
coupling network, and a low noise amplifier. In order to simulate a
inner discharge, a point-plane and a plane-plane electrode system were
fabricated. The data acquisition module consists of a differential mode

of a 2-channel analog input with the horizontal resolution of 100 MS/s,



vertical resolution of 8bit, and measurement range of £20V.

The measured partial discharge pulses are input to a data acquisition
device and performed through an fabricated TF map, filter application
and phase resolved partial discharge analysis(PRPDA) algorithm. The
analysis graph is shown on a display unit.

The experiment for evaluating the fabricated algorithm was
conducted in accordance with IEC 60270 and the characteristics of
discharges such as partial discharge magnitude(q), phase distribution
(), and the repetition rate(n) were also analyzed.

According to the experiment results, the noise and partial discharge
pulse signal were discriminated, and ¢-q and ¢-gq—n were also
analyzed.

The phase distribution of partial discharge pulse at each electrode
system was 12°~132°, 191 °~308° in plane-plane electrode and 7°~
90°, 195°~282° in point-plane electrode.

Therefore, it was confirmed that the proposed algorithm was

efficient enough in analyzing and detecting the partial discharge pulse.
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Ao dez dad Adsest FEdel o 2
2FH A, AW

a7F dAgskdE ek wA

iy
2 o

mE AbEle] Ve B AAA o] wART £ st ¢
e 23 ALE FEstnz A" FHA TF L AFHA 3
& 98 F7149 AAF e Ado] ayaAn

IEEE®] SAAR o3td 2 A77] A 99 F & %7t 4
AgA e setsn glow 29 Lld Ye A

2
7 ‘Vo Gt
% Insulation breakdown B Loose connection or termination
il Improper operating procedure & Failure of protective relay control device
B Mechanically caused damage from foreign source E Shorting by birds, snakes and tool
i other *IEEE Standard 493

a9 11 DAY A9 Andd

Fig. 1.1 Causes of accident in high voltage power facilities



-
|

st

S

A

af
=

a4, 71AA, A71H agla 87

o2

[}
v

]

_9
EHA ol oH, d7|N T

o molmi} Qwe] FRAoE A7H 2Edst AFH

P
o,

AT = F
prs

=
=

)

RS o
discharge, PD),

=)

5

'R
BK

N
No

A
B

fro!

A77171 AEA, ]

Jo

0

o
A

3ol

Vol 27)7} )

AE

y

L

o
100

,m.o

3 adolH,

k)

8.
Jerng olF9

=
3

2=
T

]

Z

EEESE PR
T4 A

[e]

A R gsa gt

I

24& 29779

of #3t A7} It
=TdAE dgr|7] 9

3

A
~1

498
2

31 A RBFIo N F)7)e AFA

S

A

—_
1o

it

TF 9 (Time

-

j .

3

stlom, Al 5FdAM 22 W

S

StATh Al 27l A=
7t

e, A 3gdxs HEA

+s

L4

°

A
bol 4w

o

o o

=
L

frequency map) &
Zt o]



ol
addAmst 4714, A4, 44, 2

= %
|

A 2%
A5 AHavld AHgs

s

&

21 443}

7181 &4 gkol A H

Mt
,_Iy,ﬂ
ﬁo
=
B

2.1 |3t

dAANRY FHo] FolEAY

L
B
=K

G

el

P

Table 2.1 Causes and phenomena of deterioration

Gl
) =T o
R =
n_A.O _w-.._ U.r _XU ‘mw ﬂAi_HL ‘W-L ‘“WO
[ | 5| T
R |
o = W o | X | - e 4r
a AL IR
D | A D
Gy
i
sz
4 | K T | | 4
b
5 - K X
T o N S
~ XA o

K

=2

TEAANM A71H, 71A4, €4, 223 @SR BAHAE &

Sl met kv mEb A Adn

}

kel
Rl



Edag ATE 5 QA wEAcksH, Agdue] e FARTY
e AAAne) A AAZES Aux 8o gF 2PH AU
Aol v e, aEE dAARe FEe 7 AEaze HX

g Azd"Ee AV @ JAH AN, 183

Aage 4%2 PG W F2 9H 2

Il
o)
>
[l
N
r
o
fr
o
R
o
£

ML
o
ko
[-lO
i
tlo
N\
o
ol
£
oﬂ
)
ok
2
9
)
=
iy
re
e
Lo
)
>
|
e
X
ko
m\g
rlO

124 A FEAF Gepdoi

7] BAY EFEL v E-o] TAHAIY. woF HEHo] A HUA
o] A%tE 24 A== AsHA #ZE&atd, ATl Az mrEol F3¢
deto] BAHAAY, FHH3 =z HF F=7F T IFHe=
WA R o] €& WE £52 FH9 dHAS AsHA7| 3, Agto] A
ol el Ade FA8H. AYgriE fFASH ELdAdF B 1A F
g T35t AXMATOE JAA &4de] TSty dAE fH g
A

=
AE A &2 o5 AY E= MA9 FFs e dd9 =94

i



,IT T
o) < iﬂ_nvlwoiﬁ
moB i%vﬂhwﬂ = =
X = %Eﬂl =
fo L3
) dﬂmﬂ%% R L
e = !
> o Jui,wazmo@ o T m_gwmwb_b
o X o_mkg_ﬂ %%i go_aﬂm%_@. o 1
- mﬂ_mmoiqn 752 T N - T
T o nhx%h @ﬂ@ ﬂfkog&r = Eq._,_@
ia 3 + o o = 4 R 3 X . R
= MM et A o] T B 7 = i O ] > el BT ol
IR 25 IR X5
¥ ® www; i o ¥ o i » IR
W - R ¥ Y. P & et = o <
W o R a N\t R s @AE_E@_
) Hbﬂﬂ% Gay & F guﬂ.%
T l,_ﬂﬁ @1@ L}H_Tﬂaev W g
,.E_,du,uha/mﬂ ~ ]Nﬂh ,W7AL,%@ o ,mﬂowe,mﬂ_i
o % io_moog_m = ™ ° We_u L X wow = w o
I o o W Y a3 3 - W = o w
E%ﬂﬂ oo = 5 _@r1%gﬂ ng_zyh_oil
%mmckm%Wﬂ& o 5N wwu_x@u_é% Q%é&@ﬁ
— 3 L,ﬂ_ oF i I e X ol w il el B CO SR
o © g X & o wr RO N L Y B o] No M
X A#ﬂ@_ﬂﬂﬂhuL%]u BN B T %ﬂ@
o m K aLlA C W E B E_E 0 I
ovmeﬂﬁwnuoﬂm“ﬂo%m@a_a ﬂ%,lu:m,m“ ﬂ_%_zwﬁuﬂrﬁ%
o) L_,_xﬂWun wr,_,u oy S ﬂ],mﬂ_dml ma.ﬂyloﬂmo
w = R
=0 o T WX o X %__ B An JW o T o e - 2 maww
._I__nﬂl._/ O_LHM_WQEEJE% ﬂ ‘uAvo., ‘N_l.._,mdwmmO\_le
ualorzw@molwi 5 2" l%Eﬂ% O_EM@EEE
%maurur%ahiw ngaﬂm.wwﬂomwTwﬂ%
__oilzz_a V,ﬂﬂoﬂvﬂn«wg%
A gmoqiiﬂq;jﬁlu
@ﬂ&Tﬂﬂﬂﬂwﬂaﬁoegz
;o,._.nTﬂu,.r .NWM.
7ﬂuﬂnéEwmﬂ _zTuMw
oS x K
9%3
oy



=
+73

N wepd A el

o 55 229 WAl A

#

L=
g

=
[6)

| A

A F29) WRAA A,
of Q& Hu, dABe] A

Kol
L

grl=

4

o] a9 AFelA

Azl wet AAHOE Askt Aojuth

A 5=

o)
T

229 olF 294 23 @2 A4S FRAAY WA 24 =

h &4

g 9do] HH, o

AA] A E3te T2

| =~

EY

B Askehe

£

(b) dAAs 2 454

obdl AAA

63:

59

21y

" o
=

fox]
=

b 2ol

k7]

=
=

(c) &2 €3}

3

HeRae A

s

% wg

OS2 A3 2R

o] dFHoE FAHXA



74T AT meb] dde] £ Add AgHE AR
b Aol A st Aol FFL WAL 8Qsd we e
At}

WA A 2g9t e 3 4E %
2 59 g 9@ e} 0ES TAND 5

2 BABeA Y YR REWAL 1 217 29] abc RLE o]
23] 5522 Ugd & Ao, 29 21049 [ deie AAEe 2

=
At 2ol AAE A E WG V
o, Hol=o] 7taix& ALS HAE TAFA Feotd A¢S sVE
29 229 2ol Yehd F 9ot

At sV7E Viol =23d Hol= colA] #do] BAE, & ns~F A
d 5 A sVe VA Astgoh A pAA
& Vist Vi = Ao AHEe A we A7 2PHEE 22 3}
ZHARAE ger. 2gx WHel wAsE A ViE THMAAY
(Discharge inception voltage, DIV)o]&tslal #A o] AlglXl& A VI

v 2" A< (Discharge extinction voltage, DEV)o] &} gt}

ns A7 &9 WAoo ¥

0,



WVoid

*F.H. Kreuger, “Partial Discharge Detection in
High-Voltage Equipment”, Butterworth, 1989

¥ 21 U EESH FUHE=
Fig. 2.1 Equivalent circuit of internal partial discharge

V=42 Vsinem t

*F.H. Kreuger, “Partial Discharge Detection in
High-Voltage Equipment”, Butterworth, 1989

a9 22 BRAGAAN FRA 2

Fig. 2.2 Occurrence of partial discharges in AC voltage



a9 229 22 BAAYAAAN AIAME HFAA TS WA A F

4 (23)7 o] BdEH.

o

q, —
g ,=(b+c) AV (2.3)

G71M, AV = U-V 2 A2elAe dgFsizeld. a8 g2 ¥
B 2 A FEMASE B8 52

(2.4)

qg=b AV

o} Zro] REE 4= v
AA AZNA HAYAsE (bAV)/ (a + b) oz, WA HEY)
t P2 YEhy

ANE o) @l SAE. WAl oa 2HEHE o9A
H7 Bad Ao

g3t go] tehd & Yk,

P:%C(UQ—VQ)zéchVX(U +V)

1714 Ve Udl Hgt oF 10% BE== A7) ffel 4 (25)%

o} o] xHT & Urh

g Aol Urold V+z @ojd

(2.5)

o}<)



P = ¢ XAV XU (2.6)

Us—p ooy Voo 2ol maHed orlA,

g3, DIVeE
V, E A g4 WAool @At DIVeld a8EE 4 (26)= ot#et

ol A AT = U

_ 1 b
P_2C><AV><(b+C)Vi 2.7)
c$t BlaLste] by W 22 #olBE FAIEHH,
P==LbAVV=—-qV 2.8)
2 1 2 i .
Ao ® DIVE HAHOE FHAHEE,
P=0.7qV (2.9)
7+ 9
23 TF 9§
FENA e AT Slof 7 mol== sty FEUAH Y-S
EAst=d ojgl® Hol Idut. olHFd EAHES HA3r] A8t Neural
g 243tz Jo



SA% old@ JlEd A5E BASGE PHe AAHGo] TP A
5 2Astd o Hol dom, Ael 993 Iy 9 7 v
sl gelol W AsE BAsE wdl gl

FAT TF W& Aaln AEc 459 Fds T2 Ex Fo5
sEEYS AW F, Fo5 FHaLt ATl 0@ A% WnE
HAFEH.

w9 7)E AsAE Pl wate] WEY FYe PaAA A&
w23y S AE 327, S4 2 ¥ Sol SHAA FHo] Ut =
wolz AEol golam, AR AT FHE TEE & e 3ol
g)\]:‘l_[ZZ*ZG]

Or & O
0O
- Feature O O
extraction
—— —— -
(ONg) o
O
or
Pulse
Classification Noise rejection
{based on PD
o Pattern analysis)
oF , ~ )
A
foxel
\ '
\‘9_‘ _‘C_),’r Class #2 #1:noise(reject)
Class #1 - T, #2:PD(hold)
') A}
100 O:
“.0O ,‘; *]EEE Tran. on Die. and Elec. Insu.,
e “ Advanced PD Inference in On-Field
o1 Measurement”, Vol.10, No.2, 2003

Oy 23 AzA Ax"e] Tz
Fig. 2.3 Architecture of a signal processing system

_11_



3& TF @el A% Agnge deide, 3} Adz 229a
N5E 2A4%n Az A% A4 B AP AFHA A=

t ge 4 2103 2ol verd # ek

iy sl)  (s(t)E[0,T]) (2.10)

o \/fOT(t—t0)2§(t)2dt (2.11)
op = /waQ\é(f)\Qdf (2.12)

o71A or, ope= AlZH
S()9] F o] WL
toe ATstd Az A F

3 24 oA Aze] TEUAo|H, 5D

Aol o4& 2] 2137 Zo] BdEHAT

t, = / Tt§ (t)%dt (2.13)

2719 A& o]&3td
HE BESI TF ®E @S

_12_



4 ANAH
A, ARl

R

e

=

=

L

A7 4

o) g3

=

=

P

=
AY 283 TtaEA Yol FE ogdh o9

71

S

=

—
=

3
g ookm wAA B

[e]

24 3

Y4 ¥ F7](Current transformer, CT)
Elgs

A

A

W
h\
&

i
-

27

8

7N

Table 2.2 PD detection techniques

A
A

H

=

o

et %

=
=

# 9} o)1}

}

0]
o

P AR A

°

3 2

3

A
- 13 -

d ARAE 5 A714 BAE o83t HE

=

SEEERI

71

A=}
71 A1 A




2 AFgAE EAdEoA EAS RFEFAS AEsta 25U ddA

&g 93 wE o2 [EC602700] we A7

IEC 60270 ojstd R EWA A& A7H F7182% 1Y 214 <

2ol et  Jon, A5 dAESE Qs dANE REYH H2E
E:

AEF AR AEAAPDEE o &t FAst= W

Iy
!
Y
O!I.
i)
tlo
2
oo
ok
38
o

2% AAEF Gk A AEFE ANAEH Cot AF 2gE S8k
dZ2H Ae A5, 2 AAEF ColAe A olv2 F AEH
AHAE C ol HFHAANY, BELH A7
Fq 9 29 AHEF GO HER 4249 AE" A9ANE GE A
2dd.

AgHo A= AdtF g £FAF il 93 ohs A 2149 Zo]
B o Qo

= /  (6)dt (2.14)

=i
_:°,L_L
X
o
Re)
18
£
Iy
£
>
i)
.
w
S
F
IA
=h
IA
—
)
S
&
&°
IA
o
S
i
s
N

< 30kHz, 50kHz < fn, < 1MHz) & A8 %2 AFst o).

_14_



—
LT
G
&
G = Voltage source C; = Test object capacitance
i(t) = PD current pulses Cyx= Coupling capacitor
Iy = Displacement current Z = Voltage source connectors
Q = Transferred charge Z, = Measuring impedance

U; = Voltage at parallel-connected capacitors

*|EEE Tran. on Die. and Elec. Insu., “Procedure for Identification and Localization
of Dangerous PD Sources in Power Transformers”, Vol.12, No.5, 2005

¥ 24 IEC 602709 F&E%d AE3=
Fig. 24 PD detection circuit specified in the IEC 60270

_15_



A 37 AA L A%

3.1 713 A& A2 (Virtual Instrument System, VIS)
THEAE A" ge ¥ 313 Zo] TF ¥, Filter 28|31 H&21%
A B4 VI(Virtual Instrument)2 4 5o} o},
9 daydEAE A BA, TF § VIE ol &3t9 Asg A3
39 EAARBE Ailsty EFE ZY2EHE A
+ WA, Filter VIolA Z¥ topology (WAl Au|AZ WE Y2 g4
g8 7, 89 ¥ %2 A5 F& A SAHAHE A5 gige]

_16_



TF Map& S5+
Syam RS

44y

L B EELE
bD Az 2o
«f  PRFDA
E2E SIH2E
FRFD B4

a9 31 JHEAS A" ©AE

Fig. 3.1 Flow chart of virtual instrument system

311 TF ¥ 9 Filter VI
EAste ANz FH2HE JAAATIZ] st o]2AAM AP TF
Wel a8 AMesle &£ A5 E Ajgdtela, Ay Al

5
A48 FAe 99os WHAL F FA5 JGAY EFAAE AN

o AAF Vie d= 2™ 32 JEUH

Waveform Graph Plot0 [/\  TF Graph Plot0 [,
5- 5

4.5

S

e

Frequency [MHz]
(=]

-

= k b
=RV = VR R PR O I

oo

Amplitude [V]
N O N T TR R

0.005 0.01 0.015 0.0175 100 200 300 400 500 600
Time Time [ns]

T S T I T

Order )1 Time standard deviation 0.00  Frequency standard deviation 0.00 [B- Start [& Stop | (O Exit |




LA L E X B L L L J .q.l
P MESCOH

o |EE
WoT
1D WD

status =
IVO-{@)
©

(b) E=ttolo] 17

a9 32 TF @ ¢xudF
Fig. 3.2 Algorithm for TF map

AAE Filter VIZ 1§ 339 veUiglen, §3 d22~ $H(Finite
Impulse Response, FIR) Z¥E %2 F3 dHx o (Infinite Impulse
1=

9 FF, A & o

)
At
oX,
2
X 2
_—_|°L_',
rg
r)«
i
8o
fol
il
J U
rO
ot
o
30,
H
R\
By
_gh
ke
2
P,E
rir
il
i)
[
v

_18_



Signal Plot0 [/\  Filtered Signal ZeeE [N

5 5
- 4-
2 2
L) L
z z
.2— _2_
-4- -4
0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015
Time Time
el EZ2A JH=HY A =E By 4y Azt M=) 7k .00 Cut time dev §0.00

EES T #a 93 stelzies doo A ziex Hoo

(b) EZrholo]ay

a9 33 ¥ gagE
Fig. 3.3 Algorithm for filter

_19_



F2E At

A3t PRPD #4& ¢8) VIE AAsAT. &
T FEA A5y Fes 4R AAT 0
Multi-threading 7}15< 7}Al& ‘Producer-Consumer’

4ol 8d F Az 93(9), A7H(g) 2 3

(el tisf] w22 dEFQ g E 938t Dynamic-sequence 715& 7}

A= ‘Standard State Maching 7Z2 A}£3ggM w3l dug =9

T3 M 29 340 UE AR 2L SAZ FPHIY.

Sort
Alsorithm

a9 34
Fig. 34

Measurament

Al Elfr_“i.qthm
e ¥ N

Array Pulsz count
Alsorithm Alsorithm

4

F

F

3D Alsorithm
F-g-n

Alsorithm

PRgd 24 gueze A%

Flow chart of a PD analysis algorithm

- 20 -



@+ A3+ 104000 window= E @3l 2 window ] 7HE-& 0.0034615
c BN, FEYA ASE AYUsHA FA & F Uth

Fd¥ AJ&E 29 350b)9 Peakholder 7IH& o] 43ty AT PD
AEH Sub VIE $3 AMdHIL AAFTOoE d-q FEAF o5t =™
Esfde] Oz F@HAH AdE dHolE e FA s A

HolH 430 Y ¥, $4 A% 458 A 1239 18 3509
49 9 71ed, B9% Ad 2 F WAASF LE Sub VIE o]
Z27te] 549 dolHE

a7l AlEl 2 3D A g Sub VIE AFE-3F
a9 35(d)e dA daglEd wE o-q-n
W, Z47Zte] afEEL gy ad = AFsA Er

Zzbo) dmElEL A 39 §848 EwoluAl Sub VIE o} &3]

(R
2
a
o
ok
i)
Y

N

X

(o]
il

A=
T
Atz wEst o =3 ¢-gn ZHZE A
o
4

PD Pulse | Paiq | Pai-gteolor) | Paign

PD Pulse Plot0 | A\
L1+

0.15-
05-
B 025
'] -

=
E‘ 0.25-
03-
275-

71'1 :I 1 1 1 I | I 1 ] I | I 1 ] I | I I 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Phase [']

(a) ZHE 94

_21_



HsN=N=NsN=N=N=N

[Measuring-{» aStates message b

|
!
[®E:iv} @) ] e =l

{3

- 22 -



Pai-q-n
B3 CWGraph3D &
ClearData

.

(] ] 5% CWGraphiD §
Y. PlotiDSurface
*Wector
yWector
ziviatrix
wivlatrix

(d) FEAIF
a9 35 FERH 4 ¢xndgs

Fig. 3.5 Algorithm for PD analysis

e
Mo
ot
e
R
fols
iy
!
O
av)
o
it

M
H
N
)
=
o
s

>
o
R
f—
&)
=
n

!
)
S
=]
n

= ZEF a9 363 2ol d5Z7](THS-3001, DC ~ 420 MHz) & 2%

- 23 -



+¥eeo
Q

Coupling

g_'_‘_'?_T_Y“'_'_‘_'_‘_'_‘_E _]:1 o l—j

Output

(DAL

a9 36 AFs 371
Fig. 3.6 Low noise amplifier

g5 BYINE o gel ANF FE/9 Fis 9L Frsgon,

$954e 29 379 Utk B 29, FF7)Y Agel5E 40

dBelH, -3dB F34 W9 DC~45MHzE 10~20nsd] A5A 7+ 7}
A

58 Aested AREE & & Aok

_24_



1.2

1.0

=)

=)

5 08

=

=]

% L

g 06 :

= '

Q

N :

T 04 :

g L}

=]

“ Z
0.2 ;
0 ] T :

10° 10' 10° 10° 10* 10° 10° 10’ 10°
Frequency [Hz]

a9 37 3579 35 29

Fig. 3.7 Frequency response of the amplifier

3.3 AsA=A

mm, 74 13mm 2 AF 60mm, F74 15mme B2d-TFIF A2
2 PR E T2 st A ATl LASHA FEF
o B3 Fa-ga, J-29d A5 Aleldes 4 3mme] @dAg ol FA)

28+~ A ZF(Flame retardant epoxy glass laminate) S A% st$ct.

_25_



High voltage

Pressboard
T
l3mm< S0mm >
[Tl == 3mm
ISmm( )
1
f—60mm {
(a) A4 A
High voltage
Presshoard
| AW
'T/ o S —— 3mm
ISmTK mm »;

!

(b) A=54 B

a9 38 HAA-HA AFA
Fig. 3.8 Plane-plane electrode systems



High voltage

Pressboard
10pm
; , ; = 3mm
lSmm< )
1L
fF—60mm 4
(a) A=7 A
High voltage
f—60mm 4
T
3mm
10pm
Pressboard
(b) A4 B

a9 39 -3 A4
Fig. 3.9 Point-plane electrode systems

_27_



2Eg Wae PRI AALSE DOl o] AU FHEB
stetd & vk webA [EC602709 A AP mE PRPAL
2R 9 BEE FATORA, AT RePd BH LudFY

PD free L8 TAZAE AHEstd Hdl AC 5kVieZHA A 3T
JHe BN, LEWH] AZoE AC 25kVmZHA] A
WA s A ke AZ9 A A E(Ceramic capacitor type 07761 1 nF)S A}

St = Age AEole 100001 EH7IE ARSI

I

=M=
T

1TV Transformer

C

Filter

Coupling —L—

Capacitor PD analyzer

Flectrode € D)

250

a9 41 AJAY 4

Fig. 41 Configuration of the experimental system

Amplifier

Detection Impedance

- 28 -



Fa5E Rdstan uFs AENS AEEE 1953 948 3}
o F3d$ g9 AFAES "8 429 JEUYT. -3dB  cut-off
frequencyt 150kHzZ R EHAE FES| A2 F Jon A 8&Fusy

d 60Hz= oF 70dB #AAA Adst=s AS s

Attenuation [dB]

10° - 10* v ”I-O'< - I(l{ - -”.“1})7
Frequency [Hz]
a8 42 Ag 2 g Fo¢ Y

Fig. 4.2 Frequency response of the coupling network

Ack FEEAE TRAAE 9| DIVE 34kvelw, TF ¥ du#s 2
H= O 4308 2ol wiFd S FeLHG FEgAd 93 e

- 29 -



Frequency |MHz]

Frequency [MHz]

45-—

s

2

ISHEE e e e

0.5-

e .;.uﬁ

0

50 100 150 200 250 300 350 400 450 500 550 600

Time [ns]

50 100 15l] 200 250 300 350 400 450 500 550
Time [ns]

(b) F2¥d 22

a9 43 TF @#& o] &3 Az H&E
Fig. 4.3 Signal detection by the TF map

- 30 -

600



S
n wn
(]

Frequency |MHz]

0 50 100 150 200 250 300 350 400 450 500 550 600
Time [ns]

a9 44 2 €1ugEe % A3 FAE EHE-HA A
Fig. 44 Signal detection by the filter algorithm (plane—plane electrode)

FEENA Azwes 437 89 a3ds F82H7F /s Azt
¥ZF Ax dY9S Filter ag)So A88td A 3 23S 28 449
JERSI T 2 B2 HY AR e FY2He AAHD FENd 3

I ﬂ%
i

B EATE 4 F Aok

o Aol q BEaGeH F WA RS 796030tk WR-HR AF
A BollA FEWAS F WA 3FE 39843 o)W 13°~127°, 192°~300

RS
L

-|>3
2
i
b
pth
32
o

_31_



Amplitude [V]

-

i 1 i I ' ] i i i ] I I I ' 0 [ i
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Phase [°]

(a) A=A A

Amplitude [V]

R\ V1Y, T | T | / A 1 i I | |
0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Phase |°]

e

(b) A4 B
a9 45 HA-Bd AFANA FEHH 229 fEE(d-q)
Fig. 45 Phase distribution of PD pulses in plane-plane electrode($d-q)

kgt ol ¥, 3D ¢nE S-S Fot widst 2 At d-g color H ¢

=

-g-n 273& ZAEF I ZHa, 27 19 46 2 4778 7}

- 32 -



1- : -6
= 0.8 '
(-9
= ) a
u i 5
E 0.6 . -4 g
.I_;-[I'.fi— ‘ _a Z
‘E: - 2"
0.2 fu -
0= P i i i -0
1] a0 180 270 360
Phase [7]
(a) A=A A
1=
]
0.8-
=)
= 0.6 : .
N g
= 04— T
£0 -2 &
-
0.2- -1
0 [ i I i -0
0 o0 180 270 Jo0
Phase |°]

(b) A=54 B

9. 46 BA-HH AFA A FELH B2 AFEE (¢-q)
Fig. 4.6 Phase distribution of PD pulses in plane-plane electrode (d—q)

- 33 -



A4 A

(a)

A574 B

(b)

plane electrode (d-q—n)

Fig. 47 Phase distribution of PD pulses in plane

d 48% ZoH

A

e

=49 2

_34_



PD pli[ses [5V/div, Zrﬁs/div]

(@ A4 A

-~ PD pulses [SV/div, 2ms/div]

(b) A=54 B

2% 48 BR-AR AIANA FEPA Bao] JARE vl
Fig. 4.8 Comparison of phase distribution of PD pulses in plane—plane
electrode system

_35_



422 A-93 A4

A-Hd ASA NN FELH] EAsA Fe W TF ¥ ¢igdF
:_j_l

Z3E AR9-3a AS5AY Z2#e T e B9-ER d54
o Ab&3tE Filter ¢d]Fs A&sted A2 3 TF §eo A34E 19
499 YEPRIA T
= 35 0Hp
== I 1 [ I
R |
5, 2_____;}5 B | EFEEEEEE
g i |
B 1.5 x;a;i_.__ . RE - RR CIEEC REERE SRS
S PR |
1 -0 "5“.‘:. ! ,
0.5-—— “‘:‘,‘_‘_”,__.I ____I
01 . |'“| || ; | . 0 I | | I
0 50 100 150 200 250 300 350 400 450 S00 550 60
Time [ns]

I9 49 EF €ugFed 9T Az HE (R-¥d A

Fig. 49 Signal detection by the filter algorithm (point-plane electrode)

of FEd B2 58 SAHs FAsAT A-Fd A5A4 AddlA
FEde & 24 3ge 6011301, 13°~94°, 183°~272°2] #{0

w3 29 A-HH A7 BellAe 7°~90°, 195°~282°9]
Aol B o, F LA Sl 38583 ot

- 36 -



0.8~

Amplitude [V]
=
]

0.6~

I B ] ] L] 1 I_ i“ -.i. i_l_l 1 -i_l ]
0 120 140 160 180 200 220 240 260 280 300 320 340 360
Phase [°]

(a) A=A A

Amplitude [V]

0 20 4 o) 80 100 120 140 160 180 200 220 240 260 280 300 320 340 3o
Phase [°]

(b) A=A B

a9 410 H-HIA AFAdA FEHH B29 Y4EE(d-q)
Fig. 410 Phase distribution of PD pulses in point—plane electrode(d-q)

G 42143 Zo] APE FELYH H= A3 E A &8, 4749
AAG dnYFS T F 24E 272 ZdEAL YEhin, 2

= a9 411 #4129 2

_37_



1- -6
— 0.8-
z
= 06— I -4 0
ﬁ 0.6 | ] g
£ 5
S 04- o B
E 2
0.2 - =1
0- » T T 1B
0 91 180 270 60
Phase [°]
(a) A4 A
1= -6
E_ 0.8-
u 06— -4 E’
E s
= 04- g
B Ak =
g p
< 02—
| -1
0= [ i i | =90
0 90 180 270 360
Phase |°]

(b) A=A B

¥ 411 F-FA d5ACNA FEEA B2 A4EE (0-9)
Fig. 4.11 Phase distribution of PD pulses in point-plane electrode (¢-q)

- 38 -



(b) A=54 B

O 412 F-3% AFANA FERH 229 J4EE (¢-gn)
Fig. 4.12 Phase distribution of PD pulses in point-plane electrode(d—g-n)

F-BH ASAY mHludyd £ ARAIIE ARSI Y. SHE
A3ds O9 4137 Zow, FEWA B4 duEd 54T AGlA

: sttt

N

%

i)
tlo

-39 -



PD pulses [S00mV/div, 2ms/div]

(a) A4 A

PD pulses [500mV/div, 2ms/div]

(b) =54 B
% 413 A-BB AFANA REWA Boo GHEE v
Fig. 4.13 Comparison of phase distribution of PD pulses in point-plane
electrode system

_40_



423 Aol B FEYA PE dd
AgA We REYA Brol 94 REE E 419 Ygugon, 2
2 5 AT W] REYA

ARe BAste] REPAL BANE Ade] FHE Fo

ok

fo

of

B
2

(AIURE =X
X

do

ox

M

<

L

i

K

m

tlo

o]

-
=)
(17
=
)
TN
lo
i
n {
v
X
il
Jo
r‘O
ok,

23, A TR wet 94
Atk o A4 ARzPH

o
iy
i)
[>
i)
£
L
o
ot
o,
ol
i
Sl
o
e

il
¥

L)
ofo
_(\)_lg
g
b
s
[N
2,
4
Z
of
o2
o
2
Y
ol
kl
r
M
ok
2
)
[
s
A
ol
ok
4

o]
[o

41 A FEHA =

Table 4.1 PD patterns by defects

b-q |
1ia kL L L - );l 208 o8 280 Jbw - i
Phase |7
- 51
4s- 459
4- 4-
= 354 = 35-
TF Z z -
§oas-pes g 25--h
A 5 Y
g g 27 "'-
£ g £
qg [l ICEE =SS = 15 A
"4 % i
1= -

 d
n

o AR T B R TR T
o 50 100 150 200 250 300 350 400 450 500 S50 600
Time |ns]

(a) BA-B& (b) 3-5%

B
O 50100 150 200 250 300 350 400 450 S00 S50 600
Time Jns]

_41_



=4 2

=]

AS5%F 2

e, o

[e)
100 MS/s, A &35S 8hite]™ (FFE=9 2329 ofd=E

=
[}

=R ME AH7|7Y

£

pll

g o

wj
o

bl =

A

= Yehhol A

3L

=

ol

il

ol

-

o
ar

A

=

Ly

s

0]
p 8l

DC~45MHz=

o

o o
e

o wet ddF A3, Aol o
&3 23, xojzd o

ZEE

i

3

tom, -3dB F34 o

B

232w Fu5 S A3 -3dB cut-off frequency
=)

40dBE AA
150 kHz=

[e)

=
=

4. AAS TF

°|
st il IEC 602704 <A

7
B

B

!

—

FA T WARAEY 34KV ¢

3

_42_



ASANA DAT LERAL AFA A 8G9 B$ 12°~132°, 191
°~308° Z=7A B EFY¥2 13°~127°, 192°~300°%] /el X3}
At A-BB A3A A FAAANAYG 22kve W, AFA A B
de A$ 13°~94°, 189°~272°, AF4 B 82 7°~90°, 195°~

282° o] B3ttt ®3 OscilloscopeE o] 83 FEUA ZAHAE

6. b-q ¥ ¢o-gn EAHED ofyd TF P EXAAME Ao w
& 2e9d Aue Y9sAt Bk d-q b-g-n % TF @ 43

H5e RRA A Hesd, wolzd Y@ 4FE AAsm R
2

T e Aol He 2%

iz
i

0¥
N
b
o
fr
4z
o,
f
i
an
9
=
e,
)
rol
N
2!,
o>
B

H[}Y
z
rlo
nu
=
Lo

i

m&ﬁ(::’z

Aoz ARgh

_43_



[1] T. Leibfried and K. Feser, “Off-line and On-line Monitoring of Power

Transformers using the Transfer Function Method”, IEEE International
Symposium on Electrical Insulation, pp.34, June, 1996.

[2] J. P. van Bolhuis, E. Gulski, J. J. Smit, “On-line detection, requirements

[3]

[4]

for practical use”, Conference Record of the 2002 IEEE International
Symposium on Electrical Insulation, April, 2002.

IEEE standard 493, IEEE Recommended Practice for the Design of
Reliable Industrial and Commercial Power Systems, Institute of
Electrical and Electronics Engineers(IEEE), Gold book, 2007

IEC International Standard 60270, High Voltage Test Techniques -
Partial Discharge  Measurements, International  Electrotechnical
Commission(IEC), 3rd Edition, 2000.

[5] Peter HF. Morshuis, “Degradation of Solid Dielectrics due to Internal

Partial Discharge: Some thoughts on progress made and where to go
now”, IEEE Transactions on Dielectrics and Electrical Insulation Vol.12,
No.5, October, 2005.

[6] Steven A. Boggs, “Partial Discharge: Overview and Signal Generation”,

IEEE Electrical Insulation Magazine, Vol.6, No.4, 1990.

[7] P. Cichecki, P. Agoris, Sander Meijer, Edward Gulski, Johan J. Smit,

“Analysis of Artificial Defects in Transformer Insulation Using the
UHF Technique”, Proc. 15th Int. Symp. on High voltage Engineering,
2007.

_44_



[8] G. S. Kil, S. W. Kim, D. W. Park, S. J. Kim, and J. M. Song, “A
Study on the Acoustic Detection of Partial Discharges in Insulation
Oil”, J. KIEEME, Vol.23, No.1, 2011.

[9] F. H Kreuger, Industrial High Voltage, Vol.l, Delft University Press,
1991.

[10] K. S. Jung, D. W. Park, H. K. Cha, S. W. Cha, G. S. Kil, “Detection
Technique of Partial Discharge by a Capacitive Probe in Cast-resin
Transformers”, J. KIEEME, Vol.24, No.4, 2011.

[11] S. Tenbohlen, D. Uhde, J. Poittevinn H Borsi, P. Werle, U.
Sundermann, H. Matthes, “Enhanced Diagnosis of Power Transformers
using On- and Off-line Methods: Results, Examples and Future
Trends”, CIGRE Paris, 2000.

[12] E. Kuffel, W.S. Zaengl, J. Kuffel, High Voltage Engineering -
Fundamentals 2nd Edition, Butterworth-Heinemann, Oxford, 2000.

[13] o1&z, “nEX HAdAzse EA 2 H7l <O>", Journal of the
Electrical World Magazine, pp.46-49, August, 2011.

[14] C. L. WADHWA, HIGH VOLTAGE ENGINEERING Second Edition,
NEW AGE INTERNATIONAL (P) LIMITED, New Delhi, 2007.

[15] H. Lee Willis, Muhammad H. Rashid, Electrical Power Equipment
Maintenance and Testing 2nd Edition, CRC Press, New York, 2008.

[16] F. Gutfleisch and L. Niemeyer, “Measurement and Simulation of PD in
Epoxy Voids”, IEEE Trans. DEIS, pp.729-743, Vol.2, No.5, 1995.

[17] T.W. Dakin, “Electrical insulation deterioration treated as a chemical
rate phenomenon”, AIEE Transaction, 67 (Part 1), pp.113 - 122, 1948.

[18] Steven A. Boggs, “Partial Discharge - Part III: Cavity-Induced PD in

_45_



Solid Dielectrics”, IEEE Electrical Insulation Magazine, November/
December, Vol.6, No.6, 1990.

[19] S. Das and P. Purkait, “¢-q—n Pattern Analysis for Understanding
Partial Discharge Phenomena in Narrow Voids”, Power and Energy
Society General Meeting - Conversion and Delivery of Electrical
Energy in the 21st Century, 2008.

[20] F. H. Kreuger, Partial Discharge Detection in High Voltage Equipment
, Butterworth, London, 1989.

[21] Th. Aschwanden, M. Hissig, V. Der Houhanessian, W. Zaengl, J.
Fuhr, P. Lorin, A. Schenk, P. Zweiacker, A. Piras, J. Dutoit,
“Development and Application of New Condition Assessment Methods
for Power Transformers”, CIGRE, Paris, Paper 12-207, 1998.

[22] A. Contin, A. Cavallini, G. C. Montanari, G. Pasini, F. Puletti, “Digital
Detection and Fuzzy Classification of Partial Discharge Signals”, IEEE
Transactions on Dielechics and Electrical Insulation, Vol.9, No.3, 2002.

[23] A. Cavallini, A. Contin, Gian Carlo Montanari, F. Puletti, “Advanced
PD Inference in On-Field Measurements, Part I Noise Rejection”, IEEE
Transactions on Dielectrics and Electrical Insulation, Vol.10, No.2, 2003.

[24] A. Cavallinii M. Conti, A. Contin, G. C. Montanari, “Advanced PD
Inference in On-Field Measurements, Part 2 Identification of Defects in
Solid Insulation Systems”, IEEE Transactions on Dielectrics and
Electrical Insulation, Vol.10, No.3, 2003.

[25] A. Cavallini G. C. Montanari, D. Fabiani and L. Testa, “Advanced
technique for partial discharge detection and analysis in power cables”,

Int. Conf. on Condition Monitoring & Diagnostic Engineering

_46_



Management of Power Station/Substation Equipment, pp.1-4, 2009.

[26] A&, “TI=EA A7) H8 7hed e PD Id T
TF Map & 2% CAPD 7| B IZAAAFAH <uds’, dddidn
sk, BhAEke) =&, pp.11-13, 2010.

[27] Jitka Fuhr “Procedure for Identification and Localization of Dangerous
PD Sources in Power Transformers”, IEEE Transactions on Dielectrics
and Electrical Insulation, Vol.12, No.5, 2005.

[28] Dr. Colin Smith, “PARTIAL DISCHARGE & INSUALTION
FAILURE”, IPEC Ltd, 2005.

[29] Eberhard Lemke, Sonja Berlijn, Edward Gulski, Michael Muhr, Edwin
Pultrum, Thomas Strehl, Wolfgang Hauschild, Johannes Rickmann,
Guiseppe Rizzi, “Guide for Electrical Partial Discharge Measurements in
compliance to IEC 602707, ELECTRA, TECHNICAL BROCHURE,
No.241, December, 2008.

[30] National Instruments Corporation, “Application Design Patterns”, 2006.

[31] National Instruments Corporation, “Application Architecture and Design
Patterns in LabVIEW”, 2010.

_47_



	제 1 장  서론
	제 2 장  이론
	2.1 절연열화
	2.2 부분방전
	2.3 TF map
	2.4 검출기술

	제 3 장  설계 및 제작
	3.1 가상계측 시스템
	3.2 저잡음 증폭기
	3.3 결함전극계

	제 4 장  실험 및 분석
	4.1 실험 장치
	4.2 결과 분석

	제 5 장  결론
	참 고 문 헌


