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A Study on Long—time Electrical Treeing Deterioration Properties According to
High Frequency Voltage of Epoxy Resin
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Abstract - Electrical tree structure is one of the most important influencing factors for electrical treeing characteristics
in polymers. In this paper, we focused on the structure characteristics of electrical treeing in epoxy resins (original)
insulation under different high—frequency voltages (60, 500, 1000Hz). Effects of voltage frequency on the ac electrical
treeing phenomena in an epoxy resins were carried out in needle-plate electrode arrangement. To measure the treeing
initiation and propagation, and the breakdown rate, constant AC of 10 kV with three different voltage frequencies (60,
500 and 1,000 Hz) was applied to the specimen in needle—plate electrode specimen at 30 °C of insulating oil bath. At 60
Hz, the treeing initiation time was 360 min and the propagation rate was 6.85%x10 ‘mm/min, and the morphology was
dense branch type. As the voltage frequency increased, the treeing initiation time decreased and the propagation rate
increased. At 1,000 Hz, the treeing initiation time was 0 min and the propagation rate was 7.81X10’2mm/min, and the
morphology was dense bush type.

Key Words : AC treeing breakdown, Frequency dependence, Epoxy resin, Frequency acceleration deterioration, High
voltage Heavy electric machine

.M £ &= u, 22 7FA(twig)l2], 7FA1 8 (branch type) [3, 4], &4
TP E ] (pine - like tree) [25], &% (bush type)[4,6]
Eg Y (treeing) AL 1936A[11A o2 A& 1A F e il A E P (sphere type)l34] Fol At ol =53
AANA A7A 3}z O]ﬁ(pre*breakdown) A5 ol A4S EFAd e FEwd(partial discharge)oll =LA
o WFANNE Fo5EE dAdEd Avigtew Ef®E JfA 714 8te] gkth o] 9} 7&-8— EgAEge A714 =g A9
Hol dAREe] vA HAH EﬁEQI AEE ANZAH 7HA o dgtom AVt Mg Folw, EF Y WHE A=
oz vetd sleojth Egrt wAste ddrie] 44, WHEATE 5 YegIAE a2 velag-ynrt &
oFE 1 BES AV|HoR $4As] FHHAUY EE b IE FEAE [3789]59 vge E AAAY T o
H Blo] ofyn} gtar ofofr] =t Frt. e 1A FHA T7F X3 =] o] ghrk
Al E o] E tRE ArH wF(failure)d WAYUSTLR <l B AFo) A= SFy (Sulfur hexafluroride) AdA7F~ F
Aol AN 23]y A E4HAHY ARE FdsAh DA} FA77 AR AT Wl 3 gshA <k
FHe AFAEL wHAA sl TEARAA Yo A7 AL zte= AHE 7F9, GIS(Gas Insulated Switchgear),
2 E WA 2 ARAAE oSl rEla AEA & ZuY A7 "4 Hﬂi A& AA Y, SFe7h 22 7F 24
o] HgxElojx grh. H71A EFe AHAHLE SR 7be~ol FHoz XA ol AT F Elt oA A
EHSHAE Bedtr] A HAuHAHATwMER FAAEA ZaAo] AA HzHgT mALAANZS HupwH F
o Ed A 2 HA Tl JEgE FoiR = IAGREE A7 24 i egA JtedAE 4] Hste] AUt
o] FENHA, A7FAY U, AVt Y Y Fag 2], A & Fa4E ARFHFFG0H2)ANA BHLr] =S Fa49l
ANze] 27, E@A s 181 1EAFA Yx=AS 500HzZ A & ak2] 830 18] 1000HzZA] 16.64] 2]
gk EE Yre-ulo]laR Jrl EFH FIAE 5 o Tt 7EY By gy eke] AadA agla EURA,
27k Azt J&FS v Hrh A Ef HYHEZA Ad a=ln 2 AAEY Ho #AE FHstux AFE

AN 28T QlrbAsH Fobare] Wake] me Fua
] 2 &= 5 g o] = 2=
* Corresponding Author : Dept. of Electrical and Electronic Egdde], EegxigE 2o s A= ARk (5
= P = = Boy= 5]
Engineering, Joongbu University, Korea W)eS BrhstAt. o 7%3]'\_ Sxo EY5 AA slel A
E-mail : jjpark@joongbu.ac.kr 2o AFEe A¢EA, FF AAnAY A AAE e F)
Received : September 24, 2013; Accepted : October 28, 2013 T 7hEEse] EAHTE Al ol &etAl E Aot

ol ZAlSx|o] DFQF MEFuS Watol wfE FAIZ M7 E2lg E5 SMAT 1571



M7|1Es =X 623 115 20134 11¥

2.4

21 M=

H2dE AY B "aziAg dHZ o FAFA,
%9 YD-128(Kukdo Chem. Co. Korea)o] A& %] o] %t} Oﬂ
Z A FFHEEW)E 184~190 g/eq.olqlth. 18] A A=
3-ord-methyl-1,2,3,6-tetrahydrophthalic =~ anhydride (Me-
THPA)oI 1 18l A#F™-2 HN-2200(Hitachi Chem.
Co., Japan)°lltt. tertiary amine EY A3}EAA=
benzyl-dimethyl amine (BDMA, Kukdo Chem. Co. Korea)
ARESEATE B2E Al A FRHe g8 o B4
F(Ogura Jewelry Co., Japan.)olAl G489 o, A&
dol& Imm 223 60mmelar zejar o A
30° z2¥a FEWACl Sum o|dth AW EFHS
HAY d=02 Ed4 Ao ~2ER AR AT

o> flo

N

1l

flo rlo & 1

le _!1& u

| Needle
Electrode
E
g Plate
Electrode ™ |€— Electrode
Distance ,4 (Silver Paste)
4.3 mm /"15 mm

(Specimen in Thermostatic Oil Bath)

(a) Treeing Specimen

HVAC Thermostatic Qil Bath
Generator & Video Microscope

(b) Alternative Current Treeing System

I8 1 Ay eI ujgnt nf E2[AAH
Fig. 1 Arrangement of needle—plate electrode in a specimen
and AC tree measurement system.

b

X L AH

22 n{ EZlQ o

ok
e

2 H=

Ay
o

Aol ZA|4=2](100phr) <} 74 3HA41(80phr) & &3l 43}
XA (Iphr)E Y3 71414 2971 (500prm*30min) & ©] €3

of mwr ¥, 39 Buol e A2 A9 AL 33
& AUNA A98 A1ZUYE sl aela T

% ARl NEE AASY] Yste] AL &
A stk AzE 2 HE9 ’1 % 5x15x3omm3
oldth. el IAF My HHAFAlele) HAALE

2 é

1672

43mm=Z At AstFAL 120%2hr+150C x24hro. 2 7 3}
2 FARAL. VAL AFTHe BAZe) FAFA A
Ao 7% AmHolAEES M2 80T x2hr F 2E oA

Azxstol HERZ A

23 n® Ezd &3

DAY AYFo wgd e EfsiA 9 JAd agn
oo o2& Ez WA #I AFE 95t nF{F 1A
SH0kV (F34 7} & 60Hz 500Hz 223 1000Hz)S 3
dE g Aol Avtetdnh A ddF &5E 0TR
A L=2HGAE o] &3] Ao, °17H%‘
o] T EE 05kV/sE dASA 10kVZHA S F 33
of ol& wWi7X AHHo R AstATh EFMA R WA
FA4L2 29 1A yekd vy dvd Al~=="((ICS-305B,
SOMETECH Inc.)2.2 RYHY 3t ET g2 v 57
nith ApEo R wE HEHor ARE AL
~¥s 74 39

4
3

o

3.1 eztdet Fos Jt5n E2Y my FHEY

Ed AAd 9 AAAGEE o3 Mason 2[28]

EF=———"r 1)

o 7BEH rE AAY FEWNA Sim, dE AUEA A5
2 43mm 23 A7FASY 10kV 2 W], FAEE AAGE
E=1163 kV/m 0C) &

99.000

90.000

50.000

10.000

5.000

Cummulative Probability Percentage [%]

1.000

|
1.000 10.000 100.000 1000.000 15000.0
Tree Breakdown Time [min]

a8 2 Fouts Jtsdsto wE
Fig. 2 Life characteristics of treeing Breakdown according to
frequency accelerated deterioration

Ealg B SHSY



Trans. KIEE. Vol. 62, No. 11, NOV, 2013

E: 1 o 7i5dslo e e2(duin SN etols 3.2 QUM & Futy WHatel E2|mmAlZt
=X M
Table 1 Weibull properties for treeing breakdown according 5
to frequency accelerated deterioration 'g‘ A Tree Breskdown Lengihi4 Smm
4
Fu 7MEAstE o] &% ERduy £y 4 % 1 596Hz
_ ) 27 3
10kVel o gt ek = BioTH <
Qg Fag | sepeg | TH i g,
(min) ]
60Hz 3.95 5805 3291 g 1
[ —— Frequency :60Hz
500Hz 1.23 2982 487 f:’ o4 iFrequencnyOOHz
Frequency :1000Hz
1000Hz 0.62 811 22 T T T T T T T T
-1000 0 1000 2000 3000 4000 5000 6000 7000
Time[min]
a9 20l E nAY 10kV(E0HZ)E 78 Fa42A4 A a3 3 Fobe JISdsto w2 E2|Y oAzt o/ &=
A FA717] AgAdn|e ARSI YA T, DG H AT IS4 Fig. 3 Treeing Breakdown Time dependence for frequency
60Hz2] A4=wl 24 8338 (500Hz) L] it 16.64H (1000Hz)<] accelerated deterioration
FIFE 7247 AUtsA T EEIAEA HAR FELE
= 30CTEA dA4sAl Aostdnt. ANFAIAPFA o] EF a9 3o E Eg dAdorw BE g@dAdItA] HA
dka] S Bk 1 flotel T AN EAAE Ao 43mmeA AAHAT, WA LEE 0CE 3
& olgstd dd& % ]Z’L Ay FAA ZAR 7L ek Al FABAT 2t B AdFrEs A Aed 3T
EZRS F3le] UEdTh gelEE R B #e X g9 Fu4=2 A 10kV CAret 2 A3 60HzE
194 el vRA = 60Hz 500Hz, 1000Hz¢] & 4o}l g ol7 T o] o]Zi= A|7FE 6634% EoF A A T oA
= 395, 1.23, 0629 &S 715393, 7|4 FFggr g ol =gste] 9=, 500HzE Q17F & Fyof o2&
oul= gfelE &R V1E71E WEd Aotk 5, Fig A ZHe 48625, 1000HzE J7} T gl o]2& A7k 55
o 7H&4EstE AA A 5 FAAdvg F 71717 wo= g wEA JHd F AT AT dd At
oAl Adks JHA Sk ol 1000HzF 35 7HEA12] ol A 7tEFEREE 2/ Sd o ZAAYFA ] EYT
A, BRIl o2 Afte] A or 7 F A4 7 Azbo]l FolA = AFNE JHAgoH, EF YTty A
g v Aoty FIgrt dEeE ey V&7t = edsiy Foge HEgAdS z2ta 9SO = gt
& AHE JEhd Zlolh EguhRARte] fAREE At o 29 Fug vbEdstel mE Eduy] FHe #
A g EE ougk Zojth. 2AAIEHE= 60, 500, AA & = dxeo] dtxor EFYdaies EYfA %
1000Hz 4% EzY33] $4S 580519674 7h), 2982+ AAA Gl Aujdelth2][5]l. F, EfFdo] 744
(49.74171), 811F(135A17H)S AAth A7MHY AL FI5 (Twig-like, Branch-like), 2UY53(Pine-like) FA13Y
b BeE gye Aye A Ax, el Fuhe (Bush-like), 773 (Sphere - Like) 5 Ez| &4l ute} =
7M&Edsbrt AW SFEGgT 245) gy o2& WEgo g Efrt AAEHE 27 th27] Wil gy o
Alzbe] i 0w zoktt. 60Hz °F 8.33ui7hEel && F 21 Azte g2 "9 974 twigd EfE 99y
F=(G00H2)E A7F & w shajo] o2 AIZh oF 1/24) EE M 28 AL gele Eds geln , XY =
2 golx= AZkE aEa 1669 R =L Fug g e ke MAES 2t By AUTtdd Ege
(1000Hz)E <A7FE o 1/79iwrE 22 AIE el gtajdd = Sy = oy Ao FR3 7hR 272 72t o] Eg,
9H1ES UEtd Aottt FarkE s Eg gy AIzke] v BAE EgE Egz M B ULl 2o =
d4S HES A3 500HzolW 833 —r2lal 1000Hzo] ¥ 2z A Y o]Tod P Ef gy A EfE= 4
16.6812ke] AN A  FHAAZES 60HzO] A5l W3t %23 EfrRvs I EZo AR pHEo] W 2™
500HzAI ZFell &= 1/2 8] 1000Hzol A= 1/79] Alztol g FEH R o] Fo] HAW A Fo FAL = = wido)
FEo] HeAdS JAN AulEddta & F£= glok 2 deje Eget @ #
HH oz QVMAHS Fugrt S7MEE dAdgAed A= a9 4olM = EGNA, A g gy o2& nd
Alzrol ki RH R Fukgrt wtod 28]y A 7lo] £ 3UAE vl EYXAE ZAF F Utk AR,
71 A3g 7EAE Folt) ole EF P wel AR 7] (incubation period)7} &g 4= dh. FE7]= #1713
A AT | EHEBE o= EF Yo ojEAolet & »2EH 27} 017}&]2%]@ :LE{Ur JINH o A7A EF T}
g 2= QoH10I[11]. 2t B Ao thkatn @ A TAHA & AeE FIOR21EBIMI6I00I01]. e
ARRE HES V] Sdte] FF oSy B2 A7 28 gurd oz w9z 0ﬂi/\10ﬂ 2238 Ao A EA
& Zlolth. v REd A dPdA Fus F o 93te] YAl EFAMAGL slRule}l AEYAE F
Zhel mel A3t EEEAE AUIALAT AT 2 #A o xch B‘FHE}E EUAE 4o F e AeE T
7h ses gstizl. o aga 271 ERe] A4S @we B Holue du=

Ol EAIFRS DM MAF TS Hatol wE FAIZH MIIH 29 *at SHelT 1573



WAZ Y, £28, T4E 59 Ede 2rEdry
Eelggol FASEh Tet =8z AAngel @
Aew 5 %A agle] olshel oz

o)) (Lh (Ct

SN m

- >

A2t

a8 4 s9tsF E2IAl |, ™ O2|3 oo st 2™

Fig. 4 Model for axes direction tree initiation, propagation
and breakdown

, ERA(RHA)7] 2 EAA ot T WA
st WAIEA EE gl wElk ARk
QA A= 7
o 71717t
Ege] XA
Al EZAd
Adol 7hEA
g a3}
FEje] v

de A9t

W
32
o

o
N
N,
ofl

I |m

j(o

ol AAE Aol Atk skl

o] Agolt WA e

2 2 m r1°
L o m flo o

Py
o
N

oqm
o
o

]

2

W flo
[

2

2
N

Ir R

p

)
o
Al
o

>
)
_Q,E,l"ﬁz_]g;
N

4
ol X

[0 oot >,

fl jo & 1o p
fuorl

2L ogh

N N
)

X I g}

o!
0%

o2t 1
.
o

O
tlo :L
N -~
= o

ﬂ-‘oﬂi—r‘—r‘%o

=l

R
End

fin)

‘

— m o
ke
o)
%
of

o,
i,
o
-4
o
m
Ak
do fr 12
-z
>,
_\‘L T OBL
o m
20
L)
A
i
o
o rr
o g
oy 2
alr m
i)
=3

Y
2

o
o
T
=0
Y

o3

o

CRIEEE I shA e shale] o) =]
He AP Efz AAHe] s o|=s frh. XLPE
AolLel 48 F9460H) ABAN AAYFon 255
Eegge] AMPENR AAsD, ANFENN F2Y
o2 Waet A9S Ishida A2 A7AT AL 2
S oaglon, BAY Fow #54% TR 22 A4

HE & F Ui M4l
Yuanxiang Zhoul2]&= Z+7] ©f& FFe T3
A7F dstelas wsghste] AdEE e A
oA ole] FFH EIFLS ATstdn. F
W R E 22 4o Evt JRAHARI
ol o' GTo] Fug JIE 3FELRT Yo AY
3 Aol AA HELE 50~500Hzol M= 7HAE 3 &
T8 EYU AAAERL, UdFe FEe gse & A E
2 AYUFgEer HIAY 7 WA FES 1kHz~10kHzdl
AE 2 FAYERZE AAERAR, L T e
W7k gldch Al AR iR
= EE EYUE #AE BN
o o]2% ABRE YEUUTH
AWRH o R 7t&EF04 Do
TAANA 60HzS 45 #He Al
7F AR A 238HE = A7)
37t A-AFE =, 500Hz oAM=
Zko]l Zka 19 1000Hzo A = A
g7t FFo R HHdte] Ty E =
ol Fuvt &Y
AR 7t =27 Wi F
Al Thof] o2 AJZto
A EgfAde

]
of JuiH o vokge ong el

M

lo

T3k 7F 10kHz o] el A
1 sklar o] ws} glo]

¢

> T

=

ox 2 2 ru

fo &%

ok
o9 o
m
Ac)
1o
2
i
lo

o

N oF
H
e AN f
L=
Ay

e e

2
lo fl
it

AN

)
=0
I

-
[ty
e

iin
ok
N
N
2L o
rlo
P
o
o

o i o o
4

%

o
R
Wi

3.3. Futx JtEdstet ER|ZEIF e A

a9 59 19 99 Afe 4-8F345 60Hz, 500Hz 1
il 1000Hz®] 10kV LAYE A2 G0T)oNA AgE <
Zbstel ERIZNAlL, A el spao g By, SH

F EfIASEE 59 548 YERAAH

o= I

(]

(1) 7t&Fat=: 60Hz

79 59 19 6HE W 10kV AL AAFRE
60HzE 917h F2HE shalo] o= A AR
A9 bstglon, ARAZEdY 142 AL Ee

- Breakdown

E '

s

k]

'g 3 (b; 1

- an-N -——an

£ W @ @ ©
24

sT |

= (a)

g [Applied Voltage: 10K

© Frequency:60Hz

E 0 L] Temperature:30°C

4000 O 1000 2000 3000 4000 5000 6000 7000
Time[min]
a8 5 Eg|ZIA Zolof st A|ZEe| &M (30T ,60HZ)
Fig. 5 Time dependence of tree propagation length(30C,
60Hz)



7 AAEHE Fds 19 604 F9E e A9%E UE
F 360 Foll 7HA¥ EE JHASIA L
w, AN E 27]EgdolE 1.356mmEA e EE H A
RO 2 HE AAI7E o] Folx Aottt 19 5(b)e] A §-
720304 29 S5(e)7FAl 64208741 °F 57007 FoF =
g 279 AA0509mm)e.2, EFXAEE 89%x10 °mm
/min7t =53] " &3HA A AT 1Yy SFHeR v
7HAE e Egrl HAEY L 28 gty =HEQ Ef
Aol Alzke] wel g2y H2Ae] AdR Wskste] W
At ol EfAS A9 o]FojAA Fom A F
o2 WA vig A S 72 Blo|t) 2

2008 Fol HEHE Fuw ARao

)

o % ¢

a7 6 LFTA

SH(10kV/4.3mm)odl A
Adol E2|Y ZHME A (60Hz, 30TC)

Fig. 6 Treeing growth shape in epoxy system tested in
the constant electric field of 10kV/4.3 mm (60 Hz) at
300C.

SHE o EA A

2 7t& Fu=

: 500Hz

Y 73 2y selAE WR 10KV mAe AAFs
500HZ = oA oz AAA A F
i E

448 Wingen, LA

(Breakdown) (f)

IS
|

w
1

/ (C]

—
mgEEERE—

Tree Length of Axis Direction[mm]
N

. d
1 I © @
)] [Applied Voltage: 10k}
u Frequency: 500Hz
01 @ Temperature:30°C
T T T T T T
0 1000 2000 3000 4000 5000

Time{min]

ag 7 E2|XA Zolo sk AlZte| =M (30TC,500Hz)
Fig. 7 Time dependence of tree propagation length(30C,
500Hz)

Trans. KIEE. Vol. 62, No. 11, NOV, 2013

We vete eelq

2 % 9glth e 60Hzel M3
o avbg melwa Adskel sl ol 23l

(<)

1170min|

Ed|

ZHE ol FEA A2H

e

a8 8 ¢y 171I 3P(10kv/43mm)0ﬂ/\
2l Z™E A (500Hz, 307C)
Fig. 8 Treeing growth shape in epoxy system tested in the

o E

constant electric field of 10kV/4.3 mm (500Hz) at
300C.
(3) 7t% === : 1000Hz
I 99l E nF 10kV nAYES AYF JJr-r 1000Hz =
Q17}3k TR HE w3y o ]EE A2 dAsA A7
Fom, A7y AFZHEE T35 EEV} THA = Lo
=0 ERAEE 9 AAgAd A 500Hz9 60Hzol H
sto] d3 tE ¢S JErdAdn wle UhA 7 B
MG EZAA F2F(FAE) EZZ HS Atset 52

stA E]7b Adste] 550 HHHE EFY, 2" 99
et EgddEEs 781x10° mm/min 24 of$-
e AAEEE Jehlgoh

a8 9 d™EH™A SHI0KV/4A.3mm)ol Al SHE of| ZA[ A|AH
of muAMe| Ez| TIME A (1000Hz, 307C)

Fig. 9 Treeing growth shape for before breakdown in epoxy
system tested in the constant electric field of
10kV/4.3 mm (1000 Hz) at 300C.

g 1575



M7|1Es =X 623 115 20134 11¥

E: 2 Tl JiEdsto e ERNNMER
Table 2 Tree Propagation Velocity for Frequency Acceleration
deterioration
AE 60Hz 500Hz 1000Hz
Eg 7 4o 4.3mm 4.3mm 4.3mm
E A
#?];j} ] 360min 30min 0
£ 6634min 4862min S5mmin
Al Zk
Eg A 6.85x10 " 8.89x10™" 7.81x10
Eoe mm/min mm/min mm/min
el

T AR - E 7 A ARE

ol el AyZEE uF AL 10kV A7FE A
60, 500, 1000Hz= 7}<

= fe=]
= =
A} A, A&ABE e FoeE FANASE

Kol

= ey WA AEFaeo A s 360RFE

g7t MAEEE 2, 500HzolAE 302 A== 7
27 AMAIE DT 28l gEy 7 —1'1"#‘1:7]'
=AY Agazt Al

-4

2
™
—
S
S
S
s
N
o
>
>

=

gy =2 —T—J}—’FE a4E FAEY 9 Eﬂ_‘n 7N A8k
FAFSAl 60HzAl A 718 ER 2,
500Hzol A= AUFd EglE 181 1000Hzol A= F-A et
Y EE AHEN FAES & 5 AAT2] dHEHeE Al
e AAAS Faert S42 Ao wdE JEF
Fol e vl B Azte] 11 ARE 7P gk MinghuiX
59 AFAEL[5] nF o)A XLPEW Az Fabao
3 714 Eﬁlﬁé%‘?iﬂ g AFEA FAEY Ed
Uy =& dgedAd ala x%9F 22 (Vine-like
tree) Eﬂb Tﬂ%ﬂ F2 FIFoA YEpdT B3 71A
Szt E 9 oy A thresholde AYS T7HAI7lo=
Z:Li Ao Rbde] FAERY] Ede Aol ozt
7t AAIRE  THA Y Eg et 3 wg’r’*}ﬁL v =2 7hast
Ht} oy thresholdell Tﬂﬂ T ko 3]
Eata agla FERAAE AH
Tanaka® F35 7H4&S %?’}
T &S AAS A9 ® %
e EHausa el Fagvl vbEe] Q4 EAE
600HZSF 1200Hz9] 79t 2wle] 7H& a2 245
v 60Hz2} 600Hz= Alol=10w] gk Zol= nx x| 33+

< & 5 A 12l

=

ﬂ M

oo X oftt
N

1576

DAY FA7171 AR ol g3t i oI FAUY
FAE olgetel EeldTe AU AFA EfAES A
Z3to] Ay #A F94E 60Hz, 500Hz, 1000HzS 2 7f
Wate] Eelbsds A9e AAstdrh 1 A e
Te ARe A2 & Adn

1. Fa Hstol| o2 E2$Y S

<% 30T, A7/FH wFI0kV, F34 60Hz, 500Hz,
1000HzS 719 & ] EfSHHEr7E aA7Aad 53 & E
YA =S Eglgde ol2& AIRbE HUbstATh B
AeE ol EEES o83t B Ay FA4 vy
9] Z 9§ 60Hz= 3.95, 500Hzol A& 1.23, 1000Hzol A= 0.62
o gt Aolrt. rt&GstFaFrt 25

= o= VIR7E B
LAWY Aa, FdA e R vk Fakal e A
@43t 71277 2 AAE 2S5 Atk 3 sfelaE
%9 632%% FAHTEE T 60Hzl A$ 5805,
500Hz®] 7% 2982% —1¥] 3 1000Hz® 7% 8ll# o= <
7hA Sk 10kV 4-8&F35(60H2) S 7|€ 22 & ul, 500HzE=
51.3%9 W< Z1E)al 1000Hz= 139%° +H< H7he

al
AT o= A EfY AdgdedA EfY +H
] o] LS. o} Z= 0]lo
= TR

o

elztd et Futel E2|d Mol A

017]'71(_1:]' Fgo] o EdE g #ACA 60Hzo
= M4 P B 7Y EfEA ddiass
.85x10"* mm/min ‘Eﬂﬂoi g3 500Hze] 4§ &

g2 EgzA 8.89x10* mm/minE L& 1000Hz9|
© 781x10 °mm/min® A3 e Efz Egd

o] tits] wEA X3t

References

[1] D. M. Robinson, Dielectric Phenomena in High Voltage
Cables, London: Chapman and Hall, 1936.

[2] Yuanxiang Zhou, Rui Liu, Fei Hou, Xu Zhang, Wenbin
Xue ,“ Morphology of electrical trees in silicon rubber”,
Journal of Electrostatics, No.xxx , pp.1-9, 2013

[3] Jae-Jun Park, “Long-term and Short-term AC Treeing
Breakdown of Epoxy/Micro-Silica/Nano-Silicate
Composite in Needle-Plate Electrodes”, TRANSACTIONS
ON ELECTRICAL AND ELECTRONIC MATERIALS,
Vol. 13, No. 5, pp. 252-255, October 25, 2012

[4] Jae-Jun Park,“A Study on the Diagnosis of Treeing
Breakdown using the method of Acoustics Emission”, A
Doctoral Thesis, Kwangwoon University, 1992

[5] Minghui Bao , Xiaogen Yin, Junjia He Structure
characteristics of electrical treeing in XLPE insulation
under high frequencies”, Physica B, Vol.406 ,pp. 2885 -
2890,2011

[6] F. Guastavino and B. Cerutti,“ Tree Growth Monitoring
by Means of Digital Partial Discharge Measurements”,
IEEE Transactions on Dielectrks and Electrical



Insulation Vol. 10, No. I ; pp. 65~72February 2003

[7] Takahiro Imai, Fumio Sawa, Toshiyuki Nakano, Tamon
Ozaki, Toshio Shimizu ,Masahiro Kozako and
Toshikatsu Tanaka, “ Effects of Nano-and Micro—filler
Mixture on Electrical Insulation Properties of Epoxy
Based Composites”, IEEE Transactions on Dielectrics
and Electrical Insulation Vol. 13, No. 1,pp. 319~326,
February 2006

[8] Takahiro Imai, Fumio Sawa, Tamon Ozaki, Toshio
Shimizu, Ryouichi Kido, Masahiro Kozako and
Toshikatsu Tanaka, “Influence of Temperature on
Mechanical and Insulation Properties of Epoxy-Layered
Silicate  Nanocomposite”, IEEE  Transactions on
Dielectrics and Electrical Insulation Vol. 13, No. 1,pp.
445~ 452, February 2006

[9] Takahiro Imai, Fumio Sawa, Tamon Ozaki, Toshio
Shimizu ,Shin-ichi Kuge, Masahiro Kozako and
Toshikatsu Tanaka, “Approach by Nano-and
Micro-filler Mixture toward Epoxy-based
Nanocomposites as Industrial Insulating Materials”, IEE]
Trans. FM, Vol.126, No.11, pp.1136~1143, 2006

[10] Jae—Jun Park and Jae—Young Lee, “AC Electrical
Breakdown Phenomena of Epoxy/Layered Silicate
Nanocomposite in Needle-Plate Electrodes”, Journal of
Nanoscience and Nanotechnology, Vol. 13, 3377 - 3382,
2013

[11] Jae-Jun Park, Jae-Young Lee, “Effect of nano-sized
layered silicate on AC electrical treeing behavior of
epoxy/layered silicate nanocomposite in needle-plate
electrodes”, Materials Chemistry and Physics, No.141,
pp.776-780, 2013

[12] Toshikatsu Tanaka, Yoshimichi Ohki,Mitsukazu Ochi,
Miyuki Harada and Takahiro Imai, “Enhanced Partial
Discharge Resistance of Epoxy/Clay Nanocomposite
Prepared by Newly Developed Organic Modification and
Solubilization =~ Methods”, IEEE  Transactions on
Dielectrics and Electrical Insulation Vol. 15, No. 1, pp.
81-89, February 2008

2B E (A MR
19859 #eoletu A7]F8) 8}
19879 #edista A7) 5ekn 44
19934 #edista A7) 5eka) uhap
19979 ~@A FRUG 471445
3} ag

E-mail : jjpark@joongbu.ac.kr

Trans. KIEE. Vol. 62, No. 11, NOV, 2013

1577




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


