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[nsulating Breakdown Properties at Interface Layer
in Mica - Epoxy Composite Haterial
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ABSTRACT

In this paper, insulating breakdown properties at interface layer in mica-epoxy composite
material were investigated and studied on interface specimens whitch has internal
electrodes, As a result, it has been comformed that the interface exists as abnoirmal
resin layer and the intimacy for water at the surface of micahas a tendencyto decrease
by chemical! reaction and absorption with a coupling agent. And the contact condition at
the interface is depended upon the density of silane aqueous solution, Pulse frequency
of discharge at abnormal interface has been shown a linear increasing with enlargement
of discharge quantity according to rising of the applied voltage, whereas, in case of
normal interface, pulse frequency represented exponential increasing at the saturating
point of discharge quantity,
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Table 1.

ARAEY FF/

Kinds of Interface Specimen

Sample Nusbar Micas Sitane Density [Wt.x]

Po Phlogopite mica 0 (No Treatment)

Pos ditto 0.5

Pjo ditto 1.0

Pis ditto 1.5

P1o ditto 2.0

Pas ditto 2.5

Moo Muscovite mica Q0 (No Treatment)

Mos ditto 0.5

Mio ditto 1.0

Mis ditto 1.5

Mzo ditto 2.0

Mz2s ditto 2.5

—-226—

P-ulo]7}, M-miojs} B ZH3lE o F A 43
ol gdA AaA A Z7 011,021 2
2. 4lm)2A A71E 20x20(m) 2 she] ¥
J ezEZ A7 12(m)el HIE =
F31 238 AREdel ARt 2
Atk 24FHEEAE 10-1, 000(KH2) 2 8
Ak AFFUAF 2P AUNES 2F
AAZ) 0-10(KV) ) B34 HFAU (LR
2714 AR <A Y PH-10 AKNF) o2
2H ARALE Asstn BeBe LI
& A AF A (Electrometer, Adeven Test A}
, TR-84M%) & F3td PX 3 Aok F3 L& Al
2y #A7)38e % (Fine Oven, Yamamot oA}, DF-
428) & 0|83 ZARHEHY 2= & 26
0.4(CIE $Asged AR 7H8A -
g2 dAdE A vAHFA
gAY A A= H-# =20 (Nat ionalAl, VP-
6531A )& A 71E3gn dag %
Frud EAAES A& HdeEf F9
A 1Y 29 o] #v]|7 (Olympus, MTV-33)
,CCD7}# 2} (Victor, TK-310%), ¥itie 3 ¥
UEE AR5t stdr28e T8 4
e SFSEAM A gAY FEEA
Hre 422328 F3te 4A @23t
wAy v ggolu) Bl HIEE By
Age Revud B B4R (Partial
Discharge Spectral Analysis Device, MS/
SPAC 120%) & ol&3led ZA3dct FAHA
A AFE WA C. &= 2,000 (#F2 MR s)
T z2xA g2 Avdels (d& AZUA
,NPG-23) & o] &3] mA s

%

Jn g



slol7l-ol EA] BYAR ABelHe] HARY 54

CcCD MONITOR
CAMERA

MICROSCOFPE D

[omm ]
el 1
I = =
1@ o,
I 'PROBE?" Smc i nscers

Adnz Q@ yEuA 54
&3 AsxE

Fig. 2. Measurment processing diagram

VIDEO

of insulating breakdown
and partial discharge

ggan, 559 WERe A% vjolstel
ZAHAE VA B AS9 P-vhe] 7t
M-slolzbth 1 55We] 3718 AHHEEA
Argol A BAY + AYem, o

Asbe wlolzhe) BAFZN 9zl Sivh

£ 2. omolstd Ax A&7
Table 2. Contact Angle of Liquid

Drops in Micas

Surface Treatment Micas Liquid Drop [degree}
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Treatsent |Treatment
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Table 3. Dielectric Properties of
Composite Material

Description P - mica M - mica Epoxy
Capacitance, C 6.2995 X 10-1! [3.2902 X 10-11 |]1,21603 X 10-}2
Dimsipation, D 0.00167 0.003 0.01489
Thickness, t[aa) 0.11 0.21 2.4

Relative Dielectric 6.923 6.903 2.915%
Constant

Dielectric Loss 0.0115 0. 0207 0.0428
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Table 4. Complex Dielectric Constant
of Simulated Specimens

Specimens No. Calculated Value Measurement Value '1
Poo 0.8611 - j 0.0066 0.7122 - j 0.0063
Pos 0.9127 - j 0.0085 0.7413 - j 00081
Pro 0.8356 - j 0.0074 0.6761 - j 0.0071
Prs 1.0120 - j 0.0085 0.7777 - j 00080
P20 0.9048 - j 0.0073 0.7058 - § 0,0068
Pas 0.8524 - j 0.0083 0.6765 - § 0.0078
Moo 0.8434 - j 0.0072 0.6800 - j 0.0069
Wos 0.8191 - § 0.0076 0.6619 - j 0.0072
Mio 0.7076 - § 0.0066 0.5764 - § 0.0063
Mrs 0.5905 - j 0.0062 0.4928 - j ©0.0058
™™ 0.5274 - § 0.0059 0.4498 - § 0.0056
Mas 0.6967 - § 0.0070 0.5770 - j 0.0065

10 T T T T
g L —ee— P-mica
< [ 00— M-mica
5

SR 1
2 : £ 1
0 1
=
no
z< n 4
O
6]

9
own
=0 1 | 4
1 48] - ]
L [ ]
QU I b
[¢afS] o 4
A% o sl ]
me
) - -ee- P-mica b
Qﬁ -00-- M—mica
M
>
[STa) !t~‘\\ h
[ B S o
< o e T
3 i s S ”,,4
m RS Sy
v, 0.1 s ]

. ) ; .
0 0.5 1.0 1.5 2.0 2.
STLANIE DENSITY [ Wt . %]

33 5. Aexo o AWZL H-F
HEH AL G HsY

Fig. 5. Variation properties of
relative dielectric constant
and dielectric loss factor at

interface layer according
to silane density

e A2 3028 ATEre JEA
& p-nlolzlet e AEES JE T 9t

-3
4

—8— P-mica
00— M-mica

DIELECTRIC LOSS TANGENT [%]

o 1 1 )i 1
0 0.5 1.0 1.5 2.0 2.5

SILLANE DENSITY [Wt.%]
29 6 A¥sEel wE AR 43
By uEY
Fig. 6. Variation property of dielec-

tric loss tangent at interface
layer according to silane density

FHEA L P-utol7ke B4 2.0t %A B
oA 0,13 M-mte]7ke] 3¢ 1 50t %) A=
oA 0,118 HAFE 7HAH A& $=7
AANAL HolAe Afoe dsdte ¥
< Btk fAEHe F Ul He /A
Ao ABEE JEANE 2L BFE U
Bl Qo

3-3 AdEe F4HF 54

FAAFe Z7le A dAAd, Est
Ae) 2 ARATAAE A o EEHER

B 2R AUABEE FHEA F8A
GeEld Py 2 MisAE S} G ulol

g ARE AAstT QJAL 9 AsbEG

o] Wstet ¥4 AFoe HAE EAEIY
ADRE 1238 79 UYEMEAT,

Aol FHol A7HAIE 10%(sec]E HIFA
& AR AFAYA 10(KV)7HR = 0. 50KV
/secle] sdErz 20(sec)HEY A&
280 FAAF e AZHEs R3] FHo}
A7 A o] AL TR

a9 79X ARF ufALe] & FAE
Al g oA P-ulo]Fte} M-ulolst BF Q17
% oF 50(sec)ol M F4dAF o Al Hsrt
eksh A Tt 100(sec) A= oAl thA] 73
&5t A o 7ninl¥F 3Y 54 HR/U}

—-230 -~



afolZl-el Al B AE S AWM HARH B

Gehe A% woiFdn Utk $ALYAE
dXe ¥4E 5B (B 2= 2P0 4
2eg) gl Lo Hu £

S0 HHEE FY4E To{TA o4
88 stmz AN WP WA

= =
Jag gEAe ¢ wol=oAe WA
oz AZdc WA A
JARE ¢ w7t Z5 o 3(nin) FEo
By wA AR s29,

i l— Poo
—A—O— Moo

-
<
— 10-9
&
Z
jia}
o
jad
j=)
]
m
o]
<
b4
<
(
A
10-10 | |___
b 1 am
L 1 111
102 103
VOLTAGE APPLIED TINME |Isccl

2 7 ABZAM LHAF-AD 54
Fig. 7. Current - Time Properties at

interface layer

FAEA gt e A ol HEIYA
FeELde AP FREFEHIT Fxstd 33
Holmyl A7 WEQIALE duEy EY
Feld oF A sREL AFEET
ZA 9 e AY £47F A goAA

2ol OH71 & 71A ) #A Zolx &
HE F230 o]23) ol 4FAE L
= StERA F7F Hol= g WAAIZITH
34 FAF48 10(KVIE Qr1ste R4 A
F7F 383 ALY 10%(sec)F < 5 (min)
AR 1KY B¢ty 23 ¥4
Fo A7E A7 Aol =7l e W
E4doz d4zags ste 29 89 JENY
At

R

4 52

10-to

10714

LEAKAGE CURRENT AT INTERFACE [A]

10|7 iy i 1 L4 11 1 i L L Ji
0.2 1 to
ADPPL T ED VOTLUTAGH I wv |
ag 8. AdFY FAAR-ARRY
uz )
=g
Fig. 8 Current - Voltage Properties

at interface layer

B 5 29 89 YElA Z AJg¢] 24} 3
Aol 71g7joltt oA MY ddhH 1
At oo 29doE UsFr oy 499
TES W 7177 Waste dedd 5K
VI 71239k nlolle] EREE A
3 A5 oM P-ulolFli} M-vlolFtel He
2% AAQG dYdMe SEAL BodFT
Tk ey A dYeMe &7 Y

AAE7F A 2.0 (W, %)oNA e g P-ub
o]7b7} 1.38, A 1. 50Wt. %JolA Mg M-
oleol7le] AL 1,459 FAY BAE 2
o]31 itk

v olgkd dge] HEAHA Fgoezz 7
&7 Aol HorAd wet Axe A
o] Qth o]AL M A Lampert®' o] o3 w3
B HAH=Fez FEo FhAds AgAFE
HAghel oF 1 550 vl 9F B}
Ax)3t= ATE AT Aok £33 oA
< Hdgy Ao rleste dRF

-231-



ANAANBEIA A 57 A 23, 19923 64

¥ 5 Log Y - Log AF F5AY
AR A 7]87]

Table 5. Decline of Resemblance
Straight Line in Log.
Current - Log. Voltage
Property

Specimens No, Low Voltage Area High Voltage Area ]

Poo 1.24 1.18 |

Moo 1.15 1.09 (Resemble Ohmic)!

P20 : 1.01 (Ohmic) 1.38 !

Mis 0.98 (Ohmic) 1.45
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at interface layer according to
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Specimens No. Initiate Voltage | Extinguish Voltage VesVi
Vi [kV] Ve [kV]

Poo{No Treatment) 8.9 6.9 0.77

Pos 10.2 7.2 oo

——

Pro 10.9 8.3 oo

Pis 12.0 10.2 io0.85
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Pzs 12.2 8.4 i0 68

Moo (No Treatment) 9.4 7.2 0.76

Mos 10.5 7.8 0.74

Mio 11.3 8.1 0.71

Mis 13.§ 11.4 0.85

M20 12.4 10.5 0.84

M2s 12.8 8.5 0.66
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