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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 abnormal
resin layer and the intimacy for water at the surface of micahas a tendency to 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 saturat ing
point of discharge quantity,
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Fig. 1. Schematic diagram of
interface specimen
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Table 1. Kinds of Interface Specimen

Sample Nusber Micas Silane Density {¥t x]

Pe Phlogopite mica 0 {No Treatsent)

Pas ditto 0.5

Fie dltto 1.0

Pis ditta 1.5

P1o ditto 2.0

Pag ditto 2.5

Moo Muscovite mica 0 (No Treatment)

Mos ditto 0.5
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Mis ditto L.5

H20 ditto 2.0

M2s ditto 2.5
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Fig. 2. Measurment processing diagram

of insulating breakdown
and partial discharge
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Table 2. Contact Angle of Liquid

Drops in Micas
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Photo 1. Penetration hole due to
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(Magnification : 200, SEM)
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Table 3. Dielectric Properties of
Composite Material

Description P - mica M - mica Epoxy
Capacitance, C 6.2995 X 10-11 13,2902 X 10-!! [1.21603 X 10-12
Dissipation, D 0,00167 0.003 0.01469
Thickness, t{sa] 0.11 0.21 2.4
Relative Dielectric| 6.923 " 5.903 2.9159
Constant

Dielectric Loss 0.0115 0.0207 0.0428
Factor
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Table 4. Complex Dielectric Constant
of Simulated Specimens

Specimens No. Calculated Value Measurement Value

Pos 0.8611 - j 0.0066 0.7122 - j 0.0063
Pos 0.9127 - j 0.0085 0.7413 - j 0.008)
Pro 0.8356 - § 00074 0.6761 - ; 00071
Prs 1.0120 - J 0.0085 0.7777 - j 0.0080 |
[ 0.9048 - j 0.0073 0.7058 - j 0.0068
Pas 0.8524 - j 0.0083 0.6765 - ; 0.0078
Moo 0.8434 - j 0.0072 0.6800 - j 00069

Mos 0.8191 - j 0.0076 0.6619 - j 0.0072
™ 0.7076 - j 0.0066 0.5764 - j 0,0063
™ 0.5905 - j 0.0062 0.4928 - j 0,0058
Mz0 0.5274 - j 0.0059 0.4498 - j 0.0056 |
Mas 0.6967 - j 0.0070 0.5770 - o.ooes_]
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Fig. 5. Variation properties of
relative dielectric constant
and dielectric loss factor at
interface layer according
to silane density

dAE FA% 3.028 AdFre 94
& P-ulo}7te} 2& Ag vEm Ut

; 7 T -
[
—&@~ P—mica

& —00— M-mica
Z gt §
o]
6]
-4
< [
[

5 q E
9 b
4] 4
o]
=

4 } 4
6]
-
24
N
—
[}
-
A o \ - L 1 L

0 0.5 1.0 1.5 2.0 2.5
SILANE DENSITY [Wt.%]
3y 6. Adpxe g AWZ /A
3y Hsssy
Fig. 6. Variation property of dielec-

tric loss tangent at interface
layer according to silane density

fA&A L P-nlolFte] AL 2 0(W, ¥AR
oA 0,13, M-vlo]7te] A% 1. 5(W %) A&
A 0,112 H4FE 714 4F =7t
A A FelAE ALde Hedte 3
2 Bt} A& F dalo] He 4
Ao APEE oE2ENE F2 AYS
gz ot

3-3 AWZ +4AF 54

FAAFe) Ve RN A4, g3t
Ay 2 AARPAAE o FTnE +AHA
& 24¢& ABANEE FA5A +F3A
UEld Py 2 MisAlES 4 vlo]gtel 7 A
B AIEE MAST AZATL § A7EAE

o] Wzlel ¥4 AFole #AE ZAsH
Z23E g 79 YegdAt.

At Hol A7FAIZEE 10%(sec] & HTA
& AAe AEALA 10EKVIZIR = 0. 5(KV
/seclel £¢EEE 20(sec)FE ATE
asts AR AITAERIE SR8 Fel
Adj7 A AL THFA I

a2y 7904 A v HHE0] E FAY
AR A e P-vlolsle} M-ulo]7} % <17}
F oF 50(sec)ell M FAHF A s}
Sz ohol 100(sec) AZ oA oAl 23
257t AA o 7nin)¥F HF +4 AF7

—230—



mlolFl-ol A BYARS A”AMY AR B4

Udehte 2%¢ 243D Ak FAHIAANRE
dME FHE £ (B B ZFF) 0l &
2423 st fYtes =1y £

Z o] AR FAE BOTA ol
g ez AUyAol AT A
oy LHILL FT Hol=ore BH
stel 2Hd) g@Ro s AAdct 0 A
JgAEE ¥ vl 2% < 3(nin) =]
ARE ks By w4 HR 52H,

T T LR T
—a—a—  Poo
—AB— Moo
—o—90— P2
™
<
— lo—?ch
=
Z
o
x
24
o]
8]
m
0]
<
H'4
<
o
Ty . E
L 1 mn -
4
N
102 102

VOLTAGE APPLIED TIME [sec]

3" 7. ABZAAY FAAR-AL 5
Fig. 7. Current - Time Properties at

interface layer

2 AlEe 2 ALy dAgel vEhA
AL AR HAYLHI) S T
Rolzryt H7| WEAALT wudn £
S| NEAY FFBL AFEET
Z a9 e AP BRIV A BoIXA
%1 Tdo] CHZIE 713 A BoAH &
T8 US £33y ol2F oj4FAE S
=74 B2 A F7F Hol=F WA}
BRI HFEAL 10KV)E Q7tetd 43
F7F 283 ¢4 " 10°(sec)]¥ 2 5 (min)
R 2 1KVIY Zgsiel 243 >4 A
Fo 2718 Ut Age] A7)0 A Wk
ENdoz UEATRE 3o 238 8o e
At

LEAKAGE CURRENT AT INTERFACE [A]

. 1 T A

AUDPL LD VOLLTAGIE | kV

2y 8 AYWZFY FHAF-AAY
574
Fig. 8 Current - Voltage Properties

at interface layer

¥ 55 18 84 UE & A5 24t 3
Aol 7]&7loltk of7)A AL 49} 1
A 9P 29ddoz YEF oy 99
FEL O 71277 dese Agd 50
V& 71%38lg ) utolsle] EHE HdHE
& AR oA P-vio]7lut M-ulol7te] 34
R AAYG dgdMe SE5EAS BoFT
Aok 23u -G dgoMe 7€

A7 A7 2.0 (W, %) &g P-ut
o]7}7} 1.38, A 1. 5(Wt. %)ol A AT M-
nlo]lel A= 1.459 FFT BAE E
o]li Stk

gy ol dde HFHA goz 7
&7l Aol wordd wetk AAE B
o] 2tk o] R M A Lampert®’o] &3 B
¥ HAZoz R FHA3 AFAFE
Aol ok 1 550 vaEAgds A7 219
dxste AFRE AASZ Ak =& oA
e AAST Aol JlEse IARAFY

-231-



ANAANBSHA A 5H A 25, 19929 6€

E 5 Log WY - Log AF F4
AR 9 71&70

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

Specimens No. Low Voltage Area High Voltage Area J

Poo 124 1.18 !
i

—d
Moo 1.15

1.09 (Resembie Ohmic)
P1o : 1.01 (Ohmic} 1.38
—

il
I
Mis 0.98 (Ohaic) 1.45 |
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at interface layer according to
variation of silane density
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Table 6. DC Breakdown Voltage and

Insulat ing Strength
of Interface Layer

Specimens No. Breakdown Voltage Breakdown Strength
k] [kV/na)

Poo 14.3 108

Moo 15.1 114

Pzo 18.3 145

. Mis 21.5 162
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Table 7. Initiate Voltage and

Extinguish Voltage of
Partial Discharge

Specieens No. Initiate Voltage | Extinguish Voliage Ve/Vi
Vi [kv] Ve [kV]

Pao(No Treataent} 8.9 6.9 0.77

Pas 10.2 7.2 0.70

Pia 10.9 83 0.76

Fis 12.0 10.2 0.85

Pzo 13.1 ns 0.90

P1s 12.2 8.4 0.68
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Moo (No Treatment) 9.4 1.2 0.76
Mos 10,8 7.8 0.7
LT} 11.3 8.1 0.71
Mis 13.5 11.4 0.85
M20 12.4 10.5 0.84
M2 12.8 8.5 0.66
FEWHe] LAEA AdF EAste 7
FREOIN FHTASHE FE FHOZ Q
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