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Abstract; Epoxy resin is one of organic polymers which have been widey known in the world,
but there is almost no example of using only epoxy resin itself as insulating material, and it
is usually used as composite insulating material in combination with other insulating material.
The electrical and mechanical properfies of such composite materials are affected by the internal
interfaces which are boundary layers between matrix and insulating base materials. Therefore,
in order to improve the durability and elucidate the mechanism of deterioration and destruction,
it is important to study the properties of interfacal layer.

There are many kinds of organic composite insulating materials which are generally called
FRP (Fibre Reinforced Plastics) having epoxy resin as matrix and glass fibres as other insulating
base material. In this paper, for two kinds of FRP rods which are manufactured with pultruding
unidirectionally, effect of anisotropic properties on dielectric characteristics, especially electrical
breakdown voltage (BDV) and dieletric loss tangent (tand), were studied. The principal results
obtained from the experiments are as follows:

1) The dielectric characterictics of the voidless FRP which was pultruded under pressurized
condition, P2, is superior to that of the FRP including void, P1, which was pultruded under
normal pressure condition.

2) Electrical breakdown goes along the glass fibres direction, that is, interfacal layer excepting
the case of the interface angle = 90°, therefore the BDV of FRP with 8§ = 0~60° increases as
interface angle is larger, because breakdown path is longer. The fact that electrical breakdown
goes along the interfacal layer is not affected by the voltage waveforms of ac, dc, and impulse.
3) The BDV of FRP with § = 90° is very higher than those of FRP with § = 0~60°. It
means that electrical breakdown by penetrating between glass fibres is defficult. Therefore, it is
desirable that FRP material is positioned in the way that the interface direction is perpendicular
to the electric field direction.

4) When FRP absorbed water or was heated to high temperature, the dielectric characteristics
such as tané obsiously shows the degradation tendency, but BDV hardly decreases. The reason
might be ascribed to the conditions between electrodes and FRP specimen tested, but the further
research is necessary to explain it.
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5) Electrical properties of interface are very important elements to decide those of FRP material.

Therefore, tané of the interfacal layer is calculated from a three layer model which consists of

epoxy resin, glass fibre, and interfacal layer arranged in parallel. The results indicated that tané

at the interfacal layer is larger than that of other two portions. And the fact proved that the

interfacal layers are electrical weak points.

Keywords; Composite insulating material, FRP, Interface, Breakdown voltage, Dielectric loss tan-
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Table 1 Physical properties of FRP materials.
#5 FRP 09t
Sample P1 P2
Specific Gravity 1.89 1.92
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Fig. 1 Experimental sample and electrodes.

EHEUER

¥, RERVEREECE2RBTIE, MES
NIAFBFEBENRE S & B I — TP AR EAR
D HEETE - 7 E 2 HEEEN®RS (BDS) & LT
oy pgE L, UL, B PRERRIAF

SERTHD, T, WEBES—RICT T MM

BEICIR > CEET 57298, ELWBDS LidE Wi
Vs, R D 90°DREHI BT, RBIRE S
285 % B\ CERB OREIEEEEZ KD S 72D
I EBRENX vy TEREN 5 mm L VESTD
PBEFHY), ThbrR—DORETHEREYT 572
»iz, o BDS ##%H L7z,
222 FHEERUBVEEOIE

FEE () RUBEERE (tand) WEAORRA
%, Fig. 2(a) IKRT &) A FXER (EE 18 mm) ,
#— F &R (4% 20 mm, /ME 36 mm) RUHAER
oKL EREREGE ICHKA, ERERELHEZER
DEERICANT, TRETY v VEHAWLHEER
BEEEE T, BEEEE 30 Hz~3 MHz, RIER
B 23°C R1X 100°C THERRUFEEZRZAEL
72, Fig. 2(b) CRIZEEEEZRT,

B, HERIY, HLHEXRS LHFEER e’ T
£L72 (e =€ —je") ,
223 HRE~OKSORINS

- 0fED FRP #EHIBACLHERAI NS 2o, R
BEOMEERELERINS, 22T, B2 RE
KEEANESNEFEZRE L2, ZOHED
KENDIRIE F T, IEC1109% i@k RER 5 ik %
WH LT, HEREEE 2 ROIABAICH T
100°C @ 0.1% &K T 100 BRI L, FHEEXSF
B3R HREE T H - Tld 100°C 0 0.1%EIBAKT
o4 BRI Lz, 0B, WokEid, BKRIROEE

- 135 -

Imm

W
. 1
H
L18mmH
36mm

Main electrode

Guard electrode
/ Vas

T ,'(—Sarnple
— ]
Opposed clectrode

Fig. 2(a) Arrangement of electrodes for measuring ¢
and tané.

e BRU tané BIEREHEER

)
O
T

Measurement

] TS
L 1 Co C s R __l
D X Detector

N o T

o]

G
$—— WA Farth compensation
Co 4 Cr \ for admittance
— | ———

Condactance shifter

Fig. 2(b) Electric circuit for measuring € and tan§.
e RU tan§ BIERERE

DEEBRILP HRDIZ,
3. ERBRRUER

3.1 MEFBEERSE

311 REArESHEER
Fig. 3 13, %M 50 Hz nHEECRBZHBIES ¥
723540 BDS %, Fig. 4 IERSEETHREI L



|
ot
(M)
[=]
|

Fig. 3

Fig: 4

Fig. 5

Breakdown Voltage, BDV (kV)

Breakdown Strength, BDS (kV/mm)

Breakdown Strength, BDS (kV/mm)

W
o

20

10

EXEZ LW

Test j\loltaée: AC, Sample: Dry

/

4

*

P2

.
Pl

30
Interface Angle (&)

5.

0 30

Relation between 6 and AC BDS
sample).

FEAICHT 3325 BDS (#85H)

60

40

20 .
. o

. — e
0 L
0 30 60

Test S;Voitaée: DC, Samgf)fe: I}fry

0

Interface Angle (&)

Relation between 6 and DC BDS
sample).

RERICX T 3 EF BDS (#3pH)

140
Test Yc)ltage: !mpulse,
Sample: Dr
L .
P2,
e —
L} H H *
" P
] e —
20 30 80 90

Interface Angle (&)

Relation between 6 and impulse BDV (Dry
sample).

REALNT 31 /UL BDV (&18506)

(Dry

(Dry

RIIS-RR-93
30
a Test Voitage: AC, Samgle: Wet
\!{
= [
2 L
o o
£ o /
g T H g 4
o ' |
fU : L ]
L -~
E | TR
< e @ i
g
-]
0
0 30 60 30

Fig. 6
-
=
=
~
-
]
N
2
=)
~
F=1
-
(Y]
o
[
E
+
[ %]
[=1
ES
)
o
L]
<
@
—
=
Fig. 7

Fig. 8

Breakdown Voltage, BDV (kV)

Interface Angle (&)
Relation between ¢ and AC BDS (Wet
sample).
FEAIHT 3325 BDS (BEHH)
60

Test i‘\loltaée: DQ‘, Saméle: Wiet

: /_'
i s
003 60 %

Interface Angle (8)

Relaton between 6 and DC BDS (Wet
sample).

FEA SN T 3EH BDS (BESH)

140
yd

7
yd

Test ';loltagie: lmgpulse,
.S.ax_nplie' e

100

-t y
- / _ P1 B
% 30 60 90

Interface Angle (8)
Relation between 6 and Impulse BDV (Wet
sample).

FEBICNT 34 230X BDV (RERE)



F R AR R DM IED B 7 1T ' - 137 -

0 = 60° 8 = 90°

Photo. 1 Breakdown path (Pl-sample).
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Photo. 2 Breakdown path (P2-sample).
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