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Electrical AC Insulation Breakdown Characteristics of Various Epoxy /
Heterogeneous Inorganic Mixed Composite

[P
(Jae-Jun Park)

Abstract — In this study, 20 types of samples were prepared by mixing different kinds of inorganic materials to develop
insulation materials for epoxy - based GIS substation equipment used under high voltage environmentally friendly insulation
gas. One of the electrical characteristics, AC insulation breakdown experiment was performed. As mixing ratio of mixed
heterogeneous inorganic materials, the dielectric breakdown strength was increased with increasing filler ratio of micro silica ,

micro silica :

micro Alumina, 1:9, 3:7, 5:5, 7:3, 9:1, and decreased as the filling amount of micro alumina increased. The AC

insulation breakdown characteristics were the best when the composition ratio was 9:1.
The higher the content of silica, the better the interfacial properties, and the larger the alumina content ratio, the worse

the interfacial properties.

Key Words :
AC insulation breakdown strength
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Table 1 Properties of Epoxy Resins Use

Properties Ingi;ﬁzgsgal Unit Pri)/ziiles
Viscosity (120C) DIN 53019 mPa s 390-520
Melting range T 35-50
Epoxy contents ISO 3001 equiv./kg 2.55-2.70
Flash point DIN51758 T >200
Volatile content % 0.0-0.2

Vapozllr5 (E)%e)ssure Pa 1
Density (257C) 1SO 1675 g/cm® 1.15-1.25
Aspect Solid, pale yellow or yellow resin

3 2 AT el S48

Table 2 Properties of the curing agent use

Properties In‘;(;,;ﬁz‘zfgal Unit Pri)];;iﬁes
Melting range T 128-132
Flash point DIN51758 T 140
Volatile content % 0.0-0.2
Vapozllr3 (gilée)ssure Pa 800
Density ISO 1675 g/cm® 1.22-1.25
Acid content % =3
Aspect white powder

Araldite Casting Resin System Q2A], OlZA] $A] 100g /
A3 30~40g/ FE S 200~250g0] FAHIE ZH= A
AHOITE ZHIRAL 140C AZIEHY7 ] (potential transformers),
2A91E 710 (switchgear) &% 22 =2 7IA%, €% Ogl1
Slste] AEd| A0 AHjE BX9 +325 REW 22 4% 5
717191 SUg AAEE 0l&chk= FAAAH-OIT.

QY SE77) ARANAE gF 2021 0]F SF6 HHTIA
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dhe f&) st e AT3E Aot on, =7 A
oA AFNEE MAIGHT QUCk SF6 B4 FlolME 1 SilicaZ
AFESIA] EQITE 0] SF6 SlollA] AElZIE Zeist AoE9)
A BAoFZ Qloty] AAES ofst & dshe 7IAe 4+ rh
J8L Agtd "AAEVEA SlolME pSilica?t pAlumina®l & &
FE o]&ct], 0]F9 FrES S8t FEANEE /Nattt

H o3lo] AI2EE 4Silica 2579 pAlumina 25% 2718
ARt E4s 3 3004 UERARICE 2+t YAESRFOl thsiAl,
AR HIZHA, YRt Bx, HAEQA 371 I8l 4R o
A 5 AXECE AR 4o dEs F= 40l

2.2 Epoxy/u(Silica+Alumina) Composites A%

E2 oo ARSS uSilica®t pAlumina®s E 3004 2718 ¥
Ao AR At UERIRATE AEE o]E9 niojla= Fx
KEE GIS Spacer&22A g% Zgd A t7tA9 AL
OF Qg Y AAES /Hol] flsto] Fokr] ATt kst
ot Axargde 19 13k ath

‘ Melting of Solid State Epoxy Resin |

!

Micro Silica+ Micro Alumina=70wt%
Contents of Micro Silica: Micro Alumina
1:9 3:7, 55, 7:3: 91

'

Impregnated at 140°C for moisture removal and
surface wetting

!

Mixing and Defoaming In Vacuuming System,
Stirring speed:200-600rpm/Shour

.

After the injection into the preheated mold, the
second degassing process is carried out at 140 ° C for
6 hours

.

Store in sample desiccator after release

T8 1 AEAZRE

Fig. 1 Sample manufacturing process
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Table 3 Particle properties of 4 types of micro-sized mineral

YRIEL | HIEEE | ARHEE | HFYUAE | YR
AREF (m*/g) (um) A7 um) | &
pA_1( p Alumina_1) 1.02 0.35~90 16.95 il
pA_2(u Alumina_2) 11 0.35~90 1349 B!
uS_1(u Silica_1) 0.709 1~35 10.72 -5
uS_2(u Silica_2) 0871 1~70 1153 2=
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Table 4 Type of sample use

Number Type of Mixed Note
Samples
1 ER Epoxy Resin
S 1(uS_1): pA_1(pA_1
9 b5 1 A1 | ES-IBS-DE pATRALD
= 1::9, 3:7, 5:5, 7:3, 9:1
uS_2uS_2): pA_1(uA_1)
3 S 2:uA 1
Ho-2-HA- = 1::9, 317, 5:5, 7:3, 9:1
] BuS_1(uS_1): pA_2(uA_2)
4 WSLRAZ g 5 55 73, 901
nS_2(uS_2): pA_2(mA_2)
5 S 2:pA_2
Ho-c- 1A =1::9, 3:7, 5:5, 7:3, 9:1

Z 5 &0 3
Table 5 Glossary of terms

Abbreviation Original Language
ER Epoxy Resin
MS n Silica
MA 1 Alumina
EMSC Epoxy Micro Silica Composites
EMAC Epoxy Micro Alumina Composites
EMSAC_19 | Epoxy/uS/uA Mixed Ratio 1:9 Composites
EMSAC_37 | Epoxy/uS/uA Mixed Ratio 3:7 Composites
EMSAC_55 | Epoxy/uS/pA Mixed Ratio 5:5 Composites
EMSAC_73 | Epoxy/uS/uA Mixed Ratio 7:3 Composites
EMSAC_91 | Epoxy/uS/puA Mixed Ratio 9:1 Composites

TR ST 70wtk

uSilica 2 5% 12|10 pAlumina 2 579
ol 4 Z‘S—%O]E}. J2)a Z42e] ol thel SXgEH] 5
ZA FAA MEQ EFE 207K EF9 MEE AZSICH
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=
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Aoduhy] Aso] ARSH Al%* BRE 100kV, Fok4 60
Hz/0.1 AQ1 J1¢} @eio] 7hsdt Uidler Al FRIE 0185k
Tk A1 74m SEQIHA KHK‘OI Tl T "AS0lA sk
1, BE FF AHY FAE 2mzE SUoH ASalirt. dA
uhl] g2 8 (High Voltage)s THAZIE WSS AlEL
A G20 BAR SoA sdsiirk. A" AlEe A2
100x100x2mmE AHESIALE,

QIZIRGY] £ WF 1 kV/sO] ¢ == AlHo] HEut
Foll olg mWAR AASIAL, SFE BE FY 1ty HolH
2 YolEERe Soto] LERITE JElal QolEER0] 3717
uhEel gdulinle, AALuienE, Blo+EE T6io] L
ERRILL TIe]a A uhl] S8of tigt side AAISHIT

oz Z/Q of ZA|/0|BFY
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3. En 2 A8 uF

31 o|F FVE Ef BEAES +%15 S4(SEM)
I 2~50ﬂA1L ER/OIEFVE &8 IERERA], uSilicatsu
AluminaE S8 TEAEQ AHES FQIsty] QI5to] SEMQ
SFZWE VERICE T8 1014% 20004, 5000419] HiEZ

Micro Alumina 7 2 &€}

(@) zoooH HH 3

(b) soooHH Lk ]

Micro Silica_1 | HAE] 5

(©) 50004 &
% 2 Epoxy/uSilica_l+uAlumina_1 &% SZX|E SEM
Fig. 2 Epoxy/pSilica_l + pAlumina_1 Mixed Composite SEM

sE1
(a) 200084

(c) 23004 Hig

8 3 Epoxy/pSilica_2+pAlumina_1 8 FZX|E SEM
Fig. 3 Epoxy/uSilica_2 + pAlumina_1 Mixed Composite SEM

5 Micro Alumina_2
Micro Silica_1 HHAEN O 5

AUEE ¥

(b) 3oooH HH% ’
1% 4 Epoxy/pSilica_l+pAlumina_ 2 8 ZZA|E SEM
Fig. 4 Epoxy/pSilica_l + pAlumina_2 mixed composite SEM
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b) 3000t Hi S

(c) oooH H% S (d) 1

& 5 Epoxy/pSilica_2+pAlumina_2 8 FZAE SEM

Fig. 5 Epoxy/uSilica_2 + pAlumina_2 Mixed Composite
SEM
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Fig. 6 Weibull plot of electrical insulation breakdown

strength of Epoxy/pS_1: pA_1 mixed composites
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Table 6 Properties values of the weibull plot of Fig 6

Types of Shape Scale B10
Samples Parameter | Parameter[kV]

Samples_1(0:0) 41.07 4450 42.14
Samples_2(1:9) 134.43 47.62 46.81
Samples_3(3:7) 58.62 47.70 4546
Samples_4(5:5) 4953 48.60 46.46
Samples_5(7:3) 88.23 53.06 51.72
Samples_6(9:1) 68.93 53.59 51.88

I ‘E Scale Parameter(63.2%%)|
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g @ Epoxy/pSilica_]+pAlumina_1 Composites

Epoxy 1.9 37 55 7:3 9:1
Contents Ratio for pSilica_1: pAlumina_1

a8 7 19 69 SREEH|O] thet QojlgEF 543t
Fig. 7 Weibull plot characteristic values for the fill ratio of
Figure 6
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Zt= irregular shapeg Zt= NOIIE SFHUYAL & SFY
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Fig. 8 Weibull
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Table 7 Properties values of the weibull plot of Fig 8

Types of Shape Scale B10

Samples Parameter | Parameter[kV]
Samples_1(0:0) 41.07 4450 42.14
Samples_2(1:9) 80.22 47.36 46.05
Samples_3(3:7) 61.60 49.18 4741
Samples_4(5:5) 115.21 48.67 47.72
Samples_5(7:3) 77.48 53.78 52.23
Samples_6(9:1) 109.77 54.24 53.13
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[-®— Scale Parameter(63.2%%)|
—8—B10 Life

3.2%)

54

52

50
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AC Br

Epoxyl/Silica_2+yAlumina 1 Compdsites

Epoxy 1:9 37 5:5 7:3 9:1
Contents Ratio for pSilica: pAlumina

J" 9 I7 89 FgHH|o] tish olEER 43
Fig. 9 Weibull plot characteristic values for the fill ratio of

Figure 8
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AEQL dete] 2327 WA olFo1E 4 QUCEL Eit [A| o]
&2 YAlshs A= 85 =k
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3.2.3 Epoxy/uS_1+uA 29| EgH|0] e T75 dAHutyl

a8 10~3% 11, & 8olAl= 1S_1 (1 Silica_2)9] YA
oAl HIEHZEO] 0.709m%g, YA BEL 1~35um, AR
7= 1072umE ZHe Tl ARt pA_2(uAlumina_2)
= HIZHAO] 11m%g, YA BIE= 0.35~90, BRI =
1349umE ZH= irregular shapeS Zi= npo|92 AR0LIRL
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I3 10 Epoxy/uS_1+pA_2 8 SEAES 7% HAutzd
=9 gojgss

Fig. 10 Weibull plot of electrical insulation breakdown
strength of Epoxy/uS_1+pA_2 mixed composites
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Fig. 11 Weibull plot characteristic values for the fill ratio
of Figure 10
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Table 8 Properties values of the weibull plot of Fig 10

Types of Shape Scale B10

Samples Parameter | Parameter[kV]
Samples_1(0:0) 41.07 4450 42.14
Samples_2(1:9) 103.50 4852 47.46
Samples_3(3:7) 100.34 4992 48.81
Samples_4(5:5) 166.17 51.18 50.49
Samples_5(7:3) 72.93 51.84 50.28
Samples_6(9:1) 213.93 53.04 52.49

T SEZ4ME UERAGICH
wSilica_19} pAlumina_ 29| &gt XA 1:9, 3:7, 5:5,
7:3, 9:101 thSh wSilica_1 BN THEHI7} 71848 Adutyz
TE STUIRIAN olERVIEY X o e 4584,
8 ERE 7|EFCE g uwi, 9.03, 12.20, 15.01, 16.49, 19.19%2
AN ZE H50] FAEACE
A9l I BX(:91 pSe W EXQ:1) BLE H|uoHo
2 o, uS7F R SE F pATRF SXE E< HIsHo]
931% 450] e & 5 AU

Qutslog, EROl miolIE ZHE FYshH FdnlnaA
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Table 9 Properties values of the weibull plot of Fig 12

Types of Shape Scale B10
Samples Parameter | Parameter[kV]
Samples_1(0:0) 41.07 4450 42.14
Samples_2(1:9) 262.45 4391 4351
Samples_3(3:7) 66.32 4742 45.83
Samples_4(5:5) 151.93 48.75 48.01
Samples_5(7:3) 149.77 51.67 50.89
Samples_6(9:1) 171.14 53.61 52.90
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