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Abstract: With a high voltage grade and large transmission capacity, ultra-high voltage (UHV) gas insulated metal enclosed
transmission line (GIL) needs insulator with higher resistance to the comprehensive effect from electric, heat, and force. In
this paper, epoxy composite materials were prepared by doping micro-Al,O,, micro-SiO,, and micro-Al,0,-SiO, blend
fillers, respectively. The mechanical, thermal, and electrical properties of the blend system were tested and analyzed. The
results show that with the increase of the volume proportion of AL O,, the comprehensive mechanical properties of the
composites are improved, and pure micro-Al,O,/epoxy composite exhibits the best mechanical properties. Doping two fillers
improves the thermal conductivity and arc resistance of the composites, but slightly reduces the glass transition temperature
and increases the thermal expansion coefficient. When the volume ratio of Al,O, and SiO, in composites is 1: 1, the arc
resistance duration and the thermal conductivity of the composite reaches 1.198 W/(m-K) and 186.63 s, respectively. With
the increase of the volume proportion of SiO,, the dielectric constant of the composites decreases, while the breakdown
strength increases. The power frequency breakdown strength of the pure micro-SiO,/epoxy composites is the highest,
reaching 36.63 kV/mm.

Key words: gas insulated metal enclosed transmission line (GIL); Al,0;; SiO,; epoxy resin; mechanical properties; thermal

properties; dielectric properties

0 315 B LA R BT BV R B OR, B

%1 L 28 #% (gas insulated matel enclosed transmission

FHAR E K, L 55 20 i » s 7 K, X 4 [ GIL
FIFTEEESR Y 7 S s Bk . — B B Sl
e P X . I TR, GIL 4% 1

S5 1000 kV 22 HF e s R 48 5 < s 5

line, GIL) *Aﬁﬁaﬁﬁé 247, UE B T HF & K GIL

BOR AT AT PEA R E PR (EE Ky i i GIL 75 0

K2 52 i I J0 3 AR DS JC L AE s 5 IR AR

L BEAE LR AR T, S AT BRI K, R N, &

HLWE:E R 9 A3 #4409 B (SGHBDKO00SBIS2000363) . FF 30 A I G o8 i 7™ B, K] O A %o 28 2% T 28 25 Pk



30 XA R GIL 442 7 oK SR - R I S S AR PR REAIT 5T

IgRl 2024,57(2)

$ SR R, TR B R e H EOR A 5% 1%
AIBAT 40 T AL BRI G R 5
EAEREDL R RN B R AP R4 Ak B 2
EGIL AL T =S G T HEL G L2
FARHE T AR A B A A R O i o
e Pk, HORROA B 3 AR T A A i, £E A A TR
PR AR FE o 22 Bk Fl v 46 % 1 A A 2
SR TCHLIR 0 PR SR L85 8] T S %
(gas insulated switchears, GIS) 7, B 5 [ 47 7E 2 i
SF I R P21 5 — Ak R 2E IO 3t R 48 A 1
RES AL, T BE S B GIL P9 A IF AT R A, A1 1
SF A5 “E MR A RN . AR
BN GIL 4825 T (EA7 it 38 i 22 3 I8 SR 3 £/
TELAL T BRI B £ AZZ A\ ) GIL £ R
A T IR 2T S TSRS R T A R L L A AE
briiidy ERA RS AR, HORANE St
SAER
AT, KIS & AR SRR LR R & o A
e 5 e A P S B0L 5 1i wfe AAE S B ol ) S
PRI E [ P Ak R b o 1 3R SRR 6 AR e B
To MU AR A 9 oK 2 SRk, [ N AR
FCR I B N OK S A B BEA A Rk SEORE T BLSR T34
AEGMEIAFTTHKTERE. £ BARTTIH,
S S5 PR IR A I 48 2 AN RR AR 70 B BOK
AL KDL 2 2R S A AR A e R o
AE 1) B S AL R BURHAAR 70 B 88 n Je BT e T B
F A TR BB AN WOK FAL RSO AT LR = 2A
AEASMEIAE R, B Ry . T
RKEEPIBTE TE K BLRE 15 N SOK AL R 5T & 7 B Y
fe s A PR B A0 AR IR R B, A L O
s PH A N FEALEES A 0T T, BRI T K
LIRS A AR A 5 52 0 o7 2 5 T 2 BE fROK
S e JoT R 70 B G I e 1 K Sk . T IMAL
SR TR A5 N2 60% H i oK S8 A Ak OB AT A
BRI S E S MR IK #2580 BT i s | R
AR 5 R
BN HORHE SR TH 2 & 0B B2 4 7] B 7]
RE 51 Bk B 5 52 At 75 T A PR B, o e B
ST SR AN ey ) 3 2 T DR HE A ) e DRl A
PR BN A F Rl 2 A SR SR HE — P 3 T 45 G b
BHOTERE. B0, OF 1 2 07U & 1 SR -%
WA BB G MEE, ZRARL ) T Ik R B2 25 1
REDL RO, Ty e A S50 i 520 AL B A AL B
T THAE S BN G R, H AR T B SR

RE R e IR [R50k 48 2 1 R PR BE AT 0 22 1k
et 1

ik 8.62x10"7 Q, ML 58 & A 1A 29.01 kV/mm. M
KURIMOTO %51 {5 R e FEORHMA R L A28 11 175 150
T MU E A SR EARE IR S LG R T AT
AR E AR A A PRI L EOR FA R K
FetE, I b 1 B IR A I R B0 0w BOeh
WAL LTI N 264

H i 445 = GIL TR Hh R 48 4 21 2R H
AN/ EE MR, (HAE 5 252 kV 2 H A AR
FA e 25 2 GIL 19 2 B o, A 3B o0 il | 3R
F A RE R AR &, HLE A1 B = GIL HoAR B
&b O F A AR RENALH 1R E Ak
R AT DL 35 PR T AR A (R, R LB N A
ATk R RN S8 A AR - A R SR TR IR G IR S B A
L R 5 MR R [ P R S GIL TAE AHEAT [
FEAER L B R . AR AL A B
53 Al B N ROK B AR AL IR AN A AR - A e 3
TR IEDRL, 1) £ AN R AC 75 1) IR S8 2 A A kL, IR
FEL S (A FL AR i B 6 o 2 5 P R T R I
A8 775 Chrfi L2 il fD pf s ) R0 34 22 M RE (B R 40
AR IR K R BRI G 5O, LU RERHA TS B
ol FL 25 A 1R RE Y RS ), DLAR 5039 2 4 = e GIL 44
G N ROHAE G

1 £

1.1 EEEMH

Wy A BUER S i RS 5531 R TR R I 23
[ AL 75 (45 HT903CD) , 36 [ = Hridi /4 7 s A AL 5
WA FERIAZE N 8.16 um, %N 3.9 g/em’, L AR HE
THAEBBRAR SRR, R ERNEAN
9.52 um, % M 2.2 glem’, i) B 1 & LU A IR
AF.
12 ERETSiAHEE

SEI6 BT FH B S8 A5 RN SRR RE R SR R A% AR E
B E R ZEBOK, TRRE ORI R 4 B0 e N [ e
. 2 GIL T2 3 S 48 2% 1 I SEDRMA AR 20 L
i 78 A TSR IR AR 23 R 40%40.2% , il £ 5 Fh
AN F R 7 B R S 2 A M RHR AR . Sk 4R A A
PR AREE 20 000 100,20 1015 1.1:2.0: 1 FI3R4R
HAEMBRAEER T W2 1R

e K A R N E 110°CHA 4k, 2 Ll
NG B SERRY A, SR J5 1 R U i R R &
YIAE 120°C Vs AR T 3 2E 4 h, BEPE 8 51 J5 A LS
4 h, FEANON AL 35 RE 15 min, 55 KR A BT
FIFRAE 100°C B b BB i i 2L i B 7E
HEFE S, #% 18100°C/1 h+120°C/2 h+130°C/2 h+



@GHRL 2024,57(2) XU WS s RERIE GIL 404 T FI oK FUAL 85 FUL R IR UL bR M RE T 5 31
F1 RS Julk.
Tab.l1 Composition of samples
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Fig.1 Particle size distribution and SEM images of

two kinds of fillers
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Tab.2 EDS test results

A ALRIRRE SifORE AIMRT  SiMET
iy 5 80% I 8% /% H L%
EA 14.86 0.45 7.83 0.23
EA2S1 10.91 4.08 5.72 2.05
EA1S1 9.14 5.37 4.75 2.68
EA1S2 6.55 7.15 3.39 3.55
ES 0.22 9.06 0.11 4.41
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Tab.3 Density test results
RS BENEME (g/em’) HEIHRH/(gom’)  FRfEE
EA 2.320 2.268 0.007
EA2S1 2.044 2.041 0.003
EA1S1 1.958 1.928 0.001
EA1S2 1.906 1.815 0.002
ES 1.644 1.588 0.006
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Fig.3 DSC curves of the Al,0,-SiO,/EP composites with
different proportion
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Fig4 CTE curves of the AL,0,-Si0,/EP composites with
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Fig.5 Thermal conductivity of the Al,0,-SiO,/EP composites
with different proportions
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Fig.6 Bending and impacting properties of the Al,0,-SiO,/EP

composites with different proportions

SR AR S MR AE L TR AR o 2R M
REZE B RN, ARG AR R R /N, BB R)AE 58
PEVE I WAL T I 2 FE . B 7RI LB
It o il B T TS A Pk e i R e
PERL A 25~100°C 2212 T B, FL7E [F] —I5 52 AU,
I A W 2 SR R TR o Lk vy, o fof i 5 R g A
BHEREA . £100~125C, M EE SR
vt 5 N 4 PR A B R P B R . XA
TR I T IR AR B A R AR IR R, AR
FH 3¢ 305 75 1B T AR Ak R RS B AR i R R R B
IR

P 8 A [ L A3 48 Ak R - SR AL ek R VR IR A
M RL ) 3 2 AL 2 B (DMAD |l 42 . fif g



IgRl 2024,57(2)

34 WSS R E GIL 482 T ROk B AL AR SE A RE IR IR S 2 A R (K ek B 7
80
70
5360-
= 50
40
i
&30-
201
10
0 , : ; , :
25 50 75 100 125
W/ C
(a)hr {5
11]
101
94
£ 81
O 74
IE 6
2 5]
£ 44
E
2_
14
0l— . . : ;
25 50 75 100 125
M/ C
(b)) e s A8

7 AEEHIELBE-FLELEREAESMEEN
R REFIRE X R
Fig.7 Relationship between tensile properties of the Al,0,-

SiO,/EP composites with different proportions and temperature

8000 —
70001 “raiIss - - EA2S1
< 60009 _
(=W
= 5000
i)
illé 4000
£ 3000
A
= 2000
1000
0L . : : L
40 60 80 100 120 140
W/ C
8 ARLHISEAE-SAEXETRTESHRN
TS AL 2%

Fig.8 DMA curves of the Al,0,-SiO,/EP composites with

different proportions
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Fig.11 Volume resistivity of the Al,0,-SiO,/EP composites

with different proportions under different temperature
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