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Electrical Properties and Simulation Analysis of
Copper Calcium Titanate/Silicone Rubber Composite
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(1. State Grid Hebei Electric Power Research Institute, Shijiazhuang 050021, China;
2. Shenzhen Woer Heat-shrinkable Material Co., Ltd., Shenzhen 518118, China)

Abstract: In order to obtain a silicone rubber composite with both good resistivity nonlinear characteristics and
high electric breakdown characteristics, a copper calcium titanate (CCTO) ceramic powder was prepared, and the
CCTO was mixed with two-component liquid silicone rubber to prepare CCTO/silicone rubber composite (the
volume fraction of CCTO ceramic powder was 3%, 5%, and 10%, respectively). Their microstructure, dielectric
spectrum characteristics, DC breakdown performance, and DC nonlinear resistivity were tested, and their
application performance was compared by establishing a high-voltage DC cable terminal simulation model. The
results show that the CCTO ceramic powder has obvious characteristic diffraction peaks, and the powder particle
size is about 500 nm; with the increase of CCTO ceramic powder content, the dielectric constant of the CCTO/
silicone rubber composite increases, the DC breakdown strength decreases, and the non-linear characteristics of
resistivity are significantly enhanced. With the enhancement of the nonlinear characteristics of resistivity, the
electric field strength in the reinforced insulation of cable terminal stress cone decreases significantly. When the
volume fraction of CCTO ceramic powder in the composite is 5% or 10%, the composite can be used as a
reinforced insulating material of stress cone for high voltage DC cable accessory.
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Fig.4 The dielectric spectrum test results of composite

HRTE, E A B I CCTO-FERE I ST [X I8 #k
2 IEF M ERIUNA B S CCTO B A& 1)
PTG R . L2 4 1)/ o il il 2638 ] DL I, 24
MR I 10" Hz 5 , 8 470 J5 R L A s e
HH W B B (B, X 2R BH S % A 5T A H A
DR 25 AN B2 S AR AL, I A A B 7 % ) Ak, 1EL 2
T AL T T TN 102~ 10 s, JT LA 4R A5 %
W A A R I A A SRS K g S, A i R
AEAE LA AR DT A5 = A0 ] P 3R 30 H A Joit
(1A R S T AR
24 EHEMEE

i PR BRI A G MR I e B AR I, R AT A
JR 4 25 7K 7 B LA B AR B o AR A 06 o R A A AN
[F] CCTO % N & & & N B o Y Re k47 17l
T R 7 S ) R FEE Ol (0.22£0.02) mm , 33 45 SR BA
JaAT R oA B 7 SR B, WS s .

MBS F LA H, CCTO 5 N il &y , 4 W &2
A Mk o 0 R A K, b CCTO B A& N



28 B3R5« K 5 T A e S 40 I L e R 0 BUS AE BGE 2021,54(7)
_mREAR IR 15 .
2 ©3%CCTO/REM B 10
A5%CCTO/REM I
1v10%CCTO/RE:H
~ ~ 14 |
= 0 g1
z G
= <
= -1 S8
E 1034
2 = BEIR
©3%CCTO/RER B
A5%CCTO/RER B
-3 1025 v 10%CCTO/RERRSB
40 45 50 55 60 65 70 75 10

E/(kV/mm)
5 EANREFHENAER
Fig.5 The breakdown performance test results of

composite

10% (1) 52 & A 03 B I o 2 5 de IR, FLARAIE o 27 i
&9 52.22 kV/mm. MWK E , 24 CCTO P % 5
45 N &8I0 G , SR AR P I CCTO 44 K S50k 38
%, AN CCTO YK BkL 2 18] ff AH T 25 3k
Y%, T CCTO [ HL B 2 328 /N F Rk AR 11 H B
2, MIFEAR I 2 () I 5 FE B, 54N sa 3% 98 5 E,
WAEAR(D~2),

d
E1~EOX(1+D) (D
E‘z(1+d) (2
E, D

R (D~ : DA CCTO 9K ki 2 8] AR I 2
MEE sd NB BT HIRAE . B EsmT DA H
CCTO WURL 2 (A FERR IR 2 i HLI 58 2 B, S 4
W B E W LUAE IR R 2 R R 1 R

*1 E/ESCCTOZEM*E
Tab.1 Relationship between E,/E, and CCTO content

CCTO 53 #/% 3 5 10

E,E, 1.63 1.84 236

1R 1R, A0 N R R Y H 37, B G 5 AR L
il )36 K, CCTO MkL 2 7] T RE S I J2 7K 52 1 FEL 37
o 5 3 K, 2 RE AR G 2 AR 52 I L3 00 P T L I
o7 o LI SR B I Bt 2 Ok ARl o, B R I B A
CCTO M &k R B N BRI, 524 A i 1 o 5 ok
FEB#A% -
2.5 JEZMERPEERER MY

TERR AN CCTOMERR IR B & /i i i FLFE 28 p B
HLI7 98 B E AR AR A 45 Rl 6 s .

M6 7] LU Y, TES s B IVE Bl N, B &
J5R B HEL L TL - AN B HR 37 56 B AR A, 5 B0 H IR R

E/(kV/mm)
6 EENTRIELMEBERMINER

Fig.6 The nonlinear resistivity test results of composite
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