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Abdtract: Hybrid insulators that have the advantages of both porcelain (high mechanical strength and chemica stability)
as well as polymer (light weight and high resistance to pollution) insulators, can be used in place of individua
porcelain and polymer insulators that are used for both mechanical support as well as electrical insulation of overhead
power transmission lines. The most significant feature of hybrid insulators is the presence of porcelain/polymer
interfaces where the porcelain and polymer are physically bonded. Individual porcelain and polymer insulators do not
have such porcelain/polymer interfaces. Although the interface is expected to affect the mechanical/electrical properties
of the hybrid insulator, systematic studies of the adhesion properties at the porcelain/polymer interface and the effect of
the interface on the insulation characteristics and electric field distribution of the hybrid insulator have not been
reported. In this study, we fabricated small hybrid insulator specimens with various types of interfaces and investigated
the effect of the porcelain/polymer interface on the microstructure, insulating characteristics, and electric field
distribution of the hybrid insulators. It was observed that the porcelain/polymer interface of the hybrid insulator does not
have a significant effect on the insulating characteristics and electric field distribution, and the hybrid insulator can
exhibit electrical insulating properties that are similar or superior to those of individual porcelain and polymer insulators.
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Fig. 1. (@ The structure of the hybrid specimens without
glazing and (b) the structure of the hybrid specimens without
glazing.

Table 1. Results of adhesion test of hybrid insulator specimens
with 16 kinds of porcelain/polymer interface (without glazing ;

a porcelain without glaze on the surface, glazing ; a porcelain
with glaze on the surface).
Number  Porcelain  Polymer Adhesive I;?Jelstl Oc::

1 Adhesive 1 Good
2 Adhesive 2 Good
3 A Adhesive 3 Good
4 Without Adhesive 4 Good
5 glazing Adhesive 1 Good
6 Adhesive 2 Good
7 B Adhesive 3 Good
8 Adhesive 4 Good
9 Adhesive 1 Poor
10 Adhesive 2 Poor
11 A Adhesive 3 Poor
12 ) Adhesive 4 Poor
13 Glazing Adhesive 1 Poor
14 Adhesive 2 Poor
15 B Adhesive 3 Poor
16 Adhesive 4 Poor
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Fig. 2. (&) Result of the XRD phase analysis of the porcelain,
(b) the microstructure on the surface of the porcelain, and (c)
the microstructure on the fracture surface of the porcelain.
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Fig. 3. Microstructure of hybrid insulator specimens, (&) polymer/
glaze/porcelain, (b) polymer/glaze, and (c) glaze/porcelain.
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Table 2. Results of insulation characteristics of hybrid insulator
Polymer specimens with 16 kinds of porcelain/polymer interface (without
glazing ; a porcelain without glaze on the surface, glazing ; a
porcelain with glaze on the surface).

(a)

Puoreelain — Breskdown Sample Dielectric
Slhgm Number ~ Porcelain Polymer Adhesive Voltage thickness  strength
(KV) (mm)  (KV/mm)

1 1 511 39 129
2 2 45.6 37 125
3 A 3 49.6 3.6 13.6
4 Without 4 47.7 35 137
5 glazing 1 52.1 4.4 12.0
6 2 44.4 4.2 105
7 B 3 50.0 43 11.8
8 4 49.8 41 120
9 1 57.5 4.0 11.6
10 2 54.4 4.2 12.8
11 A 3 54.4 3.9 134
12 _ 4 54.3 4.0 12.7
13 Glazing 1 57.7 45 10.9
14 2 56.8 4.8 11.8
m 15 B 3 55.9 4.4 116
16 4 56.7 4.6 11.8

Fig. 4. Microgtructure near the porcelain(without glazing)/polymer
interface of hybrid insulator specimen. The microstructure of
the hybrid insulator specimen prepared using polymer A and e~ Skl
four kinds of adhesives (a) adhesive 1, (b) adhesive 2, (c)
adhesive 3, and (d) adhesive 4. The microstructure of the hybrid
insulator specimen prepared using polymer B and four kinds
of adhesives (e) adhesive 1, (f) adhesive 2, (g) adhesive 3, and
(h) adhesive 4.
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Table 3. The medium constants (permittivity) used to analyze the
electric field distribution of the hybrid insulator.

Fidd Medium constant

(permittivity)
Air 1.0
Porcelain 6.0
A 4.0
Polymer
B 38
Adhesive 1
Adhesive 2
Adhesive 1,235 7 9
Adhesive 3
Adhesive 4
Glaze 8.6
Cement 2.6
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Fig. 5. (8 Cross-sectional structure of hybrid insulator and
electric field distribution of hybrid insulator with (b) polymer A
and (c) polymer B. The permittivities of material used were 4.0
(polymer A), 3.8 (polymer B), 2.0 (adhesive) and 6.0 (porcelain).
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Fig. 6. The effect of permittivity of polymer on the electric field
distribution in porcelain/polymer interface of hybrid insulator.

Ao ZA L A7IE AHES Tt ALbstglal, of
< 13 69 UrE}LHO*Ur + 7W Az oE EYHY
FAEE AEslE mo AAY AVl 2xE LT
ARS T2t A UrEMO*OD:I = B¢ siqELE
Blustele o A9 Afo]E oAl gtk £ shA
2utol] ofstd, HEAQ PelolM stojBE OHKH
BASE2 2 AFolM AL 09 SRl ¥
sl 79 dAstalt

Eor Aol AHgEE AAA o fofsol AAER
of DAl FF& wAsH] fiste] EH A AHEs
= 4% 7AsY F7e AAAY fAES 1305,
7, 221 9= WishA7]Y stojHe]E ofjxtel FAlE
25 siMstlal, AW 2o AARRE sy Zis
a3 7o) UErge. Ave oo 2dd 7Hge A
< TEPHA AAS) A71E Alrtstict. ZA9] A7
T2 AAAY fAlE Wetol P«‘7110401 QA e
°F 1 % U2 719 #isp} gt E3F fofgo] EAY
she stolB2|e ofxts mEystol AT AAR=E
oldE 2 Atol7h ATt



564 J Korean Ingt. Electr. Hectron. Mater. Eng.,, Val. 30, No. 9, pp. 558-565, September 2017: J-Y. Cho ¢ al.

1.4x10" Adhesive
12a10 ]\ & 1
_ toxnt ko E
§ 8.0x10° J’\»-_‘ Glaze
Eg 5 ; L/ | e 86
] 6.0x10 .
b g0t \N il E—.._q___
\ 2.0x10° |
0.0 r

-25 30 35 40 45 50 55 60 &5 TO TS
Length (mm)

Fig. 7. The effect of permittivity of adhesive and glaze on the

electric field distribution in the porcelain/polymer interface of

hybrid insulator.
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