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Abstract

An insulator is installed to support and insulate between an
electrical pole and wire. Outmoded insulator of porcelain type
has some defects. It has high-weight and flash & destruction
often happen because of increasing of leak—-current by high
surface—energy of it. So now polymer insulator is developed to
solve these demerits.

In Korea, polymer insulator is manufactured, but the core of
polymer insulator , FRP rod 1s not manufactured because of
problem of manufacturing technology (eg. low speed of
manufacturing and bubble, etc.) Now the whole quantity of FRP
rod 1s imported in Korea.

The localization of rod is studied in this paper. This FRP rod
has the length 370mm, diameter 17.2mm, and is manufactured by
pultrusion with glass & epoxy resin on this paper.

Five different kinds of pultrusion speed (100, 200, 300, 400, 500
mm/min) is applied to this development rod. This purpose is to
study the characteristic of rod according to different speed and
the best condition of mass—production.

And this development rod 1is tested on the specification
"Standard Technical Specification of Korea Electric Power
Corporation (ES) and Canadian Electrical Association (CEA),
American National Standard for Insulator (ANSI), International

Electrotechnical Commission (IEC)”
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From this study, we can know the maximum speed 1is
500mm/min.

Forwards, I will study about ©@22mm insulator for power
transmission, ©@40mm insulator for railroad besides this

development rod '@17.2mm’.
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Table 1. Development specification.

Length | Diameter | Material of | Tensile load

(mm) (mm) core (kg) Remarks

Polymer Dead-end

370 | 172 Epoxy 7,000 Insulator (Type B)

f“l Vi | | |
o] e i =

Fig. 1 Polymer Fig. 2 Polymer

Dead-end insulator. Insulator for railroad.

Fig. 3 TR208 Fig. 4 Polymer
insulator. power transmission
insulator.
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214 F8 Zs4Ad

A A FHPAfFolles dZAHTSE FHEo 1% o
Borosilicate fr2l2 A4ts = E-Glass¢t ¢Z8] 54S o gF3t
= #2¢9 Soda-Lime-Silicate 2% W= C-Glasset A-Glass7}
AT WAk ol =& C-Glass= A7Fe] A-Glassol AlOse 2~3%
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AA A=7F a7¥ s F37id =AY REE Alojxe] BA AHE=E
ARG E = ARste 5 (Mg0) o] $Hdeol =tk AR-Glass= NaO
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Table 2. Specification of glass fiber.

Component|E-Glass| C-Glass |[A-Glass|S-Glass| Cemfil | AR Glass
Si0g 95.2 65.0 72.0 65.0 71.0 60.7
AlOs 14.8 4.0 2.5 25.0 1.0 -
B203 7.3 5.0 0.5 - - -
MgO 3.3 3.0 0.9 10.0 - -
CaO 18.7 14.0 9.0 . - -
Na:0 0.3 85 125 - 11.0 145
K0 0.2 - 15 - - 20
Fe:O3 0.3 0.5 0.5 trace trace trace

Fa 0.3 - = - - -
LiOs - - - - 10 1.3
7r0; - - - - 16.0 215
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Fig. 6 Chemical Structure of Unsatured polyester resin.
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2.2.2 oA A (Epoxy resin)
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2.2.3 1128 A (High temperature resin)
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Fig. 7 4 axis Filament winding machine.
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3) SMC(Sheet molding compound) A 3

O 7 Ame Feleol| wel SMC (sheet molding compound) H+=
z

BMC(bulk molding compound) d¥dHo=z FEtt SMCe HEAA

ol HolAES FHAA FAAdel e vt FHE ke om

A oolAE Tl ¥ Ty AR oF 4~18MPa® 7IStstoAA 58S

120~180C &2 71935l #A|ES AAsHo},

SMCA @l o]l ARREHERE & R T 29 7pA o] HIRA|
3

gk g Al gkl Bl A gol o A A kel 3R o)

BMC+ SMCe} fAbety 1 Fej7F vk diilel gof g (Bulk) o
HZ Ho glo] Hzbet 33k Ao Aol At A& B
& AFHEE F glojAl ZerE dojxiths @ o] Q.

4) RTM (Resin Transfer Molding) 33
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T AAZ AF HAEE ASdE AAA FAR A go] ogy
o 2t = wE A3S i e AAAS zZhe= aEA T
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Z

(Reaction Injection Molding),
RRIM(Reinforced Reaction Injection Molding), RTM(Resin
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e, Fiber & Mat guide
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Fig. 8 Pultrusion machine.
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Table 3. The characteristic comparison with resins.

Kinds Characteristic Application Remarks
» Easy to use General matrix [N o r m a |
UPE » Characteristic of it 1s|material of temperature
good composite hardener
= High strength
& & Composite H 1 g h
» Good endurance . .
Epoxy . material for high |temperature
» Strength adhesion
) . strength hardener
» Good insulation
The pressure
Composite and temp
. material for high |should be
Phenol = High temperature . w or ked
strength at high | jmyltaneously
temp. f 0 r
manufacturing

Table 4. The Characteristic of Resin and Hardener.

Division Characteristic Remarks
1. Specific gravity : 1.84 - 1.94(g/cm)
2. Viscosity @ 9,000 - 11,000 At
Epoxy resin |3. Flexural strength @ 14.4(kg/mif) circumfer-e
(bisphenol A) (4. Flexural elastic ratio : 343(kg/mr) nce Temp.
5. Tensile strength : 9.5(kg/mnf) 25
6.

Elongation ratio : 7.8%

Hardener

—_

Weight : 9.8 - 10.1(Ibs)
2. Viscosity : 9,000 - 11,000
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Table 5. E-glass specification.

Division Property of matter Remarks
Specific gravity 2.54
Modulus of elasticity 1,383 kg/mm*
Tensile strength 34,646 kg/mm *
Softening point 840 T
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3.3 FZx34

2L -
AN AN S AFESEA
-3+ 2 A (finite element method) 312 WS AF&3a, A &4
2eo NAaSA AT o]y HAse] EAL Al ge&AS =

o]7] 91§ oty WAL ¥ FRP. ddRel AEFEA7|E= 2o

370mm, A& 17.2mme]t}.
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331 ;X =xA

342312 Tetraheron(4d e} ol A= 537970, &4

+ 1,43971 o]}, S|4 271> Table 63 2T}

Table 6. Analysis condition.

¥ Refer to
Tensile load analysis result
table

Fix the one side of ¥ Reference
rod surface Fig.10
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Fix point

\ | Tensile

v

Fig. 9 Boundary condition &
load condition.
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Table 7. Analysis result.
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34 48 A& A T4

LAY FRP A4¥ S Wl Quggozt =i dAFAH, =g
Eo1EA, 3334, AAFA, AT WA AaRgon o W
th 8o W2 Table 8& A R&AY FAHEA o

Table 8 Detailed working process
No. Process Detailed process Remarks
1 Array glass roving| Put glass roving on the
to roving rack rack
‘ Installation first, second
2 | Set up glass guide .
glass guide
3 Set d Install mold on the mold
et up mo
P die of pultrusion M/C
Temperature
Set up heater plate at b
4 | Set up heater plate control by
upper & down of mold
three step
Set up resin bath front
5 | Set up resin bath b .
second glass guide
Set up glass roving
6 | Set up glass fiber through guide,
resin bath, mold
.. . . L. . |Resin:Hardener:F
7 Mixing resin Mixing resin into resin 1l
iller =
& suppl bath
PP 100 : 100 : 15
Pultrusion M/C :
8 . Start pultrusion M/C
working
. Cut off pultruded product
9 Cutting process . )
in settled size
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3.4.1 &3 ¥F A (Dipping process)
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Roving guide

Roving guide

Inner guide of resin
bath

[ Inner of resin bath ]

[ Dip tank ]

Fig. 20 Dipping prepress.
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5

o] 77

Fol B (

S

@)
¢} }Z)]"é‘

k7 A A%
GEERE

=
=

= @l

]

A8 2o

o

[e)
T,

S|
=

T

ol
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Second roving First roving
Resin bath & guide guide

Table

Fig. 23 Manufacturing system of FRP insulator rod.
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3.4.4 722 -F A (Pulling process)
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Fig. 24 Caterpillar type (left) & press type (right).
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3.45 A @& A (Cutting process)

Fig. 25 Cutting machine.

Fig. 26 Zero-defect FRP insulating rod.
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Table 9 Test specification of zero-defect FRP rod

Mechanical
characteristic

1.Reference to CEA LWIWG-01, 7.3 Tensile load test
2.Reference to CEA LWIWG-01, 5.3 Dye penetration test
3.Reference to CEA LWIWG-01, 5.8 Torsional load test
4 Reference to IEC 61109, 6.4 Mechanical load-time test

5Reference to CEA LWING-01, 5.9 Thermal Mechanical test

Electrical
characteristic

1.Reference to CEA LWIWG-01, 54 Water diffusion test
2.Reference to ANSI C 29.2, 8.2.1 Radio influence voltage test
3.Reference to CEA LWING-01, 5.1 Water penetration test

4. Reference to ANSI C 29.2, 8.2.3 Critical impulse flashover

test
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Fig. 27 Tensile fracture load test specimen.
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Fig. 28 Tensile fracture load test
(Before injection).

=

Fig. 29 Tensile fracture load test
(After injection).
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Table 10. Tensile fracture load value of Zero-defect FRP
insulating rod.

Test [100mm/min|200mm/min|300mn/min|400mn/min |500mm/min

Tensile
fracture
load
value

12,284kgf | 12,046kgf | 12,459kgf | 12,354kgf | 12,176kgf
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Fig. 35 Zero-defect FRP Fig. 36 Dye penetration
rod (10mm). test.

Fig. 37 Passed product. Fig. 38 Failed product.
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Fig. 40 Dye penetration test result

( After injection ).
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Fig. 42 Dye penetration test.
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Fig. 45 Mechanical load-time test

machine.
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Fig. 46 Test of Zero-defect FRP
rod.
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Fig. 48 Test result
(After injection).

_73_



4.25 733 A3 E

} Thermal Mechanical test)

R

(CEA LWIWG-01¢] 59

oA W ol Ao Tt Yo

<
T

Nt} e 7
NFAAE ALgH oA

g o]

T
T

0

;oT

S

g o 7pA 7

&

A A X9 50% (3,500 kgf) o] A+S A7}t
9] F9 &EE -35T+5kolA 60 C+HkE WA Z|H 24 A1 S 1

CycleZ 7} 2Xo|A 8 A {FA A7t} Al g2 4Cycle (96 A17H)

A 3

gt

b g

3|

aFof of

Table 113 2t}

Kol
=]

Z7HES o

o]

Z v

= ¥

bk A

)

= 0.372mm =7}

S
T

ol 919 7
el e,

Eil

[e)
=

Z 100mm,

\=]
RUN

) o] A 5ol 2

AdB3
200mm, 300mm, 400mm, 500mm&<] A

FRP

,74,



Fig. 49 Thermal Mechanical
test machine.

Fig. 50 Inner of test machine.
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Fig.51 Temperature & time program of Thermal
Mechanical test.
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Fig. 52 Tensile load 3500kg is applied for 96hour.
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Table 11 Increase length after thermal mechanical test
of Zero—defect FRP rod.

Division 100mm | 200mm | 300mm | 400mm | 500mm

Before test | 274.25 | 274.89 | 274.11 | 274.39 | 274.78

After test | 274.50 | 275.01 | 274.68 | 274.88 | 275.21

Fig. 53 Dye penetration test of after

thermal mechanical test.
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Fig. 55 Boiled Fig. 56 Water diffusion

specimen test.

(Before injection).

Fig. 57 Boiled Fig. 58 Water diffusion
specimen test.
(After injection).
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insulator

Fig. 60 Zero-defect FRP insulating
rod.
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Fig. 61 Radio influence voltage test

machine.
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Fig. 62 Radio influence voltage test

(Before injection).

,80,



Fig. 63 Radio influence voltage test (After

injection).
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Table 12. Radio influence voltage test result of Zero-defect FRP
rod (Before injection).

mm/min Times| 1 2 3 4 5 |average(kV)
100 117 112 113 109 107 112(86%)
200 116 114 115 116 116 115(88%)
300 115 112 110 113 112 112(86%)
400 114 112 110 110 112 112(86%)
500 108 110 110 111 109 110(85%)

Table 13. Radio influence voltage test result of Zero—-defect FRP
rod (After injection).

mm/min Times| 1 2 3 4 5 |average(kV)
100 852 128 133 132 132 131(101%)
200 128 126 128 122 127 126(97%)
300 132 132 135 132 135 133(102%)
400 127 127 128 130 133 129(99%)
500 133 133 133 135 132 133(102%)
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Fig. 64 Boiled specimen.

Fig. 65 Leak current test

when flash.
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Table 14. Radio influence voltage test result of
Zero—defect FRP rod (Before injection &
boiled).

mm/min Times| 1 2 3 4 5 average(kV)

100 110 112 113 111 107 110.6(99%)
200 115 110 115 110 112 112.4(98%)
300 113 112 109 112 114 112 (100%)
400 112 | 110 | 108 | 110 | 107 109.8(98%)
500 106 | 105 | 110 | 111 | 106 107.6(98%)

Table 15. Radio influence voltage test result of
Zero-defect FRP rod (After injection &
boiled).

mm/min Times| 1 2 3 4 5 average(kV)

100 122 | 127 | 128 | 128 | 124 125.8(96%)
200 126 | 125 | 125 | 124 | 126 125.2(99%)
300 124 | 124 | 123 123 | 125 123.8(93%)
400 125 121 126 126 124 124.4(96%)
500 125 127 123 123 125 124.6(94%)
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(ANSI C 29.29] 8.2.3 Critical impulse flashover test)
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Table 16. Critical impulse flashover test result (Before

injection).

100 200 300 400 500

Polarity pecimen . ] . . .
mm/min | mm/min | mm/min | mm/min | mm/min

Positive 176kV 184kV 192kV 180kV 196kV

Negative 196kV 204kV 216kV 216kV 212kV
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Fig. 66 Critical impulse flashover test
machine.

Fig. 67 Critical impulse flashover test.
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