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ABSTRACT

This thesis describes the remote pollution monitoring(RPM) for detecting leakage current in
order to determine the performance of contaminant insulators against breakdown voltage. The RPM
with a computerized control system(CCS) which enable the remote monitor. The RPM system is able to
define the location with most polluted, and to illustrate the leakage measurement as well as leakage
sensors. The leakage current signal is transmitted via a RF wireless system, to reduce the problem of
loss and distortion for the small signal and noise environments. The signal is monitored on a
computerized control system in a high voltage substation. In addition flashover model is studied and to
calculate the critical of the surface leakage current and conductivities. The test results show that the

RPM system have ability to detect leakage current and can be used in practical work to estimate the

flashover of surface insulators.
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Property Unit Glazed Toughened Polymer RBGF
porcelain glass
Density g/em 2339 2.5 0.9-2.5 2.1-2.2
Tensile strength MPa 30-100 100-120 20-35 1300-1600
Ib/in’(x10°) 4.0-14.0 14.5-17.4 3.0-13 190-230
Compressive strength MPa 240-820 210-300 §0-170 700-750
Ib/in’(x10°) 34-120 30-40 11-24 100-107
Tensile modulus GPa 50-100 72 0.6-16 43-60
Ib/in’(x10°) 7-14 10.1 0.1-2.0 6.0-8.0
Thermal conductivity W/m°K 1-4 1.0 0.17-0.9 0.2-1.2
Expansibility(20-100°C ) (x10°)/K 3.5-9.1 8.0-9.5 45-200 7.5-20
Permittivity(50-60 Hz) Air =1 5.0-7.5 7.3 2.3-5.5 2.5-6.5
Loss tangent(50-60 Hz) (x107) 20-40 15-50 0.1-5.0 5.0-20
Puncture strength kV/mm 10-20 >25 >25 3.0-20
Volume resistivity(at20°C) - Qem 10'"-10" 10" 10°*-10" 10"-10"
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ilo C,, £ Volume Conductivity at 20 ¢, uS/em

G, = Volume Conductivity at t C°, uS/em

k - Correction Factor

t = Temperature of Solution, ‘g
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Concentration of Solution, %
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Vv = Amount of Disti!lcd Water, ml.
D, = Equivalent Salt Concentration of the Water

Containing Contaminants, %



21

D, = Equivalent Salt Concentration of the Water with
Brush Before Collecting Contaminants, %
S = Surface Area of Insulator, em’ 610 cm’ (GRIERT
; Aa 9
WUNHIVYYBIgNEIY)
7 a { A4 dy aad Y] ° w5,
m3iannuguuswesdalseztlouniund03sil szdeaiimsdaguiluszozg wn
§ o d‘. by J J o o a’: o u’r,
WoRzMsEAY ESDD qugaiiiatuszninemsyszd1enusisuna la dniusdosdnnsgn
v o Vo A ¥ ! ad v Y Y a
drodudwnannldiudadsezifounasatanafifudeya Sinsvedranmsssuni
a & wide 4 dW|1e] & a4 " A a4 vy
wiayn hinin Amwsanudedudunedeunievndiiiweiivsnz deyavoanis
a o = [ a 3 a J d d
azaudaulsezlowisuiunald lunsassthudimsazazvosdaulsoztounaduisan

9/ ] ar ] 4::4; ' " d o (] u’: A A Y ¥ o 7
ABITUAIDUNNUN FINTSULIDITTUEHIINTINUAIDYINTUD lWBﬂﬂleqﬂNaﬂWﬁﬂ

Lo

ndedeldq m‘snﬁuﬁaﬂdmLsiazﬂgaﬁnmﬁumrlqﬂﬁ"wwawgn

4) dnumzfidify: M3taESDD WunwsdauSinaiidouyhdudaufitns s
Ifwesdaserdion bil&ins Tavinun s iiFusosanlsozilouilen uasnisin
oAzl siumiasAves M ST

msia ESDD i dnliugndaoimifulsezilouiuluiomanenlddae v

4

aunsomanudiufvosdoyai ldeinmanasouTudemamouiazn e il

mmsn"ﬁ'mmsﬂi:ﬂwumt‘ialﬂmmﬁﬂuuuﬁaqﬂﬁ'mllﬁ' Tunsdifimanedaasnsyy
5'1aﬁauﬂsamﬁauuuﬁaqnﬁamﬂu"I.ﬂatiwnm% 1537 ESDD  9zdoamiiay uazsa
szupravosmsiatsduns dnunizfiomedudodovesianasin EsDb 18 udaunsa
ud vl Tao1inSoe i sa Tuda

Sozcimen: 7S4-mm parmal ryps dlie
N50D: 0.) mygfem! [conitant} z

E

2

>

sl

3

5 15 €150, -2H,0

s

=

5

£

% w}-

¥ = SOy (h MesD,, MeT, )

Ney SO, (4 MgiN0, ),)

sl
D’F . L . i ".ﬂ"’"..m:',

L
8.01 0.02 0.0s 0.1 0.7 a6
E5DD, mgiem? -

" @ o o ' 0
3UN3.7 uaasn a3 319 Fog Withstand Voltage ttagfi1 ESDD



22

5) ¥iinvosmnsfiazaoin1d : ussduluvae fia aufnndalsozdlon g
uandna T wriaueamsfinzaioni11d (Soluble Materials) tazauainsnlumsazaion
(Solubility) 91317137 uaras¥ifin1 Nacl ax 1fussdumu Iaiadiga daiirdana Ao
Cas0, vz 1¥usaduAmMUBY1d (Withstand Voltage) AsH A ESDD gand1 0.1 mefem’ Wil
Wiz Caso, ﬁmmmmm”ﬁumsa:a‘nuﬁyfl.é’%(Low Solubility) Fudsezdlousn
s3sumAazlszneudismsiazaoni1 1dnarwsia mutsoszinuaudaz a4y

Fmsuaas131ugnz.g uaziedvasmnlszinalduans 1 luaisians.

Ion quantitative analysis
Na, Ca, Ky Mg, (I, SO4, NO3, atc.
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Calculation of chemical equivalence
Estimation of soluble components

NaCl, KCI, MgCl,, CaSQ,.2H,0,
Na,SO,, NaNO,; etc.

v 1 v
3Un3.8 msuszanaanlSmavesmsnazainirla

M3z mstsemamlSinnsesmsiazmnirla

wt.%
Component NaCl Na,SO, MgClL MgSO, KCI K,SO, CaCl, CaSO,2H,0
Inland 283 170 - 9.05 225 0.13 - 58.57

Seacoast 66.11 7.64 16.80 2.01 2.46 0.28 4.10 0.60
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Coating - Composition. . - iding Temperature.

Performance : survive pollution

normal stress

Basic hydrocarbon — Oil, Wax 48°C-70°C Survived flashover > 4 years
grease Poor surface state
Slide in heat
(3 mm layer thickness)
Petrolatum Oil, Wax, R Ak 115°¢ Survived flashover > 4 years
based Orgarjic additive - : Fair surface state
: : Did not slide
(3 mm layer thickness)
Silicone paste Methyl -50°C -200°C Survived flashover < 3 years
Polysiloxane oil Surface showed dry tracks,
Silica flour carrier with damage to substrate, at 1.5

years(0.4 mm layer thickness)
(1 mm layer survived > 3 years
before flashover)
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Test

Criterion

energized insulator)
Then low-salinity
fog(onto dead insul.).
Then low-salinity.
dense fog (onto
ramp-cntcrgised
insulator)

Thurd stage: 5.0UVm fog

Second stage: none
Third stage: raised from
40kV 1w FOV every
150s

Pollutant Wetting Voltage Duration Standard Remarks
(mins) Deviation
(%)
1.Salt-fog Withstand (W/S) 3 NaCl solution Solution directly sprayed Constant:at of near 60 23 Dynamic test
(withstand oul of 4 tests onlo test picce working level
salinity)
2.Salt-fog V = 50% Nashover NaCl solution, Solution directly sprayed 90% of FOV before About 45 2 Equilibrium layer in
(Nash-over voltage(FOV) in f0kg/m” onlo fest picce werting:raised 2% fog
volage) given salinity.
3.Kieselguhr V= Wis=10% FOV Kiesclguhr, Condense on cooled piece: Constant at max 15 S-13 Initially uniform layer
dextrin/acrosol, NaCl Direcl spray: conductivity
Steam fog: 4
Kaolin Ve Kaolin/Fullers Gradual steam fog Constantbefore wetting About 150 410 Water added dusing
(Steam fog) Earth, NaCl test
5.Cement Va Cement Sprays. Topand bottom at Constant before wening 15-28 4-10 Water added during
10mm/h lest
6. Kaolin Max. WIS Kaolin, NaCl Indirect spray Constant before wetling 30
(fog witk
7.Cement Vi Cement Fog spray before test Constant aflcr wetting 2’5 Initially uniform layer
| No walcr added during
test
8. Kaolin V5% FOV Kaolin, NaCl Pollution sprayed on wet Raised to FOV at 3.7:10
(Equivalent fog) from > 10 lests - Left for 3 mmn 10kV/s
9.Silica FOV or W/S: Fine silica, welling Pollutant sprayed on wet Ratsed to FOV at 710
Now on VgaorV, agent, NaCl Lefi for Smin 7.5kV/s or 1o W/S value
10.Methyl V atonc Methyl cellulose, Pollutant sprayed on wet Constant 5 0.3
conductivity chalk, NaClaged Lefi for 30-min
11.Dust spray FOV Initial kaolin dust First stage: none, dust only First stage: S0kV/m 120
(DC 1es1) deposited (onlo Second stage:0.35Vm fog of creepage
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160 x = guessed value Vg *reject
55 x A wreject
0 x =x d\’v 2{150)
45 o = 2145)
140 P 201L0)
135 o ¥ x . £4135)
Wy st 0 8, 4130)
WS pmblers i s i B O Moo o o K o R BRIEE)
120 o x 6 0 % x 5 © 8{120)
"5 0 o o T NSy
105 o areject
100 Snvs 4215
Xn = Kk ]

* Flashover

© Withstand

1 Guess flashover voliage V,. and select interval oV. say 3%

2 Test: if fisshover, drop by oV, if withstand, raise by JV

3 Compleis series: berween 20 and 40 sests prefarobly. but 8 1o 10 commonty
4 Calculate weighted a e (LaV/Ln) = Vie. rejocting one-shot levels

Ve = .t;_n_v = (4278 + 33) = 127-7kV

3UN3.32 Fmsmsgavussdu Ilmurvesgndas Tavdnii 50% voauseen

3.4.2.2 3% Kieselguhr Test
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Impulse voltage
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Insulation
Insulator
Semiconductor
Capacitance
Capacitor
Dielectric
Dielectric constant
Dielectric strength
Resistance
Resistor
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Body Number | Year Title
General :-
ASTM A-239-73 1973 Locating thinnest spot in Zn coating Preece test
A-153-78 1978 Zn coating (hot dip)
BSI 923 1972 Guide on HV test techniques
CISPR 1 1975 Specification for RI measuring apparatus for frequency range 0.15-30MHz
7B 1975 Significance of a CISPR limit
NEMA 107 1976 Methods of measurement of RIV
IEC 60 HYV test techniques
60-1 1973 General definitions and test requirements
60-2 1973 Test procedures
60-3 1976 Measuring devices
60-4 1977 Application guide for measuring devices
437 1973 RI tests on HV insulators
507 1975 Artificial pollution tests on HV insulators
672 Specification for ceramic and glass insulating materials
672-1 1980 Definitions and classification
672-2 1980 Methods of testing
ANSI C29-1 1982 Test methods for electrical power insulators
C29-2 1983 Wet process porcelain and toughened-glass insulators
€29-7 1977 HV-line post {(insulator) types
C29-9 1971 Insulators, apparatus, post type
C68-1 1968 Techniques for dielectric tests
C76-1 1976 Outdoor apparatus bushings
&77-¢ 1943 American standard for wet tests
Disc insulator:-
i 120 1977 Dimensions of ball-and-socket couplings
305 1978 Characteristics of string insulators of the cap-and-pin type
372 Locking devices for ball-and-socket couplings
372-1 1977 Dimensions and general rules
372-2 1976 Tests
383 1983 Tests on ceramic/glass insulators for voltage greater than 100V
438 1973 Tests and dimensions for HV DC insulators
471 1977 Dimensions of clevis-tongue couplings
506 1975 Switching impulse tests
591 1978 Sampling rules and acceptance criteria
B 137(1) 1970 Insulators of ceramic or glass for voltages greater than 1000V tests
137(2) 1973 Same title: requirements
3288 1973 Insulators and conductor fittings for overhead power lines: performance and

general requirements: dimensions
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Abstract

This paper describes the remote pollution monitoring(RPM) for detecting leakage current in order to
determine the performance of contaminant insulators against breakdown voltage. The RPM with a
computerized control system(CCS) which enable the remote monitor. The RPM system is able to define
the location with most polluted, and to illustrate the leakage measurement as well as leakage sensors. The
leakage current signal is transmitted via a RF wireless system, to reduce the problem of loss and distortion
for the small signal and noise environments. The signal is monitored on a computerized control system in
a high voltage substation. In addition flashover model is studied and to calculate the critical of the surface
leakage current and conductivities. The test results show that the RPM system have ability to detect

leakage current and can be used in practical work to estimate the flashover of surface insulators.
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