15 nic materials are
_ line applications. For any new typ '
line, it has to be tested so that it complies with the requirements <
International Electrotechnical Commission Standard on insulators. Thi
book provides comprehensive information concerning the design' an
development of Artificial Contamination Chamber which encompasses they
_aspects of electronic instrumentation, video recording, artificial *

- contamination generation system, high voltage source data acquisition.
system and virtual instrument development. The chamber has all the basic ' |,
features to conduct type-tests on insulators of ceramic and non-ceramic - )
types. : Nttn
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Table 2.1 : First generation commercial polymeric tfransmission fine insulators _' yan, H.M. [24] reported that Polysuphide rubber was the earlier polymeric materig|
b Laler, EPDM and other monomers were used. Most of these malerials suffer

Company Housing Material ’ Year ! Country
Ceraver EPR* 1975 France
Chic Brass EPR 1976 usa |
Rosenthal SIR™ 1978 Germany |

tamage by attack from ultraviolet. The attack caused the surface to lose the shiny

i Mduced during manufacture. and become rough, which allowed pollution materials
e

Up. The rough surface result in the increase in the magnitude of leakage currentg

'hln sufficient energy is available in the leakage current, the surface melts. The
Sediver EPR - 1977 USA l'hllorlals are generaily organic compounds therefore the sudface becomes rapidly
OO CEwe 1977 England 104 as a result of the leakage currents. Later on, the use of SIR has improved the
Lapp EPR 1680 USA Phobic property of the weather sheds. It was found that the particles of pollution
Reliable SIR 1983 USA Jllaci on the weather shed also became impregnated with the sificone exuded by the
[ eompound. Hence the pollution itself becomes hydrophobic tcgether with the

*EPR : Ethylene Propylene Rubber 0 of the weather shed.

“SIR : Sificone Rubber -

o : CycloaliphaticEpoxys . The main difference between EPDM and SIR was that the SIR remains hydrophobic

fj_, fler long-term service compared with EPDM. This is due to SIR ccntaining low
Iar weight (LMW) silicone oii, which migrates to the surface and forms a thin film. I

There are four materials that are used widely as the elastomeric covering, Th ) discharge presents then this fiim will destroy and the surfage becomes hydrophtlic

materials are suitable for HV applications. These are [17] PHarily but migration of the silicone oil restores the surface hydrophobicity [25]. The

i Epoxy; of EPDM weather shed becomes hydrophilic after a short period of exposure to

ii. Ethylene Propylene Rubbet (EPRY), i.e., Ethylens Prepylene Meonomer (ER
and Ethylene Propylene Diene Monamer (EPDM); and '
iii. Silicone Rubber (SIR).

'j ather. Due to the hydrophilic surface the flashover mechanism of EPDM insulators
Milar to porcelain insulators [26]. Generally SIR insulators show superior insulating
Illy when compared to conventlonal |nsuiators or other polymeric insulators [27].

Pelymeric insulators have a number of advantages i.e. lighter weight, explos] ! here are two types of SIR, le. room temperature vulcanized (RTV) and high

proof, high contamination resistance, low cost, easy to install, niot prone to vandalig “ lure vulcanized (HTV). RTV was preliminary used by Rosenthal, later called

,l CeramTec, in 1967. The RTV housing did not cortain any ATH-filler {only silica)

economical, high electrical strength compactness, earthquake-resistance, and low rag y .
‘ oast directly onto the core in a seamless manner. Since 1979 the most important

noise [13,21].
F In manufacturing technology was done when the housing material was replaced

But the most important criterion for its choice is the excellent contaminat
performance makes them easy to maintain [22]. It was proved that polymeric insulatd
especially the SIR insulators are better than the traditional porcelain or glass types]
many aspects. A survey conducted by Electric Power Research Institute (EPR) indicaf§
that polymeric insulator performed better than the porcelain insulator under contaminat]
environment [23].

-_hl polymeric insufator usuaily consists of a Fibre Reinforced Plastic (FRP) rod
Inl end-fittings, and is covered by polymeric housing/ wecther sheds [24], see
_'.G. The FRP rod carries the mechanical load whils the housing protects the FRP
,Inst environmental impacl, provides the required creepage distance, and high
slrength. A 50 mm diameter core will have a minimum failing load of about 500
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kN. The design of the polymeric insulator should be done properly to ensure that FRP: pontamination
polymeric housing assembly do not detericrate with time. Attention has to be paid tg )
fact that FRP rods perform both elongation and iateral contraction when mechanical fWhen insulator are installed and subjected to operating voltage, the environment
is applied. The housing has to follow these movements without forming any gaps iif _|ve significant impact on its performance. They will be exposed to the natural
interface between rod and housing. Therefore housings are made irom highly el3 |

material.

" Ination. The various sources of contamination that affect power system insulation
f. Sea-salt from sea water carried by the wind, industiial product that could contain
Bail, road salt, bird excremenl, desert sand, etc. Figure 2.4 illustrates the
Under outdoor conditions all polymeric materials show changes on their sur ]
with time, i.e. with ageing. Changes may be caused by physical and chemical attacky
to weathering (e.g. solar radiation, water, chemical) and electrical activities (e.g. co'
and leakage current). The changes mainly concern the weather shed surface an' \ B are normally initiated as leakage currents flowing over a wet contaminated
hydrophobic properties [7]. TuYanming [13] found that usually the failure of poly  Owing to partial discharges and rapid water evaporation, the currents may self-
insulator was due to flashover, puncture, and other electrical or mechanical damage offilsh. continue sporadically, cr increase ‘o become destructive high current
sheds or the fibreglass rod. The hydrophiobicity could be lost by the action of intd
surface discharga activity. When the discharge activity stops, the surface and poll
particle recovered their hydrophobic properties over a period of about 24 (twenty §]
hours. Polymaric insulators were appropriate to be affected by stress for instance corg
dry-band arcing, suniight, fmaisture, heat and chemicals, etc.

\ Inated insulators.

. Insulators normally accumulate cantamination in dry weather from dust or pollution.

Virs. The arc nermally propagates when the field across the film exceeds the field
fj the arc [28,29,30].

f

\I
S

Forged sipet and fiting galvanized
. and joiiet o rod by swaging process ——————

—

rl
!
AERES!
S
|
I

Fibraglass remforced resin rod _

i

Injection moutded rubber
weathersheds and rod covaring

Sheds of altemating diameters

prevent bridging by lce, snaw and """

cascading rain e ) o=

suspension type with housing made of SIR [107]
With respect to this environmental phénomenon several research works have been

,.' d. In United State the rapid and haavy pollution bring about serious damage in the

Maystem as reportad by Burnham, J.T,et.al.[31].
Figure 2.3 Polymeric insulator structure suspension type [24] ;
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Qontamination Measurement on the Surface of Insulator
closely related with the gensralion of salt particles. The salt depcsition ¢n the surf . ‘
insulators wouid increase with respect to the magnitude of wind. Salt deposition o Hhw ESDD is the most commonty used method to characterize the quantity of the
insulator is approximately proportional to the cube of wind velocity [32].

These agreed with the mathematical mods! developed by Ahmad S. Ahmad, B insuniring the conductivity of the water [38],
[33] in his two papers thal described a regressicn technique method 1o develop 4
Equivalent Salt Deposit Density (ESDD) mathematical model tg predict the contami
severity. This study was made in Paka Thermal Power Station in the eastern regi
Peninsular Malaysia.

It ESOD is defined in mg of NaCliem? of surface area of insulaior, which will have
punhicol conductivity equal to the actual deposit dissclved in the same amount af water
il b tlonn the insulator [39).

From South Korea Nam Ho Choi, et al.134] reported the distribution characte t D measurement technigque is a simple method to verify pollution severity and is
of sall cantaminants with the distance form sea in South Korea in order to evalua ity umndl in laboratory for artificial poliution test. Howaver, this technique does not take
suitability of KEPCO's design standard for contamination. Conventional brush et the dynamics involved in the electrical behaviour, since only the pollution
method was used for about 150 sites, most of which were distributed near the coaitén v ovaiuated. Besides, it considers that the poliutions are uniformly distributed on
lwilntor surface [40]. The methods have been standardized for porcelain and glass

Il I the TEC 60-1, 1989 and IEC 507, 1991[41,42].

measure the ESCD. Gutman, |. [35] developed a test set-up for lesting of poly‘
insulaters in the Natul province in South Africa. Some parameters were considera
leakage current, insulation, weather, and pollution. All these parameters were continug
or periodically monitored at the Natal test station. 'n Thailand Sangkasaad, S. [36]
an investigation on the semiconducting glazed insulator under Natural Pollution. Fron
experiment the author obtained that flashover voltage of the semiconducting gl
insulators with ditferent kinds of natural pollutions were about 2 - 3 times higher thd
normal glazed insulators and a little bit higher than that of SIR insulator,

NiIK Company developed a method based on measuring the surface layer
Hinilivily, A pair of spherical electrodes is pressed to the contaminated surface and the
I inluctivity is measured between the electrodes. The conductivity of the surace
| b increased by wetting. This equipment is sensitive to the efectrade polarization
lw 1anistance depends on the amount of water that could not be controlled accurately
} UIIE WG 33-04 [38] reported that measurement of the insulator flashover stress,
The influence of natural tropical condition in Bandung, Indonesia on the sud@Mlillinin recording of the leakage curent and envirenmental polfution monitoring were
hydraphobicity of the HTV and RTV silicone rubber with different filler contents §
reported by Sirait, K.T., et al. [37]). The result measuremenis during 72 weeks on
samples indicated that combination of UV radiation and iemperature strongly contrib]
to the transfer speed and recovery of hydrophobicity due to migration of LMW to
pollution layer. Heavy rain may lessen the ability to the transfer and recovery of
hydrophobicity due to the removal of some LMW in the pollution layer. The polit
played an impotant role on change of contact angle of SIR. Increasing of:’poll i
accumulated on the surface resulted in higher roughness of the surface and fncréase
contact angle.

linwd to measure pollution severity. ‘

Eflective Contamination Deposit Density {ECDD) method was reported by Liang
g, #t al. [22). Figure 2.5 illustrates the equipment for ECDD measurement. The
J-ulgod point of two small cylindrical iron tubes is placed vertically against the
pially placed sample with a slight pressure by virtus of its own weight. Distilled
I8 Injected into the tube. The test probe which was fixed together with the tube cover
Miled Into the tube internally and immersed in the distilled water but partially above
Iamplo pollution layer. The conductivity measurement is conducted within 1 ~ 3



minutes. The ECDD of pollution layer is calculated by dividing the measured depd e standard testing methods that can be conducted in the laboratory. The salt-
Method is intended to simulate the contamination mechanism prevalent along
|f glons that can affect insulator's critical flashover {CFO) voltage. The salt fog is
i_ by means of standardized nozzles. This method is applicable to polymeric and

¥meric Insulator contamination studies.

dissolved salt with the area under the tube.

GyutaBesztercey and George G. Karady [43] developed a method and
instrument for measuring the pollution severity on outdoor electric insulators. The
is called Spot Contamination Measurement (SCM). Meanwhile, Md. Abdus Salam; 3 ‘
7 respect to the development of polymeric insulator, several researchers [43,45]
iitloned the application of the standard method for polymeric testing. The

[44] proposed a mathematical relation between ESDD, wind velocity and leakage dig
of the insulator by using Dimension Analysis technique [44). .
: LI, whether the method could provide true reflection of the actual performance of
Insulators that is typically occurring at site.  Since polymeric insulators have
hlracteristic known as hydrophobicity the standard method may not be quite
', Abrasive method was reported by Cheney, et al. [46] and the use of a chemical
¢ presented by De Tourreil, C. and Lambeth, P.J, [47]. However, both of these
éhlva little resemblance with the natural poliution pattern on polymeric insulator.
1 L2 O, A. et al. [48] introduced a technique for applying contamination uniformly:
' Applying dry kaolin powder directly over the sample surface by using dry
cotton swabs. Light dabbing is needed to make the kaolin stick to the
surface;

B0mm

Wetting the sample gently with water by using a hose for larger samples and
smaller samples were held under a water faucet;

Dipping the samples in the kaolin/ salt slurry and rotate them along thelr axis
to obtain uniform contamination. For larger samples, flow coating producerd
the same uniformity;

The samples dried by hanging it vertically.

.
%//
7
2
%

Figure 2.5 lllustration of ECDD Measurement [22}
1, plate sample 4. distilled water (5ml}

18 use of this method did not change the originai hydrophobicity behaviour of the
3 durface. This involved cleaning the sample surface after drying; as a result the
iurace of the test sample was as hydrophabic as the virgin sample.

2. pollution layer  &. test probe
3. iron tube 6. tube cover

24  Artificial Contamination Jodish Transmission Research Institute (STRI) [49] develcped a test method

ﬂ Cycle Method (DCM). It used a chamber which was able to apply dust

hrifficial rain, fog and test voltage in order to simulate the air-bom pollution builg-
contamination. There are two laboratory testing procedures that are commonly usSEEES Insulator surfaces. One of the major advantages of this test was that poilution
‘Salt fog test method and Clean fog test method. Both of these methods hava

Artiticial ccnfamination tests are conducted in the laboratory to simulate acty
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was applied by the same way than it occurred in nature. DCM is a compfete ins éﬂl‘oplet size, temperalure, ventilation, geometry, arrangement and orientation of

performance test and not merely a pre-contamination method [pecimen, eléctrode shapes, surtace condition, conductivity of the contamination,

Heomposition, duration and daily schedule of the aging tests, and the protection

George G. Karady, ot al. [50] developed a pollution apparatus that employsd
spraying method. Where, a mixture of salt and kaolin powder was sprayed on the
ceramic insulator by mean of a ceramic spraying nozzle. Later on with GyulaBeszterg
George G. Karady have introduced the Dry-mixing Contamination Method [43]

)l the fog chamber.

Ehe irue purpase of the sall-fog test (underlying its invention in 1963) was to

; . fepidly the relative performances of insulators having different shapes and
in gi everities of pollution. In addition, the subsidiary aims were: to

authors proposed a set of new type of nozzles types to obtain uniform contaminatig 4 Bltitudes in given sev p

the surface of polymeric insulator. Afterward GyulaBesztercey and George G. Karad

presented the statistical model for ESDD and NSDD with regard to the Dry-ng

Contamination Method.

]h' functional refationships between flashover voltage and severity of pollution for
Imulators; to establish laws, such as the extent of linearity of flashover voltage
B, for insulators generally; to predict the performances of new types and shapes
St

Takeshi Goto, et al. [21] introduced a contamination method applied to sil: ;
rubber cylindricat model by using a contaminating liquid that consists of NaCl, Tonok
water. The contamination liquid, which was applied on the sampla surfaces, was dri'
means of a warm air heater after spraying has been completed. The ESDD Jevel
obtained by varying the number of time the contaminating liquid sprayed. This mdl
needs more time and skill personnel to get a uniform contamination and the drying mej
will be more and less affected the originality of insulator surface. '

.lphen A. Sebo and Tiebin Zhao [52] in their paper have reported on the various
MW lor non-ceramic outdoor insulator evaluation. Design specification and
II feature of various fog chambers were presented in their report, including the
‘Maln lay out of the fog chambers and their HV sources, data acquisition systems,
flor simuitanecus visual observations, electrical measurements, and test cycles

Anlques.

;.llll fog chamber and data acquisition system was devsloped in Ulira High
§ (UHV) research laboratory, Central Power Research Institute (CPRI) by
'| hath, D., et al. [53]. The size of the chamber is 2.0m x 2.0m x 2.5m. It was
‘ stainless stesls plate, with 33 kV/ 68 kVA, two phase, 50 Mz transformer,
'Wllh two IEC nozzles on each side of the chamber.

Another method was also introduced by Liang Xidong, et al. [22) in which]
authors proposed a new method to obtain uniforrn pollution layer on the hydrop !
surface by conducting pre-treating. Initially the polymeric surface was applied uniformi§
dry kieselguhr, and then any surplus kigselguhr was blown off, A very thin layg|
kieselguhr formed on the surface of object. Then, the test object was contaminated §
the conventional pollution applying method. An interface will be formed between

‘ eveloped at the Ohio State University for polymeric Insulator
wettable surface and wet sfurry. flog chamber d p

f [B4]. The chamber size was 1.72x 2.44x 1.83m®, and it was fitted with a gable
high voltage source was a 240V/ 69000V, 50kVA, SQHZ- single phase
ner. A data acquisition system and its component which was designed for testing

25  Fog Chamber for insulator Evaluation / 3
’ 4 B nsulator using the fog chamber [55]. The DASYLab software was used as a

In service insufator may be subject to degradation aor aging dus to z.
environmenta! conditions, for instance fog. One of the most important laboratory test":
evaluate the performance of the insulator is to employ fog chambers. Factors '-w
parameters for the aging tests are the voltage stress, water conductivity, air and water fi

oMb dovelop software application.

ilaka, et al. [56] developed a real-time system for simultaneous observation of
;uharge arcs and leakage current on insulator surface under wet-contaminated
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. . . Ji 1.m.s. current may be an indication of power loss on the surtace, and therefore
condition.  Video recording system and a personai computer were used to g ¥ ) ) o .
) i 3N, accumulated charge of different polarity may indicate charge mevement over the
simultaneous recordirig of discharge and leakage current. The program applicatio 3 .

N _ _ ) $8. and therefore corrosion [35,60].
written in BASIC and in machine fanguage. The BASIC program was used for savin

controlling the outputs of data obtained whereas the program written in machine land # . . . L
, g The duration of the wetting, in order to reach the maximum iayer conductivity, was
was used for the routine leakage current measurements. # . )
pnatant. It depended on the temperature difference between pollution layers and fogs

. , . ] Iminant composition and the humidity in the test chamber [61].
A simultaneous electrical and visual measurement of leakage current atong pal .

insulators in artificial poilution tests was introduced by Wibawa Tiokrodiponto, et al. i .
, ) . ] eakage current on the surface of insulators would come up power losses. The

two papers [57,58]. The main component that allows a simultaneous observation w. ) # . .

. . . ) . 88 lerkage current was resistive; therefore the power losses can be written as, P=V

mirror positioned in front of the test sample. This mirror was attached to a picture ] . : o

) ) ) Minimize the power losses silicone compound was used to cover the surface of

mounted at an angel to a post structure. The mirror covered only half of the picture fr) . i . ..

. ] ) _ Mo Insulator.  Silicone compound was effective to Increase the hydrophobicity of the
The other half of the frame was left empty to permit the image of the insulator viewat) 3

IMlo Insulator and decrease the leakage current and alsp increase the flashover

a video camera positioned in front of the chamber, A digital oscilloscope was log , ]
‘ P of the insulator [62)

underneath the frame structure. The oscilloscope screen was faced upward in such &

that the screen reflection on the mirror could also be seen by the video -cameral i )
. . L . i Fernando, M.A.R.M. and Gubanski, S.M. [63] presented measurements of low-level
adjusting the angle of the frame/mirror unit with respect to the post structure, the imag § ] . , .
. ) . p® current pattern on naturally aged insulators and artificially contaminated material
the oscilloscope could be adjusted to cover most of the mirror surface. 3 ) , . )
[o9 a5 well as insulators. A nonlinear behaviour of leakage current relating to surface

phobicity and eleciric stress was described. Neural network with the learning vector
. o ) 1 fatlon (LvQ) technique was used for evaluating the surface state of polluted

aging test on non-gceramic insulators. The data acquisition system consisied of proteg : . .

L. , ) ' qhlor irom the leakage current waveforms and their harmonic content,

CIrcult, measuring circuit, analog to digital converter (ADC), personal computer, §

software for data processing. The software was developed using C language 4 1 - Lo .
P Y P g guage 4 . Butler, KL, et al. [30] discussed the characteristic of Individual and multiple

LabWindows. The salt fog chamber was constructed of stainless steel sheets wi . . ] ,
lore leakage current from field experiment recordings, The leakage current for singie

dimensicn of 5.0ft x 3.01t x 4.0ft {60 ft3 or 1.7m3). Test samples was energized by a{
vollage transformer (19.92 kV/480 V, 15 kVA, 2.05% impedance) fed by a 480/0-480, 1
kVA powerstat. :

Blors showed an erratic behaviour ranging from half a cycle to many saconds in
gbn.  Voltage-current plots showed that the insulator surface discharge was very
Do and non-linear. The characteristics for multiple insulators followed from that of

— 4 Binsulators. Multiple insulators showed a small period of leakage before one of the

lors flashed over.
2.6 Leakage Current Measurement

Flrnando, M.A.RM. and Gubanski, S.M. [64] presented results and analysis of

When a contaminated insulator becomes wet, leakage currents begin to flow on{ | \ o
. . It leakage current waveform on porcelain, RTV coated and polymeric insulators

surface. If the Ieakage current reaches a cartain threshold level the insulator'd : . ) N .
) , , , 4 ithe clean fog pollution testing under laboratory conditions. The resulting leakage
experience an external flashover. It is believed that the difference leakage current leve] A o . o )
. ) ] QRIMe recorded with different time lapses, after contamination were compared both in
parameters may be functionally related to the different amount of contamindtion & 3 . ) ) .
. ) ) : Jind frequency domain. The waveforms became deformed from sinusoidal shape as

ageing parameter. For example, highest peak current is normally related to polluff ;
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the voltage level increased. A neural network was trained to recognize the patterns and 1§ i ¢ \
“evaluate their third harmonic content. The results were compared with the Fast Fourig] lvendrana[h D., et al. [89] reported a study cor 5’5’ N\, method
Transform (FFT) analysis of the pattarn. _ B durrent and the charge on the flow rate, conductiv’ E’E é‘; \ [42],
| ) he log. The test was conducted on RTV coated é" g vas
Isaias R.V [65] made a study to investigate the flashover occurred on a 4650ky ling} : wwrent integrator has been developed wu.. @ 39’
located in a semidesertic area in Menterrey, Mexico. Five different profiles of glass and mnllon,

porcelain insulators and several enline leakage current monitors were instalied on the ling

a |orge G. Karady and Felix Amarh [70] presented a signature analysis 1u.._

to determine the leakage current pattern during critical conditions. The obtained valued
were used to compare the performance of the insulators instalied in the field with the 7 - waveiorms of polluted insufator.  This study was intended to mvesllgate
purpose of providing preventive maintenance indicators. The maximum leakage curren ily of modern high resolution digital spectral analysis method. The leakage current
levels have been defined for the differen profites and a tighten relation between the ESDQ) Bntinuously acquired and stored during flashover tests. It was observed that the
and the leakage current has been obtained. The current level has been used as a sign o : magnitude of the odd harmonic in the leakage current increased with the increase

alarm for the maintenance of this line during several years. j Intensity.

fB00rge G. Karady and Felix Amarh [71] presented an application of Extreme Value
o the statistical analysis of the large excursions of the leakage current peak

Bologna, F.F. at al. [66} worked on online maonitoring system installed on Eskom'g
275kV line. An online leakage current recorder/analyzer (OLCA) was used to monitoil
leakage currents tlowing along the insulator string, as well as the environmental data. Thd lutle (envelope). The measurement and analysis of leakage current for condition-
OLCA had nine leakage current monitoring channels. The test insulators used werd " Moniloring of polluted insulators was well documented. Extreme Value Theory
standard U 120 cap and pin glass discs with a nominai cieepage distance of 280.0 mnj EWRs used to discriminate and characterize the largest and rarest peaks; namely the
and a connection length of 146.0 mm. Horistics largest value and extreme value risk function. The aim was to analyze the
] -l oontinuously until flashover, in order to establish trends which might indicate the
) H. Matsuo, et al. [67] used a iong rod insulator to cbserve the degree of pollution| jnno of flashover. The risk of flashover increased with increase in the levels and
under a salfwater spray by measurement of leakage current, which flow betweer]
electrodes fixed cn the surface of insulator under 30 Vac voltage. The followings werd}
found: {1} the effact of the wind velocity on the insulator was small, and was especlall
small when the distance between the electrodes was short; (2) the effect of the distributior l
of the saltwater drops on the insulator was small; and (3) the leakage impedance did o

depend on initial dryness of the insulator surface before the saltwaier spray.

| By of large excursions of the leakage current envelope.

1‘ \ Bato, et al. [72] presented the resulls cf spectfal analysis of leakage current
MI on contaminated insulator under fog conditions. The spectral analysis of the
Qurrent waveforms was conducted by the auto regression (AR) method with high
N and without limitation in number of sampling data. The results indicated that the
! | fnelysis by the AR method was available for the monitoring of contamination
Masashi Sato, et al. [63] reported a Iaboratory test to study flashover phenomena of ] 8 of cutdoor insulators.
insulators under rapid pollution conditions. The leakage current was measured using a '
personal computer. Time variation of the leakage current and the discharge behaviour off

) lorro-Chavez, J. L., et al. [73] developed a system for the measurement of leakage
the Insulator were investigated with a trial cbservation system. It is found that the type d !

f; nd surface resistance of insulators located in the northeast part of Mexico. The
time variations and the phase transition current according to discharge growth werd Bwae installed in several fowers along with the line as a diagnostic tool to monitor

responsible for flashover probability. Mace condition of the polluted insulator. The leakage current sensor consisted of a
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the voltage level increased. A neural network was trained to recognize the patterns and 4 o

“evaluate their third harmonic content. The results were compared with the Fast Fourig] ivondranath, D., et al. [69] reported a study concerning dependence of the
Transtorm (FFT) analysis of the pattern. ' "aurrenl and the charge on the flow rate, conductivity and pressure of the solution
ilhn fog. The test was conducted on BTV coated porcelain samples. A PC-based-
Isaias R.V [65] made a study to investigate the flashover occurred on a 450kV Iin' :ourram integrator has been developed using digital capacitive current
located in a semidesertic area in Monterrey, Mexico. Five different profiles of glass ang 'lltlon. '
porcelain insulators and several online Iea.kage current monitors were installed on the Iin
to determine the leakage current pattern during critical conditions. The obtained value_ . porge G. Karady and Felix Amarh [70] presented a signature analysis for leakage
were used to compare the performance of the insulators installed in the field with thg mvaforms of polluted insulator. This study was intended to investigate the
purpose of providing preventive maintenance indicators. The maximum leakage currenf iy of modern high resolution digital spectral analysis method. The leakage current
levels have been defined for the different profiles and a tighten relation between the ESDIJ IMlInuously acquired and stored during flashover tests. |t was observed that the
imngnitude of the odd harmonic in the leakage current increased with the increase

§ intensity.

and the leakage current has been obtained, The current level has Deen used as a sign of
alarm for the maintenance of this line during several years. ]

Bologna, F.F. et al. [66] worked on online menitoring system insialled on Eskom’g Meorge G. Karady and Felix Amarh {71] presented an application of Extreme Value
275kV line. An online leakage current recorder/anatyzer (OLCA) was used to monito] 810 lhe statistical analysis of the large excursions of the leakage current peak
leakage currents flowing along the insulator string, as well as the environmental data. Th" flde (envelope). The measurement and analysis of leakage current for condition-
OLCA had nine leakage current moniloring channels. The test insulators used werd "monltorjng of poiluted insulators was well documented. Extreme Value Theory
standard U 120 cap and pin glass discs with a nominal creepage distance of 280.0 m 1 B8 usad to discriminate and characterize the largest and rarest peaks; namely the
and a connection length of 146.0 mm. ] orietics iargest value and extreme value risk function. The aim was to analyze the
; i'- continuously until flashover, in order to establish trends which might indicate the
H. Matsuo, et al. [67] used a long rod insulator to chserve the degree of pollutio'z 'noo of flashover. The risk of flashover increased with increase in the fevels and
under a saltwater spray by measurement cof Jeakage current, which flow betweer§ ‘ny of large excursions of the leakage current envelope.
electrodes fixed cn the surface of insulator under 30 Vac voitage. The followings wer' :
found: (1) the effect of the wind velocity on the insulator was small, and was especiai{ ‘. Bato, et al. [72] presented the results of spectral analysis of leakage current
small when the distance between the electrodes was short; (2) the effect of the distributio" |. 8 on contaminated insulator under fog conditions. The spectral analysis of the
of the saltwater drops on the insulator was small; and (3) the leakage impedance did-roj eurrent waveforms was conducted by the auto regression (AR) method with higi;
1 IBh and without limitation in number of sampling data. The results indicated that the
| analysis by the AR method was available for the monitoring of contamination

‘ # of outdoor insulators.

depend on initial dryness of the insulator surface before the saliwaier spray.

Masashi Sato, et al. [63] reported a laboraiory test to study flashover phenomena of
insulators under rapid pollution conditions. The leakage current was measured using 3
personal computer. Time variation of the leakage current and the discharge behaviour org Rierro-Chavez, J. L., et al. [73] developed a system for the measurement of leakage
the insulator were investigated with a friat observation system. It is found that the type o] t nd surface resistance of insufators located in the northeast part of Mexico. The
time variations and the phase transition current according to discharge growth werg Bwas installed in several towers along with the line as a diagnostic tool to monitor

respdnsible for flashover probability. ; ioe condition of the polluted Insulator. The leakage current sensor consisted of a
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Surrent transformer (CT) with special magnetic characteristic (high permeability). Both: b Daposition of droplets from marine or industrial fogs, or of other

wavaform and magnitude of the leakage current signal were monitored and compared 1o gombinations of water and electrolyle. Simultaneous deposit of water and
results from a resistive measurement system. Solar cell supply of a 12 V, 18 W and a 105 ; solute occurs in on-shove storms and, rarely when insulators are immersed in

Ah battery as back-up was used for electronic system, chimney plumes.

Bulld-up of hoar frost, freezing fog or ice on the fouled surface of an
Felix Amarth, et al. [74] presented a level crossing analysis (LCA) of probabilistic 1 -_ Insulator, the ionic components of the fouling then proceeding to depress the

dynamic of the leakage current envelope of polluted insulators. This problem wag § - Ireezing pint of the water and allow solution at the interface.

formulated in terms of the mean crossing rate at specified thresholds and mean time spent ‘ ;

above these thresholds. The notion of LCA of the envelope was introduced and a

measure of LCA was proposed.

Switching in of a circuit containing insulators which are wet and fouled.
Artival of a temporary ove: voltage, or of a switching surge, at an insulator
which is wet, fouled and possibly already energized.

Wibawa T., et al. {58] presented a test series devsloped at the Ohio State University 1
to observe the progress of the leakage currents along pre-contaminated insulators. It wag :
found that there was no difference in the leakage current waveshapes between SIR and |
EPDM insulators. Thie frequency contents of the waveshapes were mainly determined by ‘4
the magnitude of the leakage current. The higher the magnitude of the leakage current, 4
the higher the content of the third harmonic was. 1

2.7 Flashover Accident .

The development of leakage current and arcing on the insulator exterior whose |
surface resistance has heen reduced due to the contamination and moisture is responsible _
for flashover. Insulator breakdown is a leading cause of failure/ outage in transmission line
for a long time commoniy occurrad in heavy industry area and coastal [75]. Figure 2.6 J
ilustrates a full flashover on the insulator.

Figure 2.6 Flashover on insulators [108],

Looms, J.5.T [11] described common precursors of pollution flashover on insulator
in actual services:

() Arrival of nearly pure water, as dew, rain or mist, at an insuiator which carries § B lollowing broad stages of the flashover process: initial behaviour of elactrolytic
a burden of pollution comprising soluble fonic components fike common salt. § b local electric stress; stability of discharges between different parts of the layer;

Al - . . .
This is the most common. Especially in desert arsas, pollution flashover x| BN of discharges along the surface and evolution of an arc which short-circuits

occurrences are closely correlated with times of dew and morning mist, while g 1Y
in marine-polluted regions the dangerous times are in still-air fog. 1 4

+

|
|
H
i




Rizk, F.AM. [76] presented some reviews on the proposed of the Hashove
mochanism in the form of empirical models. Table 2.2 is important review and analysis Q)

Itashover models.

Topalis, F.V., et al. [61] introduced a mathematical model to conclude flashove
mechanism qualitatively and quantitatively: The critical voltage of any insulator under an§
pollution severity can be evaluated. Hence, the electrical behaviour of insulators und

pollution conditions can be predicted to minimize the expensive and time-consuming

experimental tests.

Table 2.2: Stability of surface arcs: Principal results

i 2 fag {28

\__‘_‘_ Abdul Salam, et al. [44] developed a mathematical model to present
AIp between flashover voitage and ESDD for DC system. The proposed mode!
BE Dimensional Analysis technique.

| Jlangliu, et al. [45] classified the cause of surface flashover and damages of
« insulator that instalied in China. Fiashover accident occurred due to lightning
_ﬂoupy. bird dropping, contamination flashover, unidentified flashover, damages
Biout-slde force.

jdroure, H.P. (77] described the relationship between the critical flashover voltage
' @ Insulators and the air pressure is normally expressed by the iollowing equation

Author

Model

Results

| Obenaus

Arc of length x in series with
resistance R, of wet pollution
layer. Source voltage U,
current i; » and N constants

V.,.=xN/I"

are

x=(i"IN)U - IR,) 2.1)

r

Neumaerker, Rizk

Uniform poliution resistance
Fpper unit laakage path, L; arc
bridges x/L; minimum
sustaining voltage U,,; critical
stress E,; critical current i,

R, =F,(L-x)
(IIN/FP WU, [+ n)NL]('Hl)HI

e {n+liin
SEARE
2 ()

o aplne) kbl | _ = yidnsl)
E =N""7 i =(NIF) .

;[hl reference pressure
e pressure at high altitude
|'|l critical flashover voltage of insulators corresponding to air pressure Py

hﬂ oritica! flashover voltage of insulators corresponding to air pressure P

£ constant

distance, iand x

Woodson and Disc of pollution resistance 2 - 1.6x107 (r—r 1

McEloy between inner and outer fing g L AP value of m characterizes the influence of air pressure on the critical flashover
electrodes, ri, r,; arc spans : -|nlulatoF,\a\nd depends on several factors and parameters including insulator
outwards to r,; surface ,‘ age and poliution severity, this was described by Farouk A., et al. [78].
conductivity K, 3

Hurley and Empirical relationship U, =const.7,”L;°L" -i1u et al. [79] conducted a laboratory investigation for determining the AC

Limbourn between minimum AG arc : lrformance of two types of insulators, post and suspension Insulater, covered
voltage for rod gap x, in series || Ice at low pressure. It was found that the atmospheric pressure has an
with Ry, strike distance Z, Bifect on the AC minimum flashover voltage, VMF, of insulators under icing

Claverie and Minimum arc reignition o - 800x 8, The lower the air pressure corresponding reducing VMF.

Porcheron voltage for given current and " "
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{zzularab, M.A., et al. [80] conducted a study for estimating the lightning insulatid X
slrangth of a distribution line designs. An empirical factor to estimate the flashover volta i Intor Aging
due to lightring of polymeric insulators used on distribution overhead fines was presente
The test was conducted materials used on distribution system that are porcelain, FRP aff ldoor insutators are subjected to simultanecus electrical, thermal, mechanical
polymers and their composite combinations. Investigation was made base on . d natural contamination. Al these components influence to the aging of
configuration of the polymeric insulators and the point of incident of the lightning impul ‘ I.veral studies have been published regarding to the ceramic and polymeric
that may cause ilashover and location of grounding wires. |n addition, the physical and ti i ' glng observation.
active length of polymeric insulators were also determined to evaluate the most effeciil i

configuration and material to be used. Factors that may affect the CFO of polymei] jImendy, |. and Fogarasi, 1.[85] made.a study on several of porcelain cap and long

insulators was investigated and defined to evaluate different insulator types and polyme |or§ In order to detect the insulators ageing. The effect of the electric strength

material used. Mured. For the purpose of the standard electric tests, i.e. the determination of

Hlll voltage flashover level, measurement of power trequency voltage under wet
; ohecking of radio interference voltage were applied. The electromechanical
Jht wes determined by application of 50 kV continuously on each cap insulator of

Gonos, |.F., et al. [81]presented a complex obtimization method based on ]
genetic algorithm (GA) for the determination of the arc constants, using experimen'
resulis derived from the artificially polluted insulators tests. In addition, the authof ‘! slring. At the same time the mechanical load was increased until flashover
proposed a mathematical model to validate the experimental result obtained. fhe resulis shown age cap insulators mainly lose their mechanical and
Mohenical characteristics. These parameters may be reduced to half the original

8. Gopal, M.E. and Prof. Y.N. Raom, Dr-Ing{82] proposed a new mathematic iy long operational period. The standard deviation of these values became too

model which was based on the dynamic arc voltage-gradient equation. It was found to ._
in good agreement for calculating the critical pollution withstands voltage of the standé 3
' "plllman. C. A et al. {36] published a literature review survey that identified aging
_ M their effect on polymeric insulaiors. According to their naturs, these factors
_llllled as electrical, mechanical, ultra-viclet radiation, chemical, thermal, and
ress. The effects were manifested as external or interal damage with loss of

insulators. However, in the case of long-rod insulators the calcuiated values differ sligh
from the experimental values. 1

Sudararajan, R. {83] conducted a flashover voltage study of polymeric insulatif]

material by using a dynamic model for porcelain test. The author managed to show tHy =;glnt:l mechanical viability. Ageing caused surface roughening and tracking,

3 o tha housing, expulsion of filler particles onto the surface and a loss of
blolty. Theretore for testing and development purpose, artificial and accelerated
gikd an important part to play. Identification of natural ageing process should
[Miflolal test to be improved.

good correlation between the model and the exparimental data.

B

However, George G. Karady [26] reported laboratory studies indicate that t
flashover machanism of polymeric was different compaied to porcelain insulator. '

Ghosh, P. 8. and Chakravorti, S. [84] applied method of Artificial Neural NetW&
(ANN} in pollution flashover studies for function estimation. The arc over a pollute]

.ngJIanchao, etal. [B7] presented the results of studies on the ageing
Noe of High Voltage Direct Current (HVDC) line porcelain insulators and related
f', factors i.e. body current and electric field intensity. The residual dielectric
Wo! porcelain materials with difference ageing time was measured and the energy

surface was not a constant parameter and depended on several factors that are resistand
per unit length R, J and appiied AC voltage V. A modelling of the complex non-lingg
function ¢ = fV, L, R;) was accomplished accurately. i
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ppsotrum examination on aged insuiators was also carried out. Analysis was carried g :
ragurding to the influence of space charge on field distribution. i llrnlng the subject of contamination severity, IEC had standardized a method
irlzo the quantity of contamination severity on surfaces of insulators [42).
ANere were several methods introduced afterwards such as; the EGDD which was

3l by Liang Xidong, et al. [88]; the measurement of the insulator flashover stress

TuYanming [13] described some approaches to aging of polymeric insulators.
problems that polymeric insulators face in service or manufacturars were discussed. 4§
recording of leakage current signatures and environmental pollution monitoring
__llbtd by CIGRE WG 33-04 [38]; and the SCM was described by Gyula
) ' and George G. Karady [43], still the IEC standard is the most commonly used
Howaver, currently with the advanced capability of electronic condugctivity meter,
-1.. automatic temperature compensation, the temperature compensation
88 presented in IEC standard could be neglected. Coupled with the recent
] xperimental based empirical model, for predicting the values of salinity only
4 g the measurement of conductivity of a solution rendered temperature
Jhtion, calcutation unnecessary.

addition, some measures to estimate or approach the true aging slate of operati3

polymeric insulator in field were exposed.

2.9 Summary of Literature Review

There are two categories of insulator that are currently applied for out-dd
application, i.6. ceramic and polymeric insulators [12,18). The main problem experiency
by these insulators that are used for cut door is the effects of environmental conditiof
These environmental conditions have different characteristic impacts on the performang .

1 "ordor to sclve several limitations of the on-site evalvation of insulators
‘_1 08, artificial contamination chamber that could simulate the surface

‘ : llen process is absolutely necessary. Until present, for ceramic and polymeric
relationship of contamination severity with any other meteorological factors, af lrfOrmance tests still employ to the salt-fog and clean-for method (that had been
performance of insulators under the naturally contaminated condition. Y, Taniguchi (3 |‘ d by IEC). However, researchers have questioned the validation of salt-fog
Mifog In relation to polymeric insulaters testing, due to they have different
_IIIO It comparad with ceramic [45,51]. Regarding to the artificial contamination
g flo Insulator there were numerous technique have been proposed namely,
' #thod was described by Chenay, et al. [46], chemical method was introduced
lﬂ'lli. C. and Lambeth, P.J. [47), dry-spraying method was proposed by George
'd ot. al. [S0], and dry-mixing contamination method was presented by
. reey and George G. Karady [43]. Later on, Takeshi Goto, et al. [21]
| 8 ¢ontaminaiion method applied to test silicone rubber cylindrical model by
Nlminating liquid that consists of NaCl, Tonoko and water. The ESDD level was
Ry varying time of application of the contaminating liguid sprayed on the
Ip the same years Liang Xidong, et al. [22] proposed a-new method to obtain
IHﬁon layer on the hydrophobic surface by conducting pre-treating. At pressnt
_urnplete equipment for insulator performance test, available in the Swedish
Jon Research Institute (STRI) [49]. It is called the Dust Cycle Method (DCM). A
flll'nent has been addressed for developing this system. From the several

of insulator.

Several researchers had conducted studies to obtain information concerning,

conducted a study in Noto Testing Statien in Japan. Burnham, J.T., et al. [31] from Um
Stated reported about serious damage in the power system due to rapid and hea
poliution. Gutman, | [35] developed a test set-up in Natal province in South Africa. Frg
Bandhng, Indonesia, Sirait, K.T., et ‘al. [37] reported the influence of natural lropil
condition -on the surface of the HTV and RTV silicone rubber with different filler conter 1
Ahmad S. Ahmad, et al. [33] reporied a study which was conducted in Paka Ther
Power Station situaled in the eastern region of Peninsular Malaysia. In the same yea |
Sangkasaad, S. [36] reported an investigation on the semiconducting glazed insulag
under natural pollution in Thailand. Nam Ho Choi, et al. [34] from South Korea reported
siudy, which was made to evaluate the suitability of KEPCO'S design standard - 4
contamination. The insulator performance study under the natural environmental condlt
could be good alternative to obtain the real information about the environmantal cond|t
that affect the insulators performance. However, this study usually could only 4
conducted after the system has been- installed, and normally takes longer time':
completion and incur high cost to implement the actual evaluations. !
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v relty of Manchester Institute of Science and Technology {United Kingdom),
44 KV transformer, but the size of chamber was not given in the paper.

artificial contamination metheds mentioned above with the exception the DCM, the mog
efficient, simple and reliable method is dry-mixing contamination method. This is sg

bacause that method does not physically change the polymeric insulator surface unlike th. ¥
M Japan Isaka, Yokoi, Naito, Matstioke et al. buit a 2.0 x 2.0 x 3.0 m® fog

ll The University of Tokushima. IREQ (Canada) reported two medium size
'|h|l'! were, a 1.2 m side cube was described by de Qliveira and de Tourreil, and
1:‘_ 8 23 x 23 x 3.0 m® was described by de Tourreil and Lambeth. The fog
JBulll In Mexico, reported by De La O and De La Vega was 2.6 x 2.6 x 2.5 m®,
lllnloas steel sheets. In China, from Tsinghua University, Guan et al. reporled
IBf 4.0 x 4.0 x 6.0 m®, fog chamber with a source of 250 kVA, 44 kY transformer.
_Vll'llly of Wales College of Cardiff (United Kingdom), the fog chamber size is 2.0
i-m‘. Its source was a 7.5 kVa, 100 kV transformer, Benzaoua, Harid, Rowlands
I disoussad the used of the chamber for artificia? pollution tests on distribution

abrasive and chemical methods. The contaminating process merely depends on thg
nezzle system set-up, therefore special trained labour is not needed. Base on ihig
advantags, it is better to adopt the dry-mixing contamination method concept fol
developing an artificial contamination chamber. However, anly the cancept will be adopte'
whereas for the nozzle design as well as the dimensions will refer to the 1IEC standar
The additional nozzle was specially designed to accommodate the non-soluble particl'
spraying. This particular design was solely the outcome of the research's imagination. '

Regarding to their size Stephen A. Sebo and Tiebin Zhao, [52] in their paper':
divided the chamber into three main categorizes, i.2. large size chamber, if at least one of
the its dimensions was > 5.0 m, medium size chamber, if at least iwo of iis dimensiorj, ‘ LiLE
were between 1.0 m and 5.0 m, and small size chamber, if it main dimension were < 1.0 1
Generally the size of the chamber developed is related o the working voltage of thf
testing to be used. Far the medium size, there are numerous publications on this subject.

' ana, Buganski and Kvarngren at the Royal [nstitute of Technololgy {Sweden)
.' #lde cube fog chamber. |t was used either with a 30 kVA, 60 kV, or with a 700
N KV transformer. At Ain Shams University (Egypt), a fog chamber, 1.4x0.9x2.3
A 18 kVA, 150 kV transtormer was used for performance test of polyester material
R3¢ by Risk ot al. A chamber size 2.0x2.0x2.5 m? was reported by Vasudev et al.,
alion ageing study under DC voltage at the Indian Central Power Research Institute
The fog chamber at the Technical University of limenau (Germany} was 1.5 x

Information on one of the earfiest medium size chambers ever constructed wa:
published by Dakin and Mullen of the Westinghouse Research Laboratories (USA) il
1972. The dimension was 1.20 m side cube, energized by a 15 kVA, 12 kV translorme
The second salt fog chamber of Dow Coring was described in detail by Reynaert, Orbec_:
and Seifferly. Their salt fog chamber was a cube with 1.52 m sides, a pyramidal roof, an": it B, At the Swedish Transmission Research Institute, there are two medium size
supplied with a 60 kVA, 30 kV transformer. A 1.52 x 1.52 x 1.37 m® chamber with Bliore with dimensions of 1.2 x 3.0 x 2.5 m®, and 2.0 x 2.0 x 2.5 m®, both with a 30

pyramidal roof developed at Massachusetts Institute of Technology (MIT, USA} wag ‘,,' or a8 the voltage source. The climatic chamber of ABB (Calor EMAG) is 2.9 x
' with a three- phase voltage source, to 45 kV line-to-line voltage. The size of

_ |.lt chamber at the Technical University of Darmstadt was 2.5 x 2.5 x 2.8 m°,
" V-phasa transformer, 90 kV line-to-line voltage. Their cold fog chamber is 2.0 x

discussed by Jolly. The fist fog chamber built at the Arizona State University {(USA) wa§
described by Gorur. The chamber size was 3.6 x 3.1 x 2.5 m®, with a 15 KVA, 50 ‘
transtormer, The second chamber built in Arizona State University was a stainless sted

cube of 4 m sides, with a 40 kVA, 100 kV transformer. " with a 20 kV transformer as the voltage source.

chamber at the Ohio State University (USA) is 1.7 x 2.5 x 2.85 m®, with a
¢ raported by Sebo, Casale, Cedeno, Tjokrodiponto, Akbar, Sakich and
; loated voltage source was a 50 kVA, 69 KV transformer. Zhao, Sakich, and
|r"‘_ reported the fog chamber at the Ohio Brass Company (USA). The size of the
8 1.5 x 09 x 1.2 m®. The voltage source .was a 15 kVA, 20 kV single

A fog chamber (built in Brazil), 1.6 x2.0x 2.5 m3, with 25 kVA, 150 kV transform
was reported by Garcia, Santiago and Portela. Both fog chambers built by Public Powej
Corporation in Greece were cubical shaped, reported by lkonomu ef al. One of them h'.
a 1.5 m side, the others was 4.6 m side. The fog chamber buiit at the Indian Institute q
Technology {Madras) was 1.9 x 1.9 x 3.3 m?, reported by Xavier and Rao. A fog chambe]
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transformer. The Ohio Brass Company had afso constructed a multistress environmg
test chamber for 5000 h accelerated weather aging test on polymeiic insulators 1
arresters. The chamber size was 2.4 x 3.1 x 2.4 m®. The dedicated source voltage 3
two of 42 KV transformer. This chamber was equipped with UV panels, heat
humiditication systems, and rain and salt fog systems were installed for the chamber, -;

environmental condition and test cycles were controlled by a computer.

In many liieratures the use of computer measuring system and camera record]
was important part of the testing using artificial contamination chamber. This facilit4
observation and analysis of leakage current data and flashover scenaric. Different :
of software had been used for instance, DASYLab, BASIC, C, LabWindows and O
[55,56,58,66]. Also different ADCs have been utilized. To capture the flashover and|
recording purpose generally T (one} camera is sufficient. It means that 1 (one) side of‘
insulator can be caplured [54] but the weakness is there is a possibility flashover activif
could be captured.
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o itlon prevalence on site. In this way, time-saving tests or accelerated
Bnducted on Insulators.
J _ﬁ|ﬂﬂ tha metrological condition, some parameters have to be considered in

CHAPTER
' Nt of en indigenous ACC system. Particularly in dimensioning of the size of
DEVELOPMENT OF THE TEST CHAMB JBMory space availability has to be considered. Every chamber components

LA

Iﬂprlllely designed and suitably located to ease the chamber installation to
lunotlonlng of the system. Consequently, it facilitates the ease in organizing
livities of testing work, a reduction of development cost, and minimal space
3.1  Introduction

The prime aim of this work is to develop an indigenously designed and fabricgf ; gotlon of materials for the chamber is considered meticulously. The
: B8N are corrosion-resistant. The structure has to be strong enaugh to support
_ | and also operalur/ researcher. The chamber wheels should be capable to
1 Olﬂht of structurs, test object, and operator when doing work it the chamber.

Artificial Cantamination Chamber (AGC) system. The ACC incorporates improved noz
design for ceramic and polymeric insulator testing. To realize and materialize the Ad
several stages of activities are involved, i.e. design, development, constiuction ;I
commissioning. : 8, the deslgn of the contamination generation system is an imiportant
The secondary aim is to use the ACC to test glass and polymeric insulators ung
contaminated conditions with the intention to establish a usefut technique for insul
selection. f the Artificlal Contamination Chamber
#nglneering works proper design practice is essential to obtain the best
Pn Implementation. Therefore technicai drawings are required to provide an
Wlmplementation work. This is also important to obtain some Information
dunt of materials required, appropriate size of the relevant equipmant, the

3.2 The Artificial Contamination Chamber -

In the last decade tremendous amount of efforts have been utilized to understg
the insulators performance especially the polymeric insulator. Many researchers hd FB1jltable location of the relevant objects, scope of works, cost eslimations
been found to adopt various testing procedures to observe the performance of ‘Implamentation.
insulator exposed to prolonged contaminated condition. Various types of testing wid
conducted on the insulaior and invariably an artificial confamination chamber was used.} Iﬂll drawing is materialized by means of AutoCAD which is currently
: Enowerful software for a technical drawing. The AutoCAD can help to
In this work, an ACC is designed, developed and constructed. The cham ‘ ! In three dimension and also orthographic presentation {90,91,92). Fine
f Ij wlnn design, zoom in and zoom out drawmg and editing of the drawing

"J||q, AutnCAD aided desugn

"development is intended to simulate the real service condition so that tests can -I
conducted in the laboratory. For this a mock-up system which is able to simulate §
variation in ambient conditions and also contaminant impact commonly affecting insulat}
can be used as an alternative testing method enabling the tester to control the variq
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| 'ind to a stalnless steel cylindrical hollow pipe. Another part of the
' #d to the screwing rod. The screwing rod is supported by mean of two
'O slainless steel bearing units. At the top end of the screwing rods,
"8 unlt, 8 OC motor is coupled to it. The motor speed is controlled by a
3.2.1.1 The Chamber Frame Structure EaUiator unlt. In addition a mechanical switch and relay system is installed

The drawing design was divided into three major parts, i.e. the structurej

contamination generation system and the draining or water circulation system.

_ __rlly of the motor. If the screwing rod is turned clock-wise then the nozzle
The structure is made of corrosive resistant material i.e. stainless sleel. _ownward. and vice versa,
structure joints are jointed perfectly to ensure chamber could withstand maximum ioa
The chamber is fitted with swinging wheels to give chamber more mobility and portats] supply to the nozzle is obtained by means of a corrosive resistant pump.
H is of cubicle in shape with 1.415 x 1.415 x 1.650 m®, (W x L x H), in dimension. Fi

3.1 shows that tne top and bottom frame structure consists four windows formed

IBUmp with plastic body cover is very suitable. An air compressor unit is
ON® alr supply. The water and air flowed from two different tubes. The tubes
welding up four-hollow-steel bars at the perimeter of the frame and reinforced af the c - iq &l o high pressure resistant, corrosive resistant, and bendable. Figure 3.3
with two-holiow steel bar welded at right angle. Whereas vertical sides of the chambe #tlouintion system of water and air supply of the nozzles.
canstructed of the same type of metal-bar pieces, the only different is one side Is fittedz
the prototype door leaf. This opening is used io access the chamber interior pa‘:
hanyging the insulator, adjusting the fog nozzle, connecting HV cable and others. O

] Ining System
opposite side of the chamber door is the side through which the HV bushing entered]

chamber. SWAter pruduced during the running of the test has to be slugged out in order
BBing collected at the floor of the chamber. Therefore a water reservoir is
hamber floor. At this floor four holes are drilled to allow the water to be

3.21.2 Prototype Contamination Generation System

S :1eservolr, The water reservoir is furnished with PVC piping system to
ol lhe water from the reservoir. Figure 3.4 shows the design of the

The Prototype Contamination Generation System (PCGS} is designe' he complete technical drawings of the chamber are shown in Appendix

compliance with the IEC Std. 507 but some adaptive approach is taken which iiwvol '_
additional nozzle intended to come up with dry mixing contamination method [51].'_
combining these two methods the chamber can be used for ceramic insulator:_
polymeric insulator tests. The nozzles are made of a corrosive resistant material. it.of the Artiticial Contamination Chamber
some practical observations the suitable material for the nozzles is stainless steel, du
strengthen and polish surface can be obtained. The nozzles units are attached ent of moblle artificial contamination chamber is divided into four
trangparent housing. This housing is made from transparent polycarbonate mat

amber construction, contamination generation system, electronic
Figure 3.2 shows the design of the nezzle units. '

gource unit. Figure 3.5 illustrates the block diagram of the mobile
Ul ohamber. Figure 3.6 shows the view of the chamber and Figure 3.7

The nozzle units are placed at two corners of the chamber, one at each cof Ving and collecting system unit.

placed diagonally facing each other in the chamber. The nozzle-units aleng with]
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raining system of mobile artificial contamination chamber

JANVOlr covered by the chamber floor, () construction of the reservoir.




3.2.2.1 Construction of the Chamber

Correnrtier
; Db A Ut
The most important activity in construction work is assembling of the chambg ——
1 Ukt

structure. The steel base frame has to be welded perfectly. All components ar“
elements for their mechanical strength. The mechanical connection of the c_‘

==

g
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structures with th(\e four nylon wheels is executed carefully. This mechanical conf
has to be done properly and good enough to prevent unaccepted accident}
connection is unintentionally being released. The wheels itself are provided with.
and released toggles in order to prevent accidental rolling of the chamber once it hd)
positioned to the tloor. (

The chamber walls are made of transparent (see through) plastic m}
Polycarbonate sheets are selected due to their impact strength, thermal stress resi
construction flexibility and chemical inertness. The polycarbonate sheet is more 'l
to that of acrylic materials. Acrylic tends to becbme brittle with age, whilst polycat‘: 01 oo
does not. The polycarbonate shest is cut with a special cutting machine, namely a ;‘
saw. The cutting is done carefully to obtain the best result of cutting surfac

ensuring no defective edges.

The walls and roofs are constructed in doubie layer. The first layer (inner E
meant to protect the sleel frame structure from direct contact with test contaminar)
avoid any side flashover voltage, from energized test object to the frame. The &
layer is intended to reinforce the structural strength of the chamber. The two
system chamber conserved chamber space and regulated conditioning, for instancq
fog generation, and- also provide a support to the test-object-bushing.
polycarbonate layers were joined to the steel structure by means of bolt-and-nut s§
All the gaps in the inner layer are sealed with acetic silicone sealant.  This maki
chamber leak-proof. ]

From Figure 3.5, the supply of AC/DC voltage to the test object is via a f
which is sticking through the wall of the chamber. Meanwhile the access door is
opposite to the HV bushing. A galvanized steel hanger was fixed at the centre of c_:

roof, allowing any insulators under test to be suspended vertically. ©

Ay Comerester
A et Selenokt Vah

ot

| Tank

‘ W Taex,
Fleguiating Vaim

P

(d)

{ the artificial contamination chamber (a) Front, (b} Right,
(c) Back, (d) Left.
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i 3

Iy lorlng system

-i} ol choice is HU10 (from thermometric). The HU10 is designed for
!lillance of the sensor decreases with increasing RH. This sensor
: "Ithe output, 1.5 — 3.0 Vdc., with humidity variation in order of 25 and
UBUre 3.8 shows the typical cutput characteristic of the sensor.

Blhe edvantages of the sensor, among others are ease to install and
8t 6£0.2 Vdc and maximum current 2 mA. It can be applied in respect
P Horing, humidity controlling, air conditioning, humidifying, dehumidifiers,
tllating [101. The circuit diagram is shown in Figure 3.9.

Figure 3.7 Pictorial views of ahserving and colfecting system unit ﬂ‘ 8l the sensors required stable DC power supply. The DC power

‘“ and constructed in the laboratory. It comprises of four basic elements,
. Bnsformer, a rectifier, a regulator and filter. For this application one unit +5
3.22.2. Electronic Equipment 3 )

L \;ﬁ ulput is used. Figure 3.9 shows the schematic diagram of the supply
[IUfe and the humidity sensor system. The step-down power transformer
! {he main AC supply to the desired DC output voltage. The secondary
. lrn A bridge diode was used to convert the AC voltage into a DC voltage.
[ lodes type are used for the AC rectification. The fixed output voltage
s used to provide the desired output voltage. The capacitors values
BINNY 0.22,F are used as filtering device to reduce ripple.  Figure 3.10
! ljll'w of the DC power supply.

A. Temperature monitoring system .

For chamber ambient temperature monitoring, two integrated-circuit ten':i
sensors, namely, the LM35 series are installed. The output voltage of LM35 i8
proportional to the Celsius (Centigrade) tehperature. The LM35 has an advan{_
linear temperatﬁre sensors calibrated in Kelvin, (as the user is not required to s?
large constant voltage from its output to cbtain convenient Gentigrade scaling). p
does not require any external calibration or trimming to provide typical accuraci
°C at room temperature and + % °C over full -55 to +150 °C temperature rangg
LM35 has low output impedance 0.1Q for 1mA, linear output + 10.0 mv/°C scal
and precise inherent calibration make interfacing to readout or control circuitry
easy. It can be used with single power supplies, or with plus and minus supplies;
from 4 up to 30 volts. 1t is suitable for remote applications [100]. Figure 3.9 illusll-

circuit diagram.

1l
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Figure 3.8 Graphic typical output characteristics of the HU10
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' Figure 3.9 Schematic diagram of DC regulated power supply and sensing circuit}
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DE ragulated output
+50V

Figure 3.10 Pictorial view of DC power supply

Slgnal conditioning unit (SCU)

2 An anatogus signal derived from sensors or transducers often has to be conditionead
‘r to display, eiiher by amplifying or scaling down its magnitude. This can ensure the
r.oy of the system display. The SCU is designed and constructed in-house. Figure
lhows the cireuit diagram of the SCU. A precision resistor (R,) with + 1% tolerance is
'_ ‘place in seriss with a sealed, multi-turn cermet frimming type 3299 Bourus’
Mliometer (R} [102). The circuit provided a scaled down magnitude ot the senzoi

RS

Il In this way the input voltage 10 the ADC will not exceed the voltage fimit of' thia

E The highest output voltage limit from the sensor module was 3.0 Vdc, whereas the
[} value of the ADC input is only 2.5 Vde. Therefore, 2.0 Vdc is considered the oot
]I voltage level selection with regard to the safety of the ADC unit. The following
ana use to determine the operation valus of the resistor Ry. The equations are:




where,

V, =V, +V,, (3.1)

Vi B (3.2)

A R,

ore,

R, 2(1_ ]Rn (3.3)
an

R, is the fixed value resistor 20 k2 with +1% tolerance.

Ry is the potentiometer 100 k¢

V;is the input valtage from the humidity sensor. ,

Vay is the output voltage from the signal conditioning units.

Rb
.—m——.—--. E
Input max
Oulpitt max _J +3.1 Vde
- ——y
-
R3
) &
- . F -
L Eg
g @
85 R . =]
at b E 3
w S AN ———o G s
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2E Qutput max| T input max
8 +2 Vde +3.4 Vdo
-
-
R3S
-~} * H
=

Figure 3.11 Circuit diagram of the signal conditioning unit
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Digital Video Recording (DVR)

iMlashover scenario on the tested insulator surfaces are abserved by means of a
{Video Recording (DVR) system. It is installed with a Falcon MIGd4eh DVR board. It
mpact-application-equipment for a real-time monitoring system.

It grabs images
Closed Circuit Television {CCTV),

Clear and more vivid images can be monitored
Borded. The DVR board is instalied with a Personal Computer (PC).

Four CCTV cameras are placed on the exlerior sides of the chamber as shown in
0.8. They are connected to the MIG4 DVR board using a 750 RG 59/U coaxial
'lnd powered with a 12 Vde power supply. By this way the whole surface
Mmene of the nsulator test chject can be, observed. Figure 3.12 shows the »ictorial
| the boar and Figure 3.13 illustrated the recor

ds of flashovers during insulator

Figure 3.12  Pictorial view of MIG4 board
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Figure 3.13 Typical snap shots of the insulator flashover on the insulator surface.

: K Figure 3.14 The nozzles unit mounted In the chamber.
3.224 Contamination Generation System :

Among the components installed in the contamination generation system i.e. thﬂ The nozzle is supplied with salt—Water and air. The flow rate of water and air of

instaltation of two units of nozzles as described in section 3.2.1.2, are the most challenglng
task to accomplish. The nozzles-unit is place into an adapter securely. A hollow
cylindrical stainless steel bar is erecied located at the opposite corners of the chamberl
This bar supports the adapter. The adapter unit can be moved up and down easily. inj
addition, lock and release toggle is also provided. One of the adapter units is attached o
the screwing rod. These two components, adapter unit support and screwing rod, are}
perpendicular on the floor. The screwing rod coupled to a DG motor. By changing the)
polarity of the input voltage the direction of the motor rotation will change. This determmes

Ach nozzle can be adjusted to change the water droplets’ size. The air pressure can be
i#t to a value up to 80.0 psi. The water and airflow rates are controlled with a mechanical
nit valve (MUV). The compressor supplies the air flow. A solenoid valve is installed and
Dnd the means to switch on/off the airflow, The filter functions to filter any foreign”
ghtticles, such as water or oi! that could attach with air. The detail block diagram is shown
N Figure 3.15. For the simulation of the artificially non-soluble particls contamination, a
bnlainer is connected to the nozzle. These particles drop into the compressed cir

Rlowing area of the nozzle unit by gravitational force.
whether the adapter moving up or down, Figure 3.14 illustrates the nozzles units.




3.2.25

High Voltage Source

Figure 3.15 Block diagram of contamination generator

The HV source is a 230V / 100000V, 21.7A/0.05A, 5kVA, 50Hz single testin
transformer. The HV transformer output is controlled from a remote control des

selting up of the control desk is quits simple that 1nvo|ve setting the individual com

of the HV construction kit. Tie desk is constructed from aiuminium profile and .l:

stag enamelled sheet strip panels. The table top and front panels are made from :,-‘

steel which guaranteed low wear and a long-lasting finish.

The control desk is comprised of the following items.

(@)

&)
(©
(d)

A single-phase regulating transformer for excitation of the HVA
transformer, controlled by mean of a hand wheel fixed to the front par]
A key-operaled switch for switching on/off the control of voliage.

Fuses and automatic breakers for the control and the main circuits.
llluminated push-buttons for the main contactor which conne
regutating transformer to the 220 or 380 V supply. ]

¥y

An emergency push button for immediate switch-off in case of emergency.

i: 156
lluminated push-buttons for secondary contactor which interconnected the
regulating and test fransformers,

Push-buttons for pre-warning signal (horn) and switching off the panel
lighting.

A voltmeter for the main voltage register, a two-range voltmeter and ammeter
for the reguiated voltage and current respectively.

The schematic diagram of the remote control desk is shown in Figure 3.16, Figure

7 shows the pictorial view.

Main supply 220V/50Hz

¢

Primary conlacior

Kay-switch

Raguialing
Iranstormer
D-230 Vi 5 KVA Isolating

uanslcimer
20V
DIkVA

% Secondary
conlactor Control vollags

¥

To Hy-lranstommar

Figure 3.16 Schematic diagram of the control desk.
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i Figure 3.18 Schematic diagram of DC divider calibration

AG Supply

Figure 3.17 Pictorial view of the control desk . ; —T_

A voltage divider is used for measuring the HV that is injected into the test object ‘;

e

i
i
i
during testing. There are two types of voltage divider used in the study, i.e. the resistive ] i LA E
divider and the capacitive divider. The former is used for HVDC measurement and the ! i _f : s
latter is used for HVAC measurement. These dividers are callbrated before used to 4 T wesiona

ensure accuracy in feading of the Instruments. . b Transtormer TE 100/10

Different callbration methods are used for the DC.and AC divider calibration. '!'ha_ _
DC divider is tested by using sphere-gaps technigue base on British Standard 358. The § Figure 3.19 Schematic diagram of AC divider calibration
diameter of the sphere was 10 cm. Test involved with four different measuring gaps;
distance are conducted. For each set of gap distance four runs of voltage injection is }

considered. Figure 3.18 ilustrates the typical of set-up for callbration of divider using{ 12.2.6

Data Acquisition System

sphere method.

On the other hand the AG divider is calibrated by using a reference divider, l.e. { Signals generated from the sensor units are analogue signals. These analogue

RCZ500. The reference divider has accuracy £1%. Two type of precision digital 1
measurement equipments are used, HP34010A and DMI550. The set-up of the AG dividerf

Blgnals are converted to digital signal prior to sending to PC. The Pico Analogue Digital
Wonverters (ADCs) are used for the purpose of interfacing sensor units with the PC.

test is shown In Figure 3.19.



A. Pico ADC-11

Pico ADC-11 is used as an interface interconnecting the temperature sens
humidity sensors with the PC. As deseribed in section 3.2.2, signals from the h{
sensors are conditioned before being processed by ADC-11. The Pico ADC-1{}
eleven analogue inputs. With a ten bits resolution it gave fine digital output [104]. ;
3.20 shows a block diagram of the temperature and humidity data acqulsition syste _.
temperature and humidity level inside the chamber are displayed as an average valq

q

4

Figure 3.20 Block diagram of the chamber ambient data acquisition system_
]

Screened muiticore cables with 7/0.1 mm tinned copper stranded conducto
and 0.2mm PVC sheath are used. Since lengthy cables are used, the losses al

. |60

bles are considered. A preliminary observation is conducted to determine whether the
ilance has significant effect to the autput signals of sensors. In thig way, displays of
mperature and humidity level can be ascertained to be reliable {true value display).

, Pico ADC-200 and leakage current measurement

»  Pico ADC-200 is used as an interface for the leakage current signal measurement
'| voltage drop across a series resistor outside the chamber) between the resistor and
# PC. Depending on the lavel of the ieakage current, different shunt values are used
1,602, 470Q, 1k, 22kQ tolerance 5%, 50W, 2500V). The maximum input voltage

jelved by ADC-200 was + 20V with 8 bits resolution, Having two BNC connectors for

Palogus input channels with 1M Q input impadance, the ADC-200 is coupled to the PC

MIng D25 connector [105].

The leakage current that is flowing through the contaminated suriace of the
ulators under test is monitored, digitized, processed, displayed and finally stored for

Yther analysis. The voltage drop across the shunt (due the leakage} is monitored. As

ewn in Figure 3.21, a surge protector is put in placed between the shunt and ADC-200.

N# protective system consists of 2 {two) stages. In this manner it one stage experienced

Il failure the back-up can protect the ADGC and PC. Figure 3.22 shows that an EC90X
b discharge tube is placed in the first stage prolaction circuit. For the second stage,
gk-to-back zener diodes (BZZ\X55-C15) are used with clamping voltage up to 15 volt.
| gerial resistor serves as a current limiter. Figure 3.21 illustraies the leakage current
#euring circuit and Figure 3.23 shows the hardware used for protection.
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Figure 3.22 Protection system of leakage current measuring system
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Figure 3.23 Pictorial view of the protaction system

8.7 Software Development

LabView 5.11 virtual instrument software is used as the platform for the software
loation development for monitoring purpose. The software is an icon based-program.
Yoitware has facilities which include the database result window, graph window, and
f function buttons. Using the software, data reading can be visualized [98,99].

Two application programs are developed, i.6. for the leakage current and for the

iber ambient condition rmonitoring. The application programs are facilitated with a
phical User interface (GUI) for easy display of data.

Figure 3.24 illusirates the GUI for the leakage cuirent measurement. Before the

s displayed windowing and fitering processes are executed. The GUI display
prlses of five windows of data display.

a) Output voltage waveform
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b) Current waveform
c) RMS voltage

d) Leakage current, and /
e) Power spectrum 7

Figure 3.24 GUI for leakage current measurement.

Figure 3.25 GUI for the chamber ambient conditions,

| 64



ThG s |66

This study conducted Involved nine anti fog cap-and-pin glass insulators of the type
B2. Its creepage distance is 330 mm {as shown in Figure 4.1). The experimental rig for
Iiakage current measurement was in accordance to the clause 3.2.2.6, 8. Initiafly the
neulators were cleaned to remove all traces of dirt and grease according to IEC 507,

1891, The insulators were then left to dry, and carefully kept to avoid additionat
gontamination.

RESULTS AND DISCUSSIONS ON PRELIMIN}
APPLICATI}

4.1  introduction

The design and fabrication of the ACC has been accomplished, Usi:
chamber, several studies have been conducted to verify that the contamination _’.l
running properly and effectively.

4.2 Selecting Reusable Aged Glass Insulator

Figure 4.1 Insutator samples

Transmission line insulators aging is influsnced by several factors s
mechanical and electrical defects. The leakage current magnitude on the surface_:
insulator, and tan &4 are associated with insulator dggradation. The tan & relates‘n
dielectric loss/ power loss [83]. The relationship can be represented by the 'I\
equation.

The entire test samples were placed in the mobile artificial contaminaticn chamber
In turn and the corresponding leakage current measurement were taken. In this chamber
Ihe ambient temperature and humidity could be observed and collected. The leakage
[ourrent was measured far corresponding variation in voltage from O kV up to 10 kV. Allthe *
nformation regarding the leakage current including the flashover incident was observed
And recorded. Simultaneously the LeCroy LT344L Digital Storage Osciloscope {DSO) was

ped as a counter check. The LeCroy DSO readings validated the reading obtained from
Ihe LabView's program.

B=f(i 1 tan &

where,
B ; insulator selective unit
i : ac leakage current

I : de leakage current A study of the corona inception observation was also carried out. The detecting unit

Mmployed a simple balanced multi elements UHF antenna connecied to the LeCroy
LT334L DSO through coaxial cable. The antenna was mounted on io a support and
Pleced securely at a safe distance from the test object. The leakage current and the

tan § : dielectric loss
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Type 2616/ Type 2818

U res : High Voltage supply (e.g. high voltage transformer)
Cn  :Standard Capacitor
Cx  :Testobject
E : Earth connection
: Null detector

uP : Microcomputer

Figure 4.2 Pictorial view of experimental setup

Figure 4.3 Basic test circuits for C and tan §measurement.

In order to measure power loss in the dielectric a Capacitance and Dissipaﬁ
Power Factor Test Set 2816/5284U BR YB together with the High Voltage Supply a
Control 2816/5284U CU YB by Tettex Instrument was used. Fig 4.3 shows the cir
diagram of a basic test circuit for capacitance and tan § measurement, while Figure !-

illustrates the pictorial view of the experimental set-up.
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J 11.2, ..., 9 (insulator code)
k 11,2, ..., 10 {injection voltage)

Table 4.1 shows the tabulation of the magnitudes related to the AC and DG leakage
current, and tan ¢ for 10 kV test voltages,

Table 4.1: The leakage current and tan 6 magnitude

i I

J {mA) (pA) tan &
1 0.1720 1.2909 0.0757
2 0.1746 5.8878 0.0699
3 0.1660 2.0834 0.0508
| 4 0.1685 1.6493 0.0560
5 0.1376 1.3573 0.0564
6 G.1447 0.9370 0.0482
Fiqure 4.4 Pictorial view of tan measurement 7 0.1438 0.2637 0.0420
8 0.1726 0.5030 0.0536

9 0.1728 0.2456 0.0641

4.21 Mathematical Modelling of Selecting

: ing lined In order to simplify the classification, the actual value of i, I and tan & were converted to
ent, and tan & were regressed using , ’
The measurement results of leakage current,

sion method. Afterward equations (4.2), (4.3), and (4.4) were obtained. 'hper-unit using the following equations,
regres L

(4: 0 . ;| ,
iu.k) = m,-Vg +b; “ ; e lj. perumit = —— “s
- S i
Tiw =mVi tb; (47 5 max
tan 8, = m;V, +b; 1 .
Ij perunit = El (46)
|' max
where,
i : ac leakage current ;- »
. an .
I : de leakage current | 05, oo = o , .
tan & : dielectric loss

m : constant value



where,
i

The per-unit value of i, 7 and tan § were converted into selective unit

1,2, ..., 9

obtained by using the following equations,

—_ A\P — \Pma.( _\Pmin
b= =73
where,
¢ : The range of grade
¥ : The maximum value of i. J or tan &
by : The minimum value of i, for tan &

In this study the range of the grade was made as follows,

min

x<A<y

y<B=z

z<Cx!

where,

x = ¥Yain
y= Prin + ¢
7= Phin + 2¢

The selective units are A=3, B=2, and C=1.

It should be noted that higher the numerical values in Table 4.2, the selective unit

assigned is in descending order.

¥

_i+I+tan5
=3

. This was

4.8)

(4.9)
(4.10) 4

(a11) §

Equation 4.11

Table 4.2: Grade of Tested Insulator

is now useful for calculating the selective unit,

Grade

~—

—

tan §

(@]

1.666

1.000

2.333

2.000

2.666

3.000

3.000

W oo ~f @ ol o) po ] .

2.333

P P PP >R O P

OO 2 2 >0 000

W X > > O @ > O

2.000
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Table 4.2 shows the insulator #6, and #7 have the highest magnitude of selective unit,
whereas the insulator #2 shows a conlrary result. The segregation was made using three

performance classifications, i.e.

1. if 1.000 < # < 1.666 then the insulators are classified as BAD:

. if 1.667 < % < 2.332 then the insulators are classified as GOOD; and

2.2 Corona Inception

'Itage.

3 if 2.333 < ¥ < 3.000 then thHe insulators are classified as SATISFACTORY,

The preliminary study to determine corona inception level was conducted on the
Jet of AC voltage only. The comparison betwaen two measurement results (shunt resistor
d by antenna receiver) are illustrated in the Figure 4.5. It is obvious that the profile of
fle measurement using shunt resistor was similar to the profile of the antenna receiver




The profile of magnitude

1 2 3 4 5 [ 7 ] ]
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Figure 4.5 Graph of voltage measurement related 1o corona inception ievel, and the
leakage current magnitude

4.3 Flashover Studies

A preliminary study was conducted in order to simulate the flashover phenomenon |

in the developed mobile artificial contamination chamber.

The insulator was thoroughly rinsed with tap water [42] The insulator was covered
by appropriate plastic bag to ensure iis cleanliness. The insulator was stored for about 24

hours before tesling.

To start the test, a suspension congisted of 120 grams kaolin and 510 grams of
NaCl were dissolved in a 3 litre tap water to develop contaminant of ESDD level of ab'oul
0.12468 mg/cm®. Once this process was done the insulator was dipped in the. susper.13|on:
For uniform contamination of the entire surface of the insulator, complete immersion of
insulator in the solution must be maintained and at the same time the insulator was
regularly rotated and moved horizontally and vertically while it was still in the solution.
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The insutator were then removed from the container and placed to dry.under the
direct sunlight for duration of not less than 6 hours. This ensured that no traces of
moisture stifl remained on the Insulator surfaces. After this activity has been completed,

the artificially contaminated insulators were stored in an environmentally cleaned room for
testing.

To proceed with the testing the contaminated insuiator was placed in the chamber,
An AC supply of 17 kV, 50 Hz was continuously applied on to the tested sample,
Concurrently, artificial fog was introduced in the chamber, by actlvallng the fog generator,
with constant spraying capac:ty of 25.0 ml/second with 80.0 psi air pressure. The fog
generated filled up the chambér, not allowing it to be sprayed directly to the test insulator.
The process sequence was continuously recorded by means of cameras which were
further cannected to a PC. Event the leakage current oscillegram was recorded.

In just a few minutes the leakage current signatures were incessantly observed.
Once the fog accumulation has reached the threshold after energizing, the flashover
occurred.  What really happensed was that partial discharges appeared at the bottom

surface of the insulator in the form of surface tracking and finally a complete flashover took
place.

All these flashover events were contlnuously videced by maans of a four-camera
. #ystem and stored in a PC. The leakage cument signatures were visually displayed in the
 form of graphic showing leakage current magnitude and time variation. A resistor with

{ vaiue 468 Q was used and connacted ‘o measure leakage current magnitude.
!
[

With increased fog density In the chamber the leakage current magnitude tends to
Icrease with the time. For instance in iust few seconds after the test started the initial
partial Hlashover could be observed. This followed by other incidents of flashover. At about
0 (six) minutes after the test commenced the leakage current magnitude started to
flecrease. This so called sudden change over of leakage current magnitude was due to
h sulator surface condition that was completely moisturized with layer of water, Figure 4.6
llustrates the leakage current osciltoram. In addition, & moving average per three point
and five order polynomial fitting function were presented graphically providing more
I_ formation about the wave-shape of leakage current oscillogram and flashover activities.

f he flashover events captured from DVR were presented in Figure 4.7,
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The sharp spikes running over the leakage current oscillogram shows a dlrastic
changs in the insulator surface resistance value. This changeover involved resistareg
value from high io low ohmic. This could be justified by the cccurrence of so-called “Dry
Bands" on the wetted insulator surfaces. Under cleaned surface condition, the potentig)
was totally across the glass surfaces i.e. between the cap and pin part of the insulator.
However as the welting process started to creep all over the surfaces, the surfage
resistance Ag started to decrease because of the leakage current thermal effect begun tg
dry-up the maisture and formed sc-called “dry bands’, and if the voltage gradient acrogg
these bands exceeded ihe surface dielectric strength partial flashover took place and thig
could be transtated into a sharp jumped in leakage current values.
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Figure 4.6 RMS leakage current magnitude vs, time. ]
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In the case when contaminated Jayer on the insulator surfaces was too ‘heavy’, "Ity
Bands” formation could not occur but this did mean that no flashover could occur. On the icondud]

other hand, if the voltage applied exceeded the insulator critical flashover voltage, a{was dI§

i i i leakage current thomo
complele flashover occurs and this resulted in a sharp and higher leakag ' g

i §The m-
magnitude formation. §
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Figure 4.7 A particular event af the flashover scenario,

44  Leakage Current Pattern Recognition

This study was conducted to observe the effect of coentamination severity to the
development of leakage current magnitude. In relation to this the same insulators that

were used in the experiment mentioned in section 4.2 were also used for the ESSD
modelling development,

Based on the previous researcher findings on the contamination severity in the
Paka Power Station, the salt contamination level was in tha range of 0.001173 mg/em? to
0139503 mg/cm? [33]. This study was conducted based on these values of contamination
tue to the sea salts. The intention was to develop an optimum solution which was linked
lo the desired ESDD level i.e. when the solution would be used for artificial contamination

of the insulators. Consequently some form of correlation between solution conductivity
and salinity should be determined.

-

445 Conductivity and Salinity Determination

There were several activities fnvolved to determine the correlation between the
tonductivity and the salinity of several different solutions. Firstly a known weight of NaCl
was dissolved in a 100 m! of distilled water. A centrifugal machine was used to obtain i
llomogeneous solution. The principle operation is based on the electromagnetic concept.
The machine ganerates electromagnstic field and a magnetic capsule is inserted with the !




vagy

solution. The electromagnetic generator is turned on, the magnetic capsule could 3
and hence resulied in the solution homogeneity. ’ 2

After completion of the mixing process a homogenous solution was obtained.:
measurement of solution conductivity was conducted by using a Total Dissolved 1
(TDS) tester which was able to measure concentrations in the order of 19.99 mSIcm_
tester accuracy is in the range of £ 2% and it also has automatic lempe]i
compensation for 5°C to 50°C. Figure 4.8 shows the experimental rig that was used f“

ESDD determination.

Based on the several tests conducted with different concentration of arf
contaminated solution, an empirical model was successfully developed. A simple :i
regression mcdel using the least squares method was used for ihe development o‘
erapirical model. Equation 4.13 provides the empirical medel which can be used to py
the values of salinity (response variable) directly from the values of conductivitf

independent variable). [94,95, 96],

The graphical output of the measurement resuits is shown in Figure 4.9.:
coeflicient A7 measures the proportion of variation on predicted value of salinity, w .'(-
explained by the predictor variable. The coefficient & has values range between 0
when A2 = 1, that means a perfect explanation of the predicted value derived frof
model. R of the model wag 0.9924 which means 989.24% of variance in predicted val]

salinity [97,98].

The linear expression is, 1

Sa=37241 x ‘J

where, ‘
Sa : salinity (mg} :
x : condugciivity of the solution (mS/cm)

Figure 4.8 Laboratory apparatus for determining ESDD
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Figure 4.9 Graph of correlation between conductivity with salinity
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Six pieces of used insulators type M2 were considered in this lest. The toig
inzulator glass area is 1801.4 cm® In all the ariificial tests carried out, all insulasg,

suriaces were contaminated employing the solid layer method {42].

To produce layers of contaminant that resulted in desired ESDD value, differen
suspension of mixtures of contaminants consisted of kaolin (g), NaCl (g). and distilleg
water (Itr) were prepared. These mixtures were prepared and intended to simulate the
accumuiation of pollutants on insulater [65]. Table 4.3 shows the composition of the

poilutant suspension.

Table 4.3; Measured ESDD of insulator far different level of mixiures suspengion

i_ Suspension | Conductivity (mS/cm) | ESDD (mg/cm?) |
] (g/oitr) 1. - B o
ﬁﬁ?ﬁ?"_'h 0.14 | (.00326

1201303 | 0.27 | 0.00628 :
'\ 120/90/3 | 0.73 : 0.01698 |
| 120103 277 | 0.06443 i
| teosiom 5.36 | 0.12468 |
] 120/1000/3 | 8.95 : 0.20819 _

i e S —

4.4.2 Experimental Resulls

All the experimental procedures adopted in this test were similar  with the
experimental procedures that were presented in clause 4.2. Nine pieces cap-pin anti-iag
insulator type M92 were also tested. The suspension of 120/10/3 and 120/510/3 was

selected for the test.

Al the tests conducted started with the similar ambient condition i.e. chamber

temperature and humidity.

e e Rl e e A .

v
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A 12 kVrms source was used in this test. The sample was energized with AC
voltage for several minutes without activating the fog generator.  Subsequently the fog
generator was activated for about 400 seconds.

Concurrently the online monitoring
system was also turned on.

Table 4.4 illustratas the magnitude of leakage current for two different suspensions.
The results show that the two different suspensions have been promoted diffarent level of
leakage current. The higher of ESDD promoted higher of leakage current.

Howsever although the test was conducted by the identical setiing of fog supply
there was different leakage current promoted. This was due to the effect of the uniformity
of the contaminant that deposited on the surface of insulator. although this effzct havs
been tried to minimize by recurrent contamination process.

Table 4.4: Magnitude of leakage current for two different suspensions

No. ©  Suspension: 120/10/3 Suspension: 120/210/3
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Table 4.4: (Continued)
No, Suspension: 120/10/3 Suspension: 120/210/3
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Polymeric Insuiator Contamination

v

An ACC has been developed satisfactorily and could bs used for ceramic and non-
teramic pollution testing. This chamber with & dimension of 1.415m x 1.415m x 1.8650m
was categorically known as the medium-scale climatic chamber. To check on the

thamber performance for polymeric insulator testing, this specific test was conducted.




4.5.1 Test Sample

Test sample of SIR polymeric insulator was used in this experiment, which wag 8
portion of the original size of the insulator. Figure 4.10 illustrates the pictorial view of tha)

part of the polymeric insulator used in the test.

Prior 1o the test the insulators were washed theroughly with tap water.  After that,}
these wetted insulators were wiped off with tissue paper and stored properly 1o ensuyrg]

ihey were totally dry and clean.

4.5.2 Contamination Process

Tne contamination process was initiated by presetting and pre-measured the

suitable amount of water sprayed from the nozzle unit. It was folind that the suitable flow]

rate was 1.18 ml/second.

Three types of salt water suspension concantration were used to achieve different
lavels of ESDD. Both NaCl and tap water were used to develop the suspension)

concentration which were denoted as kilo grams of NaCl per meter cubic of tap water, i.0.§

10 kg/m®, 30 kg/m®  and 60 kg/m’.

S la .
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Figure 4.10 Pictorial view of the polymeric insulator.

While for the non-soluble-particle (NSP) typically of silica sand was used. To obtain
the correlation between the amoumt of sand and duration of tests running five
measurements were conducted. Table 4.5 shows the result of experimental tasting.

Table 4.5: The correlation between amounts of particle with the running duration

Duration Amouit of Particle X
No { seconds ) { grams ) { grams/ second)
1 ag 194 2.16
2 87 190 2.18
S EE 190 2.16 T
4 187 a5 2.2
5 193 - 89 217

Finally the average value 2.174 grams/second was obtained from the five
measurements.




The task of contamination process was initiated by activating the solenoid switch &
the compressor unit. Moist free air from the compressor, with around 80.0 psi was blowiri
via the nozzle. The non soluble particle container was attached to the nozzle unit to;
Aftarwards the salt solution water pump was turn on. In the mean time the test samp
was hung in the chamber approximately 80.0 cm away from the nozzle-unit. The nozzj
action on those non-soluble-particles caused these particles to be air-borned and setileg
down the test sample surfaces. They were no longer as they were but contaminated wil:
salt solution. The adhesion of contaminant particle to the surfaces of the test samplj
increased as more moisture was absorbed to the surface of the NSP. By extending the
contamination exposure time it was possible to poliute the insulator without wetting th.
surfaces. Figure 4.11 shows ihe pictorial view of operational principle of contaminatiaf

nozzles.

Figure 4.11 Pictorial view of operational principle of nozzles.

b 4.5.3 Experimental Resuits

This section is dedicated to produce certain empirical model to predict the other
values of ESDD based on ESDD measurement results. An empirical model is addressed

by using the Multiple-Regression Method. Figure 4.12 shows pictorial views of the

contaminated polymeric insulator. The experimental resulis are presented in Table 4.6 and

- the analysis of ESDD level that depends on duration of spray and solution concentration is

given in Figure 4.13,

Figure 4.12 Pictorial view of the contaminated polymeric insulator
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Tabie 4.6: Level of ESDD depends on spray duralicn and concentrations 4.54 Developing the Muktiple-Regression Model
ESDD } Duration | Concenirations | _ Muitiple-regression analysis was used primarily for the purpose of prediction of
(mg/sz) (seconds) (%) colg certain variable. The goal of multiple-regression analysis is for the development of a
; 0.047 30 1 N sl statistical model that can be used to pradict the values of a dependent or response
: 5097 60 : 3 N vag variable from the values of several explanatory or independent variable. The multiple
| 0.0989 S 70 3 linf linear regression model with k explanatary variable is expressed as follows.
0.0919 45 3 _
07065 130 3 b Yi:ﬁ,\+[)’,X,_‘+,B3X:,+ﬁJXM+...+[J“X_.”+£: 4.14)
0141 30 6 )
035 60 6 W Where.
0.186 42 6 M = Y-intercept
343 125 6 % : £ = slope of ¥ with variable X, when vanable X X. .. .. X, are held constant
‘ f = slope of ¥ with variable X> when variable X1 Xs. .. .. X¢ are held constant
M = slope of Ywith variable X; when variabie X1 X2 Xy, ..., Xy are held constant
|
045 - 1 . ) . |
: : Bx = slope of ¥ with variable X, when variable X2, Xs, ... Xi.; are held constant
04 4 \
035 - i & = random error in Y for observation i 1
-~ 03 :
g, 625 , Therefore for data with wo explanatory variables, the multiple linear regression H
g 07~ MCE models are expressed as follows. ‘
@ 015
0.1l i{ {
005 i //’ . IR S 1 Y = )80 + /9|X|. + ﬁzXzi +£; (4' 1 5) .
ST f
0 L’-/l._tw.-h__._, L 7,2 Concentration (25) i
2 o ~N o e SN . 278
i B L R il where
, - J ‘l
K Time (seconds) . ]
i B = Y-intercept |
] i
- : B = slope of ¥ with variable X; when variable X; is held constant 1
i Figure 4.13 Analysis of ESDD leve! distribution ' /= = slope of ¥ with variable X, when variable X, is held constant 'i'

random error in ¥ for observation ¢ “ '

n
il
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A o = I 90
ents the change in the mean of ¥ per unit change in x,, takif
The slope /i repres 9 - . - I e N T B D E % L6
into account the effect of Xa. It is referred to as a net regression coefficient. Later on {3 . Resression Analysis
. L i it R Regression Stalsics
sample regression coefiicient (k. &, and b) are used as estimates of the Populat(d ~{ TR 0 671668071
N " . A ] "5 'R Sauare . B750805138
the regression eguation for a multiple lind) B Adusled R square 0.578740155
parameters (%, /i, and /). Therefore 9 q P 3 7., Standard Errar 0.065359544
. . 5 _B Observations g
regression mode! with two explanatory variables can be expressed as follows. B | o
10 ANOvA
i & 55 Fo] 7 Sianfcance £
12 .Regression 2 0.08357B88% 004170045 94893597 A 013857500
~ i .13 iResidual 6 0026421535 0.0044D359
Y =b+b X, +b,X, (4.1 14 Total & 0130000415 :
] £hE S -
16 Coeflicients Standard Ezror 1 Stat Pvale Lowar95%  Upper95%
'Eji_'l_;Fntartept -0.111926076 0.0B6569284 -1.68134714 014369115 -0.274815368  0.05096321
[ 18 jTimes ) 40001536049 0000665772 2.30852243 0.06033097 . -9.21369E-05 0.00315603
19 'Concentration fU.D421927|B 0012435935 3.39305{78 G.01462052  0.011785264 0.07262018
- an” 7 & - -
4.5.5 Bullding Empirical Models

To build the empirical model the data from Table 4.6 is expressed to _;
tical tion using matrix notatiun Figure 4.14 Regression analysis acquired from Microsoft Excel
mathematical operati . ]

Y=Xp+e

. 456 Residual Analysis for the Empirical Model
The least square estimate of f is S .

1 (4; A residual is the difference beiween the observation Y, and the fiﬁingf}. The
f=(X'X)" X'y 3
g § residual analysis is ulilized 1o evalyats whether the empirical mode! is appropriated for the

\ ] . e .
| By using the least square method, the values of the three sample regres i f set of data. Table 4.7 presents the observal:or?,fitted values, and residuals for the model.
| coefficients are obtained with PHStat add-in for Microsoft Excel. Figure 4.14 presentsi

partial output for the ESDD data from Microsoft Excel. !

The residual plots ara presented in Figure 4.15 there appears to be very little oy no
pattern in the relationship between the residuais and either, the value of X, {times) or Xx:

From it btained that the computed values of the regression coefficients ar {concentrations). Then can be concluded that the multiple linear regressivn is appropriate *
rom it we o ;

i for predicting the percentage of ESDD.
1 follows: 2 ‘
' by = -0.1112
5 b = 0.0015
i
' by = 0.0422

] Therefore, the multiple-regression equation can be expressed as

¥ =—0.1112+0.0015X,, +0.0422X,,




Tabie 4.7: Experimental, Fitted Value, and Residuals for ESDD data

Observation v P .y _?'
Number
1 0.047 -0.024 0.071
2 0.097 0.107 -0.01
3 0.0989 0122 -0.023
4 0.0919 0.084 0.008
5 0.1065 0.199 10.092}
6 0.141 0.187 -0.046
7 0.25 0.233 0.017
8 0.186 0.206 -0.02
9 0.43 0.333 0.097
0.15
*
01 T .
005 +
Lg? o } :.‘ : " — } } ]
% 0.05 B 20 ¢ 40 80 a0 100 120
0. ?
B 041 +
-0.15
Time

(@)

Tige {92

w 005
s
2 0
g
: & 005
i 0.1
i -0.15

»
\’
[
|
g
i

ESDD is 0.493202 mg/em?.

Concentrations

(b}

Figure 4.15 Residual plots for the ESDD model
(a) Residuals versus Time, {b) Residuals versus Concentrations

Finally based on the empirical model the desire ESDD can be predicted according

to the time frame and the concentration level. Table 4.8 illustrates the prediction of ESDD

according to the time frame and the concentration level. Figure 4.16 shows the graph.

For example with 9% concentration level and 100 seconds time frame the prediction of
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Table 4.8: Prediction of ESDD level according te time frames and concentrations 94
Time Concentrations - 0505 |
3 4 5 B 7 8 ¢ 10 1 12 _ 0.7-08 |
10 -0.0260.0310.089 0.146 0.203 0.260 0.318 £.375 0.432 0.489 ig vees |‘
20 -0.006 0.0510.108 0.165 0.223 0.280 0.337 0.394 0.452 0.509 2 £ ij: l;i
30 0.013 0.0700.128 0.185 0.242 0.299 0.357 0.414 0.471 0,528 : E ‘0304 i
40 0.033 0.0900.147 0.204 0.262 0.319 0.376 0.433 0.491 0.548 0203 ii‘
; 50 0.052 0.1090.167 0.224 0.281 0.338 0.396 0.453 0.510 0.567 _ so102 ‘;\
] €110 30 sor T 5..7" H-Gc;j;lo d

70
20 3>

60 0.072 0.1290.186 0.243 0.301 0.358 0.415 0.472 0.530 0.567 -
i 70 0.091 0.1480.206 0.263 0.320 0.377 0.435 0.492 0.549 0.606 PO s e g,
80 0.111 0.1680.225 0.282 0.340 0,397 0.454 0.511 0.569 0.626 ) e eeconds) |
! 90 0.130 0.1880.245 0.302 0 359 0.416 0.474 0.531 0.588 0.645 il
} 100 0.150 0.2070.264 0,321 0.379 0.436 0.493 0.550 0.608 0.665 : Figure 4.16  Visualization of ESDD level obtairied from Table 4.8 ‘
g 110 0.169 0.2270.284 0.341 0.398 0.455 0.513 0.570 0.627 0.684 '
| 120 0.189 0.2460.303 0.361 0.418 0.475 0.532 0.589 0.647 0.704 : |
= 130 0.208 0.2660.323 0.380 0.437 0.494 0.552 0.609 0.666 0.723 i I
140 0.228 0.2850.342 0.400 0.457 0.514 0.571 0.628 0,686 0.743 |
150 0.247 0.3050.362 0.419 0.476 0,534 0.591 0.648 0.705 0.762 |
{60 0.267 0.3240.3810.439 0,496 0.553 0.610 0.667 0.725 0.782 3 :
470 0.286 0.3440.401 0.458 0.515 0.573 0.630 0.687 0.744 0.801 l |
180 0.306 0.3630.420 0.478 0.535 0.592 0.64S 0.707 0.764 0.821 | K
190 0.325 0.3830.440 0.497 0.554 0.612 0.669 0.726 0.783 0.840
200 0.345 0.4020.459 0.517 0.574 0.631 0.688 0.746 0.803 0.860

Concentration (%)
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CHAPTER 5 §4
SUMMARIES OF CURRENT WORK §

The following summaries can be drawn from the present work:

A mobile artinicial contamination chamber has been designed and labricated. The mobile
artificial contamination chamber is provided with IEC standard nozzles for ceramic insulator

with extended nozzles that could be used for the polymeric insulator contaminatiorn testing.

Leakage current measurement and flashover simulation are achievable with the used off !

the prototype that was designed and fabricated in-house.

instrumentation, video recording, data acquisition and GUI were also developed.

in line with thal. a technigue lo segregate aged insulators was introduced that took
accouni of the electrical defects. The segregation was made based on the ac and dc leakage

current values, and tangent & factor. This technique is etfective for determining relativef

quality of aged giass insulators and the corona inception measurement provide moref

satisfactory result. However, improvements can still be considered.

Recycling of aged and used insulator is not heard of in the world of affluence andfi

wasteful. But if the technique developed here as a result of contamination research. any typa
of string or post insulators which are no longer used in service can be recycled and used
again for new or upgrade lines for instance in the distribution line. Also any insulator that isfg
manufacturee locally can now be locally tested especially the contamination test of insulaton

as proposed in the IEC standard.

"

Not limited 1o. electronicf !

The present arlificial contamination chamber which was developed by the Institul
Voltan dan Arus Tinggi (IVAT) insulation performance research group was a medium-scale
chamber which could be used for an insulator with BIL and BSL of not more than 300 kV. For

} . higher BIL and BSL insulator lesting a large-scale chamber of larger dimensions will be

required.
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" Traditional glass and porcélain cap-and-pin transmission line i‘nsulator;:
are slowly being replaced by new insulating materials which have better

electrical and mechanical properties such as silicon rubber and polymeric. N

The non-ceramic materials are currently gaining popularity in transmission
line applications. For any new type of insulator to be used on transmission
line, it has to be tested so that it complies with the requirements of

International Electrotechnical Commission Standard on insulators. This

book provides comprehensive information concerning the design and,
development of Artificial Contamination Chamber which encompasses the,

aspects of electronic instrumentation, video recording, artificial |

contamination generation system, high voltage source data acquisition
system and virtual instrument development. The chamber has all the basic

features to conduct type-tests on insulators of ceramic and non-ceramic
P -

types. <
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