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ABSTRAK: Penebat polimer semakin diterima ofeh utiliti elektrik di _éeluruh dunia.
Perkembangan yang hebat dalarn penggunaan penebat berpolimer adalah disebabkan oleh

kebaikannya yang banyak jika dibandingkan dengan penebat-penebat porselain dan kaca. -

Kertas kerja ini menjelaskan kelakuan jejakan permukaan elekirik dan hakisan daripads
bahan formulasi baru termoplastik elastomer (TPE) dengan aras kandungan alumina
trihydrate (ATH) yang berlainan. Getah asli yang dicampurkan dengan poliethylena
berketumpatan rendah linar pada nisbah berat yang berlainan telah digunakan sebagai

polimer asas daripada bahan TPE. Satu ujian jejakan elektrik dan hakisan mengikut IEC

587 atau ASTM D2303 telah difakukan unt‘uﬁ_% mengkaji ciri-ciri arus-bocor ke atas permukaan
bahan di bawah keadaan pencemaran basah dan tegasan elekirik. Analisa morfologi telah

. dilaksanakan untuk menghubungkan sifal-sifat jejakan permukaan dengan morfologi

permukaan sebelum dan selepas ujian jefakan. Ciri-ciri tertentu discas elektrik menyumbang
kepada fenomena jejakan. Keputusan eksperimen menunjukkan campuran vang
mengandurigi berfainan aras ATH mempengaruhi dengan ketara sifat-sifat jejakan permukaan
dan hakisan. Kandungan daripada 50 pph ATH tefah didapati memperbafk; nntangan jejakan
permukaan dan hakisan sebatian.

ABSTRACT: Polymeric insulators are increasingly ‘being accepted by electric utilities -

worldwide. The tremendous growth in the application of polymeric insulators is due to their
substantial advantages compared to porcelain and glass insulators. This paper describes
the electrical surface tracking and erosion behaviour of newly formulated thermoplastic
elastomer (TPE) materials with different levels of alumina trihydrate (ATH) content. Natural

rubbers blended with linear low-density _polyethylene {LLDPE) at different weight ratics were
used as base polymer of the TPE materials. An electrical tracking and erosion test according -

to IEC 587 or ASTM D2303 was conducted to study the characteristics of leakage current
on the material surface under wet-coniaminated and electrical stress conditions.’

Morphological analysis was carried out to relate the surface tracking properties with the -

surface morphology before and after the tracking test. Certain characteristics of the electrical
discharge contributed to the tracking phenomenon. Experimental results showed the blends
filled with different levels of ATH significantly influenced the surface tracking and erosion

properties. ATH content of 50 pph was found to Improve the surface tracking and erosion

resistance of the compounds.

KEYWORDS: Tracking, leakage current, palymer, insulator, surface morphology.
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INTRODUCTION

'Cbmpbsite polymeric insulators (Pls) are increasingly being accepted by electric utilities
worldwide. During the past five decades, Pls are widely used in place of traditional porcelain
and glass for high voltage insulating applications in electrical power systems (Kikuchi et.al.,
1999). The tremendous growth in the applications of Pls is due to their advantages such as
lightweight, higher mechanical strength to'weigm_raﬁo. low surface energy, resistance to
vandalism and better performance in the presence of wet contaminated conditions (Mackevich,
1997). Polymeric outdoor insulators such as silicone rubber (SR), ethylene propylene rubber

(EPR) and ethylene vinyl acetate (EVA) filled with sii'ica and alumina trihydraie (ATH) fillers
are currently used in high voltage engineering (Hackam 1899). The use of such fillers has
been proven to improve the surface tracking and erosion properties of most Pls in high voltage
apphcaﬂons (Sundhar er al, 1892; Mackevrch and Simmons, 1997)

Despne the fact that the ex1stmg polymeric materials have been proven fo be viable, research

and development for new formulation of thermoplastic elastomer (TPE) material is still being

conducted in orderto make them more competitive, No single base pofymer alone has all the _
necessary properties for high voltage insulating material. Dunng service, insulation materials

- are subjected to environmental and electrical stresses, which lead to their degradation.”
Appropriate formulations of selected polymer matena]s oﬁer alternatives for high voltage

applications in the future

Envlrcnmentai and electrical aging stresses on Pls in service cause their performance to
deteriorate. Itis well known that electrical tracking-has been the most common cause of insulation
failure. Tracking is developed from the electrical surface discharge activity due to the flow of
leakage current (LC) on the energised insulator surface under wet-contaminated conditions.’

- Arcs created from this surface discharge phenomenon burn the insulator material and create -

the carbonised track. In order to minimise the degradation process by the surface-tracking
phenomenon, suitable fillers are added to the base polymer material. In high voltage polymeric
materials, the ATH fillers impart high electrical tracking and fire retardance as well as reinforced
the physical strength (Hackam, 1998). Previous works have shown that compounds filled with
optimum amount of fillers could enhance the resistance to tracking (Kim et.al, 1992: Xuguang,
2000), improve mechanical performance (Besztercey et.al, 1998) and reduce flammab:l:’fy as

well (Yeh et.al, 1895). ATH plays an important role in improving surface tracking and erosion
resistance. it reduces the polymer content, which then decreases thermal decomposition products
caused by endothermic dehydration (Kumagal and Yoshimura, 2001). '

This paper reports the influence of ATH fillers on the tracking performance of newly formulated
TPE materials. The sffects of accelerated aging from environmental and electrical stresses
are studied by measuring the LC on the material surface. A surface tracking and erosion test
based on IEC 587 or ASTM D2303 test procedures is conducted to evaluate resistance to
tracking and erosion of electrical insulating materials used under severe ambient conditions.
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EXPERIMENTAL SET-UP AND TEST PROCEDURES
Materials Preparation

Three different weight ratios of base polymer with different loadings of ATH were used
throughout this study. The LLDPE injection moulding grade with specific melt flow index of 50
/10 min, manufactured by Titan (M) Sdn Bhd and natural rubber (NR) of SMR-CV grade,
obtained from Rubber Research Institute of Malaysia (RRIM) were used as base polymer.
Powder grade ATH filler produced by BDH Lid was used. This filler was mixed with the base
polymer to improve electrical surface tracking and erosion resistance. Table 1 shows the
formulation of the compounds for the tracking test.

The NR and LLDPE with ATH were blended in a Brabander Plasti-Corder at 160°C for 13
minutes at a rotor speed of 40 rpm. Samples of the blends were then compression-meulded
into slab shapes of dimension 120 x 50 x 6 mm in an electrically heated hydraulic press at
160°C. The total moulding time was 15 minutes at a pressure of 100120 kg/cm?2

Table 1. Material composition of polymeric insulators

Sample ~ Base Polymer Ratio (%) © ATH
: - : (pph of base polymer)
NR LLDPE :
R4PE1AD _ 2 7 0
R4PE1ASQ ’ B 5 o 50
R4PE1A100 80 20 100
R4PE1A150 _ ‘ 150
R3PE2AQ oy . 0
" R3PE2ASQ _ 7 50
R3FEZA100 60 40 .. 100
R3PEZA150 S 150
R2PE3AD . b u 0
R2PE3AS50 . ' ; S 50
R2PE3A100 40 - . €0 1 100
R2PE3A150 - 5 . 150

Hardwear Set-up and Procedures

The system for evaluating the surface tracking and erosion resistance of solid poiymér insulating
material is shown in Figure 1. The test is based on IEC 587 or ASTM D2303 standard methods
and popularly known as Inclined-Plane Tracking (IPT) test. :
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Figure 1. Experimental set-Up for surface tracking fest

A 1.0 KVA, 0-20 kV high voltage transformer was used to supply a high voltage stress across
the sample. The sample was wet-contaminated by a continuous flow of the contaminant solution
at the top of the sample through a PVC tube. A 0.1% by mass of ammonium chloride solution
with a non-ienic wetting agentwas usedas a contaminant electrolyte. The flow of the electrolyte
wag conirolled at the required value by using a perlsiait:c pump. The sample was mounted
with the flat test surface on the underside, at an angle of 452 from the horizontal with the
stainless steel electrodes 50 mm apart. Eight layers of filter paper were clamped between the
high voltage electrode and the sample in order to get the proper flow of the contammam
electrolyte. The details of the test are described in th/e standard procedures (IEC 587, 1884:
ASTM D2303, 1990). Basically the test is successfull[y conducted when the effective scintillation
is observed, which means the exisience of small yellow to white arcs just above the teeth of
the ground electrode.

The test was conducted for 5 hours under contaminated and wet conditions. A 2.5 kV test
voltage with electrolyte flow-rate of 0.15 mi/min was used throughout the experiment. The
resistivity of the contaminant solution was maintained between 370 - 400 Q-cm. The test set-
up was placed inside a Faraday cage to avoid any outside noise or disturbance that could -
affect the test measurement. All the high voltage equipment and the cage were properly
grounded for safety purpose. Surface tracking was monitored by measuring the surface LC
that flows on the material surface. An on-line LC monitoring system is developed to monitor
the progress of the test. For data analysis, & LabVIEW progr’arﬁr’n‘e was written fo communicate
with the analog to digital converter (ADC) to sort out the LC signal and display it on the
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computer screen. In order to capture a full screen of the LC waveform patterns, the sampling
rate of data acquisition was set to 2440 samples per second. . -

Morphological Study

The surface morphology of the compound was investigated by using a scanning electron
microscope (SEM) of model JEOL JSM-5610. Before scanning, the samples were sputter-
coated with platinum to minimise charging effect. A 20 mA sputtering current and 70 seconds
coating time was used to obtain a 6 nm film thickness of deposited platinum. The electron gun
of the SEM was energised at 10 kV in order to avoid possible damage to the material surface
it a higher voltage is used. The m;crogreph of the compound surface was recorded at 200 -

magnifications for clearer observation.

RESULTS AND DISCUSSION

The surface tracking and erosicn propemes of The msufat]ng rnatenal are very muoh refated-to
the development of LC. The levels and the characteristics of the LC s:gnmcantly influence the
carbon tracks development from the electrical discharge activity. For this reason, the observation
on LC was taken into consideration when analysing the surface traokmg and erosion proper‘ues .
The LC properties could provide useful information that determine the penormenoe of pofymer

1nsulaung materials.
Eﬂect of ATH on LC development

Figure 2 shows the box-plot of LC data for each 'con‘tposiiion, which was recorded every
minute until the end of the experiment. The rms value of LC within the box-plot shows that the
data lies between the first and third quartile of a set of data collected. For all blend formulations,
a range of 2-6 mA of LC was observed throughout the experiment. The same results are also
tound in the case of silicone rubber, polyethy]ene vinyl acetate and _polyolefin (Chang and
Mazeika, 2000: Gorur et.al, 1997). The low-level of measured LC indicates that the compounds
of NR/LLDPE have a mechanism to suppress the LC oeve!opment Itis likely the blends have
acquired good hydrophobicity due to the lower LC flow,

Figure 2 shows that at 50 pph ATH loading for each compound, the surface tracking and
erosion properties improved in relation to the lowest LC value but started to decrease in the
tracking resistance at higher levels of ATH. Concentrations lower or greater than 50 pph ATH
will both decrease the surface tracking and erosion capability. Another study-on EPDM
compound has also shown that with the presence of 40- 80 pph ATH, the erosion of the surface
sample is minimised (Costa et.al, 1891). Xuguang et.al. (2000) has reported that the oapablhty
of tracking and erosion resistance of high temperature vulcanized silicone rubber is optimised
with approximately 50 pph ATH filler content.
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Figure 2. leakage current magnitude of blends at different concentrations of A TH
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The ATH filler plays an important role in improving surface tracking by allowing an endothermic
reaction that results in the release of water vapour when heated by a discharge arc. The
released water vapourthen cools the surface, thus [|mmng the thermal degradation and prevents
the formation of a contrnuous carbon track (Kumagai et.al., 1898; Kumagar & Yoahlmura
2001). At very high levels of ATH, the fillers are difficuit to biend and produce a "uniform
dispersion. This results ina rougher surface, which leads to an morease in the surfac:e LC.

- Meanwhile with sma]l amount of ATH {< 50 pph), the filler does not glve sufficient proteo‘oon_

: agamst damage dunng surface discharge and trackmg actw]ty

Morphoiogic.‘ai Analysia '

To study the blends compatibility under different levels of ATH contents as well as the effectof

the surface tracking phenomena on surface degradation, the surface micrographs of 60% NR
and 40% LLDPE compounds are selected for discussion. Figure 3(a) and Figure 4(a) exhibit
the aurface morphoIogy for the virgin compounds without . and filled with low level of ATH
' respectwely, while Figure B(a) shows the surface morphology of the compound wﬂh high
content of ATH loading. The effects of electrical surface trackmg on surface degradaﬂon are
shown in Flgure B(b) Figure 4(b) Figure 5(b) and F|gure G(b) ’ : :

. The mspeo‘hon of the m!crographs of virgin compounds wﬁh né ATH (F:gure 3(a) and the

. compound with 1ower content of ATH (Figure 4(a)) reveals thatthe NR and LLDPE componems
are oompat1ble and weii mixed. The existence of tiny holes in, the compound of Figure 4(a) is
due to the air traps formed dunng the moulding process The oompatlb:hty of NF{ILLDPE can
be improved if suitable addmves such as liquid natural rubber (Dahlan et.al, 2000) and
crosslinking agent of dicumy! peroxide (Tanratianakul & Udomkrohdeoha 2001} are used. ltis
also observed that for compounds filled with low and moderate amount of ATH as shown in
Figure 4{a) and Figure 5(a), the basic components in the compound are homogeneously

- dispersed and only small agglomerates of the fillers occur. This shows that the interaction

between fillers and ‘rhe polymer matrix is strong as well as posaessmg good adheeron property. .

However for compounds w1th hrgher content of ATH fa!lers (Flgure S( 1), the matenai surface
was rougher due fo dlfflcufty in dispersing it uniformly in the compound where the particles of
ATH filler appeared on the surtace. The ATH filler used in this oompound seemed tobe irregular
in size. Some particles diameter reached up to 100 um and these bigger size particles could
have deoreased the surface trackrng and erosion resistance and contributed to-a less smooth
surface. Previous works have shown that the size of ATH pamcles play an important role on
surface tracking properties. It is found that the ATH particles sizes of 4.5-13 um offered the
best electrical tracking propertles and resisted failure over.the Iongest period-of time (Deng
et.al., 1985).
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a) Before test ! _ b}- After test

" Figure 3. ;S‘EM micrograph of compound R3PEZ with ATH of b‘_ peh.

a) Before fest * e T ) Affer test _

. Figure 4. _.5__‘5/!4 micrograph of compound H3FEZ with ATH of 50 ﬁp/?

a) Before test b) After test
Figure 5. SEM micrograph of compound RSFPEZ with ATH of 100 ppih
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'a}'"Béfor‘e test _ - L : b) Aﬁé}.{és.t -
Figure 6. SEM micrograpls of compound R3PEL with ATH of 150 pph

When the compounds are subjected to high voltage stress, the surface structure is damaged
due to dry-band arcing. The SEM mlcrographs of F]QLJI‘B 3(b), Figure 4(b), Figure 5(b) and
Figure 6(b) show that the material surface is porous and some cracks appeaf The degree: of
surface damage depends on the levei of LC as well as the charactenshcs of electrical discharge.
By comparing the different groups of base po]ymerwelght ratlo itis observed that the compound
with 40% NR and 60% LLDPE (R2PE3) showed the lowest range of LC flow. Physical inspection
on the material surface also showed less damage on sample R2PE3 compared 1o the other
formulations (R4PE1 and F!BPEQ} “The compounds with higher LLDPE to NR content ratio
(40% NR/ 0% LLDPE) exhibit minor cracking, whereas compounds with less LLDPE to NR
content ratio (80% NR/ 20% LLDPE and 60% NR/40% LLDPE) exper:enced major cracklng
as shown by their surface morphology in Flgure 7.

a) R4PE1AS50 ' b) R3PE2AS0 © . ©) R2PE3AS0

Figure 7. Surface mox;o/?o/ogy arter frac?:‘r;_ﬁhg test for dflf’f’eranf compouﬁd formu/aﬁbﬁs

During the electrical discharge activity, the 1emperatu:re of a thermal spot was found to be
more than 200°C (Kumagai & Yoshimura, 2001). This high temperature is sufficient to melt or
dissolve the base polymer especially on the-NR companent, which is known to have a lower
melting temperature. lt is believed that most of the thermal decomposition products are derived
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from the degradation of NR component rather than LLDF’E component This shows that the -
use of higher content LLDPE of fire-retardant grade, mcorporated with the optimised content
of ATH filler could |mpr0ve the sun‘ace trackmg and erosion propemee of the blende

Chera_eierisfie's_df LC _Wa\é:efd'i'm' Patterpe

When the ineulatlng mater:a] is wet a resistive LC flows WhICh is aenera[iy many orders of
magn:tude h:gher than the cepacmve currentofa dry insu!amr The LC results in non-uniform.
heating of the contaminated Iayer that eventually causes dry -bandto be formed atthe narrow
sections where the LC density is highest. The voltage across the msuiator appears across the
high resistivity dry-band and can result in a breakdown of the air above the dry- -band. The

electrical discharges will cause the hrgh thermal spots to be deveidped at the-arc root thus

leading to gradual erosion of the insulator surface. These repeated dlscharges burnthe insulator
surface to create carbonised regions, referred to as “surface tracking”.

Likewise the LC level, the electrical discharge characteristics also affect the degradation of
‘the sample. These discharge characteristics can be identified from the inspection of the LC
waveform pattern. Analysis of LC through observation of different waveshapes and frequency
spectrum characteristic could indicate the condition of the insulator surface during the test.

Fernando & Gubanskl (‘I 999) and Suda (EOO‘[) have classified the transition of LC waveforms - *-

into different. stages when describing the d:scharge ‘characteristics. They also. d:scussed the
_possible causes of this LC behavaour and its relation to surface hydrophobicity..

© During the test, the different stages of the LC behawour are 1dennﬂed based on the waveform
paiterns, as illustrated in Figure 8, Figure 9 and F:gure 10. When a weak dry-band activity or
- the partial lost of hydrdphobu:lty oceur, the LC waveform has a distortion at the crests of the
- wavetorm, Srnal} splkes cbserved at the peak of the wavetorm are due tothe corona effect as
deplcted in Flgure 8(a). The frequency spectrum ‘of the waveform in Frgure B(b) lndtcates--
_ shght increase in the harmomc componente with a total harmonlc dlstomon (THD) 0f'8.04%. _
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Figure 8. LC waveform and frequency spectrum during weak dry-band fo'rme'ﬁpn
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The waveform pattern in Figure Q{a) indicates the existence of several random shortdischarges.
These discharges are less energetic and move rapidly from one location.to another location
without causing any degradation. The non-symmetrical pattern shows all harmonic components
as revealed in Figure 9(b) with a recorded THD of 109.48%. In the presence of intermittent,
strong as well as continuous local arc, the recorded LC waveform is shown in Figure 10(a)
with a THD of 57.5%. The stable and continudus discharge results in the waveform pattern'

thatis symmetnc and contams odd harmonlc components as deplcted in F:gure 10({b}- Durlng o 0

this phenomenon it was observed that the electrical dischargé stay rooted in a particular spot -

; much Tonger and initiated degradation of the insulating sample. This locahsed and pers1stent

. dlscharge activity can raise the 1ernperature to cause degradatlon

' CONCLUSION

The electrical tracking and erosion properties of natural rubber-finear low density 'poli;ethy[ene )
blends filled with different levels of ATH were investigated by analysing leakage current under
the inclined-plane tracking test method. Experimental results showed that surface tracking
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depends on the presence of ATH filler and blend formulations. Based on the compositions -
investigated, it is found that 50 pph of ATH offers the optimum surface tracking and erosion
resistance. The role of ATH in the leakage current suppression mechanism was discussed in
relation to the endothermic reaction. Surface morphology of the compbunds shows that the
degree of surface damage isrelated to the level of leakage current as well as the characteristics
of the electrical discharges. The electrical discharge activity also contributed to the variation
of the electrical tracking and erosion properties of the blends and this observation can be
identified from the LC wavetorm pattern. ' '
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