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Ultra Violet radiation (UV) is the major factor that has serious effects on degradation of
electrical insulators. Radiation sources of UV are mainly Sun’s rays, corona partial
discharge formation and dry band arc discharge on the surface of the insulation that
cause tracking and erosion phenomena. The effect of Ultra violet emission on the
insulator surface flashover in presence of contamination has been presented. As UV
sources, a special setup to simulate the UV rays of corona and dry band arcing and a
Xenon-arc-lamps light to simulate the sunlight have been used. Artificial weathering has
been made under controlled temperature and humidity. A light source less than 400 nm
wavelength, producing more than 90% of the daylight spectrum has been used. Results
show that the flashover voltages and the hydrophobicity of aged insulators decrease as
the UV exposure time increases for different levels of moisture and pollution. The other
characteristic that is important for monitoring the condition of insulators is the Leakage
Current (LC). The harmonic of the LC for three distinct cases has been evaluated. The
cases are: without arc (nominal voltage), the second is in presence of dry band arcing and
corona discharge and the third is continuous arc.

INTRODUCTION

Insulators are very important items in transmission and distribution of electric power
from generations to consumers [1, 2]. Insulation selection is determined by a number of
factors such as stability and long life, dielectric properties, resistance to high temperature,
resistance to moisture, mechanical strength and flexibility [3]. In the moisture, the pollution
layers create low impedance paths on the insulator surface that increase the LC amplitude [4].

Dry and wet tests on polluted insulators are conducted according to standard techniques
and requirements [5]. At the beginning of their service life polymeric insulators are usually
resistant to dangerous external effects, such as UV radiation, vibration, surface contamination,
etc [6]. However after a certain time, the due to the environmental factors, surface of the
insulator tends to loose its hydrophobicity and hence external contaminants start gradually to
be accumulated over the surface, which lead to dry band arcing and finally to surface
tracking. Furthermore, outdoor service experience and many research investigations indicate
that polymeric insulators lose their hydrophobic properties when exposed to UV radiation [7].

UV aged samples have less thermal stability that is a result of decomposition of cyclic
silicone oligomers and also lower bond energy (Si-C) [8]. Over 200 °C all samples
decompose at two stages. The first is due to the conversion of ATH to Al2O3. During this
reaction, water is released [9]. It has also been found that evaporation of low LMW species
can be started at this stage [8]. The second weight loss belongs to the degradation of silicone
rubber in forms of LMW, cross-linked silicone elastomer, and silica [9].

Journal of Nuclear and Radiation Physics, Vol. 14 (2019) 11-20



Certain defects on the surface of insulator can weaken the resilience of insulators
against combination of the pollution layers and moisture [10]. Such defects may have been
caused by environmental factors such as sunlight and pollution deposited on the surface by
rain or wind. Low impedance paths on the insulator surface initially result in dry band arcing
and corona discharges and in extreme cases eventually lead to flashovers, which are
considered as insulator failures [11].

In this paper, the effect of UV radiation on electrical insulators under polluted, clean
fog and wet test conditions has been presented for three types of 33kV suspension insulators
widely used in overhead transmission lines, substations and distribution lines. A light source
with 100-400 nm wavelengths has been used. Monitoring of r.m.s leakage currents and the
associated harmonics on the surface of the insulators has been provided.

UV RADIATION

The energy absorbed by the insulators due to UV radiation can cause chalking and
cracking of the surface. The main source of producing ultraviolet radiation is the sun. The sun
is sending us radiation over a wide range of wavelengths at varying intensities. The normal
measurement of the wavelength of solar and atmospheric radiation is the nanometer (1nm
=1x10-9 m).

The UV radiation represents a small portion of the solar spectrum as shown in Figure 1,
with very short wavelength range as shown in Table 1. Ultraviolet light consists of radiation
with a wavelength shorter than 400 nm. UV is normally sub-divided into UV-A, UV-B and
UV-C radiation. A very small percentage of the total solar radiation falling on the earth is
ultraviolet. Shorter wavelengths (higher frequency) have higher energy, thus increasing the
effect on biological and chemical systems.

Figure 1. Sunlight spectrum (Solar spectrum)

Table 1. Wavelengths of solar and atmospheric radiation
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Among all types of ultraviolet radiation, UV-C has the highest energy because its
wavelength is less than 290 nm. Therefore, UVC is definitely harmful for health and even for
other objects on the earth including electrical insulators.

SIMULATION OF SOLAR IRRADIATION

Solar Simulators

Solar simulator is light sources that are especially developed and used to simulate solar
radiation and therefore are called solar simulators. They produce a uniform collimated
(parallel) output beam with a close spectral match to sun light. There are several types with
different spectra and irradiance output, depending on the beam size and filters used. It uses
xenon arc lamps as radiation source because they provide the closest spectral match to solar
spectrum available from any commercial source.

Xenon Arc Lamp Solar Simulators

Xenon Arc Lamp Solar Simulators provide the closest spectral match to solar spectra
available from any artificial source. That is to enable testing under conditions closest to the
spectral distribution of sunlight by utilizing a xenon lamp and filter system. A solar
simulator (also artificial sun) is a device that provides illumination approximating
natural sunlight. The purpose of the solar simulator is to provide a controllable indoor test
facility under laboratory conditions, used for the testing of solar cells, sun screen, plastics,
and other materials and devices. The Xenon arc lamp emission spectrum is shown in Figure 2.

Figure 2. Xenon arc lamp emission spectrum

Xenon Arc Lamp

Xenon Short Arc Lamps are high intensity, point light sources that radiates natural
sunlight spectrum in the wide range of wavelengths (spectral continuum) from Ultra Violet to
Infrared. The special proprietary designed cathode electrodes are used to realize high stability
and long life. The Xenon short arc lamp is shown in Figure 3.
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Figure 3. Xenon Short Arc Lamps

LABORATORY SIMULATIONS

Sunlight is an important cause of damage to materials exposed outdoors. The shorter
the wavelength of sunlight, the greater is the damage. The shortest wavelengths in sunlight
are the ultraviolet. Although ultraviolet light makes up only about 5% of the total solar energy
that falls on the earth’s surface, it causes almost all of the damage to durable materials
exposed outdoors. For durable materials, like most coatings and plastics, short-wave UV is
the primary cause of polymer degradation.

Glass acts like a filter on sunlight. It is essentially transparent to visible light, but filters
out much of the ultraviolet. Automotive glass is a more efficient filter than ordinary window
glass and consequently filters out even more of the damaging UV. However, UV light
remains an important cause of damage to interior automotive materials. Deterioration from
sunlight is only one aspect of weathering. For many materials, moisture and temperature may
be of even greater importance. No single device can reproduce all of the variables found in
different environments. Consequently, any choice of test parameters is somewhat arbitrary.
Accelerated test results are always relative. Even the most elaborate weathering tester should
be viewed as a screening device.

Laboratory test chambers with xenon arc lamps are frequently used for testing the light
stability of materials. A xenon arc lamp consists of a glass tube filled with xenon gas, in
which an electric discharge is created between two electrodes. Because the xenon lamp
produces an excess of very short wavelength UV, it is necessary to use special optical glass
filters to modify the UV and produce the desired spectrum. There are many types of filters for
xenon lamps and it is important to use the proper filter. A xenon arc, when properly filtered,
provides a surprisingly good simulation of window filtered sunlight. As shown in Figure 4,
the xenon arc reproduces all of the damaging wavelengths, including UV, visible light and
infrared light. Consequently, several industries have standardized on the xenon arc to test
products for indoor light stability.

Figure 4. Xenon arc lamp simulation
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TEST FACILITIES AND PROCEDURES

Samples

33kV suspension insulators are widely used in overhead transmission lines, substations
and distribution lines. The insulators used in the experiment are shown in Figure 5 and the
dimensions are shown in Table 2 and Figure 6. Dead end fittings are up to the requirements,
usually Y-Cleves & ball, tongue & Clevis and post for tension insulators with cast steel.

C B                            A
Figure 5. Types of insulator samples

Table 2. Dimensions and characteristics of 33kV composite suspension insulator

Model Rated

Voltage

Specified

Mechanical

Load

Coupling

Size

Section

Length

Insulating

length

Minimum

Creepage

Full-

Wave

Impulse

Withstand

Voltage

(Peak)

1 Min

Wet

Power

Frequency

Withstand

Voltage

Weight

(for

Reference)

kV kN

H

mm

h

mm

L

Mm

≥
kV

≥
kV kg

FXBW-

33/70-

650-A

33 70 16 650±15 473 1050 230 95 2.5

FXBW-

33/100-

650-A

33 100 16 650±15 450 1050 230 95 2.5

FXBW-

33/70-

420

33 70 16 420 318 880 200 90 2.0
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Figure 6. Profiles of the tested short samples of composite insulators.

Test Power Supply

Figure 7 shows the measurement tools arrangement for measuring leakage current. The
testing tools consist of: 1) Fog chamber with size of 1.2 x 1.2 x 1.2m as testing chamber; 2)
High voltage transformer with ratio of 220V/100 kV, 5 kVA, 50 mA current, 4% impedance,
50Hz; 3) Thermometer for temperature, hygrometer for humidity and barometer for air
pressure measurement; 4) Oscilloscope, 500 MHz; 5) Conductivity meter.

Contamination

To simulate the effect of the artificial contamination on the surface of insulators,
specimens had been exposed to continuous artificial pollution provided in [12]. The
contamination slurry was prepared by mixing 40 g of kaolin in one liter of deionized water.
An appropriate amount of NaCl was added to the slurry depending on the level of ESDD to be
obtained [12]. Using brush a uniform coating of contamination was applied on the insulator.
There was several hours elapsed from the time the surface was dry to the time at which they
were tested. This allowed recovery of hydrophobicity of silicone rubber to various degrees
depending on the time elapsed. Samples were tested when the surface had no recovery of
hydrophobicity (1 hour after drying), and visibly recovered its hydrophobicity (3 days after
drying). Recovery was judged by spraying water and noting if the surface wetted out or
beaded in to small drops. The EPDM samples were always hydrophilic and there was no
visible recovery of the hydrophobicity with time.

Figure 7. Schematic diagram of leakage current measurement circuit
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LEAKAGE CURRENT ON INSULATOR SURFACE

Leakage current measurement procedure can be explained as following steps: 1)
Putting test sample into fog chamber with 70% humidity (after fogging); 2) Applying voltage.
Every sample is tested by applying increase voltages with a step of 1.5 kV/sec, from 19 kV up
to 50% flashover voltage; 3) Recording. Every surface leakage current displayed and recorded
by an oscilloscope; 4) Multiplying the voltage value from the oscilloscope with multiplying
factor of volt-age divider equivalent for obtaining leakage current value; 5) Calculating
critical surface leakage current.

Effects of UV Aging, Pollution and Moisture on Leakage Current clean insulator was
examined for rated voltages (33kV) with applied voltage of 19 kV rms phase to ground. No
visual discharges were observed under this test conditions. It should be noted that even at
high contents of humidity, small LC flows on the insulator surface. The LC on the clean
surface contains the higher order harmonic components like 4th, 5th, and 7th. It should be
also noted that in clean condition, the 5th harmonic component was always greater than the
3rd harmonic. In the polluted dry condition the harmonic content does not change, i.e., the
Total Harmonic Distortion (THD) is the same as clean condition. Measured LC harmonic
components of all types of insulators are listed in Table 3.

Table 3. Magnitude of harmonics in LC of clean insulators

Leakage Current in μA Insulator
A

Insulator
B

Insulator
C

Max. Value 9.616 9.767 9.617
1st Harmonic 4.738 4.159 4.913
3rd Harmonic 0.102 0.106 0.043
5th Harmonic 0.494 0.354 0.393
7th Harmonic 0.0319 0.039 0.042
9th Harmonic 0.0407 0.084 0.063

11th Harmonic 0.102 0.058 0.047
13th Harmonic 0.019 0.052 0.02

Artificial ageing tests must simulate actual conditions as much as possible. The goal is
to evaluate degree of ageing deterioration of the insulator by means of measuring magnitude
of LC flowing through insulator surface. However, that conductive current flowing on the
contaminated wet surface of insulator without any discharge would not deteriorate the surface
so much compared with the case of corona discharge or dry band arc currents. The typical
surface LC pattern has been recorded for the following three levels:

A. Conductive Current

For completely wet surfaces, which were obtained in the pollution tests, LC also
appeared to be sinusoidal (with no phase lag to the voltage waveform) but at higher level. The
cases in which the hydrophobic properties were either partially lost or a weak dry band
activity started, THD of LC could be high. It is observed that the LC for polluted surfaces
contains greater 3th harmonic components than other harmonic component. It is shown that
insulator which is subjected to UV has more LC due to loss of hydrophobicity compare to
non-aged insulator. Even higher 3rd harmonic content is observed for this case. Table 4
shows the magnitude of each harmonic in LC waveform for case A.

Table 4. Harmonic Components in LC Waveform (Conductive Current Case)

Leakage Current
in mA

Insulator
A with UV

Insulator A
without

UV

Insulator B
with UV

Insulator B
without

UV

Insulator C
with UV

Insulator C
without

UV
Max. Value 8.235 7.406 10.648 9,083 16.125 12.165
1st Harmonic 4.025 3.867 5.362 4.898 7.868 6.166
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3rd Harmonic 0.334 0.247 0.384 0.289 0.537 0.547
5th Harmonic 0.086 0.082 0.116 0.052 0.171 0.244
7th Harmonic 0.032 0.021 0.036 0.016 0.049 0.072
9th Harmonic 0.03 0.016 0.019 0.013 0.024 0.027

11th Harmonic 0.022 0.017 0.018 0.014 0.022 0.028
13th Harmonic 0.019 0.014 0,015 0.013 0.017 0.029

B. Dry band Arcing

In this case, we have investigated the relationship between the LC and the discharge
phenomenon on the wet insulator surface. In general, two kinds of discharges are observed in
this case. One of them is corona partial discharge that occurs between water droplets, in
which Si-C bonding of insulator is broken down by photon energy because the photon energy
due to the corona discharge is larger than the bonding energy of Si-C. Therefore, the corona
discharge activity on the hydrophobic surface can be used to define the insulation surface
condition. The second is dry band arc discharge that occurs between dry bands on the surface
of the insulator material. Thus, the dry band arc discharge and the corona discharge influence
the wet insulator performance. The multi-frequency waveform occurred during and prior to
the visible discharge and, therefore, the discharge currents can be considered as a spike
appearing on the crest of a nonlinear LC waveform. It is observed that the LC for wet polluted
surface contains the greater 3rd harmonic components than case A. The insulator which is
subjected to UV has more LC due to loss of hydrophobicity compare to non-aged insulator.
The frequency spectrum of the LC for polluted surface exposed to UV radiation. Table 5
shows the magnitude of each harmonic in LC waveform for case B.

Table 5. Harmonics Components in LC Waveform (Dry band Arcing Case)

Leakage Current
in mA

Insulator
A with UV

Insulator A
without

UV

Insulator B
with UV

Insulator B
without

UV

Insulator C
with UV

Insulator C
without

UV
Max. Value 10.109 8.445 11.945 10.887 17.716 14.125
1st Harmonic 5.227 4.422 6.282 5.432 8.329 7.35
3rd Harmonic 0.891 0.524 1.243 0.978 1.368 1.041
5th Harmonic 0.4 0.296 0.452 0.34 0.569 0.639
7th Harmonic 0.076 0.09 0.097 0.06 0.033 0.148
9th Harmonic 0.022 0.082 0.044 0.026 0.052 0.023

11th Harmonic 0.044 0.052 0.031 0.021 0.023 0.035
13th Harmonic 0.035 0.031 0.035 0.017 0.027 0.058

C. Fully formed arc with dry band arcing

With increasing the applied voltage, partial discharges will elongate along the surface
and lead to fully formed arcs. This condition is just the previous stage of the insulator
flashover. Interesting point is that although the magnitude of the current is smaller than two
previous cases, the 3rd harmonic component has increased in this case comparing cases A and
B. It is shown that insulator which is subjected to UV has more LC due to loss of
hydrophobicity comparing to the non-aged insulator. The frequency spectrum of the LC
during polluted surface exposed to UV radiation has higher 3rd harmonic content. Table 6
shows the magnitude of each harmonic in LC waveform for case C.

Table 6. Harmonic Components in LC Waveform (Fully Formed arc Case)

Leakage Current
in mA

Insulator
A with UV

Insulator A
without

UV

Insulator B
with UV

Insulator B
without

UV

Insulator C
with UV

Insulator C
without

UV
Max. Value 16.015 11.646 16.126 14.393 21.01 16.247
1st Harmonic 3.165 2.753 3.899 4.393 6.298 3.658
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3rd Harmonic 1.043 0.984 1.447 1.687 2.704 1.344
5th Harmonic 0.24 0.313 0.274 0.234 0.43 0.224
7th Harmonic 0.06 0.083 0.13 0.194 0.342 0.165
9th Harmonic 0.014 0.34 0.033 0.025 0.06 0.051

11th Harmonic 0.016 0.045 0.032 0.047 0.021 0.066
13th Harmonic 0.028 0.022 0.028 0.037 0.064 0.016

CONCLUSIONS

Ultraviolet radiation was counted as a major factor responsible for degradation of
insulators. Adsorption of UV radiation affects the insulators flashover and consequently leads
to inferior properties of the insulators. The severity of damage depends on the intensity and
wavelength as well as the amount and duration of the radiation. UVC is definitely harmful for
health and even for other objects on the earth including electrical insulators.

Laboratory tests carried out on irradiated samples under wet, artificial pollution
conditions were described. Artificial ageing tests simulate actual conditions as much as
possible. The goal was to evaluate degree of ageing deterioration of insulator by means of
measuring magnitude of LC flowing through insulator surface. The conductive current
flowing on the contaminated wet surface of insulator without any discharge would not
deteriorate the surface so much compared with the case of corona discharge or dry band arc
currents.

The r.m.s values of the fundamental and low harmonic components of the leakage
current were monitored over the duration of the test. Initial results on irradiated, polluted
insulators show that exposure to UV irradiation causes an increase in the leakage current and
its low-frequency harmonic components after one and two irradiation cycles. The insulator
which was subjected to UV has more LC due to loss of hydrophobicity compare to non-aged
insulator.

The most common light source was a Xenon arc lamp with filters installed to
approximate the sunlight spectrum. Filtered xenon is the preferred method for testing indoor
light stability.
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على المواد العازلة الكھربائیةىالبیئاع اإلشعتأثیر

محیى العیسوىعزت عیسوى         

ҒǊھیئة الرقابة النوویة واإلشعاعیة، جمھوریة مصر العرب

ن مصادراألشعة فوق البنفسجیة تاتى إ. ھى العامل الرئیسي التى لھا آثار خطیرة على تدھور العوازل الكھربائیةاألشعة فوق البنفسجیة
وھذا .الجاف لتفریغ القوس الكھربائى على سطح العزلنطاقوالتشكیل التفریغ الجزئي ) ھالة(أساسا من أشعة الشمس وظاھرة كورونا 

شعة فوق البنفسجیة على الومیض السطحى تم تقدیم تأثیر انبعاث األ, فى ھذا البحث.التاكل للعوازلتتبع وتعاقب كلھ یسبب ظاھرة 
عداد إنھ تم إدر لألشعة فوق البنفسجیة، فوكمصا. ةسطح العوازل كنتیجة للعوامل المناخیأللعوازل الكھربائیة في وجود ملوثات على 

تجھیزات خاصة  لمحاكاة األشعة فوق البنفسجیة لحالة ھالة التفریغ الجزئى الكھربائیة والنطاق  الجاف لتفریغ القوس الكھربائى وضوء 
ارة ورطوبة تم التحكم وقد تم تجھیز ظروف مناخیة لذلك عند درجة حر.مصابیح زینون ذات القوس الكھربائى  لمحاكاة ضوء الشمس

٪ من طیف ضوء 90عنھ ما یمثل أكثر من نانومتر ینتج 400من قل أطول موجى وكما تم استخدام مصدر للضوء ذ.معملیا فیھما
وتشیر النتائج إلى أن جھود الومیض السطحى والالمائیة للعوازل تنخفض مع زیادة مدة التعرض لألشعة فوق البنفسجیة وذلك . النھار

ھي  التیار أھمیة فى رصد ومعرفة حالة العوازل ولھا خرى والتي أوقد تم دراسة سمة . طوبة والتلوثلمستویات مختلفة من الر
كما تم دراسة تاثیر التوافقیات . ثناء تعرضھا لالشعاع  وفى وجود ملوثات بیئیة أسطح عوازل كھربائیة مختلفة أالمتسرب على 

الجھد (بدون حدوث قوس كھربائى :  ھذه الحاالت ھي. سطح العوازل وذلك لثالث حاالت مختلفة أالمصاحبة للتیارات المتسربة على 
.الجاف لتفریغ القوس الكھربائى وتفریغ الكورونا والثالثة فى حالة القوس الكھربائى المستمرنطاقنیة في وجود ال، والثا)سمياإل
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