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Abstract. Nowadays, porcelain string insulators are commonly used in high voltage transmission lines.
The study of temperature distribution is extensively performed in the design and development of high
voltage insulations. As known, the infrared technology has opened the door to a variety of applications and
especially it is also used as a kind of non-contact remote detection technology which has the advantage for
detecting high voltage faulty porcelain insulator. Thanks to it, this paper uses the infrared technology to
investigate the temperature distribution of the 220kV power grid insulator string. The experiments were
done in climate chamber to study. Firstly, determining the thermal stability time of the high voltage
porcelain insulator called XP-70 type composing of 14 pieces under the tested voltage of 127kV based on
the temperature and voltage distribution. And then the temperature distribution along the normal and fault
insulator string experiments. The experimental results show that it may detect and compare the insulator
metal cap temperature of faulty insulator in the porcelain insulator string and determine the location of
them. And especially based on the unchangeable voltage distribution, it may detect the temperature
distribution characteristic for the fault insulator string. Therefore, this research results can provide a
reference to detect the faulty porcelain insulator strings
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1 INTRODUCTION

Insulator is one of the basic insulation components of the power system, and since ceramic insulators cost-
effective, easy to install and replace, have been widely used in China and the world. But for some reason,
the electrical insulation properties of some high-voltage porcelain insulators may be severely degraded or
even completely lost, namely the deterioration of electrical insulation properties, the insulator with a serious
declined of electrical insulation properties is known as faulty insulators. The existence of faulty porcelain
insulator reduces the overall effective creep-age distance of insulator strings, and the probability of
flashover short circuit of insulator strings will be greatly increased, it is also there is a possibility that the
faulty insulator crack (burst) and cause insulator (wire) drop. The existence of faulty insulator is one of the
grid security risks, a serious threat to the safety of power system operation. Methods for faulty porcelain
insulators detection fall into the categories of electrical, acoustic and visual. This can also be divided into
two categories, contact detection and remote non-contact detection. Electrical detection, including such as
electric field measurement, voltage distribution, electrical resistance, leakage current .etc. [1]-[6], must be
exposed to high electric field, which belongs to the contact-type detection. The acoustic, such as ultra-sonic
detection, corona detection, Radio Frequency (RF) Signals etc. [7]-[10], and enhanced visual method, such
as ultra violet, infra-red technology .etc. [11]-[14], can be used remotely and must not be exposed to high
electric field, which belongs to the noncontact-type detection. The Electrical detection is most commonly
relied upon, but essentially employs hands on techniques. Because of the large number and high altitude,
high voltage faulty insulator detection by using traditional manual method will be a time consuming and
costly exercise. In contrast, remote non-contact detection is even more convenient, fast, and away from
high voltage electric field also makes workers more secure.

Infrared detection which is increasingly being applied to electrical equipment detection [15]-[17] is one
of remote non-contact detection methods. An early infra-red imaging trial in 1971 in England was used to
detect defective joints and fittings [14]. Infrared detection is based on the temperature distribution of the
object to be detected, and insulator string temperature distribution is the basis of the faulty insulator infrared
detection, so first need to study the temperature distribution of the insulator to achieve remote non-contact
infrared detection technology for detection of insulator. Many research studies have been carried out on the
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temperature distribution on the porcelain insulator string. Temperature distribution on the surface of an
energized polluted insulator has been measured using infra-red thermo-vision techniques, and the tests
results show that the maximum temperature area of the energized insulator could be at the regions around
the pin [13]. The possibility of remote detection of detective porcelain insulators has been investigated in
[14], and it considered that the mechanisms involved should be understand first in order to develop more
cost effective diagnostic techniques. Voltage and temperature distributions along the semiconducting glaze
insulator string have been calculated on the basis of an equivalent circuit in [18], and experiment has been
done in the laboratory to verify the calculation results (and the calculation results agreed well with the
experiment results obtained in a laboratory test). Temperature distribution along a glass insulator to
different pollution levels was studied with a proposed numerical procedure in [19]. The surface temperature
distribution along the uniformly contaminated insulator was studied in [20]. The failure characteristics of
suspension-type porcelain insulator was studied in [21] and it was found that the combined thermal and
mechanical tests have a close relationship to the dielectric strength of the porcelain body. The temperature
rise of transmission line insulators heated by conductor is investigated in [22], remarkable temperature rise
was not observed at porcelain and cement of insulators in spite of the high conductor temperature. The
characterization of polymeric insulators using thermal and UV Imaging under laboratory conditions was
studied in [23-24]. The existing research results mainly focused on a single insulator (individual) or the
contamination insulator surface temperature distribution aspect, but as a whole insulator string temperature
distribution is less studied.

The alteration of electric field, voltage, and temperature distribution may affect the insulator in terms of
the life span and ultimately lead to the insulation breakdown after a certain period of time. Therefore, at
present, several numerical methods such as finite difference, finite element, charge simulation method,
finite integration technique and boundary element method can be used to study the electric field,
voltage, and temperature distributions along insulators [25-30]. The infrared technology has opened the
door to a variety of applications and especially it is also used as a kind of non-contact remote detection
technology which has the advantage for detecting high voltage faulty porcelain insulator. Thanks to it, this
paper takes the 220kV power grid insulator string as the research object. Tests with sound and fault insulator
strings with different resistance deterioration insulators were studied experimentally to discover the
insulator string temperature distribution law. Experimental results show that the faulty insulators
temperature rise in a whole insulator string manifestations obvious abnormality, and it can be used to detect
the faulty insulators. Results of this study can provide a reference for detection of faulty insulator using
infrared technique.

Basically, this paper divides 5 sections, in which Introduction section reviews the problems associated
with the researched topic, recalls some solution orientations, and proposes novel method and the motivation.
Section 2 deals with the theoretical associated problem. Section 3 presents the main contents involving the
experimental set-up. The experimental cases, result, and discussion have been stated in Section 4. Finally,
the conclusions are given in Section 5.

2 THEORETICAL PROBLEM

The investigation was carried out on the type of porcelain disc insulator. Fig. 1 shows actual insulator
disc model and technical parameters. The idea of simple heat transfer processes affecting the temperature
distribution of an insulator string is shown in Fig. 2. The mathematical expression for temperature
distribution can express as follows [31]:

dT
CE:Pin+Ps_Pout+Pc_Pr 1)
inwhich, C is the heat capacity of an insulator, t is time, Pi, is the heat conducted to an insulator from clamp,
Pout is the heat conducted to the next insulator from the insulator of interest, Ps is the head conducted to the
insulator by solar radiation, and Pc and P, are respectively heat dissipated from the conductor by convection
and radiation, and can be defined as follows [31]

R =D (T -To)

P =D,(T*-T5) @
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where D, is the coefficient of dissipation by convection, Dy is the coefficient of dissipation by radiation, T
is the temperature of an insulator, and To is the ambient temperature.

For calculating the temperature of insulator, it can use the equation numerically as finite element method.
However, it is difficult to exact numerical results since the proper values of coefficients of each material
are not available. The above mentioned speculation will be enlightening to see the qualitative tendency of
the phenomenon.
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Fig. 2. The diagram of heat transfer processes

3 EXPERIMENTAL SET-UP

A few experimental results of temperature distribution measurement of insulators have been proposed, as
conductor was heated by passing hot oil in a pipe with simulated size of a line conductor, using high direct
current, or using optical fiber Bragg grating temperature sensors [32]. Alongside with these three
approaches, an experiment based on a kind of non-contact remote detection technology, namely the infrared
one is considered more favorable to discover the insulator string temperature distribution law.
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Fig. 3 shows a tested circuit installed in laboratory, in which A is the insulator string, B is the power
supply line, and C is the ground wire. The used insulator string is the high voltage porcelain insulator called
XP-70 type composing of 14 pieces for the suspension of 220 kV overhead transmission lines. The tested
arrangement is shown in Fig. 4, in which a transformer 110V/330kV is fed through a 380V self-transformer.
At one edge of the insulator string is connected a transmission line and the other edge is grounded. The
technical parameters of a porcelain insulator disc are listed in Table 1.

. !"

Fig. 3 Tested circuit at high voltage laboratory of College of Electrical and Information Engineering, Zhengzhou University of
Light Industry, Zhengzhou, China
Table 1. Technical parameters of a porcelain insulator disc

Parameters Unit Value
Unit spacing (H) mm 146
Shed diameter (D) mm 255
Leakage distance mm 295
Weight kg 4.8
Upper surface area mm? 617
Lower surface area mm? 917
total area mm? 1591

The experiment simulated the operation environment of 220kV AC power grid. The value of the single
phase AC voltage was applied to the insulator string in the experiment to be 127kV. In addition, the test
chamber temperature was controlled at about 15°C and the relative humidity was controlled at about 55%.
The HZYM-500 insulator intelligent salt density tester and relative humidity sensor are used to measure online.
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Fig. 4 Experimental set-up
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4  RESULTS AND DISCUSSION
The experiment was implemented on the following cases

Case 1: Determine the thermal stability time

Determining the thermal stability time of the sample insulator under the tested voltage Uy of 127kV, the
experiment for this case was done based on the electrified conditions of the power grid, in which the
insulator samples were applied on the voltage Uy and the simulated time is about five hours with purpose
to study the characteristics of the insulator temperature change and detect the required time to reach thermal
stability. During the test, the ambient temperature is 15°C and the relative humidity id 55%.

The Fig. 5 plots the temperature of porcelain changing with time 6 hours of the string. From the Fig. 5a,
it can see that the surface temperature change of each the disc is very small, namely it has been proved
through the 1% and 6™ discs. And the iron cap surface temperature increases as shown in Fig. 5b and this
temperature is stable after 120 minutes. As result, the temperature of cap and disc cannot effectively reflect
the status of insulator. There was a temperature difference between cap and disc; and the cap surface
temperature had a much more powerful effect on disc one. Therefore, the cap surface temperature is chosen
as the temperature characteristic of the insulator string. After the electrification about 120 minutes, the
temperature of each the piece insulator in the insulator string was stabilized and it reaches a thermally stable
state, as shown in Fig. 5. In this case, it could conclude that the temperature and voltage distribution of
insulator are detected after the electrified 120 minutes, based on such that, the sample time Ts = 2 hours will
be used in the next experiment cases.
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Fig. 5 The temperature of porcelain changing with time: (a) The temperature of the cap No. 1% and 6" insulator, (b) The
temperature of the disk No. 1% and 6™ insulator
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Case 2: The temperature distribution characteristic of a good insulator string

The experiment for this case was done using the electrified time Ts to measure the temperature distribution
and identify the temperature distribution characteristic of the insulator string not faulty insulator discs. Fig.
6 plots the voltage distribution of the insulator string. Observing this figure, the voltage on the first disc is
high about 24 kV and this voltage is towards decreasing to the ground terminal direction. In general, the
voltage in the 13 and 14™ discs is gradually increased and the voltage in the 9 ™ and 10" discs is lowest
voltage in the whole insulator string.

The temperature distribution along the normal and fault insulator string corresponding with the voltage
distribution as shown Fig. 7. Observing these figures it can see that the temperature distribution is the same
as the voltage distribution, when the value of voltage increases, the temperature will be increase and vice
versa. It could conclude that the temperature distribution of the insulator string is closely related to the
placed voltage.
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Fig. 6 Voltage distribution along the insulator string
Case 3: The temperature distribution characteristic of a fault insulator string
In order to identify the temperature distribution characteristic of the insulator string considering a faulty
insulator disc, the simulation was done based on a faulty insulator disc with considering the same and

different leakage resistances at the different and same positions, respectively.
6 -

(6]
I

Normal insulator string

*=  Faulty insulator string

N
I

N
I

Temperature (degrees C)
w

[N
I

g

o

1 2 3 4 5 6 7 8 9 10 11 12 13 14
No. of insulator

Fig. 7 Temperature distribution along the insulator string

The first experiment in this case was done to study the temperature characteristics of the faulty insulator
string having a faulty disc that placed at the different positions in the string with the same resistance. Fig.
8 plots the temperature distribution along the insulator string with fault disc at three positions of No. 1, 9
and 14 with the same resistance 58.8MQ. Observing this figure, it could see that the fault disc at the location
closing to the wire side (disc No. 1) has the highest temperature rise, and the temperature rise decreased
when the fault disc at the location closes to the ground side (disc No. 14).

o
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Fig. 8 Temperature distribution along the insulator string with fault disc at three positions with the same resistance 58.8MQ.

The second experiment in this case was done to study the temperature characteristics of the faulty
insulator string having a faulty disc that placed at the same position in the string with the different
resistances. Fig. 9 plots the temperature distribution along the insulator string with fault disc at three
positions of No. 1, 9 and 14 with the varied resistances. Observing this figure, it could see that the fault disc
at the location closing to the wire side (disc No. 1) has the highest temperature rise, and the temperature
rise decreased when the fault disc at the location closes to the ground side (disc No. 14). The temperature
distribution along the insulator string having a fault insulator disc increases in value at different resistances
at one position.
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Fig. 9 Temperature distribution along the insulator string

5 CONCLUSION

The experimental-based studies for the temperature distributions along the semiconducting porcelain
insulator string surfaces have been investigated by using a kind of non-contact remote detection technology,
namely the infrared one. The experimental results show that it may detect and compare the insulator metal
cap temperature of faulty insulators in the porcelain insulator string and determine the location of them.
Using this technology, the time of thermal stability of the insulator is 120 minutes and reasonably fast. It
concluded that the temperature distribution of the insulator string is closely related to the placed voltage.
And especially based on the the unchangeable voltage distribution, it may detect the temperature
distribution characteristic for the fault insulator string. Therefore, this study can provide a reference for
detection of faulty insulator.
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NGHIEN CUU PHAN BO NHIET CUA CHUOI CACH DIEN XU
PIEN AP CAO

Tém tit. Ngay nay, chudi cach dién sir thuong duge sir dung rong rai cho cach dién duong day truyén tai
cao ap. Thiét ké cling nhu phat trién thiét bi cach dién & cp dién ap cao thi viéc nghién ciru phan bd nhiét
trén chudi cach dién 1a can thiét. Nhu duoc biét, ky thuat sir dung tia hdng ngoai dd mé ra mot loat tmg
dung va dac biét 1a sit dung nhu mét ky thuat diéu khién tir xa khong tiép xuc. K¥ thuat nay co t6i wu 1a
phat hién chudi cach dién st bi 16i. Bai bao nay str dung k¥ thudt hdng ngoai v6i muc dich chinh 1a nghién
ctru phan b nhiét cua chudi cach dién voi cap dién ap 220 kV. Thi nhét, x4c dinh thoi gian 6n dinh nhiét
ctia loai chudi cach dién XP-70 c6 14 dia v6i dién ap thi nghiép 1a 127 kV dua trén sy phan bd nhiét va dién
ap. Thtr hai, phan b nhiét cua chuéi cach dién binh thuong va 16i cung duge mang ra dé nghién ctru va so
sanh. Két qua thi nghiém cho thiy rang phuong phap dé xuat c6 thé do tim va so sanh nhiét ctia khe ho giira
c6 dia st trong mot chudi sir cach dién ciia chudi cach dién bi 101 va xac dinh ra vi tri cua chiing va déc biét,
dua trén su phan bd dién ap khong dbi, thi phuong phap dé xuat ¢6 thé do tim dic tinh phan bd nhiét cua
chudi st bi 16i. Vi vay, két qua nghién ciru niy c6 thé cung cap sy tham khao trong viéc do tim nhiing chu6i
cach dién bj 16i.
Tir khoéa. Ky thuat hong ngoai, phan bd nhiét do, phan bd dién ap, chudi cach dién st
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