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Abstract: Railway system insulators are affected by pollution, altitude, and other environmental
situations during operation, which causes reduced electrical performance or even flashover accidents.
These factors threaten the safety of railway operations in high-altitude areas. However, the natural
contamination characteristics of a railroad in a plateau area is still unclear. In this study, a natural
pollution accumulation test for railway insulators in a high-altitude area was carried out, and the
distribution rules of nonsoluble deposit density (NSDD), equivalent salt deposit density (ESDD),
NSDD/ESDD ratio, and nonuniformity (T/B) of the pollution distribution of the tested insulators
were calculated. Meanwhile, the chemical compositions of the pollution from different test sites were
analyzed. The differences of pollution accumulation between railway insulators and suspended
insulators of a power system and the influencing factors were compared and analyzed by combining
with a numerical simulation. The results show that the pollution level of railroad insulators is mainly
distributed in level b and above. A pollution sample is mainly composed of sodium chloride, while
the NSDD/ESDD ratio of pollution is mostly distributed from 0 to 5, with T/B value ranges from
1/0.62 to 1/1.76. The amount of insulator contamination is influenced by the location inside and
outside the tunnel. Additionally, the pollution amount is influenced by the structure and type of
insulators. Finally, this paper studies the creepage distance and structural height required by railway
insulators in a plateau area according to the natural pollution accumulation characteristics of railway
insulators, which can provide a reference for a railway electrical external insulation configuration in
a high-altitude area.

Keywords: insulator; high-altitude area; pollution accumulation characteristics; natural pollution;
nonuniform distribution

1. Introduction

The environmental characteristics of the plateau area is windy, sandy, little rainfall
and thin air. Therefore, rainwater is less likely to wash off pollution on an insulator
surface. During operation, the dirty layer on the surface of an insulator is wet, forming
a conductive layer. With the formation of a dry zone, a local arc will be generated. The
local arc develops along the surface of the insulator until it spans the entire surface of the
insulator to form a flashover. In a high-altitude area, the combined effect of low air pressure
and pollution on insulator strings significantly reduces the pollution flashover voltage.
With the development of western China, the railroad in plateau environments is facing a
long-term safe operation test, which means that railway insulators are facing a continuous
pollution accumulation situation. Thus, it is important to research the natural pollution
characteristics of railway insulators in high-altitude areas to achieve a reasonable external
insulation configuration.

In order to discover the insulator pollution accumulation characteristics and their influ-
encing factors, researchers and institutions around the world have carried out a large num-
ber of studies through fluid numerical simulation and wind tunnel tests. Zhang et al. [1,2]
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established a fluid field simulation model of insulators and conducted a wind tunnel
experiment; furthermore, the equivalent relationship between pollution volume fraction
results and wind tunnel test results was verified. Three results show that wind speed
and wind direction have a significant effect on the pollution distribution on the top and
bottom surfaces of an insulator. Ravelomanantsoa et al. [3] built a test setup to simulate
winter conditions and discussed the effects of wind and AC voltages on the variation
in the accumulation rate of the salt deposit density (SDD) of insulators. Qiao et al. [4]
simulated the pollution accumulation process of insulators by CFD software Ansys 15.0
and studied the pollution distribution of insulators with different shapes. Huang et al. [5]
explored the law of pollution accumulation on the surface of insulators by combining
fluid dynamics calculation and experimentation. The results showed that when the wind
speed was 3-7 m/s, the boundary layer separation existed for pollution particles within
a 1-60 um particle size, while the increase in wind speed and particle size of pollution
would aggravate the nonuniformity of pollution accumulation. Wu et al. [6] simulated the
contamination depositing mechanism of an insulator under a high-speed airflow condition,
and the results showed that the higher the air velocity, the greater the particle diameter,
and the more serious the contamination depositing.

Insulator configuration can be determined according to the pollution accumulation
characteristics or pollution flashover voltage of insulators. Therefore, the natural pollu-
tion accumulation characteristics of insulators can accurately reflect the law of pollution
distribution variation when insulators are set in a natural environment. Zhang et al. [7]
compared the accumulation characteristics of typical insulators with numerical simulations
and 8 months of natural accumulation tests to verify the comparability of the simula-
tion results and test results. Jiang et al. [8] conducted a 5-year natural contamination
test on transmission lines. The results showed that rainfall intensity has influence on the
equivalent salt deposit density (ESDD) and nonsoluble deposit density (NSDD) on the
surface of insulators. Zhang et al. [9,10] conducted field contamination experiments of
transmission lines and calculated the ratio of the ESDD and NSDD of the top surface
and bottom surface of composite insulators. The results showed that the component of
contamination, nonuniformity degree of pollution, and electric field distribution caused a
difference in pollution flashover voltage. Qiao et al. [11] applied grey theory to propose a
pollution-level prediction model based on natural pollution tests. Sima et al. [12] performed
natural pollution tests and studied the effect of the nonuniform pollution distribution on
the withstand voltage of insulators. The result showed that ESDD and pollution nonunifor-
mity (T/B) independently affect withstand voltage, and further analyzed the mechanism.
Zhang et al. [13] simulated a DC porcelain insulator string model and discovered that the
pollution on the lower surface of insulators influenced temperature rise obviously when
the pollution was distributed unevenly on insulator surfaces. Dong et al. [14] established a
mathematical model of pollution flashover voltage, and predicted the flashover voltage
of insulators with a different shape and leakage distance. Qiu et al. [15] performed an AC
artificial pollution flashover test and discovered that increasing shed spacing can improve
the insulator pollution flashover characteristics.

The current research on insulator pollution characteristics is mainly focused on insu-
lators used for transmission lines. Since the structure, suspension height, and operating
environment of railroad insulators are very different from those of grid line insulators,
there are a few studies focused on the natural pollution accumulation characteristics of rail
insulators in a plateau environment. Sun et al. [16] experimented with rail insulators in
a high-speed wind tunnel and verified the results by numerical simulation. The results
showed that the pollution amount on the windward and leeward sides of an insulator
was different. Zhao et al. [17] studied the influence of a partial arc on the electric field
distribution along a railroad insulator string, and the results showed that the electric field
was of highest intensity at the high-voltage end. Wang et al. [18] used a multiphysical field
software that simulated the natural pollution accumulation characteristics of a rail insulator,
and the research showed that the deposition quantity was positively related to wind speed.
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Zhang et al. [19] simulated rail insulators and discussed the deposition of high-speed and
low-speed airflow conditions. The results showed that the incoming airflow angle affected
the velocity of contamination on rail top insulators.

In summary, domestic and foreign research on the accumulation characteristics of insu-
lators is mainly conducted through fluid simulation, artificial pollution test, and pollution
flashover experiments for transmission line insulators, which were set in atmospheric pres-
sure areas. In order to study the accumulation characteristics of railroad insulators in the
plateau area, this paper first sampled the pollution of insulators along the railway traction
power supply facilities in the Qinghai-Tibet Plateau, and then conducted a natural pollution
test. The NSDD, ESDD, NSDD/ESDD ratio, and pollution nonuniformity were calculated.
At the same time, composition tests were carried out for the pollution samples. Then, this
paper further analyzes and compares the railway insulator pollution characteristics. Finally,
this paper provides suggestions for an electrical external insulation design.

2. Test Methods for Insulator’s Natural Contamination
2.1. Natural Pollution Collection Method of Insulators

In order to ensure the accuracy of natural contamination collection, it is very important
to unify and standardize the workflow of on-site contamination collection. Dirt may fall
off or may be missing due to contact while removing insulators from the railroad network
when the traditional brushing method is used. Through several verification tests, the
following sampling methods for the insulator natural pollution are determined.

e  Take photos of the sampling insulator, and record the location, time, and person taking
the sample.

e  Make sure to wear disposable gloves while using the special sampling cloth to take a
sample of the upper and lower surface of the insulator, respectively. Take the sampling
cloth and wipe all the deposition on the upper surface (or lower surface), and wipe
it twice in the same way with a new sampling cloth. During the procedure, avoid
wiping the insulator steel cap and touching the insulator surface without a cloth.

e  Putthe disposable gloves and dirty sampling cloth in a special sealed bag and transport
them back to the laboratory for further testing.

2.2. Natural Pollution Test Method for Insulators

According to IEC 60815 and IEC 60507 regulations [20,21], the sample test cloth was
immersed in a beaker containing 300 mL of deionized water first, and fully stirred at regular
time intervals. After a 24 h full immersion, the solution was filtered using a filter paper.
The ESDD of the insulator can be calculated by the following equation after measuring the
conductivity of the solution:

SaxV
A

where ESDD is the equivalent salt deposit density, in mg/cm?; V is the volume of the
solution, in cm3; A is the insulator surface area, in cm?; and S, is the salinity of the solution,
in kg/m?3.

The insoluble matter in the solution was obtained through filtration with a paper,
followed by drying and weighing. The NSDD can be calculated by

ESDD =

)

w
NSDD = — @)

where NSDD is the nonsoluble deposit density, in mg/cm?, and W is the mass of insoluble
matter after dried, in mg.

2.3. Test Method for Natural Pollution Components of Insulators

An ionic composition test for soluble contaminates was conducted on an ion chromato-
graph. Different eluent solutions were used for testing anions and cations to achieve the
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best separation results. First, a standard solution of known concentration was prepared and
injected into the ion chromatograph to obtain the standard chromatogram and calibration
curve for each ion. The solution of the contamination to be measured was then injected into
the chromatograph for measurement. After the analysis, the ion composition and solution
concentration of the contaminated solution were obtained from the ion chromatograph.
Finally, compound pairing was performed based on the molar mass relationship, as well as
the mass fraction and solution pH value of the solution for the anions and cations.

2.4. Structural Parameters of Test Insulators

A structural diagram and parameters of the railroad insulators in the plateau area
involved in the natural accumulation test are shown in Figure 1 and Table 1 accordingly.
The QBG-25/16-type insulator is a railroad wrist arm porcelain insulator. The altitude
range of towers where the insulators are suspended is 3000~4500 m above sea level.

[\

s

Figure 1. Schematic diagram of the insulator structure.

Table 1. Structural parameters of the tested insulators.

Type Height (mm) Diameter (mm) Creepage Distance (mm)
QBG-25/16 790 220 1600

3. Pollution Testing Results
3.1. Natural Pollution Test Results

Using the above test procedure, 152 railroad insulator pollution accumulation sam-
pling data were collected from 17 railroad line sections and 50 towers. The ESDD and
NSDD results of each insulator sample are shown in Figure 2. The contamination levels are
calibrated in Figure 2 following the IEC 60815 standard [20]. From level a to level e, the
pollution severity increases gradually. Figure 3 shows the percentage of ESDD and NSDD
values within each value interval at every sampling location.

It can be seen in Figures 2 and 3 that

e  The ESDD value range of tested insulators is 0.003-0.220 mg/cm?, the average value
is 0.053 mg/cm?, and the 50% median value is 0.044 mg/cm?.

e  The NSDD value range of tested insulators is 0.006-4.635 mg/cm?, the average value
is 0.427 mg/cm?, and the 50% median value is 0.248 mg/cm?.

o  The insulator pollution contamination levels are distributed as follows: level a—5.3%,
level b—41.7%, level c—26.8%, level d—8.9%, and level e—17.9%.

e Among the statistical results of ESDD and NSDD at the sampling site, the largest
proportion of ESDD is below 0.03 mg/cm? (41.2%), and the largest proportion of
NSDD is from 0.25 to 0.6 mg/cm? (21.5%).
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Figure 3. Distribution results of ESDD and NSDD.

3.2. NSDD/ESDD Ratio

The NSDD/ESDD ratio intervals in Figure 4 are divided by six line segments: 15:1,
8:1,5:1, 3:1, 1:1, and 1:2 from top to bottom. Results mainly fall within the range of ratios
between 1:1 and 15:1.

The NSDD/ESDD ratio has a significant reference for the classification of pollution
contamination level, the design of external insulation, and the adjustment of creepage.
Besides, the analysis of the ratio is helpful in determining the actual on-site pollution
intensity. The probability statistical results of the ratio interval are shown in Figure 5. The
distribution probability of the ratio is shown in Figure 6.
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According to the results, it can be known that

e  The ratio of level a ranges from 3.2 to 13.4, with an average value of 6.95 and a median
of 4.67. The ratio of level b ranges from 0.8 to 9.23, with an average value of 4.57 and a
median value of 4.19. The ratio of level ¢ ranges from 0.95 to 21.87, with an average
value of 9.75 and a median value of 9.76. The ratio of level d ranges from 2.09 to 26.03,
with an average of 8.09 and a median of 6.57. The ratio of level e ranges from 0.39 and
21.26, with an average value of 7.77 and a median value of 50% of 6.64.

e The NSDD/ESDD ratio of the DC transmission line in central China is 2.4-3.0. There-
fore, the ratio of railway insulators in a high-altitude area is generally larger than that
of line insulators.

3.3. Analysis of Pollution Composition on Insulator Surface

A test analysis of the pollution components on the insulator surface was carried
out, and the test results are shown in Table 2. The pollution components at the test site
are mainly influenced by nearby pollution sources, including highway, farmland, and
mountainous areas. Variations in component can be attributed to vehicle emissions from
the highway, chemical components from farmlands, and differences in soil composition in
mountainous regions.

Table 2. Insulator surface contamination’s main components.

Test Site Components  Mole Fraction Test Site Components  Mole Fraction
Site 1 MgSOy 56.24% Site 2 NaCl 36.34%
KNO; 17.93% NaySOy4 34.29%
CaSOy4 12.44% NaH,POy4 25.45%
Other 13.39% Other 3.92%
Site 3 KNO3 22.50% Site 4 NaCl 53.43%
CaSOy 21.80% CaSOy4 17.63%
KCl1 19.79% NaySOy4 13.33%
Other 35.91% Other 14.61%
Site 5 KCl1 44.71% Site 6 NaCl 61.88%
CaSO4 20.63% CaSO4 25.36%
KNO3 19.83% NaySOy4 6.82%
MgSOy 14.83% Other 5.94%
Site 7 KCl1 33.86% Site 8 NaySOy4 35.70%
KNO; 32.15% NaCl 26.00%
K,S04 16.45% NH4NO;3 25.70%
Other 17.54% Other 12.6%
Site 9 KC1 38.34% Site 10 NaCl 50.08%
K,S04 29.21% NaySOy 27.69%
KNO3 18.59% KF 8.45%
Other 13.86% Other 13.78%
Site 11 NaCl 48.91% Site 12 NaCl 40.41%
NaN03 21.43% Nast4 23.81%
NapSOy 15.69% NaNOj; 18.63%
Other 13.97% Other 17.15%
Site 13 KCl1 65.78% Site 14 KCl 55.06%
CaSOy4 22.13% CaSOy4 29.42%
MgSOy 12.09% MgSOy 15.52%
Site 15 KC1 76.26% Site 16 NaCl 43.02%
CaSOy4 13.96% NaySOy4 40.06%

KNO; 9.78% Other 16.92%
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Table 2. Cont.
Test Site Components  Mole Fraction Test Site Components Mole Fraction
Site 17 NaCl 40.52%
NaySOy 31.75%
CaSO4 18.01%
Other 9.72%

Chloride is the component that accounts for the largest proportion of 14 sampling
sites. Additionally, all samples contain varying degrees of acidity. Dong et al. [22] studied
the influence of deposition components on insulator string flashover voltages. Thus,
the external insulation configuration process should pay attention to the performance of
insulators under different types of pollution. Especially when the composite insulators
are arranged along the railway at a high-altitude area, acidic substances affect the aging
performance of the composite insulating materials.

4. Discussion
4.1. Contamiation Nonuniformity of Natural Pollution Insulators

Contamination nonuniformity is defined as the ratio of the top surface deposition
(ESDD or NSDD) to the bottom surface deposition (ESDD or NSDD) of insulators. Generally,
T/B is not 1 due to the difference of particle properties. In this section, the T/B values of
railway insulators from a high-altitude area are summarized and also compared with the
reference nonuniformity of different contamination levels given by the U.S. Electric Power
Research Institute (EPRI) [23]. The results are shown in Table 3.

Table 3. Results of T/B values of insulator contamination of different contamination levels.

Contamination Level

Literature

a b c d e
This study 1/0.62 1/0.74 1/1.55 1/1.68 1/1.76
EPRI [18] 1/1 1/3 1/5 1/8 1/15

The T/B values of railway insulators are different from the reference value of EPRI,
which indicates that the unevenness of deposition in this study is much smaller than the
recommended values. It can be known from the results that

e  The insulators in this study are arranged in the plateau area, and the typical climate
of the plateau region is sandy, higher wind speed, drier air, less rainfall, and strong
ultraviolet. The number of rainfall days of sampling sites is shown in Figure 7. Since
the deposition samples were taken in 2021, the statistical results cover the previous
5 years. There is rare rainfall in the plateau region, which causes less washing of the
pollution on the top surface, accordingly. This further results in lower nonuniformity.

e  The structure of insulators also has an impact on the nonuniformity of pollution accu-
mulation. Suspension insulators of a transmission line were taken into consideration
according to the EPRI standard [23], while post insulators are frequently used in rail-
road power systems. The comparison of the T/B value distribution of this study and a
previous study of this research group is shown in Figure 8. Yang et al. [24] studied
the nonuniformity of suspension insulators. The average T/B value of transmission
line suspension insulators is 0.2, and most T/B values are less than 1. It can be seen
from Figure 8 that the difference of T/B is significant between suspension insulators
and post insulators.
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Figure 8. Comparison of T/B between suspension insulators of transmission lines and post insulators
of a railway power supply system.

4.2. Comparsion of Insulator Type

As can be known in Section 4.1, insulator structure and type have influences on
pollution accumulation. As the shape of insulator skirts varies, it affects the distribution
and motion paths of pollution particles. In this section, hydrodynamic simulations were
carried out using the finite element software Ansys Fluent 2021 R1 in order to further
investigate the natural pollution characteristics of railway insulators.

The pollution particles are affected by the airflow and the surrounding air environment.
Therefore, the Eulerian two-phase flow model was used to simulate the movement of
pollution particles in the air. The deposition distribution on the insulator surface was
characterized by the volume fraction of the pollution phase. As shown in Figure 9, different
types of insulators were simulated under the same conditions (the wind speed is 7 m/s,
and the pollution particle diameter is 10 um).

e  Figure 10 shows the comparison results of the nonuniformity of the two insulators
under different concentrations of pollution particles. From the results, it can be seen
that the T/B values of both insulators show a decreasing trend as the concentration
of pollution particles increases. The T/B value of a suspension insulator changes
more rapidly with an increasing concentration, while the T/B value of a post insulator
changes relatively smoothly. The T/B value of a suspension insulator is below 1; that
is, the bottom surface of the suspension insulator is more heavily contaminated than
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1.10

the top surface under all kinds of pollution particle concentration. The T/B values
of post insulators are concentrated in the range of 0.5-1.25, which indicates that the
distribution is more uniform than the suspension insulator.

Combining the field results in Table 3 with the simulation results in Figure 10, it
can be seen that the suspension insulators used in the EPRI standard have more
contamination on the top surface during the natural accumulation of contamination.
As the contamination level increases, the number of contamination particles in the air
increases, and the contamination on the bottom surface increases relatively, resulting in a
decrease in the corresponding T/B value. For the rod insulator, the increase in pollution
level has little effect on the value of T/B. However, the bottom surface pollution increases
relatively, and the T/B value changes from lower than 1 to higher than 1.

Differences in arrangement can also affect nonuniformity. Railway insulators are
often at a certain angle to the ground when used in railroad traction power supply
facilities. The effect of changing a particle entry angle was calculated using Ansys
Fluent. The wind speed was set to 7 m/s, the particle diameter was 10 pm, and the
particle concertation was 0.06. As shown in Figure 11, the volume fraction contour
displays the simulation result. Additionally, the T/B values were calculated to be
1/4.34,1/3.03,1/1.02,1/0.5, and 1/0.15 for the variation of the angle from +60° to
—60°. Thus, the arrangement angle also leads to a difference in T/B values for natural
contaminated insulators in a high-altitude area.

Volume Fraction
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Figure 9. Fluid numerical simulation on a suspension insulator and post insulator.
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4.3. Contamination Condition Comparsion

Natural contamination can be influenced by the complex operating environment, and
rainfall has a significant impact on the degree of self-cleaning for on-site insulators. In
order to analyze the difference in the insulator accumulation process, the natural pollution
on insulator surfaces inside and outside the tunnel were compared, as shown in Table 4:

e  Both soluble and insoluble deposition on the surface of insulators placed inside the
tunnel are heavier than those placed outside the tunnel; the pollution level of insulators
outside the tunnel is level d, while that inside the tunnel is level e.

e  The insulators outside the tunnel were cleaned by rainwater, which dissolved and
removed dirt from the insulator surface, which resulted in lower ESDD and NSDD
compared with the insulators inside the tunnel that were not washed by rainwater.
This effect leads to different levels between the two areas.

e  The insulators inside the tunnel have higher NSDD/ESDD ratios than the insulators
outside the tunnel, and the ratios of insulators inside the tunnel are 6.57, 5.88, and 9.30.

Table 4. Comparison of insulator natural contamination (inside or outside tunnels).

Tunnel Number Sample Location ESDD (mg/cm?) NSDD (mg/cm?)
| 11 Outside 0.076 0.267
unne Inside 0.082 0.539
Tunmel 2 Outside 0.056 0.521
unne Inside 0.093 0.547
Tunnel 3 Outside 0.086 1.105
unne Inside 0.220 2.045

4.4. External Insulation Configuration

Table 5 shows the results of the power frequency AC voltage flashover experiments
completed on the sample insulator at Chongqing University’s multifunctional artificial
climate laboratory [25].

The flashover voltage of insulators is influenced by the altitude, air pressure, and
pollution level of the arrangement location. Therefore, the pollution withstand voltage
method is usually used when calculating the external insulation configuration. This method
can be linked with the insulator pollution withstand voltage. The insulator configuration
can be calculated using

kl Uy

N = 3
k2k3U50(1 — 30'0/0) ( )
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where N is the number of pieces that the insulator string should reach; Uy, is the maximum
pollution withstand voltage, in kV; k; is the safety margin coefficient, usually taken as 1.1;
ky is the correction coefficient of the uneven distribution of pollution; kj is the difference
between the probability of a single and parallel flashover and is generally 0.92 by mathe-
matical statistics analysis; and ¢% is the standard deviation of test results, generally the
value of which is 7%.

Table 5. Pollution flashover voltage of test insulator under power frequency AC voltage.

U5() (kV)
Altitude/Air SDD (mg/cm?)
P
ressure Light Medium Heavy Very Heavy
(m/kPa)

0.03 0.05 0.10 0.15
3000/70.0 47.8 39.8 30.9 24.8
4500/57.7 429 35.1 25.8 209

The contamination of insulators is uniform when conducting pollution flashover
experiments, while the actual natural accumulation of the contamination of insulators is
uneven. It is necessary to correct the unevenness. Therefore, combined with the research
in this paper, the nonuniformity coefficient can be kp, which can be calculated by the

following formula:
T

ky=1-Alg(5) (4)
where E) 59 is the potential gradient along the creepage distance of the insulator at the
altitude h obtained by a power frequency AC experiment, in kV/cm; Usy is the power
frequency AC pollution 50% flashover voltage, in kV; and L is the creepage distance of the
insulator, in cm.

The electrical system of the railroad has a rated voltage of 27.5 kV, and its external
insulation is designed for a 35 kV system, resulting in a maximum working voltage of
40.5 kV. Therefore, the insulator creepage ratio distance at a high altitude can be calculated
using the following formula:

40.5
A =
h k2(1 — 30'(70)El,50 (5)
where A, is the creepage distance of the insulator required at the altitude #, in cm.
The required height of the insulator can be calculated as
40.5
' (6)

- k2k3U50(1 — 30’(70)

where H’ is the required insulation height of the insulator, in m.

According to Equations (5) and (6), Table 6 shows the selected creepage distance and
insulator height for different altitudes and contamination levels. The results in Table 6
compare the configuration referring to the T/B value of the EPRI standard and this paper.
From the results, it can be seen that the configuration calculated according to the results of
this paper is greater than that of the EPRI standard. This is due to the fact that the surface
pollution distribution of rail insulators from a plateau area is more uniform than that of
the EPRI standard. Therefore, it is risky to design the external insulation parameters of rail
insulators according to the EPRI standard.
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Table 6. External insulation configuration parameters of test insulators in a high-altitude and
pollution area under power frequency AC voltage.

Contaminated Area Level

Altitude/Air Referenced Insulator SDD (mglcmz)
Pressure T/B Configuration - -
Light Medium Heavy Very Heavy
(m/lcPa) Standard (cm) 0.03 0.05 0.10 0.15

. Al 180.87 192.19 24452 302.52

3000/70.0 This paper H 122.67 130.57 166.11 205.52

/70 EPRI Al 145.26 162.84 197.63 228.59

H 98.68 110.62 134.26 155.29

. Al 201.20 217.93 292.85 358.98

1500/577 This paper H 136.68 148.05 198.95 243.87

' EPRI Al 161.86 184.65 236.70 271.24

H 109.96 125.43 160.80 184.27

5. Conclusions

This paper studies the natural contamination characteristics of railroad insulators at a
high-altitude area. The external insulation configuration of a railroad insulator is calculated.
The conclusions can be drawn as follows:

(a) The natural pollution accumulation characteristics of railway insulators in a high-altitude
area are significantly different from insulators commonly used in power systems. The
ESDD range of railway insulators is 0.003-0.220 mg/cm?, mainly at 0.003-0.03 mg/cm?.
The NSDD/ESDD ratio range of railway insulators concentrates at 0-10.

(b) The deposition on railway insulator surfaces is mainly composed of NaCl. Meanwhile,
NaCl is used in the artificial contamination experiment, so the external insulation
configuration calculated according to the pollution flashover experiment of artificial
contamination needs to consider a certain margin. Additionally, the influence of
pollution components on flashover voltage is to be further considered.

(c) Based on this study, the pollution nonuniformity of line suspension insulators is differ-
ent from that of railway post insulators. According to the EPRI standard, the external
insulation configuration would be risky, since the range of given creepage distance
and structural height is insufficient to use in high-altitude railway. Therefore, it is
recommended to pay attention to the configuration and clean the insulator regularly.

(d) According to this study, the natural deposition on insulators contains many compo-
nents and is nonuniformly distributed. Thus, it is suggested that while designing
the external insulation configuration of railway insulators, the flashover voltage is
corrected, considering the nonuniformity and contamination components.
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