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ABSTRACT In recent years, shed holes appeared on the surface of in-service composite insulators have been
observed in transmission lines in the southern and middle regions of China. Their presence can shorten the
insulator creepage distance and therefore may impair the composite insulator’s electrical performance. In this
paper, extensive experiments were carried out to study the influence of shed hole (shed hole diameter, shed
hole arrangement, shed hole percentage) on the electrical performance including pollution flashover voltage,
pollution-rain flashover voltage, dry flashover voltage, wet flashover voltage, and lightning impulse voltage.
The experimental results showed that the presence of shed hole had insignificant impact on the dry flashover
voltage, wet flashover voltage, and lightning impulse when the shed diameter was 1.0 mm. However, the
shed hole influence on the pollution flashover and pollution-rain flashover performance was appreciable.
When the shed hole diameter is 1.0 mm, both the pollution flashover voltage and the pollution-rain flashover
voltage are higher with alternating arrangement than that with straight-line arrangement. With the same
shed hole diameter and pollution degree, the electrical performance of pollution-rain flashover is better than
the pollution flashover. It is also found that the diameter of shed hole is increased by 3% to 60% after the
pollution flashover test.

INDEX TERMS Composite insulator, electrical performance, pollution, lightning impulse, shed hole.

I. INTRODUCTION
Since 1980s, silicone rubber composite insulator has been
widely used in the high voltage transmission system for its
light weight, high mechanical strength, and ease of instal-
lation [1], [2]. Although the flashover performance of com-
posite insulator under icing condition is slightly inferior to
that of conventional porcelain or glass insulators, its pollution
flashover is much better than the latter in the heavily polluted
regions under wet condition [3]–[6]. In three ultra-high volt-
age (UHV)AC transmission lines which were put into service
in China in 2016, the proportion of composite insulators
consisted of about 60 % of all line insulators. In the six
UHV DC transmission lines that were built up recently, that
proportion was even up to 85 %. At the end of 2016, there
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were about 800 million composite insulators been used in the
AC and DC transmission system with nominal voltage rated
from 110 kV to 1100 kV in China [7], [8].

Although great progress has been made in the composite
insulator technology, there are still many problems need to be
resolved. Since they are normally operating outdoors, their
mechanical and electrical properties could be degraded for
being subjected to adverse environmental conditions such
as high electric field strength, high temperature, and severe
pollution, etc. [9]. On October 30, 2015, a routine inspection
of Line Xiaozong was conducted by helicopter. This line was
put into operation at 220 kV on June 12, 2011 and then partly
upgraded to 500 kV. During the inspection, temperature rises
from 3.3 K up to 11.4 K were observed at the high voltage
ends of composite insulators suspended on tower #N242.
On November 14, 2015, all twelve composite insulators were
replaced from tower. After a careful check, it was found that
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FIGURE 1. Shed holes of the composite insulators. (a) 550 kV composite
insulator replaced from Tower #N242 of Line Xiaozong; (b) 220 kV
composite insulator replaced from Tower #N25 of Line Huiqing.

about 12 to 22 shed units at the high voltage ends of all
composite insulators had shed holes. That was about 27.9% to
51.1% of the total shed number. A typical shed hole is shown
in Figure 1(a). On March 13, 2017, Line Huiqing, which
operated at 220 kV, was tripped and shed holes were found
on composite insulators installed on tower #N25, as shown in
Figure 1(b). Similar shed hole phenomena were also reported
in Haigang 220 kV transmission lines in Zhuhai, Guangdong
andmany other high-voltage transmission lines. According to
the observation, the shed hole diameter of collected defective
insulators ranged from 0.2 mm to 2.4 mm and they were
located near the rod as illustrated in Figure 1. These shed
holes are quite different from the typical housing erosion
and aging from the appearances and their locations. Many
researchers investigated the formation of shed holes. The
shed hole phenomenon was reproduced in the laboratory
after 30, 000 cycles of track wheel test [10]. After careful
observation, it was concluded that the burning of arcs was the
main reason for their formation. When subjected to such a
high-temperature arc root which could be higher than 1000 ◦C
for a certain time, the insulation material was pulverized and
carbonized [11]. It was also found that shed holes were more
likely to be formed if the crosslinking agents could not react
completely during the curing process of the silicone rubber.

Although the observation of shed holes can date back to
1980s [12], most of research were focused on the defect
detection and aging evaluation. Up to now, little literature
can be found on the flashover performance of the compos-
ite insulators having shed holes. As the presence of shed
holes may short out the sheds thereby reducing the creepage
distance, the main objective of this study is to investigate
the electrical performance of composite insulators with shed
holes under various adverse conditions. In this paper, three
types of new composite insulators were acquired and shed
holes were made artificially. Various flashover tests were
carried out in the chamber and outdoor. The test results of
this papermay give guidance to themaintenance of composite
insulators.

II. TEST FACILITIES, SPECIMENS, AND PROCEDURES
A. TEST FACILITIES
In this paper, five types of experiments, namely lightning
impulse, pollution, pollution-rain, dry and wet flashover tests

FIGURE 2. Outdoor UHV laboratory in Kunming, China. (a) Impulse
voltage generator; (b) Equivalent circuit of multi-stage impulse generator.

were carried out to study the electrical performance of com-
posite insulators that had shed holes on their sheds. The
purpose of lightning impulse test is to secure that the trans-
mission lines withstand the lightning overvoltage which may
occur in service. A type of 110 kV composite insulator was
tested, and the test was performed outdoor at National Engi-
neering Laboratory for Ultra High Voltage Engineering Tech-
nology (Kunming, China) with an altitude of 2100 m. The
experimental setup and its equivalent test circuit are shown in
Figure 2. The maximum charging voltage is 200 kV per stage
with a maximum energy of 20 kJ. With 36 stages, the impulse
voltage generator has a total charging voltage up to 7.2 MV
and a total charging energy up to 720 kJ. It can generate
standard lightning impulse (1.2/50 µs), standard switching
impulse (250/2500 µs), and switching impulse with front
time of 2,000 µs or even longer. The uncertainties of mea-
surement amounted to 2.5 % for the test voltage value (peak
value), which is in accordance with IEC standard 60060 and
IEEE St.4 [13]–[15].

The pollution and pollution-rain flashover tests of compos-
ite insulators with rated voltages of 500 kVwere performed in
a fog chamber at National Engineering Laboratory for Ultra
High Voltage Engineering Technology (Kunming, China).
The fog chamber is illustrated in Figure 3. It is one of the
highest performances in the world allowing pollution test of
up to 800 kVAC and 1,000 kVDC. It has a dimension of 26m
(width) × 26 m (length) × 30 m (height). In these tests, the
power was supplied by a 4800 kVA/800 kV test transformer
which met the requirements recommended in [13]–[15]. For
pollution tests, the steam fog was generated with an input
rate of 0.05 ± 0.01 kg/(h·m3) by a boiler. Considering the
chamber has a volume of 20,280 m3, the steam output should
be at least 1014 kg/h. To achieve the desired fog intensity, the
boiler was designed to have a capacity of 1500 kg/h. To carry
out the pollution-rain tests, 13 sets of nozzles are mounted on
a stand as displayed in Figure 3(b). The distance between two
adjacent nozzle sets is 0.6 m, and each set has three nozzles.
The rainfall intensity can be adjusted by regulating the air
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FIGURE 3. Fog chamber of UHV laboratory in Kunming, China.
(a) Pollution flashover test; (b) Pollution-rain flashover test.

FIGURE 4. Test facilities at Electric Research Institute in Jiangsu, China.
(a) AC power supply; (b) Fog chamber.

TABLE 1. The profile parameters of tested composite insulators.

and water pressure gauges. The dry flashover test and wet
flashover test of 110 kV composite insulators were also tested
in this chamber.

The pollution flashover tests of 35 kV composite insula-
tors were carried out at Electric Power Research Institute
in Jiangsu, China, as shown in Figure 4. The power was
supplied by a 2400 kVA/600 kV test transformer as shown
in Figure 4(a). It also satisfied the requirement specification
in [13]–[15]. The fog chamber in Figure 4(b) has an area
of 14 m2 and a height of 4 m.

B. SPECIMENS
Three types of composite insulators, namely FXBW-35/70,
FXBW4-110/70-A, and FXBW4-500/240-C, were tested in
this study. For ease of reading, they are labeled as Type A,
Type B, and Type C. The profiles of these insulators are
illustrated in Figure 5 with their detailed profile parameters
listed in Table 1. The basic insulation levels (BIL) of these
three types of composite insulators were 250 kV, 550 kV
and 2410 kV, respectively.

FIGURE 5. Profiles of the tested specimen. (a) FXBW-35/70;
(b) FXBW4-110/100-A; (c) FXBW4-500/240-C.

TABLE 2. The test insulators, flashover test types and test methods.

C. PROCEDURES
To ensure the desired performance of the composite insulator,
which is for avoiding unwanted insulator failure, various
flashover tests were performed at different sites as indi-
cated in Table 2. In the lightning impulse, pollution, and
pollution-rain tests, the up-and-down method was adopted to
obtain the 50% flashover voltage U50% with a step (1U ) of
5% of the last flashover voltage (or the expected flashover
voltage in the first try). In each test, the next voltage is
determined by the last test result. If the last trial voltage with-
stands, the next trial voltage is increased by 1U . Otherwise,
it is decreased accordingly. The first trial voltage showing
a different test result from the last one (from withstand to
flashover or vice versa) and the following tests are defined
as valid tests [16]. For each sample, at least 10 valid tests
are performed. Then, the U50% and the relative standard
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deviation (RSD) σ can be calculated by:

U50% =

N∑
i=1

Ui

N
(1)

σ =

√√√√√ (
N∑
i=1

(Ui − U50%)2)

N − 1
/U50% × 100% (2)

where Ui is the ith valid test voltage and N is the number of
valid tests.

The ever-rising method was used in the dry flashover test
and wet flashover test due to its advantage in obtaining large
number of test results in a relative short time. Using this
method, the applied voltage is first increased at a high rate
to 75% of the estimated flashover voltage Ue. After that, the
voltage increase rate is changed to 2%Ue/s until flashover
happens [17]. Then, the flashover voltage Ur is calculated
by averaging the values of all valid tests, which is similar to
Eq. (1).

As the flashover voltage is related to the atmospheric
conditions such as air pressure, the measured voltage U is
corrected to the flashover voltage at sea level by:

U0 = U · (
P
P0

)−m (3)

where U is the flashover voltage at low air pressure (high
altitude), U0 is the flashover voltage at standard pressure
at sea level (101.3 kPa), and m is a constant characterizing
the influence of air pressure on the flashover voltage which
is 0.58 for lighting impulse test and 0.54 for AC flashover
test [18].

In the lightning impulse test, clean composite insulators of
type B were conducted with the IEC Standard impulse wave
of 1.2/50 µ s and the detailed test procedure can be found in
IEC 60060 [19], [20].

In the pollution test, the insulator was first cleaned with
care to make sure that all traces of dirt and grease were
removed. After that, the insulator surface was artificially pol-
luted using the solid layer method. To simulate the pollution,
sodium chloride (NaCl) was used to represent the soluble
material while kaolin was chosen to represent the insoluble
component. The mixture of weighted NaCl and kaolin was
added into deionized water and then uniformly coated on the
insulator surface by the pasting method [21]–[23]. The equiv-
alent salt deposit density (ESDD) is normally used to charac-
terize the pollution degree. Three ESDDs of 0.05 mg/cm2,
0.10 mg/cm2, and 0.15 mg/cm2 were carried out in the
pollution test. In all pollution tests, the non-soluble deposit
density (NSDD) was 1.0 mg/cm2. It should be mentioned that
before the first contamination, the insulators were scrubbed
with a slurry of water and kaolin and then thoroughly rinsed
with tap water. Before applying the voltage, the insulator
was wetted by steam fog. Then, voltage was applied and
increased at a rate of 2 kV/s to the test voltage. The voltage
was maintained until flashover took place. Otherwise, it was

FIGURE 6. Tested FXBW4-500/240-C insulator with shed holes. (a) Before
pollution-rain test; (b) After pollution-rain test.

maintained for 100 minutes from the start of the test or
until there was obvious evidence to exclude the possibility
of flashover by the leakage current. The pollution layer on
the insulator surface was tested only once.

In the pollution-rain test, the insulator contamination pro-
cess was the same with the pollution test and the flashover
test was performed 15-18 hours after the insulator was con-
taminated. To create an artificial raining condition, the con-
taminated insulator was sprayed with water at a precipitation
direction of 45◦. The volume conductivity of water used
for simulating the rain was 70 µS/cm and the precipitation
intensity was 5 mm/min. As the contamination can be washed
by the rain, each polluted insulator was used only once.

In the dry flashover test and wet (rain) flashover test,
clean insulator specimens were used, and the ever-rising
method was adopted. In addition, the precipitation direction
and water resistivity in the wet flashover test were the same
with the pollution-rain test while the precipitation intensity
was 2 mm/min. The wet flashover test was carried out at
least 15 min after the start of the rain.

To observe the arc development, the flashover pro-
cess in the above-mentioned tests was recorded by an
ultrahigh-speed camera Phantom v2012 which could reach
up to 22, 500 fps at a resolution of 1280× 800.

III. RESULTS AND DISCUSSION
In this paper, all shed holes were artificially made by an
electric drill and the holes were located 0.5 cm away from
the rod as displayed in Figure 6. The shed diameter was
measured by a digital caliper from Sangabery which provided
a resolution of 0.1 mm.

A. THE INFLUENCE OF SHED HOLES ON THE POLLUTION
FLASHOVER PERFORMANCE OF COMPOSITE INSULATOR
Type A (35 kV) composite insulator was used to study the
influence of shed holes on the pollution flashover perfor-
mance. Three dimensions of shed holes with diameters of
0.5 mm, 1.0 mm, and 2.0 mm were artificially made. As the
proportion of sheds that have holes may affect the pollution
flashover performance, five proportions, namely 1/6, 1/3, 1/2,
2/3, and 100% were investigated. These shed holes were in
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FIGURE 7. Schematic diagram of composite insulators with different shed
hole proportions. (a) 1/6 (b) 1/3; (c) 1/2; (d) 2/3; (e) 100%.

TABLE 3. Results of pollution flashover voltage tests of 35 kV composite
insulators with shed hole diameter of 0.5 mm.

a straight-line arrangement as illustrated in Figure 7. In the
former four proportions, the shed holes were started from
the high voltage end. In addition, non-defective composite
insulator without any shed hole and bare rod insulator with
all sheds removed were also tested.

The test results at ESDD of 0.05 mg/cm2, 0.10 mg/cm2,
and 0.15 mg/cm2 are listed in Table 3 to Table 5. To describe
the influence of shed holes, the flashover voltage of
non-defective composite insulator with no shed hole is taken
as the reference. Then, the percentage of voltage drop β is
defined as:

β = (
Ui − Unsh
Unsh

)× 100% (4)

whereUi is the pollution flashover voltage of composite insu-
lator with shed holes or without sheds (bare rod), and Unsh is
the flashover voltage of non-defective composite insulator.

When the shed hole diameter is 0.5 mm and the ESSD is
not greater than 0.10 mg/cm2, the percentage of voltage drop
is less than 5.5% as long as the shed hole percentage is less
than 2/3. In these cases, the influence of shed holes on the
pollution flashover performance is minor. By ultrahigh-speed
camera, it was observed that the discharge path barely passed
through the shed holes. After the tests, it was found that the

TABLE 4. Results of pollution flashover voltage tests of 35 kV composite
insulators with shed hole diameter of 1.0 mm.

TABLE 5. Results of pollution flashover voltage tests of 35 kV composite
insulators with shed hole diameter of 2.0 mm.

shed holes were almost blocked by the pollution, making the
arc difficult to pass through.

In other tests, arcs passing through the shed holes were
observed, especially when the shed hole diameter is large
and ESDD is high. Moreover, the pollution flashover voltage
generally decreases with the increase of shed hole percentage,
shed hole diameter, and ESDD. When the shed hole diameter
is 1.0 mm and 2.0 mm, the percentage of voltage drop can
be as high as −27.1% and -32.1% if shed hole percentage is
100%. It should be noted that the Type A insulator can still
withstand at the nominal voltage even in the condition that
shed hole percentage is 100%, shed hole diameter is 2.0 mm,
and ESDD is 0.15 mg/cm2. When all the sheds are removed,
the percentage of voltage drop can be up to −50%.

Figure 8 shows the insulator after the pollution flashover
test. It can be seen clearly that the arcs have passed through
the shed holes indicated in the red box and ablation traces
are left. After the test, the insulators were cleaned and it was
found that some shed hole diameters which initially had a
diameter of 1.0 mm or 2.0 mm increased by 3% to 64%,
depending on the time it withstands the arc.

Figure 9 shows one of the measured currents during the
test. When there are shed holes, the leakage current is appre-
ciable even long time before the flashover happens. There-
fore, the presence of shed hole can greatly intensify the
leakage current in the phase before flashover.
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FIGURE 8. Tested FXBW-35/70 insulator after pollution test.

FIGURE 9. Measured leakage current of Type A insulators during the
pollution flashover test. (a) Insulator without any shed hole; (b) Insulator
with 1/2 shed holes.

FIGURE 10. Schematic diagram of two shed hole arrangements (not to
scale). (a) Straight-line arrangement; (b) Alternating arrangement.

In the above tests, the shed holes are in the straight-line
arrangement. To check whether the shed hole arrangement
would influence the pollution flashover performance or not,
the alternating arrangement, as illustrated in Figure 10, was
also studied with Type C (500 kV) composite insulator. In the
tests, the ESDD was 0.10 mg/cm2, the shed hole percentage
was 2/3, and the shed hole diameter ranged from 1.0 mm to
3.0 mm. The test results are listed in Table 6. As can be seen
from the table, the percentage of voltage drop β decreases
with the shed hole diameter for both shed hole arrangements.
When the shed hole diameter is 1.0 mm, there is a signifi-
cant difference between two arrangements. The percentage of
voltage drop is -9.3% for the alternating arrangement which
is 9.4% lower than the straight-line arrangement. However,
when the shed hole diameter is 2.0 mm or 3.0 mm, the
difference between two arrangements is less than 2.7%which

FIGURE 11. Discharge paths of three Type C composite insulators.
(a) Insulator without shed hole; (b) Insulator with shed holes in
straight-line arrangement; (c) Insulator with shed holes in alternating
arrangement.

TABLE 6. Results of pollution flashover voltage tests of 500 kV composite
insulator.

indicates that the shed hole arrangement no longer has an
effect on the pollution flashover voltage.

For a given insulator at a certain pollution degree, the
leakage distance plays an importance role on the flashover
voltage. Figure 11 shows the discharge paths of non-defective
insulator and insulators with shed hole diameter of 1.0 mm
with different shed hole arrangements. When there is no
shed hole, the discharge path follows the insulator surface
or floating in the air nearby as illustrated in Figure 11(a).
Under this circumstance, the leakage distance is the longest
and the pollution flashover voltage is the highest. When the
shed holes are in the straight-line arrangement, discharge
arcs passing through the shed holes were observed in the red
oval in Figure 11(b), leading to a dramatic flashover voltage
decrease. The detailed arc development passing through the
shed holes are recorded as displayed in Figure 12. Accord-
ing to the observations, the arc passing through the shed
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FIGURE 12. The development of discharge arcs passing through the shed
holes.

FIGURE 13. The appearance of FXBW4-500/240-C insulator after
pollution test.

holes is more likely to happen near the high voltage end.
In Figure 13, four of eight consecutive shed holes have been
passed through by arcs at the high voltage end. Therefore,
there is no guarantee that each shed hole will be shorted by
the arc even the ESDD and the shed hole diameter are both
appreciable. With the shed hole diameter increased to 2.0 mm
or higher, the discharge activity becomes very intensive. As a
consequence, the heating of air makes some local arcs below
the sheds floating around the rod. In this case, the local arcs
may pass through the shed holes more easily even they are in
an alternating arrangement. Therefore, the flashover voltage
difference of two shed hole arrangements narrows.

B. THE INFLUENCE OF SHED HOLES ON THE DRY
FLASHOVER AND WET FLASHOVER PERFORMANCE
Six type B (110 kV) insulators, namely from B-DW1 to
B-DW6 as listed in Table 7, were used to study the influence
of shed holes on dry flashover voltage Vdf and wet flashover
voltage Vwf . Specimen B-DW1 had no hole in its sheds while
specimens from B-DW2 to B-DW4 had shed holes which
were prepared in the straight-line arrangement. The shed
holes of B-DW2 to B-DW6 started from the high voltage end
and their proportions to the whole sheds were 1/3, 1/2, 100%,
100%, and 100%, respectively. For B-DW5, the holes at the
small and medium sheds were in the straight-line arrange-
ment while others at the big sheds were in the alternating
arrangement. The shed hole diameter of B-DW2 to B-DW6
was 1.0 mm.

TABLE 7. Results of dry and wet flashover voltage tests of 110 kV
composite insulator with shed hole diameter of 1.0 mm.

TABLE 8. Results of pollution-rain flashover tests of 500 kV composite
insulator.

As listed in Table 7, with the presence of shed holes, the
percentage of voltage drop of dry flashover voltage and wet
flashover voltage are both not greater than 2.0%, regard-
less of the shed hole percentage and how the shed holes
were arranged. The change of shed hole arrangement or the
increase of shed holes do not lead to an appreciable decrease
of flashover voltage. Therefore, the influence of shed holes on
both dry flashover voltage and wet flashover voltage is neg-
ligible. According to the observation by the ultra-high-speed
camera and the surface trace check after the test, the arc only
passed through very few shed holes at the high voltage end
and the ground end rather than the shed holes located in the
middle of the insulator.

C. THE INFLUENCE OF SHED HOLES ON THE
POLLUTION-RAIN FLASHOVER PERFORMANCE
In this part, type C (500 kV) insulators were tested and shed
hole diameters of 1 mm, 2 mm, and 3 mm were investigated.
The shed hole percentage was 2/3 and the holes were artifi-
cially made at the high voltage end.

The test results are listed in Table 8. As indicated in the
table, the presence of shed holes can reduce the pollution-
rain flashover voltage by −5.6% to −14.3% when ESDD
is 0.05 mg/cm2 and −10.4% to −21.9% when ESDD is
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TABLE 9. Results of lightning impulse flashover tests of 110 kV composite
insulator.

FIGURE 14. The lightning paths of three composite insulators. (a) B-I1;
(b) B-I2; (c) B-I3; (d) Trace on the B-I2 insulator surface after a lightning
impulse strike.

0.10 mg/cm2, respectively. When the shed hole diameter is
1.0 mm, the flashover voltage is higher in the alternating
arrangement than the straight-line arrangement. With the
increase of shed hole diameter, the difference between two
arrangements becomes insignificant. According to the data in
Table 6 and Table 8, it can be calculated that the pollution-rain
flashover voltage is 3.3% to 7.8% higher than that of pollution
flashover when the ESDD is 0.1 mg/cm2, which is consistent
with the test results of composite post insulators in [24].

D. THE INFLUENCE OF SHED HOLES ON THE LIGHTNING
IMPULSE PERFORMANCE
The lightning impulse tests were carried out at the outdoor
laboratory in Kunming. Three new 110 kV type B composite
insulators were selected as listed in Table 9. Among them,
insulators B-L2 and B-L3 were treated before the tests as
follows: shed holes with a diameter of 1.0 mm were made
artificially at each shed of insulator B-L2 and all shed holes
were in a straight-line arrangement while insulator B-L3 was
trimmed to a bare rod with all sheds removed. The test results

in Table 9 show that the presence of shed holes or even
the sheds themselves has insignificant influence on the 50%
lightning impulse flashover voltage of the insulator. Com-
pared with insulator B-L1, the lightning impulse flashover
voltage of insulator B-L3 which had no sheds is only 4.9%
less. Figure 14 shows some arc paths at the time of flashover
of three insulators.

According to the observations, the lightning path was
always along the insulator rod of B-L3 which led to a shorter
arc distance and a lower lightning impulse voltage. It should
be noted that, insulator B-L2, although had shed holes, had a
slightly higher lightning impulse flashover voltage than that
of insulator B-L1. As the lightning passes through the hole
at the first shed at the bottom of the insulator as shown in
Figure 14(b), the lightning arc distance is even longer than
that of insulator B-L1. After the lightning impulse test, a trace
caused by the lightning impulse strike was left on the first
shed surface at the bottom of the insulator, as displayed in
Figure 14(d).

IV. CONCLUSION
To investigate the influence of shed holes on the electrical per-
formance of composite insulators, a large number of exper-
iments were conducted outdoor and in the chamber in this
paper. According to the test results, the following conclusions
can be drawn:

1) The pollution flashover voltage and pollution-rain
flashover generally decrease with the increase of shed
hole diameter, shed hole percentage and ESDD. Due to
the presence of pollution, the arc were more likely to
pass through the shed hole which could decrease the
leakage distance dramatically.

2) It is worth noting that for the tested 35 kV com-
posite insulators, the insulator can still withstand at
the nominal voltage even the ESDD is very heavy at
0.15 mg/cm2 and the shed hole diameter is 2.0 mm.
After the pollution test, the diameter of shed holes is
increased by 3% to 64%.

3) For the tested 500 kV composite insulators, when the
shed diameter is 1.0 mm and ESDD is 0.1 mg/cm2, the
pollution-rain flashover voltage is 3.3% to 7.8% higher
than that of the pollution flashover voltage. In both
types of flashover tests, the flashover voltage with shed
holes in alternating arrangement behaves better than
that of the straight-line arrangement. However, with
the increase of shed hole diameter, the discharge activ-
ity becomes more intensive. With local arcs floating
around the rod, the flashover voltage difference of two
shed hole arrangements is narrowed.

4) The presence of shed holes has negligible influence
on the wet flashover voltage and dry flashover volt-
age of 110 kV composite insulator. The difference of
flashover voltage is not greater than 2.0% for each type
of flashover test, no matter how much the shed hole
percentage is or how the shed holes are arranged. Under
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these circumstances, the arc only passed through very
few shed holes and the decrease of leakage distancewas
therefore limited. In addition, the influence of shed hole
to the lightning impulse is also minor.
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