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Abstract The principal object of this paper is to provide a comprehensive approach for parallel processing of
potential and electric field calculations. The approach investigated under dry and wet conditions for two types of
insulators, the ceramic cap and pin and the polymeric, in three different high voltages: 230 kV, 400 kV, and 765 kV
account for the two design factors: towers and bundled conductors. Moreover, corona is an important phenomenon
associated with all transmission lines that causes the surrounding air molecules to ionize, or undergo a slight
localized change of electric charge. As such, the effects of the corona rings on the insulators considering potential
and electric field distribution are other objects of this paper. Decisively, this requires accurate and efﬁcient modeling
of the proposed insulators on the tower conductors of the transmission lines which is derived by a detailed localized
potential and electric field distribution approach that combines the different aspects of the transmission high voltages.
The corona rings' optimization for six individual insulators is another object of this study.
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1. Introduction
Computation of the electric field and potential
distribution along insulators play an important role in
designing and manufacturing electrical equipment and
transmission lines. The Polymeric and the ceramic
insulators each have special features in terms of the
electric field and the potential distribution, which can
cause corona and flashover problems [1-4]. Adjusting
corona rings and adding bundled conductors can prevent
flashover and decrease corona under dry and wet
circumstances by considering the system voltage, which
can enhance reliability, productivity, and economic
efficiency [5-23].
Features like reduced weight, ease of installation, cost
reduction, and better performance against environmental
pollution are benefits of polymeric insulators [24,25].
However, they might erode when subjected to sustained
electrical discharge. In addition, the distribution of their
internal electric field is more nonlinear than ceramic
insulators, which can lead to corona and increase various
failure modes [25,26].
One of the significant design factors in transmission
lines is corona discharge, due to the losses that
the discharge imposes on the system along with radio
interferences [27]. To control this phenomenon, corona
rings are widely used in high voltage transmission lines.

At 230 kV and higher, though some cases under 230 kV,
adjusting the ring size is effectively deconcentrates the
electric field and decreases the radio interference and loss
[24,25]. In High Voltage (HV) and Extra high Voltage
(EHV) applications, transmission lines use bundled
conductors to prevent high electric field concentrations
and reduce current losses in conductors [25]. Bundling
conductors and its effects on the electric field and voltage
distribution in insulators depend on the number of
bundles, which is used to decrease corona and radio
interferences.
There are two main approaches to finding the
distribution of the electric field and potential along
insulators at various voltage ratings. The first method is
using laboratory equipment and instruments to extract
empirical results [28]. This method is expensive and time
consuming. A better method is to use a numerical method
using computers [28,29]. Several methods are used to
calculate the electric field and voltage in special
geometries [29-32]. Among them is the finite element
method (FEM), which is very popular for computing
complex geometries and nonlinear properties of materials
and is very powerful.
In [9], by considering the electric field distribution in
380 kV V-string ceramic insulators, the corona rings were
optimized by considering different points of views, such
as economic, flashover, etc. In spite of considering the
effects of towers and bundled conductors in [9], the results
are only acceptable for one specific voltage and condition.
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In addition, optimization for polymeric insulators is
not conducted. Therefore, there is no unifying vision
on corona ring optimization for different voltages
and insulators. In [25], the potential and electric field
distribution were obtained for polymeric insulator at
345 kV. The effects of towers and bundled conductors
were considered. However, the results are valid only
for the dry condition and for the specific voltage of
345 kV. The effects of corona rings on the distributions
was not considered. In [25], the electric field distribution
was computed for polymeric insulators at voltages up
to 1200 kV AC. In addition, in [25], corona rings
and bundled conductors were modeled, and their effects
on the electric field distribution were examined.
However, potential distribution, which is important
in flashover occurrence, under different conditions
was not calculated, and the effect of towers, which
can make significant differences in results, was
not modeled. Likewise, it is vital to compute the
electric field and potential distributions on the ceramic
insulators to obtain a more comprehensive vision.
In [28], the potential and the electric field distributions
were obtained for a ceramic disc insulator at 330 kV
by considering the effects of the tower and bundled
conductors. However, corona rings and polymeric
insulators as well as other voltages and different
conditions were ignored.
In [29], potential and electric fields in ceramic
insulators at 400 kV were studied by using the FEM
method. The effect of corona rings on electric field
distributions was obtained. The effects of towers and
bundled conductors on the results are not addressed.
In this paper, both the ceramic cap and pin insulator and
the polymeric insulator are used for calculating electric
field and voltage distributions along at three different
voltages: 230 kV, 400 kV, and 765 kV. The calculations
are conducted in both dry and wet conditions. The
comparisons are also presented between the two insulators
in terms of voltages, corona ring size effectiveness, and
bundled conductors. These features are significant in the
design, selection, and performance of insulators [25]
under specific conditions and provide comparative data in
different systems, which enables designers to choose
between ceramic and polymeric insulators by considering
special conditions.

2. Simulation Models
At different voltage ratings of 230 kV, 400 kV and 765
kV, the creepage distance and the arc distance for both
polymeric and ceramic insulators are different. Therefore,
it is necessary for calculations to be done for three ceramic
cap and pin insulators and three polymeric insulators at
different voltages. The geometry of a polymeric insulator
and a ceramic cap and pin were modeled in AutoCAD is
shown in Figure 1. Since the tower may primarily affect
the results and overall conclusions [32,33] for each system
voltage, each systems’ tower is modeled. The towers were
involved in the calculations, and to decrease the time of
the calculations, the effect of conductors of other phases is
not considered.
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Figure 1. Models of the polymeric insulator and the ceramic cap and pin
insulator, which were modeled in the AutoCAD for FEM computations

2.1. Models of Insulators, Towers and Corona
Rings
Polymeric insulators are made out of a fiberglass rod to
endure mechanical loads and a polymeric material housing
consisting of the sheath and weathershed [24]. They are
equipped with a metal fitting at both ground end and line
end [24]. The detailed geometry of a polymeric insulator
is shown in Figure 2a.
Ceramic disc insulators are made out of a number of
cap and pin pieces so that by connecting a specific number
of these pieces, a string is made. A detailed geometry of
this kind of insulator, which is modeled for calculations of
this study, is shown in Figure 2b.

Figure 2. Detailed parts of a polymeric insulator and a piece of disc
string, which the simulations and different strings are based on. a)
Polymeric insulator detailed geometry. b) Cap and pin detailed geometry
[34] in this study are D=280 mm, H=170 mm, and L=380 mm for all
three system voltages
Table 1. Dimensions of polymeric insulator at different voltages
Voltage Rating
(kV)
230

Creepage Distance
(mm)
5815

Dry Arc Distance
(mm)
2000

400

9525

3280

765

6600

5000

Table 2. Ring diameters of C-Type corona rings at different voltages
for both insulators

230

Diameter in ground
end (mm)
No Need

Diameter in line end
(mm)
200

400

200

400

765

400

400

Voltage Rating (kV)

Table 3. Dimensions of ceramic cap and pin insulator at different
voltages
Voltage Rating
(kV)
230

Number of
Discs
15

Creepage
Distance (mm)
5700

Dry Arc Distance
(mm)
2550

400

25

9500

4250

765

47

17860

7990
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The dimensions of insulators’ discs were extracted from
the Iran Insulator Company (IIC) catalog [35], and
dimensions of corona rings were recommended by the
manufacturers [36,37]. The dimensions are noted in
Table 1, Table 2, and Table 3. The corona rings, must be
placed in the line end, in the ground end, or in both ends
to decrease the electric field and voltage distribution along
the string. For simulations, the installation height is set to
100 mm from the HV and/or ground end and the diameter
of the ring tube is set to 45 mm. Corona rings are divided
into two types of circular shapes: C-type and Racket types
(R-type). In this paper, only the C-type is studied. The
C-type corona rings, which are placed on both sides of
insulators, are shown in Figure 3.
The dimensions of towers for each voltage rating are
extracted from the Tavanir Electric Power Industry Co.
catalog [38]. Based on these tower dimensions which are
shown in Figure 4, simulated models of towers were built
in AutoCAD, and then by transferring the models to a
FEM software package, computations were conducted. A
simulated half model of the tower is shown in Figure 4(d).

Figure 3. Schematic of a typical ceramic cap and pin and polymeric
insulator with corona rings at both the line end and ground end and
modeled in AutoCAD for FEM computations

Table 4. Peak voltage of each phase for boundary condition
Rating Voltage (kV)
230
400
765

Peak Voltage in each Phase (kV)
188
462
625

2.2. Numerical Analysis Method
As the frequency of power line transmissions is low-50
Hz or 60 Hz - the problem of computing electric field and
potential can be solved in a quasi-static state [39].
Therefore, by using the Laplace equation and inserting
boundary conditions, the problem will be solved.
∇2 (𝑉𝑉) = 0

V∞ = VEarth = VTower= 0

(1)
(2)

VLine = (V/√3 ) × √2 (in each system voltage) (3)

After solving the potential equation, the distribution of
the electric field can be obtained from equation (4):
E = -∇ (𝑉𝑉).

(4)

As mentioned in previous sections, all of the equations
are solved by the FEM. The boundary conditions in the
software are set to the following:
 Voltage on the conductors and the fitting ends of
insulators is in accordance to Table 4.
 Voltage on towers, ground, and fittings at the line
side of insulators is 0 V.
 Conductors and other parts without voltage are
considered as float voltages with a total charge
of °C.

Figure 5. a) Meshed model of a disc of ceramic cap and pin insulator. b)
Meshed model of a part of a polymeric insulator.

Figure 4. The towers with their dimensions (units are in meters) are used
for three system voltages to model simulated towers for FEM
computations. a) 230 kV tower dimensions. b) 400 kV tower dimensions.
c) 765 kV tower dimensions. [38], (d) Typical half model tower modeled
in AutoCAD.

In the software package, after creating the geometry,
each insulator, tower, and element must be divided into
small boundaries for meshing. After meshing, the problem
can be solved. In significant parts, the mesh was made
smaller for more accurate results. As the number of
meshes increases, the results become more accurate, but
calculation time increases. Thus, a compromise must be
made between calculation time and accuracy of results.
For this reason, in the software, the number of meshes was
set higher in insulators, corona rings, and bundled
conductors than for other parts of the whole geometry.
The number of meshes in insulators differed from 323,652
to 510,364. Schematics of meshed models for parts of
insulators are shown in Figure 5.
In wet conditions, water droplets were simulated on
insulators, and then the problem was meshed again and
solved. The diameter of droplets was set to 5 mm with a
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90 degree contact angle with the surface. The distance
between droplets is considered to be 10 mm from each
other. After adding the droplets for simulating wet
condition, the number of meshes and calculation time
increased significantly. Thus, another compromise was
needed to decrease the time of simulation while preserving
the accuracy. The relative permittivity of fiberglass, steel,
silicone rubber, and water were considered to be 5, 1, 4,
and 80, respectively.
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curves for both disc and polymeric insulators is more than
the middle. The voltage characteristic of the disc
insulators is more even than the polymeric insulators,
because polymeric insulators have fewer fittings and are
three-piece constructions.

Figure 6. Voltage distribution for polymeric insulators along the
insulation distance at the center line of the rods. The voltage is
normalized against the maximum value for each voltage and distance is
normalized against the insulation distance from the HV end to the ground
end. a) Without corona ring. b) With corona ring

3. FEM Analysis
3.1. Potential Distribution
The potential distribution was calculated for both types
of insulators with and without a corona ring for each of
three different system voltages. The insulators were
assumed to be clean. Based on Figure 6 and Figure 7, the
voltage distribution for a polymeric and a disc insulator at
voltages of 230 kV, 400 kV, and 765 kV are comparable.
As the voltage distribution of a middle-phase is greater
than the side-phases [28], these measurements were
calculated for the middle phase of the system. The results
show that the decrease/increase rate for two ends of the

Figure 7. Voltage distribution on the discs of ceramic cap and pin
insulators at different voltages. Disc numbers increase from the HV end
to ground end. a) 765 kV disc insulator with 47 discs. b) 400 kV disc
insulator with 25 discs. c) 230 kV disc insulator with 15 discs

It is clear, in the absence of a corona ring the bottom
parts of the insulators, which are near the HV end, endure
more voltage than when in the presence of a corona ring.
Therefore, the presence of corona rings, can delayed aging
of insulators. This inequality of voltage with the presence
of a corona ring in disc insulators can be expressed by the
string efficiency (SE) parameter:

SE =
Conductor Voltage
.
n × the voltage across the disc nearest to the conductor
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In the above definition, n is number of discs in the
ceramic cap and pin insulators. By considering string
efficiency, it is clear that by adding the corona ring, this
parameter will improve in insulators, which is desirable.
In Table 5, SE is calculated for the first 4 discs of ceramic
cap and pin insulators.
Table 5. String efficiency in ceramic cap and pin insulators, with and
without the corona ring, for the first 4 discs by numbering from HV
end to ground end. a) 230 kV. b) 400 kV. c) 765 kV
(a)
Disc Number

Without Corona Ring (%)

With Corona Ring (%)

1

51.28

65.36

2

57.97

71.68

3

63.49

74.07

4

68.03

75.76
(b)

Disc Number

Without Corona Ring (%)

With Corona Ring (%)

1

29.63

35.71

2

33.61

38.46

3

36.36

40.82

4

40

42.11

Table 6. The maximum electric field for different voltages with and
without corona ring for polymeric insulators under dry condition.
Corona threshold is 15 kV/cm.
Voltage
Rating (kV)
230
400
765

Maximum E-field (kV/cm)
Without
With Corona
Corona Ring
Ring
15.7
7.48
21.68
8.16
35.14
9.49

Table 7. The maximum electric field in different voltages with and
without corona rings for ceramic cap and pin insulators under dry
condition. The corona threshold is 15 kV/cm
Maximum E-field (kV/cm)
Voltage Rating
(kV)

Without
Corona Ring

With Corona
Ring

230
400
765

21.68
35.52
66.49

3.57
4.78
6.91

Without Corona Ring (%)

With Corona Ring (%)

1

15.53

17.73

2

17.44

18.83

3

18.03

19.34

4

18.50

19.52

Decrease Percent
of Maximum
E-field (%)
83.53
86.54
89.61

Table 8. The maximum electric field with corona ring under dry
condition by considering bundled conductors for polymeric and
ceramic cap and pin insulators. a) 230 kV. b) 400 kV. c) 765 kV

(c)
Disc Number

Decrease Percent of
Maximum E-field (%)
52.36
62.36
72.91

Number of bundled
conductors
2
4
6

Number of bundled
conductors
2
4
6

Number of bundled
conductors
2
4
6

(a)
Maximum Electric Field (kV/cm)
Polymeric
Ceramic
Insulator
Insulator
4.18
2.27
3.94
2.03
3.43
1.72
(b)
Maximum Electric Field (kV/cm)
Polymeric
Ceramic
Insulator
Insulator
5.19
3.31
4.46
2.59
3.74
2.23
(c)
Maximum Electric Field (kV/cm)
Polymeric
Ceramic
Insulator
Insulator
6.80
5.37
5.54
4.28
4.62
3.55

3.2. Electric Field Calculations under Dry
Condition

Figure 8. An example of 3D voltage (kV) and electric field (kV/cm)
distribution on insulators with a 230 kV voltage. a) Voltage distribution
along the ceramic cap and pin insulator. b) Voltage distribution along
Polymeric insulator. c) Electric field distribution along the cap and pin
insulator with 2 bundled conductors. d) Electric field distribution along
the polymeric insulator

The electric field is calculated for both insulators at
different system voltages by assuming they are all clean.
3D voltage and electric field distribution on the insulators
with the voltage of 230 kV is shown in Figure 8. It is clear
that the electric field increases as the voltage is increasing,
and the maximum electric field occurs near the HV side.
For the safety of insulators against corona, the maximum
electric field in each voltage system must be under the
corona occurrence threshold, which is considered in this
study to be 15 kV/cm [40] in dry and clean weather. As
shown in Table 6 and Table 7, in the three system voltages
without the corona ring, all of them are above the
threshold. After adding corona rings, we observe remarkable
mitigation in the measurements of the maximum electric
field for both insulator types. The percent decrease in the
maximum electric field for the polymeric insulator at
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voltages of 230 kV, 400 kV, and 765 kV is 52.36%,
62.36%, and 72.91%, respectively. For the ceramic insulator
at voltages of 230 kV, 400 kV, and 765 kV it is 83.53%,
86.54%, and 89.61%, respectively. By considering the
presence of towers in calculations it can be inferred from
the electric field distribution with and without corona ring,
that for all voltages above 230 kV both types of insulators
need corona rings in order to decrease maximum electric
field so that it is under the corona threshold. For voltages
under 230 kV, each case must be considered separately for
weather to add a corona ring or not.

31

those insulators. In this study, the streamer threshold
under the wet condition is considered to be 8 kV/cm, and
it was assumed that water droplets are pure H2O. In Table
9 and Table 10, the maximum electric field for the
insulators are shown by considering effects of towers and
corona rings based on voltage ratings. It is clear, for the
three voltage ratings the maximum electric field has increased
between 40 to 60 percent compared to the dry condition.
Under the wet condition, the maximum electric field for
the polymeric and the ceramic insulators for all voltages at
765 kV is above the threshold. Hence, it is necessary for
these insulators to be able to resist corona discharge.

Table 9. The maximum electric field at different voltages with and
without corona rings for polymeric insulators under wet condition.
Corona threshold is 8 kV/cm.
Maximum E-field (kV/cm)
Voltage Rating
(kV)

Without
Corona Ring

With Corona
Ring

230
400
765

22.14
32.09
51.10

10.32
11.67
14.15

Decrease Percent
of Maximum
E-field (%)
53.39
63.63
72.30

Table 10. The maximum electric field at different voltages with and
without corona rings for ceramic cap and pin insulators under wet
condition. Corona threshold is 8 kV/cm.
Maximum E-field (kV/cm)
Voltage Rating
(kV)

Without
Corona Ring

With Corona
Ring

230
400
765

30.57
51.21
99.07

5.28
7.22
9.61

Decrease Percent
of Maximum
E-field (%)
82.73
85.90
90.30

3.3. Calculations of Bundled Conductors
It is common in high voltage transmission lines to use
bundled conductors. By adding multiple conductors
instead of one, current magnitude decreases along with the
electric field on conductors’ surface, thereby reducing the
corona. In each voltage rating, reliability increases by
using bundled conductors, but in some voltages, economic
conditions may restrict usage. It is clear that the number of
conductors depends on the system voltage. In this study,
when considering 2, 4, and 6 conductors per bundle, the
distance between conductors is considered to be 50 cm. In
Table 8, the trend of changing the maximum electric field
based on the number of bundled conductors is shown for
both insulator types. The effects of towers and corona ring
are considered. It is clear in the Tables that increasing the
number of conductors in each bundle decreases the
maximum electric field.

3.4. Electric Field Calculations under Wet
Condition
Presence of water droplets on the surface of insulators
causes a high concentration of electric field intensity in
some points, which leads to an increase in the maximum
electric field in the insulators. On the other hand, in wet
conditions, the electric field required for onset streamer
propagation is considered to be 4.5-11 kV/cm [25,41-44],
which is well below the threshold of the dry condition.
The hydrophobic feature of the silicone rubber material in
polymeric insulators also intensifies the electric field in

Figure 9. Maximum E-field variations of the polymeric insulator at
400 kV by changing parameters of the corona ring. Based on several
points, the functions were interpolated in polynomial by chasing the
trend of changes the optimum values extracted. a) Max. E-field against
normalized ring diameter. It is normalized against the Table 2 values.
b) Max. E-field against the diameter of the ring tube. c) Max. E-field
against the installation height
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4. Corona Rings Optimization
As shown previously, corona rings have a significant
influence on the electric field distribution and in
decreasing the maximum electric field, which leads to a
reduction in the corona level under the suitable threshold.
The presence of corona rings directly affects the reduction
of losses due to corona and enhances productivity.
Table 2, on which previous calculations were based,
shows typical rings that are produced and recommended
by manufacturers but are neither optimal nor the most
efficient. In this part, for each insulator at different
voltages, the parameters that affect corona rings are
studied, and the maximum electric field is calculated by
changing each parameter. Next, the optimal corona ring is
extracted from the graphs. The important parameters are
the diameter of the ring, the thickness (diameter of the
ring tube), and distance from the end-fitting high voltage
end or the ground end which is the installation height.
Figure 9 and Figure 10 show the variations of the
maximum electric field at 400kV, based on changing each
parameter while considering the other two to be constant.
In Figure 9, the diameter of the ring is scaled by amounts
from Table 2 and changes in the parameter calculations
were based on the information in Table 2. For example,
for 400 kV insulators, two corona rings are considered on
both sides, but for 230 kV only one is considered on the
HV side. As the pattern of graphs is similar for other
voltages they are not included in the paper, but the final
result of optimum corona ring for each one is included. To
obtain the optimum values, interpolated functions were
used based on computations of the maximum electric field
values in each state at different voltages. The optimum
values are shown in Table 11. It is clear that for each
voltage in polymeric and ceramic insulators, the optimum
corona ring is different, and the effect of each parameter
on changing the maximum electric field values is not the
same for all.

Figure 10. Maximum E-field variations of the ceramic cap and pin
insulator at 400 kV by changing parameters of corona ring. Based on
several points, the functions were interpolated in polynomial by chasing
the trend of changes the optimum values extracted. a) Max. E-field
against normalized ring diameter– it is normalized against the Table 2
values. b) Max. E-field against diameter of the ring tube. c) Max. E-field
against installation height
Table 11. Optimum values of corona ring parameters in each voltage.
a) Polymeric insulators. b) Ceramic insulators.
Voltage
Rating
(kV)
230
400
765

Voltage
Rating (kV)
230
400
765

(a)
Ring Diameter (mm)
ground
Line
end
end
NoNeed
235
246
492
262
524
(b)
Ring Diameter (mm)
ground
line end
end
NoNeed
232
238
476
252
608

Diameter of
Ring Tube (mm)

Installation
Height
(cm)

46
50
52

16
14
12

Diameter of
Ring Tube(mm)

Installation
Height
(cm)

44
48
53

15
13
11

5. Conclusion
Potential and electric field values are very important for
designing and choosing equipment in transmission lines
and substations. Therefore, two types of insulators – the
polymeric and the ceramic – are compared under
different conditions and voltages, enabling designers and
manufacturers to have a more vivid picture for their work.
In this study, potential and electric field calculations were
made for the two types of insulators under dry and wet
conditions for three different voltage ratings using the
finite element method. Each type has specific features
with both advantages and disadvantages.
Potential distribution values in the ceramic cap and pin
insulators are nearer to each other than in the polymeric
insulators; ceramic insulators endure lower electric field
intensity in the presence of corona ring. Under the wet
condition the calculations are more complicated.
Polymeric insulators at 230 kV, 400 kV, and 765 kV, and
ceramic insulators at 765 kV must be able to endure
corona discharges because the maximum E-field exceeds
the threshold. Optimizing the corona rings for each
insulator type at each voltage showed that the parameters
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of corona rings can significantly affect the maximum
E-field. This might be useful for designing special corona
rings for insulators, under special conditions, case by case.
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