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Abstract—In power transmission lines, it is necessary to isolate the inherent voltage parts from each other and from zero potential. An
insulator is defined as having a high degree of electrical insulation between the conductors and the brackets. Insulators also allow for
mechanical conductivity of the conductor and ground. The presence of a broken insulator can alter the stress distribution. In this paper,
the effect of mechanical insulation cracking (chattering) on electric field in two common types of insulators (porcelain and silicone
rubber) and electric potential distribution models are analyzed. First, the electric field and electric potential patterns in the solid
insulator are examined. In the following, the insulator is assumed to be broken, and the electric field and electric potential patterns for a
broken insulator relative to the basic insulator shape are illustrated and compared. The results show that the presence of insulation
cracking under dry and environmentally benign conditions affects the stress distribution pattern within and around the insulator.
Finally, a comparison between the effect of fracture on the electric field and the potential distribution patterns in different parts of the
insulator is discussed in detail.
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[5,6]. Finite element methods are used to study the effect of
fracture on electric fields and potential models [7, 8].
.~ INTRODUCTION Therefore, the finite element method considers that the
Compared to critical and expensive electrical network  geometric complexity, the use of different types of constituents
equipment, such as transformers and protection systems, and the boundary conditions presents in the real problem, make
isolators are cheap and cost-effective. However, these isolators it difficult to reach a definite solution. The use of an estimation
play an important role in maintaining the most expensive  solution that can be accepted in a limited time is inevitable and
equipment on the network. Furthermore, reliable transmission  the finite element method is one of these options. The finite
networks depend in part on transmission isolation [1,2]. Onthe ~ element method is a numerical method for obtaining
one hand, these insulators must be prepared not only to  approximate solutions for many problems in different fields.
withstand electrical stresses but also to withstand the References [9,10] indicate contamination on the surface of the
mechanical forces that create the surrounding environment. insulator by indicating contaminated water droplets that cause
Many factors can lead to the failure of isolation. Examples of ~ changes in the field and electrical potential of the insulator.
internal and external insulation failure factors include radial ~ These simulations are limited by the component methods.
cracks, pin corrosion, throwing of animal and human objects, References [11,12] also analyze the field and the electric
and natural events [3, 4]. Insulators, especially porcelain, are ~ potential of two-dimensional polymeric insulators. The
likely to be damaged due to contraction and expansion at  simulation was performed using the finite element method to
different temperatures. Furthermore, incorrect glazing on the  break with the vulnerability point due to the field strength on
insulating surface can also absorb moisture and dust. It should these isolators. References [13,14] studied and distributed the
be noted that porcelain insulators can still serve the  field and electric potential on the surface of a polymeric
transmission line, even in damaged or near-damaged insulator from the presence of contaminated spots under two-
conditions. However, the length of time these insulators can ~ dimensional conditions using the MAXWELL software. In
last is unclear. This condition can cause variations in voltage Reference [15,16], we calculate the field distribution and
distribution and electric field. Changes in voltage and electric  electric potential using the finite element method in a polymer
field distribution can affect the insulation over its lifetime and insulator using a corona ring. References [16] also analyzed
ultimately cause the insulation to break after some time. In and inspected the corona ring on a 400 kV insulator. In this
silicone rubber insulators conditions vary and, due to their high ~ simulation, the design of the isolators and rigs was performed
flexibility, the insulator is more rarely damaged. However, by the CATIA software and then transferred to the COMSOL
polymer insulators can break down, such as high electrical ~ software. It is important to note that CATIA software was used
stress, natural events, rock throwing, projectiles, and so on  to draw the insulators and tower structure.
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In this paper, the impact of fracture on the electric field and
electric potential patterns for two common types of insulators
(Porcelain and Silicon Rubber) will be analyzed and analyzed
by COMSOL software. First, the electric field and the electric
potential patterns on the healthy insulator will be examined.
Then the insulator is broken and the electric field and electric
potential patterns for the broken insulator corresponding to the
healthy insulator are determined and compared. The results
show that when there is a fracture at any location of the
insulator, it affects the voltage distribution characteristics and
the electric field. Finally, a comparison between the impact of
fracture on the electric field and the potential distribution
patterns on different portions of porcelain and silicon-rubber
insulators will be made. It will be seen that the fracture
increases the electric field around the insulator and also the
fracture of the same potential lines closer together.

Il. IMPLEMENTATION AND MODELING

Investigate the effect of lip stiffness on the potential
splitting and modification of electric midget patterns on silicon
insulators.

In order to start the studies on the insulators of electrical
masts, according to the structure of Fig. 1, will design the mast
and insulator in software with all details that regarded in Fig. 1,
so simulate the 63kv rubber and Porcelain silicon insulator with
the mast in CATIA software and transfer it to COMSOL
software.

Figure 1. a: Outline of simulated space, b: Schematic of porcelain insulator

After designing the insulators and entering the details in the
software and determining and defining the considered
boundary conditions, we proceed to modeling and meshing in
order to investigate and research the problem of breakage and
destruction of the insulators. The mesh module is used in the
software environment.

R

g

Figure 3. Porcelain insulator meshing

Actually, with Fig. 2 and 3 we start presents the application
of the commercial software package COMSOL for the
calculation of the electric field and potential distribution for a
healthy insulator and for a mechanical fracture (broken)
insulator. CATIA software is using for drawing only.
Calculations, analyzes and conclusions were made for two
types of insulators, silicon-rubber and porcelain insulators that
are shown in Fig. 2 and 3 contain generated finite element
meshes produced by COMSOL, therefore the meshing is
illustrated in Fig. 2 and 3.

TABLE I. DEFINITION OF PARAMETER AND VARIABLE
FEM Finite Element Method
HV High Voltage
D Electric flux density
& Electrical conductivity
& Relative permittivity of insulation
I: Current density
p Electric charge density
@ Potential of nodes
F Force matrix
K Stiffness matrix
W Weight function
Q Electrical charge
R Remaining vector

After finishing the mashing to solve the need for the desired
formulas are as follows.

VD = p,
E=-FV
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To determine the intensity of the electric field, the
combination of Maxwell's electromagnetic equations leads to
the Poisson equation as shown below.

—Vlle + 2nfeye, JVV — ] 1= 2nfpy, (3
- gt v 1av av P "
Ve ﬂr:+rﬂr+ﬂzz__sns,. )

It should be noted that the electrical charges inside the
insulator are negligible. Theng = J, =g, = 0

After specifying the physics, different parts of the software
will apply the desired voltages.

To solve the problem presented in the paper and
numerically solve the differential equations of the cable with
spherical bubbles, we use the FEM, which provides a brief
explanation of this method:

Finite Elements, the most important method of numerical
solution of differential equations, will be formulated in
Equations (5-7). This procedure generally involves the
following three steps:

I.  Divide the solution area of the differential equation by
a finite number of components.

Il.  Find the solution of the differential equation at the
points of the node created at the partition of the solution area
and form the matrix apparatus needed to solve it.

I1l.  Approximating the value of the differential equation
function in each of the small components formed in step one by
using the value of the function at three vertices.

"

DoEte=0 0, =0(0) . 0, =0(H) (5)

# d*o
—f w[x}(n p +Q)d:r:R(.r}$D (6)
o

@: is a mathematical function we would like to obtain its
value in every point of the domain. D and Q are constant

R(x): is the residual value and demonstrates the difference
between estimated value of solving function and the exact
value. Furthermore @ 0 and @ _H are the value of function in
the boundaries 0 and H consequently.

Finite element method is divided into four sub-methods
based on how to find the solution at nodal points:

a) Collocation Method, if W(x)=0(x-Xi)
b) Subdomain Method, if W(x)=1
c) Least Square Method, if W(x)=R(x)

d) Galerkin Method, if W(x)=NS , it is important to note
that professional software’s like COMSOL use only this
procedure to arrange the equations and other procedures are put
away over time.

After constructing and solving the equation (6), the
following matrix equation is formed, and the resulting nodal
values are obtained:

[K1lo] = [F] (M
So, in the second part briefly describes the finite element
method (FEM) used as a solver in the COMSOL software
package. A mathematical model based on a system of
differential equations, equations (3), (4) or (5), (6) is used. The

special solution of these equations has been obtain based on the
known boundary conditions (the structure of tower has fixed
zero value potential; two three phase overhead lines domain
have 63 kV rms value with 120 degrees lagging comparing
together. Furthermore, the boundary value at surface of all type
of insulators is selected as dielectric shielding state. All over
surrounding boundaries are set to zero value potential). The
numerical solution is a set of numerous values at specific
points within the space of interest (meshing points). Based on
equation (4), we can see that the written mathematical model is
valid for axisymmetric systems.

I1l.  IMPLEMENTATION AND MODELING

After specifying the physics of the different parts, applied
voltages, meshing and formulas we will solve the problem.

Figure 4. Electric potential pattern around silicon-rubber insulators

Figure 5. Electric potential pattern around porcelain insulators

Now indeed in the third chapter, Fig. 4 and 5 show the
results of the calculation of the electric field for healthy
insulators using the color spectrum. Fig. 6a and 6b show the
results of the calculation of the electric field for broken
insulators.

The electric field in the various parts of the simulated
environment is shown in Fig. 4 and 5. It is clear from the
pictures that there is a maximum field around the end of the
insulator and will decrease as the field moves away.

For a better understanding as well as comparing the field in
the broken insulator with the healthy insulator, all steps for the
broken insulator will be repeated.
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Figure 6. Calculation results of broken
a. silicon-rubber and b. porcelain insulators

The fracture occurred on the second plate from the bottom,
where the field was broken in the sharp part created by the
fracture and its corresponding point on the same plate in the
insulator.

will now examine the impact of the fracture on different
parts of silicon-rubber and porcelain insulators.

IV. SIMULATION AND DISCUSSION ON

ELECTRICAL FIELD

Investigate the effect of lip stiffness on the potential
splitting and modification of electric midget patterns on silicon
insulators.

First, examine the effect of insulator bumps on the electric
field.
A. Analysis of the second plate silicon-rubber insulator

first measure the electric field for the healthy insulator and
then the broken insulator. From the bottom, break the second
plate and compare it with the healthy one.

The part of the insulator to be broken is as shown below,
and the diagram of the electric field value at the edge of the
healthy insulator is 7501 V/m.
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Figure 7. The electric field at the edge of the healthy insulator

After breaking the insulator at the point where the field is
measured, the electric field at the breakpoint is increased to a
significant 25351 V/m.

As the results show, with the occurrence of a fracture in the
second plate silicon-rubber insulator, the electric field increases
by 237.96%, which is very critical.

H

Figure 8. The electric field at the edge of the broken insulator

B.

According to the diagram, the electric field at the edge of
the insulator is 8288 V/m.

Analysis of the second plate porcelain insulator
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Figure 9. The electric field at the edge of the healthy insulator

After breaking the insulator, the electric field is broken at
the sharp edge according to the 9818 V/m diagram, indicating
an increase in the fracture field.

We see that with a fracture in the second plate porcelain
insulator, the electric field increases by 18.46%, which is much
less than in the second plate silicon-rubber insulator.

"ﬁi'ﬁiiﬁ‘&iiiﬁ“iﬂ

Figure 10. The electric field at the edge of the broken insulator

As expected, the fracture will produce sharp points that
greatly increase the electric field.

Next, the impact of fracture on the electric field in the
insulators above and below the fracture site will be
investigated.
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C. Analysis of the third plate silicon-rubber insulator

The electric field on the edge of a plate above the broken
plate is 5502 VV/m before breaking the insulator.

s

Figure 11. The electric field at the edge of the healthy insulator

After the second insulator plate is broken, the electric field
in the specified area of the third plate increases to 5712V/m.
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Figure 12. The electric field at the edge of the broken insulator

As the results show, with the occurrence of a fracture in the
third plate silicon-rubber insulator, the electric field increases
by 3.81%, that this is very small compared to the second plate
silicon-rubber insulator.

D. Analysis of the third plate porcelain insulator

As shown in the Fig. 13, the edge of the third plate of the
healthy insulator is 3571 VV/m.
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Figure 13. The electric field at the edge of the healthy insulator

The electric field in this part of the third plate of the
insulator is broken according to the diagram of 3804 V/m,
although slightly but increased, indicating that partial fracture
of the insulator can affect other parts as well.
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Figure 14. The electric field at the edge of the broken insulator

After examining the results, we find that the electric field in
the third plate porcelain insulator increases by 6.52%, which is
higher in the porcelain insulator than in the silicon-rubber
insulator.

E.  Analysis of the first plate silicon-rubber insulator

The diagram of the electric field on the marked part on the
first plate of the healthy insulator is as follows, at the edge of
the electric field insulator 8902 V/m.
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Figure 15. The electric field at the edge of the healthy insulator

The field at the edge examined for the broken edge
insulator is 8955V/m.

Given the results, it is clear that with a fracture in the first
plate silicon-rubber insulator, the electric field will increase by
0.59%, which is almost negligible.
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Figure 16. The electric field at the edge of the broken insulator
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F.

In the healthy insulator, the field at the edge of the insulator
is 13325V/m.

Analysis of the first plate porcelain insulator

o

=

I EEEEREERERE

am ooe

o ot
e g

Figure 17. The electric field at the edge of the healthy insulator

The diagram of the electric field at the specified edge of the
broken insulator is 13341V/m.
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Figure 18. The electric field at the edge of the broken insulator

Examining the results, we see that the electric field
increases by 0.12% in the third insulation, which is actually the
case in porcelain insulation as in silicone insulation.

Based on the above analysis and the increase in the electric
field at the fracture site and the points above and below the
fracture site, it can be well approximated that the fracture at
one point of the insulator affects the electric field of all the
insulator points.

The results for porcelain insulators are similar to those of
silicon rubber insulators, and these analyses show that no
matter the insulator material, fractures increase the electric
field in all insulators, which can lead to problems such as
insulation and physical deformation of insulators. Leaving the
insulator leads.

In Chapter 4 presents a detailed and useful analysis of the
obtained data with the use of graphical representations.

At the end of the simulation results are summarized in the
following table.

TABLE II. COMPARISON AND SUMMARY OF ELECTRIC FIELD INTENSITY
IN HEALTHY AND FRACTURED INSULATORS
Case Study Third | Second First
plate plate plate

Healthy porcelain insulator electric | 3571 8288 13325
field (V/m)
Electric field of porcelain insulator | 3804 9818 13341
broken (V/m)
Healthy silicon rubber insulator | 5502 7501 8902
electric field (V/m)
Electric field of silicon rubber | 5712 25351 8955
insulator broken
(V/m)
Percentage of electric field increase 0.6 15.5 0.1
in porcelain insulator broken (V/m)
Percentage of electric field increase 3.6 70 0.6

in silicon rubber insulator broken
(V/m)

Even if an insulator chain is composed of identical
insulators, the potential distribution on the insulator chain is not
uniform. At first glance, it may seem that the distribution of
potential on this chain will be uniform. But because in each
insulator between the upper and lower metal parts, between the
metal parts with the body and the arm and the conductor of the
capacitor transmission line, the existence of these capacitors
causes an uneven distribution of potential across the insulator
chain. Now, in the event of a bump or break in the insulator,
this uneven distribution becomes much more severe and
ultimately destroys the insulator.

In operation, the lower insulator (connected to the line
conductor) has the highest potential difference and the high
insulator (connected to the rig arm) has the lowest potential
difference, so the occurrence of brittleness or failure on the
upper insulators is less than your lower insulators.

In general, this happening reduces the useful efficiency of
the insulator chain, which means that it reduces the amount of
insulating property.

V. SIMULATION AND DISCUSSION ON ELECTRIC

POTENTIAL

Then, examine the effect of insulator bumps on the electric
potential.

A. The effect of fracture on the change of electrical potential
patterns in silicon-rubber insulators

The potential energy of energy moving on a horizontal surface
is neither decreased nor increased; such levels are called
potential levels. The potential level is not a physical level but a
mathematical description.

According to Equation (2) the electric potential increases in
the opposite direction to the electric field, so it is expected that
the electric potential will increase as a result of the insulator
fracture, especially at the sharp point that results in a sharp
increase in the field.

The simulation of the potential lines around the mast and
porcelain insulator is illustrated below.
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Figure 21. Electric potential patterns of healthy silicone-rubber insulators

Figure 19. Potential lines around the tower and porcelain insulator

The potential lines in the figure are quite clear, since the
difference of the electric field in the non-fractured parts of the
two insulators is negligible, and the difference in the electric
potential lines in the two forms is not very small and visible.
Only the broken sharp point will be examined.

=]
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Figure 22. Electric potential patterns of broken silicone-rubber insulators

; can see that fractures bring the electric potential lines closer
together. So, as expected, the potential lines in the broken lip
1o insulator, especially in the tip edges, are much closer together.
Indeed Chapter 5 explains the effect of insulator bumps on the
] electric potential. Equipotential lines are drawn based on the
. calculated electric field distribution in the space of interest,
which means that space includes both the "left" and "right"

insulators.

Figure 20. Lines of potential in healthy and broken porcelain insulators

VI. CONCLUSION

B. The effect of fracture on the change of electrical potential Investigate After simulating and analyzing the results, It is
: Lo quite clear that at the fracture site, the nearer the bounds of the
patterns in porcelain insulators . e
o . . same potential, the greater the potential difference between the
The potential lines around the silicon rubber mats and insulator  gjectrons and the potential changes, and as expected with the
are outlined below. increase of the electric field, the electric potential has also
increased.

Generally, by analyzing and identifying the potential
increase and electric field at the fracture site as well as above
and below the points, it can be said that fracture at one point of
the insulator affects all the insulator points and the non-uniform
changes of the potential and electric field distribution. Also,
depending on the number of lip bumps or fractures, it may
eliminate the insulator.
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Finally, in general, the following analyzes are summarized
as conclusions:

CThe lips create sharp points where the electric field
increases sharply.

CFracture increases the electric field throughout the
insulator, but it has more impact on the higher parts of the
fracture.

Fracture brings the potential of the lines closer together.

CIncreasing the electric field is proportional to the potential
of the lines getting closer.

In the end, a number of strategies to reduce the occurrence
of insect fractures include the use of cover, modification of
transport, maintenance of safer warehouses, utilization of
skilled personnel when installing and using appropriate
technologies such as nanotechnology in construction, Insulators
for greater cohesion.

Appendix. Dimensions of insulator

SUSPENSION INSULATOR
ANSICLASS 52-11
CATHO. Vi 52-11

DIMENZIONS:

LEACAGE DISTANCE mi[mm]  15[381]
CONNECTION TYPE 3
MECHAHICAL VALUES:

MILE STRENGTH W[k 50,000]222]
IMPACT STRENGTH -L8[r-m]  100011.3]
TENSION PROCF Lefen]  25.000[111]
ELECTRICAL VALLUES:

€0 HERTZ FLASHOVER-DRY KV 80

60 HERTI FLASHOVER-WET kv 50
WIPULSE FLASHOVER-POS 149
IMPULSE FLASHOV ER-NEG 140

LOW FREGUENCY PUNCTURE KV 12§

fpIELLIE 1TAME TA:

€0 HERTZ TEST VOLTAGE TO GROUND KV 10
MAXIMUM RLV. & 1000 kHz B =
PACKEAGING IMNFORAATION:

HET WEKGHT, Leixg] 246.2012
PACKED WEGHT eleg] 28127

[229]
1o

V

. l'ic'tor Insulators, Ine

EXE

27
s fon

]

VI 52-11
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