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ABSTRACT

In this study, a new Android application was developed
to help users accurately determine the dimensioning of
a string insulator through the analysis of the evaluation
of two methods based on IEC-60071 and IEC-60815
(2008) standards. The first method uses equations from
|IEC-60815-2 (2008), while the second method considers
parameters such as relative air density and pressure. To
ensure reliability, both methods are evaluated: the first
through the creepage factor to determine if the chosen
profile is suitable, and the second through lightning and
switching critical flashover voltages to avoid insulator
flashover. Tests were carried out using data from real
projects, and those results were compared with the
results obtained from the application. The number of
string insulators obtained from the tests was exactly
the same as the number obtained from the application,
except in two cases. Of the three evaluations, all cases
complied satisfactorily with at least two tests.

Keywords: insulator, application, creepage distance,
correction factor, dimensioning.
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INTRODUCTION

Transmission and distribution lines are the means of transport
for electrical energy. They are mechanically fastened to insulator
strings to prevent the structure from being energized. For this re-
ason, proper dimensioning of the string is required. However, the
calculation is challenging for both engineering students and de-
signers on real projects, as different environmental, mechanical,
and regulatory factors are considered. In addition, human error is
possible. Therefore, it is necessary to incorporate all these fac-
tors into an interface that allows direct dimensioning through data
entry and selection.

The objective of this study is to develop the correct calculation
sequence for suspension insulator strings and based on that,
create a prototype Android application to select suspended glass
insulator strings according to International Electrotechnical Com-
mission standard 60815 (IEC, 2008a, 2008b) and 60071-2 (IEC,
1996) in order to provide a tool to the electrical engineering com-
munity that can be used anywhere to size the insulator string and
also verify if existing strings are adequate.

The contribution of this article to scientific knowledge is to provide
a tool that can be used by engineers in projects and by students
in their professional academic development through the com-
parison of their calculations with the results of the application.
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This contribution is novel because it is an easy-to-
use Android application with results that verify its
reliability.

Calculation and Selection Method

The calculations for the dimensioning of the insu-
lator string are made so that they meet the neces-
sary requirements for the correct operation of the
transmission line. According to Orellana and Poma
(2014), the requirements consist of having high
dielectric strength to avoid flashovers between the
conductor and the support, as well as decreasing
the creepage current between the insulator and
the support, even in unfavorable conditions due to
weather.

The application flowchart (Figure 2) was structured
based on the development of mathematical expres-
sions that make it possible to obtain desired results
from manually entered data and data selected from
the database extracted from the VERESCENCE
(2019) and Sediver (2018) catalogs.

Electrical Calculation

Parameters affecting the electrical calculation of the
glass insulator string were considered. Therefore,
the number of insulators obtained must support the
conditions given by the user. For this reason, the-
re will be two calculation methods. The first is ba-
sed entirely on the updated IEC-60815-2 standard
(IEC, 2008b). The second method determines the
result considering pressure and relative air density.
It should be noted that both the first and the second
method will use the contamination levels shown in
Table 1, where the creepage distance according to
each pollution level is presented.

Table 1. Pollution Levels - Reference Unified Specific
Creepage Distance (RUSCD,).

Pollution Level Basic RUSCD (mm/kV)
Very light 22.0 mm/kV
Light 27.8 mm/kV
Medium 34.7 mm/kV
Heavy 43.3 mm/kV
Very heavy 53.7 mm/kV

Source: RUSCD pollution level parameter based on the pollution
severity of the area. (IEC, 2008b).

Method 1: Number of Insulators Based on Cree-
page and Arcing Distance

In this method, the mathematical equations found
in the updated standard mentioned above will be

shown. Also, the data to be entered in the applica-
tion will be shown.

A. Creepage distance at maximum operating vol-
tage according to IEC-60815-2 standard (IEC,
2008b):

Cp_y = USCDxUT’;‘ (1)

The mathematical expression of USCD is:

USCD = RUSCDx(Ka)x(Kad) (2)

Now, from (1) and (2) the following is obtained:
Cpy = RUSCDx(Ka)x(Kad)x%l 3)

B. Altitude correction factor

Due to the influence of air pressure and density
variation at higher altitudes, which affects opera-
ting voltage, IEC-60815-2 standard (IEC, 2008b)
mentions that an altitude correction factor must
be applied, in accordance with Diaz and Narvaez
(2015). This factor is shown in the following equa-
tion (IEC-60071-2, 1996):

H

Ka=c' 59 4)

C. Correction factor for insulator average diameter

The IEC-60815-2 standard (IEC, 2008b) also consi-
ders a correction factor based on the insulator dia-
meter. In this sense, there are two conditions defi-
ned by expressions (5) and (6).
Kad = 1,(Da < 300mm) (5)
Kad =0.0005xDa +0.85, (Da > 300mm) (6)

D. Number of insulators based on the creepage
distance

The following equation (7) considers the phase-to-
earth creepage distance, as specified in the IEC-
60815-2 standard (IEC, 2008b). RUSCD only con-
siders phase-to-earth voltage, not line-to-line as in
the previous version of the standard.

Cp-
N¢ gistance = 1.15x % (7)

It is worth noting the following:

1.15 = Safety factor to avoid flashover in insulators.
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Number of insulators based on creepage
distance

To obtain a complete mathematical expression,
the equations presented above will be joined. The
correction factorsn Ka and Kad will be placed in
expanded form, therefore two final equations are
displayed for the calculation of the number of insu-
lators of method 1, which will depend on the condi-
tion of the diameter of the insulator, therefore the
equations are as follows:

— If the diameter is less than 300 mm

RUSCDxe"(Egﬁ)

U
Ne gistance = 1.15% ——————x 7= (8)

- If the diameter is greater than or equal to 300
mm:

H

RUSCDxem(8150)x(0.0005xDa+0.85) Um

Ne¢ gistance = 1.15x wd X—3 )

It should be considered that Ka will be greater than
1 when the altitude is greater than 1000 m.a.s.l.,
otherwise, the value of the unit will be considered.

Equations (8) and (9) will be used in the applica-
tion by entering and selecting data, which are men-
tioned below.

Data to be selected:

— RUSCD: Reference Unified Specific
Creepage Distance (mm/kV).

- m: 0.5 (normal), 0.8 (anti-fog) or 1
(spherical or aerodynamic) according to
IEC-60071-2 (1996).

— Um: maximum operating voltage.

— cd: creepage distance of the insulator
(catalog).

— Da: average insulator diameter (nomi-
nal diameter if the insulator does not
have different diameters).

Data to enter:
— H: height above sea level (m.a.s.l.).
Number of insulators based on arcing distance

The choice of the number of insulators must be
adequate so that the length of the complete insu-
lator string is greater or equal to the critical pha-
se-to-ground distance. In this sense, the calculation
of the minimum number of insulators is done using
equation (10).

</l Ind. data 26(2), 2023

(L—200)
Nprca. =1 +T(10)

While the vertical spacing "La" is catalog data, "L"
is the critical phase-to-earth distance that relates to
the IEC-60815-2 creepage factor (IEC, 2008b). This
distance will be given by table A-1 of IEC-60071-2
(1996).

Data to be selected:
La: insulator vertical spacing (mm).
L: critical phase-to-earth distance (mm).

Evaluation of method 1 based on the creepage
factor

In order to determine whether the choice of the in-
sulator string profile has been optimal, the present
evaluation, based on the creepage factor, is used
and is calculated with the following equation (11):

[
CF=—(11
S( )
Where:

[: total nominal creepage distance of the in-
sulator

S: arcing distance of the insulator (critical
distance)

Although these variables are different from the
ones used in the previous equations, they have
the same meaning:

d,xN =1(12)

L=S(13)

d xN,
CF = T(14)

It should be noted that N, is the number of insulators
resulting from method 1.

The CF is useful to determine the suitability of the
profile, as shown in Figure 1, where the CF value
must be kept in the white zone. If the CF value mo-
ves to the gray or black zone, an insulator string
with a different profile is selected.

Method 2: Number of isolators by pressure and
relative air density

In this section, the calculation for the number of in-
sulators will be determined considering the relative
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DEVIATIONS FOR CF
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Figure 1. Deviations for the creepage factor (CF) according to each pollution level.

Source: Adapted from Deviations for CF from IEC 60815-1. (IEC, 2008a).

air density (with pressure and temperature), where
A, B, and C are based on Portero (2019).

Equation (18) will be used in the application, where
the data to be entered and selected will be shown.
In addition, the correction factors to be used will be
shown based on tables.

A. Barometric pressure

B, = 0.885"™x76 (cm/hg) (15)

B. Relative air density

3.92xB,

Oair = 273.15+T°C (16)

C. Number of insulators with maximum voltage (N)

Umx1.15

N = [m] x RUSCD (17)

D. Precipitacion correction factor (fll)

Table 2 shows a correction factor according to
precipitation. This correction factor is added to the
equations in the form of multiplication.

Table 2. Precipitation Correction Factor.

Rainfall Intensity Correction Factor
0.00 mm/min 1.00
1.00 mm/min 0.95
1.27 mm/min 0.83
2.50 mm/min 0.77
3.80 mm/min 0.73
5.10 mm/min 0.71
6.30 mm/min 0.68

Source: Taken from Cotto (2021).

E. Humidity correction factor (fh)

The fh depends on the relative humidity and tem-
perature. For a frequency of 60hz, a double-entry
table (Table 3) was made using two curve graphs to
obtain the value of the fh which makes it an impor-
tant database in the development of the application.

Equation for the number of insulators based on
pressure and relative air density

La ecuacién (18), que se usara en la aplicacion,
permite hallar el nimero de aisladores por tension
maxima.

|

l\/§x (cd)x(

Umx1.15

H n
297.92><0.885(m)>

273.15+T°C

N =

x RUSCD (18)

|

Where:

- Data to select:

Um: maximum voltage in kV, according to
IEC 60071-1 (IEC, 1993)

RUSCD: Reference Unified Specific Creep-
age Distance (mm/kV) — IEC-60815-2 (IEC,
2008b)

cd: creepage distance of the insulator
(catalog)

n:ifUm<230kV,n=1yif Um>230kV,n=0.9

- Datato enter:
T°C: ambient temperature

H: height above sea level (m.a.s.l.)
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Evaluation of the number of insulators based
on switching critical flashover voltage (CFO
switch.)

The number of insulators to be calculated in me-
thod 2 must be adequate to withstand the switching
critical flashover voltage. For this calculation, the
following equation will be used, based on Mendoza
et al. (2013), which considers climatic factors such
as rain and humidity.

BSLXfHXfh

CFOyitch = —————
SWItch. = 0.992x 84, % f1L

(19)

The altitude correction factor fH, as well as Ka, will
be greater than 1 when the altitude is greater than
1000 m.a.s.l. Otherwise, the value of the unit will be
considered.

For direct data entry as in the previous equations,
the equation will be defined as follows:

BSLx fhx(1+(T g )x125)

CFOgwiten. = ( H )
1000
0_992X<%>Xm

(20)

273.15+T°C

For equation (20), the following will be considered:

— Data to be selected:

BSL: basic switching impulse insulation lev-
el, according to standard IEC-60071-1 (IEC,
1993)

fh: humidity correction factor
fII: precipitation correction factor

- Data to be entered:

H: height above sea level (m.a.s.l.)
T°C: ambient temperature

The switching critical flashover voltage must be less
than the voltage that the insulator string will withs-
tand. Therefore, the following condition is proposed,
which will be used for the evaluation of method 2:

NxVWithstand.ind.fr. > CFOswitch. (21)

Where the data to be selected will be:

Viinstandinae- withstand voltage at industrial frequen-

cy (catalog)

Evaluation of the number of insulators based on
lightning critical flashover voltage (CFO light-

ning)

In the same way as in the previous evaluation, the
following equation based on Mendoza et al. (2013)
will be used. This equation will also consider clima-
tic factors.

__ BILXfHXfh
CFOlightning - 0.961x 845X fll (22)

The altitude correction factor fH, as well as Ka, will
be greater than 1 when the altitude is greater than
1000 m.a.s.l. Otherwise, the value of the unit will be
considered.

For direct data entry as in the previous equations,
the equation will be defined as follows:

BILX fhx (1+(H_;)g°°)x125)

CFOlightning = ( H )
0_961X<297.92><o.885 1000 )xfll

(23)

273.15+T°C

For equation (23), the following will be considered:

— Data to be selected:

BIL: basic impulse insulation level, which is
the lightning impulse voltage according to
standard IEC-60071-1 (IEC, 1993)

fh: humidity correction factor
fII: precipitation correction factor

- Data to be entered:
H: height above sea level (m.a.s.l.)

T°C: ambient temperature

The lightning critical flashover voltage must be less
than the voltage that the insulator string will withs-
tand. Therefore, the following condition is proposed,
which will be used for the evaluation of method 2:

NxTwithst. > CFOLightning (24)

Where the data to be selected will be:

Twithst: withstand voltage at industrial frequency (cata-

log)
Resulting number of insulators

Based on the previous results, the resulting number
of insulators will be the largest of the three numbers

Ind. data 26(2), 2023 KXY
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obtained, which have had to pass the evaluations
shown, mathematically the final result can be ex-
pressed as follows.

If:

NCreep.d. < NArc.d. <Nv NArc.d. < NCreep.d. <N - Nre =N (25)

If:
NCreepAd. <N< NArc.d. VN < NCreep.d. < NArc.d. - Nre = NArc.d. (26)

If:

N < NArc.d. < NCreep.d. \% NArc.d. <N< NCreep.d. - Nre = NCreep.d. (27)

Where:
N_: umber of insulators resulting from the calculation
Mechanical calculation

For the mechanical calculation, the equations used
by the application to calculate and select insulators,
based on Lopez (2018) and De la Fuente (2016),
will be shown. Therefore, the accessory that me-
chanically joins the insulators with the transmission
lines, called a fitting, must be taken into account.
The weight of the insulator string and the fittings will
be calculated through the following ratio:

Weiyr = Wee + WFitting (28)

9.81m/s?

Wt = Npe X Mipg X 10

(29)
Where:
Wst: string weight (daN)

N : number of insulators in the resulting

re

string

W___: Weight of the insulator string plus fit-

st+F"
ting (daN)
- Data to be selected:

M, : mass of an insulator (kg)

- Data to be entered:
Wi fitting weight (daN)

Fittin,
For the mechanical calculation, the factor of safety
for failure of glass insulators Fos must be greater
than 3. The insulator must withstand the normal
loads acting on it.

Y% >3 (30)

Fosv = ———
(Py+Wstr+F)
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Where:

- Fosv: factor of safety for failure of insula-
tors under normal loads
— Data to be selected:
— Q. breaking load of the insulator (daN)

— Data to be entered:
- P, vertical stress transmitted by the
conductors to the insulator (daN)

Likewise, the insulator withstands abnormal loads that
are found by means of the following expression:

Fosh=—22_ >3 (31)

(Topxncf)

Where:

— Fosv: factor of safety for failure of insula-
tors under abnormal loads
- Data to be selected:

- Q,: failing load of the insulator (daN)

— Data to be entered:

- T,: maximum horizontal tension under
the most unfavorable conditions (daN)

- n, number of conductors per phase

(daN)

Following this, the string length will be calculated
with the following expression:

Lca = Nre X L(l (32)

Where:

L : string length (mm)

N_: number of insulators of the resulting
string (number obtained from calcula-
tions)

- La: length of insulator or spacing (mm)

Finally, it gives the following expression for the wind
stress generated on the insulator string:

S0 =70(25) (£5) L 33)
Where:

- S wind stress on the insulator string
(daN)

- L length of string (mm)
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— Data to be selected:
- D,: maximum diameter of the insulator
(mm)
- Data to be entered:
- W: wind speed (Km/h)

Selecting the insulator profile

The considerations on the items 9.1. 9.2 and 9.3
of the standard IEC-60815-1 (IEC, 2008a) must be
taken into account when selecting the insulator pro-
file. The profiles are the following:

- Standard: Used in lines whose pollution is light
or medium.

- Anti-fog: Used in areas with medium to heavy
pollution.

- Spherical: Similar to an open or aerodynamic
profile.

— Open or aerodynamic: It has a flat area, which
is very useful in desert areas since the wind
cleans the surface of the insulator.

Table 4. Data from Real Projects.

Testing the app

To determine the reliability of the application based
on a real situation, different data extracted from
calculation memories of real and completed pro-
jects will be used as a reference, as shown in Table
4. The table also shows the number of insulators
resulting from these calculation memories.

Hypotheses

1. The resulting number of insulators coincides in
at least 90% with the results of the calculation
memories.

2. At least two out of the three evaluations of the
calculation methods will result in the term “Ac-
ceptable” that will be shown in the app.

METHODOLOGY
Objective and Justification

This work was carried out with the objective of
optimizing the dimensioning of glass insulator
strings by means of a prototype of an Android

1 2 3 4 5 6
Transmission UEIEDELT Transmission
TESTS Line 500 kV La Line 2 x 220 Sub-Station Sub-transmis- Transmission Line 220 kV
L . kV Piura . sion line to 69 | Line 220 kV Reus
Nifa — Piura . Friaspata Reque — Nueva
Nueva - Piura kV Songa — Tarragona
Nueva o Carhuaquero
este
T(°C) 30 30 16 20 - -
Relative humidity (%) 75 75 80 80 - -
m.a.s.l. 39 39 3730 6 - -
BIL (kV) 1550 1050 1300 325 1050 1050
BSL (kV) 1175 460 460 140 460 460
Umax (kV) 550 245 245 72.5 245 245
Spacing (mm) 159 146 146 146 170 146
Diameter (mm) 330 330 280 254 320 280
Creepage distance (mm) 620 545 445 290 530 445
Pollution level Heavy Heavy Heavy Heavy Very heavy Very heavy
Number.of insulators 28 14 23 5 15 18
(calculation memory)

Source: Data extracted from Comité de Operacion Econémica del Sistema Interconectado Nacional (COES, 2016a, 2016b), SIEMENS
(2016), Orellana and Cevallos (2019), COES (2018), and Olives (2016).
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application with a didactic interface for academic
and professional use. The choice of an applica-
tion is based on the practicality it offers, since
users can download it and access it from their cell
phones. Initially, the development of the calcula-
tion was made in Excel, however, the scope of the
prototype is greater if it is used on a cellphone,
which functions as a computer, which greatly in-
creases its accessibility.

Development

The development of the app was based on the stan-
dards mentioned before and environmental factors
were taken into consideration. For this reason, two
calculation methods that complemented each other
were developed to give a better result. The calcula-
tion evaluations were developed together and fulfill
the objective of providing knowledge about the ac-
ceptability of the type of insulator and its characte-
ristics.

Obtaining the Table “Humidity Correction
Factor”

AutoCAD and Excel were used to approximate two
tables in order to obtain the humidity correction fac-
tor. In this way it was possible to obtain the curves
of the tables and create a double-entry table to find
the humidity correction factor. This value is extrac-
ted from crossing the relative humidity row and the
temperature column of Table 3.

Order of the Calculation Process

Once the calculation base was obtained, the flow-
chart shown in Figure 2 was developed. This flow-
chart is the visual representation of the operation
made by the Android app, which was developed
with a database uploaded to the cloud. Finally, the

YWl Ind. data 26(2), 2023

product obtained is an application that generates a
report of the calculations.

The flowchart shown contains input and output
variables that can be seen in Table 5, where the
meaning of each variable can be found.

App Development and User Interface

The Android application was developed in Java
language using Android default libraries and con-
trol structures, which are mostly conditional and
loops. In this way the equations were placed and
connected following the structure of Figure 2. In
addition, the database containing tables and in-
sulator data was uploaded to the cloud using the
platform Firebase.

The equations previously shown for the dimen-
sioning of the insulator string will be entered into
the application together with the database contai-
ning the necessary parameters for the selection.
Figures 3, 4, 5, 6 and 7 show the user interface
where the data will be entered and selected in the
application. This will be done in each of the fields
shown, which have boxes, drop-down lists and bu-
ttons for easy use. The name of the application will
be “Untels Insulator”.

Limitations of the Application Prototype

During the development and implementation of the
application, certain limitations were found. These
are mainly related to the database since there are
only two glass insulator catalogs. Also, an option for
manual data entry has not yet been developed sin-
ce it considerably increases the complexity of the
programming. It is worth mentioning that the appli-
cation is also limited only to glass insulators and
does not cover those made of polymers.
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Figure 2. Flowchart for the application..

Source: Prepared by the authors using Lucid.app.
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Table 5. Variables Declared on the Flowchart.

Input and Output Variables

Variables’ Meaning

Altitude (m.a.s.l.)

Temperature (°C)

Maximum voltage (kV)

Basic insulation level (kV)

O|loO|O0|m|>

N

Critical distance (mm)

Basic switching impulse insulation level (kV)

Pollution level (mm/kV)

Z|m|(m
N

Number of conductors per phase

—
N

Maximum horizontal tension (daN)

Profile or type of insulator

I ®

Insulator code

Failing load (daN)

Creepage distance (mm)

Spacing (mm)

Diameter (mm)

FT-dry (kV)

FT-precipitation (kV)

FT-lightning (kV)

Insulator mass (kg)

Relative humidity

Precipitation correction factor

V| |O|0|OoO|Z|Z2|T|XR|“

T

Fitting weight (daN)

Humidity correction factor

Safety coefficient to the breakage of the insulators with abnormal loads

Factor of safety for failure of insulators under abnormal loads (daN)

Maximum horizontal tension (daN)

Weight of the insulator string and fitting (daN)

Factor of safety for failure of insulators under normal loads (daN)

Length of insulator string (mm)

Mass of the insulator string (kg)

mio( oo |T|o|N
S 17 LR TN o N e ¢

Wind stress on the string (daN)

V_1

Wind speed (km/h)

Source: Prepared by the authors.
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& Datos Geogrificos

UNTELS INSULATOR
APPLICATION

LIMEA DE TRANSMISION

TON DEL MISLADDR

Figure 3. Main User Interface. Figure 4. User Interface for Geographic Data.

Source: Prepared by the authors (screenshot). Source: Prepared by the authors (screenshot).

« Datos de Linea de Transmisidn

Datos de Aislador

Figure 5. User Interface for Transmission Line Data. Figure 6. User Interface for Insulator Data.

Source: Prepared by the authors (screenshot). Source: Prepared by the authors (screenshot).

Figure 7. User Interface for Mechanical Calculation.

Source: Prepared by the authors (screenshot).
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RESULTS

To verify the correct functioning of the application,
actual data were taken from Table 4. These data
were entered into the application following the order
of the user interface in each of its four sections of
data to be entered and selected. Finally, a report
was generated with each case presented in Table 4.

Tests 1, 2 and 4 considered “anti-pollution” or “an-
ti-fog” profile insulators based on “heavy” pollution
level and the insulator characteristics shown in Ta-
ble 4. The insulator model chosen for the tests has
very similar characteristics to the ones shown in the
table, since the same model is not found in the data-
base. It is worth mentioning that the insulator model
with the same characteristics was applied in test 3
since it is in the database.

Case 3 calculation:

The manual calculation process will be done using
the data of case 3.

Method 1

3730

43.3 mm/kvxe®*(i50) 245
N gistance = 1.15x x——~=~ 23

445 V3

(2600 — 200)

20
146

Nprea. =1+

Method 2:

Vo 245x1.15 433223

(@] 09
297.92%0.885.1000

3 x (445

V3x(44s)x 273.15+16

With both methods, the number of insulators is 23.
Evaluation of method 1:

Equation 14 is used considering the data of case 3
finding that:

CF=3.53

This result is contrasted with Figure 1 and is obser-
ved to be within limits.
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Evaluation of method 2:
It is evaluated with equations 21 and 24, so that:

Switch critical flashover voltage evaluation (equa-
tions 20 and 21)

460x1.03056782 % [1 + [373?81000] x125j

6

23x50 >

(o)
297.92x0.8851%%

0.992x x0.95
273.15+T°C

1150kV >1032.84kV

As the withstand voltage of the string at the switch
critical flashover voltage (1150 kV) is higher than
that calculated in the phase, it will be considered as
an acceptable evaluation.

Lightning critical flashover voltage evaluation (equa-
tions 23 and 24)

1300x1.o3056782x[1+(37301;61000jxlzsj
23x125 >

()

1000

0.961x 297.92x0.885 %0.95
273.15+7°C

2875kV >3013.06kV

As the withstand voltage of the string in lightning cri-
tical flashover voltage (2875 kV) is lower than that
calculated in the phase, it will be considered as an
unacceptable evaluation.

Note: This process is performed with the data re-
quired in the equations and within the application.
The results of all cases are shown in Figures 8, 9,
10 and 11 through screenshots taken during the
tests.

The contrast of results is shown in Table 6, where
it is possible to appreciate both the results obtained
by the application according to the number of resul-
ting insulators, and the result of the evaluations of
the methods described above. From this it can be
seen that tests 1, 2, 3 and 4 have 100% certainty
and tests 5 and 6 have 93.75% and 90% respecti-
vely, which shows that hypothesis 1 is correct.

For hypothesis 2, the range of acceptability is above
66%. It means that at least two of the three evalua-
tions of the calculation method have the term “Ac-
ceptable”, which validates the hypothesis.
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Figure 8. Results of Test 1. Figure 9. Results of Test 2.

Source: Prepared by the authors (screenshot). Source: Prepared by the authors (screenshot).

Figure 10. Results of Test 3 Figure 11. Results of Test 4.

Source: Prepared by the authors (screenshot). Source: Prepared by the authors (screenshot).

Figure 12. Results of Test 5. Figure 13. Results of Test 6.

Source: Prepared by the authors (screenshot). Source: Prepared by the authors (screenshot).
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Table 6. Contrast of results according to calculation memories and those obtained from the application.

1 2 3 4 5 6
.. .. Design and .. Transmission
Transmission | Transmission Construction of Transmission Line 220 kV
TESTS Line 500 kV La | Line 2x 220 kV | Sub-Station | "< \° - . "0 | Line220kV | oo ST
Nifia — Piura Piura Nueva — Friaspata sion line to 69 kV Reus - Tarra- V;‘ Carhua-
Nueva Piura Oeste s gona
onga quero
Number of insulators 8 14 23 5 15 18
(calculation memory)
Number of insulators 28 14 23 5 16 20
(application)
Percentage of closeness | 4440, 100% 100% 100% 93.75% 90%
to actual results ’
Cre_epage factor eval- Non acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable
uation
g)anO switching Evalua- Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
g:no lightning Evalua- Acceptable Acceptable gcl;rlweaccep- Acceptable Acceptable Acceptable
Acceptability percentage 66% 100% 66% 100% 100% 100%
of results

Source: Prepared by the authors.

DISCUSSION

The results of the application presented in Table 6
exactly coincide with COES (2016a, 2016b), SIE-
MENS (2016) and Orellana and Cevallos (2019),
whose calculations are based on actual projects.
However, the results of the application disagree
with tests 5 and 6. Likewise, in the evaluations of
the calculations, it is highlighted that tests 2, 4, 5
and 6 show results termed “Acceptable” in the three
evaluations. However, test 1 failed in the evaluation
of the creepage factor, which determines that the
profile of the anti-pollution insulator is not accepta-
ble. Likewise, test 3 failed in the evaluation of the
lightning critical flashover voltage, therefore the li-
ghtning withstand is not adequate. In this regard,
it should be emphasized that the limitation of the
application is not being able to enter the data of a
new insulator, since, for this reason, in tests 2 and
4, insulators with very similar characteristics had
to be used. This does not mean that the calcula-
ted string does not work, but that changes in the
insulator model can and should be made to obtain
a better response from the evaluation of calculation
methods.

CONCLUSIONS

The calculation optimization through the prototype
application shown in this study meets the proposed

<Yl Ind. data 26(2), 2023

objective, which was to optimize the dimensioning
of glass insulator strings by means of a prototype
application. In addition, the two hypotheses propo-
sed were demonstrated and validated through the
tests performed using real data from transmission
line projects, where the results obtained from the
application were mostly totally satisfactory. In addi-
tion, the practical use of the application makes it a
very interesting and didactic tool with a great poten-
tial for the user, who only needs their cell phone to
perform the dimensioning. In this way, the objective
of easy accessibility and correct dimensioning is
achieved.
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