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ABSTRACT The present article describes a smart wireless online device for the severity monitoring of the
contaminated insulators of high voltage transmission networks. Accordingly, the wireless developed monitor
works by continuously sensing the magnitudes of the leakage current bursts and calculating its average root-
mean-square (RMS) value for every second or minute as the monitor software is calibrated. Regarding, if the
average of the leakage current RMS value is adjudicated by the monitor as corresponding to a probably
significant scale of a power outage, the monitor transfers an alarm signal and sends a warning message to
the maintenance crew members to take the action to wash the high voltage line insulators on time before
the unexpected outage of the high voltage network has been occurring. The developed monitor contains the
following main units: current transformer with burden resistor, Node MCU (ESP8266), solar power bank,
cloud-based data storage, and smart device (Mobile or tablet). These units can be assembled to work without
the need for a power source. The proposed monitor has many merits over the other monitoring devices; it
enjoys little cost, easy of handling, and calibration. It has a high degree of safety, it is an online system, and its
design is simple. The developed monitor is tested in the Laboratory using insulators with different pollution
layers’ conductivity and the findings show that the accuracy of the proposed monitor reached 91.66 % after
carrying out 50 tests.

INDEX TERMS Contaminated insulators, Internet of Things, leakage currents, sensors, smart monitor
system.

I. INTRODUCTION

In the high voltage power system networks, all outdoor insu-
lators are usually exposed to serious environmental climatic
conditions. Experience in the process of the tower’s installa-
tions of the high voltage transmission lines (HVTLs) shows
that the capability of insulators to withstand over-voltage dif-
fers from one site to another according to the places at which
they are erected. Comprehensive experimental researches to
study the performance of contaminated insulators have been
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reported by reference [1]. When pollutants accumulate on the
HVTLs insulator surfaces and when they become moist, some
pollutants are dissolved in the deposited moisture, forming
an electrolyte on the insulator’s surfaces. The conductance
of the moist pollution layer is usually used as a measure of
the severity of the insulator pollution [2], [3]. The passage
of the leakage current in the moist polluted layer may lead
to a flashover of the insulator’s string and a power outage.
Flashover of H.V.T.L insulators by pollution phenomenon can
consider as a problem that faces the high voltage networks
pass in the desert, near the industrial areas, and in marine
areas.
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The influences of this issue practically in a country like
Egypt can be estimated by a statistical study carried out on the
faults of medium and high voltage networks, which indicated
to ~82% of the lines’ faults, are done to the polluted insu-
lators flashover [4]. Over the past decades, comprehensive
efforts have been done to surveillance the polluted insulator’s
severity of high voltage transmission lines to minimize the
electricity outages. Previous researches have used various
techniques to monitor the pollution severity of high voltage
polluted insulators. Such these are the measurements of the
insulator surface conductivity or its equivalent salt deposited
density, monitoring of the leakage current, and the use of
advanced mathematical algorithms, and the tools of artificial
intelligence for the analysis of the weather data. Many inves-
tigations have already carried out great efforts to surveillance
the polluted insulator’s severity to minimize the outages of
electricity [5], [6]. Different methods are currently in use
for the severity monitoring of the electrical power outage
by the polluted insulators problem, they include insulator
conductivity and equivalent salt deposited density measure-
ments [2], such these methods need time-consuming and suf-
fer from inaccuracy in determining the measured values and
the possibility of destroying contamination samples while
transporting the insulator samples for testing. The problem
of the contaminated insulators of high voltage overhead net-
works can be solved, depending mainly on the used online
type of permanent monitoring system, how it can effectively
predict the occurrence of the H.V.T.L insulators event, and its
used criteria in monitoring the pollution severity. Monitoring
of the leakage current of polluted insulators is one method
used early as a warning way from high voltage network
failure depending o measurements of the leakage current
magnitudes [7]-[10], [12]-[18] or counting its discharging
pulses that exceed certain limits [12]. Such monitors need
low voltage supply sources that may not be present in high
voltage networks or are placed on towers that are not loaded
with high voltage.

Nowadays, the techniques of the data acquisition, opti-
cal sensors, and online monitors of leakage current peak
magnitudes o repetition pulses are used for surveillance of
networks of the high voltage transmission lines [19] to obtain
a more careful measurement for monitors operation. Means
of technological progress promoted the researchers to use
of smart computer programs, advanced mathematical algo-
rithms, and the tools of artificial intelligence for the analysis
of the weather data of the site of the H.V.T.L insulators and
leakage current pulses for the investigation of the insulator
surface seriousness during its contamination duration and
for the flashover prediction of the polluted insulators early.
Investigations on the flashover principles prediction proved
that many characteristics can be combined simultaneously to
give a warning signal when the flashover of the contaminated
insulator is approached. An online monitor system that is
established on the artificial neural networks which are fed by
the pulses of the leakage current, and the surrounding site eco-
logical data that can be collected from the field, is proposed

53714

by Gouda and Khalifa [10]. Some of the proposed wireless
monitors used wireless sensors for monitoring the pollution
severity of high and medium network insulators [20]. Such
monitors need to be fed with weather information from the
site, as well as fed by a low-voltage source as they deal with
a complex system of computers. Methods for monitoring and
controlling the smart grids are proposed by [21].

According to the literature review, most existing studies
have poor accuracy for pollution online monitoring of high
voltage insulators. Based on this notice, a smart wireless
monitoring device for the pollution severity of the polluted
insulators is proposed that continuously senses the magni-
tudes of the leakage current pulses and calculates its root-
mean-square (RMS) value every minute or second, yielding
higher accuracy rates.

To cover the above-mentioned gap in the literature, this
paper proposed a monitor based on recording the average
value of leakage current RMS magnitude every second. The
proposed monitor is basically different from the previous
monitors, as it is a wireless device and does not need any
external source from the network. The only voltage source
of this monitor is the solar power bank system 5 volts.
It supersedes previous ones in the sensing of leakage current
continually. It occupies no extra area or land, and it does
not interfere with the stable operation of the high voltage
transmission system. Its cost is only some tens of dollars, so it
is very cheap. Finally, it has to point out that the device design,
construction, and testing in the Laboratory are the subject of
the present article. In the future, the device will be tested in
the field.

Il. PROPOSED MONITOR COMPONENTS,
CONSTRUCTION, AND OPERATION

The (IoT) is an abbreviation of the words, Internet of Things,
and its definition is the network of substantial matters or
“things” that are established with software programs, elec-
tronics, network connectivity, and sensors, which autho-
rizes these objects to gather and interchange the available
data [22], [23]. IoT allows sensing and remotely control-
ling of the objects across the network infrastructure, cre-
ating chances for more direct incorporation between the
physical world and established computer- systems. This is
resulting in improved accuracy; economic benefits and effi-
ciency [24], [25]. The proposed monitoring system is made
up of four main units. These can be assembled and configured
to work as the proposed monitor for monitoring the leakage
current of the high voltage contaminated insulators every
one second. The proposed apparatus contains the following

elements:
(A) Current transformer with a burden resistor,

(B) Node MCU (ESP8266),
(C) Cloud-based data storage, and
(D) Smart device (Mobile with display apps).

Figure 1 shows a simulation of the main elements com-
prising the suggested monitor. In this monitor, combinations
of a current transformer with a burden resistor and Node
MCU are used to collect data, calculate the current RMS
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FIGURE 2. Components of the suggested monitor.

value, and send it to the cloud Platform every specific period
(one second in the case of the suggested monitor). Cloud
shares the collected data to the Android apparatus and con-
trols the Node MCU over the internet network. The android
apparatus is a digital dashboard where a graphic interface
for any project can be built by using readymade widgets.
The warning leakage current limit used in the testing of the
proposed monitor is 60 mA as the RMS value for each second.
The suggested monitor is characterized by good accuracy in
the leakage current monitoring, its cheapness compared with
other monitoring devices, and the simplicity of its design.
Tests are done on the monitor in the laboratory using different
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pollution layer conductivities and it gave excellent results in
monitoring the leakage current severity of the contaminated
insulators. In Figure 1, the GSM modem is connected to a
nodemcu8266 module by a GSM/Wi-Fi modem. The GSM
modem and the GSM network instead of a LTE/Wi-Fi modem
are used. This choice is related to the generation of the cellular
network available at the experimental site. Figure 2 gives
the hardware of the components of the proposed monitor.
The IoT devices gather beneficial data with the assistance
of the present technologies and then independently influx
the information between the sharing devices. The collected
data can be analyzed to be predicted when networks need
maintenance and when they will fail [26], [27].

For the choice of suitable values for the voltage divider
resistances R1 and R2, higher resistances and lower energy
consumption, 10 2 resistances for mains powered monitors
are chosen.

A. CURRENT SENSOR

The used current transformer (CT) is considered as an ideal
one in which its internal burden resistance is very small.
It is provided with a transient voltage suppressor that limits
the output voltage in abnormal events. It has the capabil-
ity of evolving adequate voltage for driving input voltage
equals 5 V. In Fig. 3 an example of a used split-core cur-
rent transformer is presented. Metering current transformer
(5A/50 mA) with a 0.2 accuracy class (0.2 percent) to
improve the accuracy to (10 mA (0.002*5A)) is used. It is
sufficient for the case under study in which the leakage cur-
rent threshold limit was 60 mA (6 times the accuracy) and we
were looking for the threshold value to be crossed more than
the accurate reading. Fig. 4 shows the CT burden resistor and
biasing voltage divider circuit [22], [23]. In some cases, the
insertion of a copper connection in series, such as MAX472
Current Sensor with Precision Internal Sense Resistor 35 m2
is required for lower leakage current. To connect a current
transformer sensor to a Node MCU, the output signal from the

53715



IEEE Access

0. E. Gouda et al.: Pollution Severity Monitoring of HVTL Insulators Using Wireless Device

current transformer has to be conditioned to meet the input
requirements of the Node MCU analog inputs, i.e., a pos-
itive voltage between OV and the ADC reference voltage.
This can be done by using circuit [28], [29] contains mainly
two parts:

1. Current transformer sensor element and its burden
resistance.

2. Two resistances R1 and R2 which are used as biasing
voltage dividers.

As mentioned earlier, the suitable values for the voltage
divider resistances R1 and R2, higher resistances and lower
energy consumption, and 10 €2 resistances for mains powered
monitors are chosen.

B. NODE MCU (ESP8266)

It is used as an open source for the IoT podium. It con-
tains firmware that operates by using the ESP8266 Wi-Fi
SOC from Espressif System, and hardware that is built on
the ESP-12 module. The expression “NODEMCU” in fact
indicates the firmware instead of the development of the
kits. The language of Lua scripting is used by firmware.
The NODEMCU is established on the eLua venture and
constructed on the Espressif NON-OS SDK for ESP8266.
It used several open-source ventures, like spiffs and Lua-
cjson. A pinpoint description is given in Fig. 5 (a). A photo
of the used IoT wireless development module is given in
Fig. 5(b). It can operate at a supply voltage of 3.3 volts.
It is a chip with which manufacturers make wireless micro-
controller modules. It has a low-cost and networkable founda-
tion for facilitating IoT development. ESP8266 Module is not
able to 5-3 V logic shifting and requires an additional Logic
Level Circuit. The ESP8266 is a low-cost Wi-Fi chip with a
full TCP/IP stack. It has one mega of Flash Memory. It has an
onboard low-power 32-bit CPU for applications [30], [31].

C. CLOUD-BASED DATA STORAGE

For choosing the most suitable cloud data storage, several
cloud data storages are tested in the system, one of them is
Cloud MQTT. It is managed by Mosquito servers in the cloud.
Mosquito performs the MQ Telemetry Transport protocol,
MQTT, that arranges portable modes of performing messages
(notice of events) using the publish/subscribe messages of
a queuing model. MQTT can be considered as a machine-
to-machine protocol for the future. It is considered as a
suitable tool for the “Internet of Things” world for linked
devices. Its minimal design makes it idealistic for compact
systems, mobile phones, and other memory and bandwidth-
sensitive implementations [29]-[32]. The message file pro-
vides an asynchronous communication protoco; it is not
required for the receiver and the sender of the message to
react with the message queue at the same time. The Mes-
sage which placed in the queue is stored until the recipi-
ent restores it or until its time has been based. MQTT and
Mosquito are for good use by bandwidth susceptible appli-
cations. Cloud MQTT helps in focusing on the applications

53716

FIGURE 3. Split-core current transformer.
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FIGURE 4. CT burden resistor and biasing voltage divider circuit [22], [23].

rather than the time loss in the broke scaling or the platform
patching [33], [34].

D. SMART DEVICE (MOBILE WITH DISPLAY APPS)
It is a digital device where a graphic interface can be built for
a project by simply finding the wanted data and removing the
junk things. With this app, any MQTT client device with very
simple configuration step can easily be controlled.
Highlighted features of the available apps in the market are
- Many connections,
- Specify all units of the data.
- Show the numerical values in real-time updating
schedules.
- Able to modify the publication components.
The block diagram shown in Fig. 6 explains the operating
steps of the suggested monitoring system.

Ill. DEVICE OPERATION THEORY

In Fig. 6, the monitor starts to read the leakage current bursts
by the current transformer as a sensor; that is fixed on the
top of the insulator string from the point of contact with
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FIGURE 5. (a) Description of node MCU(ESP8266), (b) Photo of the used
loT wireless development module.

the earthed tower. Node MCU changes the analog readings
to digital signals and collects the data. The calculations of
the average R.M.S value of the leakage current bursts every
specific period and sending it to the cloud platform has to
be done by the software. It will be sent to cloud-based data
storage. If it exceeds the predetermined R.M.S value of the
leakage current, a local alarm program will be called, and a
message will be sent to the crew of the overhead transmission
line maintenance.

The device operation can be explained in steps as the

following:

1. The transformer current senses the value of leak-
age current passing from the overhead transmission
line (OHTL) insulators to the earthing system and con-
verts it to peak voltage signal (3Vp/400 mA) using a
CT burden resistor and biasing voltage divider circuit

2. The voltage signal received by the microcontroller
(Node MCU) is converted by built-in ADC to Digital
10 bit, which means it scales an analog signal in a range
of 0-1023.
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FIGURE 6. Block diagram of the suggested monitor.

3. The program calculates the current R.M.S value every
second and stores it in the memory.

4. Every second the Node MCU attempt to login to the
server (IoT cloud) and send the data.

5. The cloud server store the average values of the
R.M.S of the leakage current and the real-time clock
(time/day/month/year).

6. Mobile phone can gain access to the server to present
the value of the measured current through the dash-
board and receive an alert message (SMS) when the
current exceeds the specified limit.

Due to the continuous functionality of the monitor code in
difficult weather conditions and under electric field interfer-
ence, failure inNode MCU operation may be observed when
it works for a few days consecutively (more than three days).
This failure could be caused by one of two reasons as the
following

1- Temporary power insecurity, which could be caused by
a variety of factors, some of which are unknown.

2- Code execution results in an overflow of one or more
registers, necessitating the monitoring of the code’s
running time.

To address the first sort of failure, a software restart is planned
to occur every 24 hours of continuous running to ensure that
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all registers have been cleared and a power cycle has been
reconnected; the time to restart and reconnect the Node MCU
to the network is approximately 3 seconds; at which data will
not be calculated or stored during this period; this period is
extremely short and will not affect the decision of leakage
current monitoring.

¥
Enable Watchdog Timer
(5 second)
NO
Yes
Restart

(@)

r

Start counting time in mSec
“CurrentMillis

l

Main Program

l

Reset Watchdog Timer

Currentiillis
=864,00k

l Yes

| ‘ Restart ‘ ‘

(b)
FIGURE 7. (a) Temporary power insecurity, (b) Code execution.
The 24-hour period was chosen based on the setup con-
ditions (location, weather, size, and quality of battery) and
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could be less or more depending on each setup; in our
instance, it is resulted in outstanding reliability improvement
and Node MCU continuously running for several months with
no crash seen. To address the second sort of failure, a watch-
dog timer has been utilized. TheNode MCU has 2 types of
watchdog; one is implemented in hardware and the other in
software.

A watchdog is a timer that, when the system is not reset
before expiring, triggers the reset of the monitoring system.
Fig. 7 gives the flowcharts of the steps used in avoiding the
failure in Node MCU operation.

IV. EXPERIMENTAL STUDY AND TESTING OF THE
PROPOSED MONITORING SYSTEM

A. MEASUREMENT OF POLLUTED LAYER CONDUCTIVITY
OF THE INSULATOR UNDER TESTING

The contaminated insulator’s performance is usually
governed by the conductivity of the pollution layer and the
contamination distribution on the insulator surface or the
equivalent salt deposit density of the polluted insulator.
The diameter of the insulator under testing is 320 mm, its
spacing equals 145 mm, the insulator leakage path equals
385 mm, and its form factor equals 0.85. The pollution layer is
formed by dipping the insulation into a suspension containing
1000 gm kieselguhr, 10 gm highly dispersed silicon dioxide,
an amount of NaCl to control the suspension conductivity,
and 1000 cm? water which is added in small steps with
the past. The measurements of the insulator pollution layer
conductivity are done according to IEC [2], [3]. The testing
voltage of two 50 Hz volts for each millimeter of the total
leakage path is applied to the insulator string that is tested
inside a fog chamber with a temperature range between
60-70 ° C and 100% relative humidity. The voltage used in
testing is applied for a time period between two to three
minutes merely sufficient for measuring the peak value of
the leakage current, otherwise, if the applied test voltage
stays a long time the moisture will evaporate, and dry bands
may be formed on the surface of the contaminated insulator.
The test is reiterated at least three times separated by five
minutes for the same insulator string. The conductivity of the
contaminated layer is calculated using the following relation.

1
K=-—F 1
v (nH

where K is the insulator contaminated layer conductivity
in p S, I is the peak value of the leakage current, V is the
test voltage and Fy is the form factor of the insulator. The
average of the three tests is considered as acceptable value of
insulator conductivity for each test.

B. THE FLASHOVER VOLTAGE VERSUS THE
CONTAMINATED LAYER CONDUCTIVITY

The flashover voltage as a function of the contaminated insu-
lator conductivity is given in Table 1. The tests are done using
a single-phase testing transformer. Its output single-phase
voltage equals 250 kV, its power factor at short circuit (R/X)
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TABLE 1. Flashover voltage of each insulator unit versus polluted
insulator conductivity.

Insulator conductivity in uS | Flashover voltage in kV
Clean 25.5
5 23.7
10 19.3
18 15.25
25 14.65
30 13.75
35 13.2

TABLE 2. The average of the R.M.S of leakage current bursts versus the
applied test voltage under different surrounding conditions.

Average of Al Average of | Average of Test

the R.M.S th the RM.S the RM.S voltage

values of the v{ values of values of (kV)

current ¢y current current bursts

bursts in dry bl bursts at 30 | at35 puS

condition u| uS conductivity
c(_conductivity

23 mA 80 mA 90 mA 93mA 13.7

16 mA 68 mA 75 mA 81 mA 12.5

5 mA 62 mA 70 mA 76 mA 11.7

equals 0.2 and its short circuit current is 1.5 A. It is complying
with IEC [2]. The warning voltage level for the pollution
severity could be adjusted to 90% of the contaminated insu-
lator flashover voltage. This criterion may be sufficient for
the Laboratory tests in which the test environment can be
controlled; unfortunately, it is not the condition in the field.
Adjusting the level of the warning voltage to be 80% of the
flashover voltage is selected as it allows for the somewhat
lower values in field conditions. The proposed monitor can
compare the amplitude of the average of the R.M.S value
of the leakage current bursts in mA with a preset level of
a similar amplitude at 90% of the flashover voltage in the
Laboratory.

C. LEAKAGE CURRENT MEASUREMENTS
The measured values of the bursts of the leakage current
are obtained using a direct measurement device oscilloscope
across small resistance connected in series with the testing
circuit. The R.M.S values of the leakage current bursts versus
the applied test voltage and under different surrounding con-
ditions are indicated in Table 2, mainly in the dry and polluted
conditions. The value of I,,,5, which is given in this table,
is the mean value of the R.M.S leakage current pulses that is
measured for about five tests at different voltage levels. If the
leakage current RMS value exceeds the preset value, a signal
will produce an alarm, and the maintenance crew of towers
will carry out the insulators washing.

The calculation of the average RMS values of the leak-
age current bursts in the Discrete Time Domain is done by
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the use of equation (2).

Yo )
N .
where N is the total number of leakage current pulses during
one second at 90% of flashover voltage level, n = 1, 2, n.
Figure 8 gives samples of the current bursts on the polluted
insulator surface.

(@)

]rms =

i
[}
'Y
¥
]
)
)
1}

FIGURE 8. Samples of leakage currents pulses, (a) Conductivity 15 uS,
Applied voltage 25 kV, 50 mV/div. 0.5 ms/div., (b) Conductivity 35 xS,
Applied voltage 20 kV, 50 mV/div. 0.5 ms/div. and (c) Conductivity

35 uS, Applied voltage 22 kV, 50 mV/div. 0.5 ms/div.
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FIGURE 9. Number of leakage current bursts versus percentage of the
flashover voltage (14.65 kV), time of test is 5 minutes for each applied
voltage. Polluted layer conductivity is 25 (xS).

More experimental tests are done for recording the leakage
current bursts in the laboratory to obtain a good contribution
to the possibility of the insulator string flashover and to test
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the proposed monitor operation under conditions that simu-
late its working in the field. Figure 9 gives the number of the
maximum value of the leakage current bursts that occurred
over a period of five minutes with values [, exceeding or
equal to 100, 70. 40 and 10 mA versus the percentage of
flashover voltage.

Figure 10 gives a relation between average repetition times
versus the surface layer conductivities when the test voltage
was 90%, 70%, and 50% of the flashover voltage. It is noticed
that the average repetition time decreases when approaching
a state of flashover.

w0

m===00%0ofFOV| J
== 70 % of FOV
=50 % of FOV

Average repetition time (Sec)

1
0 5 10 15 20 25 2 35

Surface layer conductivity (S)

FIGURE 10. A relation between the surface layer conductivity and the
average repetition time of leakage current pulses (IEC fog test).

D. TESTING OF THE PROPOSED MONITOR IN THE
LABORATORY

A lot of experiments are done in the Laboratory for testing the
proposed monitoring device and to check its ability to give
an alarm signal when the leakage current root mean square
value reaches the warning level which depends on the pollu-
tion layer conductivity and the testing voltage. The warning
current level is suggested to be 60 mA. This value can be
changed depending on the pollution severity in the areas
at where the device is installed on the power transmission
lines. The proposed device records the polluted insulators
severity by continuous measurement of the leakage current
(R.M.S) using a current sensor (clip-on current transforme)
and converts it to a voltage signal as given in Fig. 1.

The output voltages of the current sensor in mVs represent
the current pulses which are received by the microcontroller
(Node MCU) converted by built-in ADC to Digital and the
software program calculates the current R.M.S value every
second and store it in the memory. Every second the Node
MCU login to the server (IoT cloud) and send the data. The
cloud server stores the value of the current. A mobile phone
can gain access to the server to present the value of the
measured current through a dashboard and receive alert SMS
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when the current exceeds the specified limit. This specific
limit current represents the critical leakage current level of
the flashover of polluted insulator conductivity in mVs. When
the current transformer signal reaches to be higher than the
specified limi, the smart monitoring device works to send
the signal to trigger the Mobile phone. Several laboratory
experimental tests are done to check the reliability of the
wireless monitoring device. The device testing details using
the test arrangement given in Fig. 1 are tabulated as shown
in Table 3. Ten tests are done with ten minutes separation
between each test and the other.

The warning current level was taken as 60 mA during the
device operation. Figure 11 gives the relation between the
recorded current by the monitoring device versus the time,
each point in this figure is the average value of RMS currents
in one second. The test voltage was increased in steps from
zero to 16 kV. At this value, the flashover occurred when
the polluted layer conductivity was 18 © S. As shown in this
figure the device recorded the current which exceeds 60 mA
after about 9 minutes from starting the applied voltage which
is increased in steps until the flashover has occurred.

The details of the device testing using the test arrangement
illustrated in Fig. 1 are given in Table 3. The monitor was
tested with the use of different insulator surface conductiv-
ities and applied voltages. The test is repeated ten times on
each polluted insulator string sample with th separation of ten
minutes between every two tests.

The operating time of the proposed monitor versus the
insulator string polluted layer conductivity and the applied
test voltage is illustrated in Table 3. It can be observed
from this table that the smart monitor manifested superior
efficiency and credibility in monitoring the severity of the
pollution leakage current before flashover occurrence.

The aggregate percentage accuracy of the proposed mon-
itor can be evaluated based on its successful number of
processes by using the formulas given in equations (3)
and (4) [35]:

SF]'
P .
- £ : x 1100
Total number of the device operation for each Fj
3)
CF]'
YIS
Fi==l « 100 )
n
where;

Fj: The polluted layer conductivity code;

Srj: The percentage of the successful processes of
the monitoring smart device;

Prj: The number of the successful processes;

J: Number of the monitoring smart device processes
ineachtest(j=1,2,3,4.....,n);

Crj:  The average of the aggregate percentage of
successful processes of all of the tests done on the
monitor.
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TABLE 3. Summary of laboratory tests done on the proposed monitor.

Polluted Test Time  of
layer voltage the monitor
conductivity (kV), 90% | operation
(uS) of the starting
flashover from the
voltage applied of
the test
voltage
(minutes)

Comments

Ten tests are done, with ten
minutes time separation
between every two tests. The
device succeeded to give a
message that will be sent to the
crew of the maintenance
without any fail

Ten tests are done, with ten
minutes time separation
between every two tests. The
device succeeded to give a
message that will be sent to the
crew of the maintenance
without any fail

Ten tests are done, with ten
minutes time separation
between every two tests. The
device failed to send a message
two times because of problems
in the internet network

25 13.8 3

Ten tests are done, with ten
minutes time separation
between every two tests. The
device failed to send a message
two times because of an error in
the current setting

Ten tests are done, with ten
minutes of time separation
between every two tests and the
other and the device failed to
send a message one time
because of an error in the
current setting

30 12.5 1

35 11.7 0.5

From the above table, it can be noticed that from fifty
tests carried out on the proposed monitoring device in the
laboratory under different polluted conductivities and test
voltages, it failed five times to operate, two of them because
of problems in the internet network and the others due to an
error in the warning current setting.

By using the formulas given in equations (3) and (4) in
the calculation of the monitor accuracy it is found that its
accuracy is in the range of 91.66 % after 50 tests done
on insulators having different pollution surface conductiv-
ities and test voltages as illustrated in Table 3. The mon-
itoring device is not tested in the field because this needs
the acceptance of the electricity transmission company in
Egypt which is difficult to be obtained. When comparing
the proposed monitor with the conventional monitors, the
advantages of the suggested one can be summarized as the
following:

(i) The proposed monitor enjoys little cost, easy of han-
dling and calibration if it is compared with the other
monitoring devices; the monitor cost is in the range of
a few tens of dollars.
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FIGURE 11. Recorded current by the monitoring device versus the time,
each point in this figure is the average value of RMS currents in one
second, the test voltage was increased in steps from zero to 16 kV where
the flashover occurs, and the polluted layer conductivity was 18 uS.

(ii)) The monitor has a high degree of safety because it is
isolated from the high voltage network by the clip-on
current transformer

(iii) The smart monitor is an online system, there is no time
consumption

(iv) The monitoring system accuracy amounted to 91.66%
after 50 tests carried out in the laboratory

(v) The design of the proposed monitoring device is simple

The monitoring device suffers from two restrictions, one of
them is that problems maybe appear in the internet networks
and the other is the error in the warning leakage current setting
causing false operation.

V. CONCLUSION
The article proposed a new smart wireless device for mon-
itoring the pollution severity of the HVTLs contaminated
insulators. approach to the polluted insulators failure is man-
ifested by the rise of the values of the leakage current bursts
and their repetition rate. The developed smart monitor oper-
ates by continuously sensing the magnitudes of the leak-
age current bursts and calculating their RMS value every
minute or second as the monitor software is calibrated. If the
leakage current RMS value is judged by the proposed mon-
itor as conformable to a potentially dangerous level, the
monitor sends a warning message to the maintenance crew
members.

The developed monitor is based on the current sen-
sor, buzzer, and disconnect switch, Node MCU (ESP8266),
cloud-based data storage, solar power bank, and smart device
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(Mobile with display apps). These units can be assembled
to work without the aid of the network supply. The monitor
is tested in the Laboratory using insulators with different
pollution layer conductivities. The accuracy of the proposed
monitor reached 91.66 % after 50 tests were carried out in
the laboratory. The proposed device enjoys a high degree
of safety, simplicity, little cost, and easy of handling and
calibration. One of the suggested device limitations is the
internet network problems and reference leakage current
adjustment for each polluted area at which the power lines
are installed.
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