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Abstract

This applied research deals with the effect of capacitive harmonics on the efficiency of electrical and electronic devices
used in installing a giant screen owned by Faden Spectrum Company, which was installed on one of the huge towers in the

city of Al-Khobar in the Kingdom of Saudi Arabia, with an area of 2000 square meters, and consisting of 2000 cabinets
containing 2000 electrical cells.

The area of each cell is 1 m’.

The problem was solved - significantly - by linear grounding, which also provided creative solutions for four similar

screens of relatively smaller size, which may allow this type of grounding to be generalized to all electrical networks with
similar problems.

Under our supervision, the engineering team worked to reduce the annoying noise coming from the main feed box (MDB),

which was increasing steadily with increasing lighting intensity, to become 90 dB at 60% brightness and 155 dB at 100%
brightness, by building independent linear grounding.

1t deals with the zero-point grounding of the transformer, and this applies to the screen feeding system as a whole, provided
that the old grounding remains as a grounding against touch currents to protect individuals from electrification.

Our engineers successfully reduced harmonic noise from 95 dB to 55 dB at 50% brightness (the normal operating rate for
this type of display at noon).

The apparent current on neutral has also been reduced to 4384 instead of 8114 at the same brightness rating.

This solution also reduces the size of the active harmonic filter to less than half, saving a lot of money when the customer
wants to reach typical values with a THD filter.

Keywords: Total Harmonic Distortion, Modulation Transformers, Sine Wave, Electrocution, Capacitive Harmonics, THDi, THDy,
APF/AHF, Linear Grounding
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1. Introduction
Harmonics are defined as frequencies that are multiples of the
original frequency. If the original frequency is 50 Hz, then the
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harmonics will have frequencies equal to 100 Hz, 150 Hz, 200 Hz
and are called 2nd Harmonic, 3rd Harmonic, and so on... as the
figure (1) shows.
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Figure 1: A Basic Sine Waveform with a Distorted Waveform due to the Third Harmonic.

These frequencies arise as a result of the presence of non-linear
loads, through which non-sinusoidal currents pass. If these non-
sinusoidal currents are analyzed according to the rules of the
Fourier series, they consist of the original frequency loaded with
different frequencies, which we call harmonics [1].

One of the most important reasons for the emergence of harmonics
is the presence of power sources connected to electronics devices
such as transformers and Rectifiers Inverters for the purpose of
obtaining greater control over the conversion of voltage between
alternating and direct current, but the voltages emerging from these

devices are often in the form of pulses, and these pulses distort the
shape of the wave curve of the original sinusoidal wave, and from
here the harmonics appear.

Total harmonic distortion (THD) can be a difficult concept due
to the complexity of the power system and its many individual
components.

THD is best understood when a power system is defined by its
simplest parts — the power supply and the load, as shown in Figure
2 [1].

SOURCE

LOAD

Figure 2: Most Basic Parts of the Power System.

Since load affects the current draw on a system, the system's power
quality is often affected as well, depending on the type of load.

Loads can be linear or non-linear.

A linear load draws a sinusoidal current in nature and has smooth
current and voltage transitions, so this generally does not distort
the waveform as shown in Figure (3) [1].
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Figure 3: An Ideal Sine Wave with A Linear Load Supplied to The Source.

Many household appliances such as electric water heaters,
baseboard heaters, irons, and incandescent lighting mostly have
resistive loads, which are relatively linear.

Harmonic distortion is not usually caused by the power generation
or distribution system itself and was not a real problem before
1960.

Now changes in technology are beginning to contribute to changes
in load after nonlinear components such as diodes and SCRs (or
thyristors) have begun to be integrated into electrical appliances
and home appliances.

Higher energy efficiency lighting and government phase-outs of
incandescent lamps are prompting consumers to replace older

incandescent lamps with compact fluorescent lamps (CFL), light-
emitting diode (LED) and electron stimulated scintillation (ESL)
type lighting.

This type of lighting, although very energy efficient, does not
provide a linear load like incandescent lamps.

Another new source of harmonic distortion comes from the
variable motor speed controls that are now offered in many high-
efficiency heat pumps.

These nonlinear devices introduce a nonlinear load on the power

supply causing significant distortions in the source waveform as
shown in Figure 4 [1].
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Figure 4: Wave Distortion Caused by Nonlinear Loads.
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Nonlinear loads cause waveform distortion, radically changing the
waveform of the power supply.

It is important to note that a sine wave consists of even and odd
harmonics.

Nonlinear loads usually cause odd-order harmonics to be more
pronounced and problematic in a power distribution system.

This is because most electrical loads, with the exception of half-
wave rectifiers, produce symmetrical current waveforms.

This means that the positive half of the waveform is a mirror image
of the negative half.

This results in the presence of only individual harmonic values.

A half-wave rectifier can produce even harmonics as well as odd
harmonics.

The illustration shown in Figure (5) shows the relationship
between fundamental harmonics and odd harmonics resulting
from nonlinear loads.

Fundamental

Distorted Signal

Harmonic

Figure (5): Relationship between Fundamental and Odd Harmonics.

Another factor that can sometimes cause an increase in harmonic
problems is the capacitor banks that are used to correct the power
factor of inductive loads.

If the capacitor resonance is at a multiple of the fundamental
frequency, it can actually amplify harmonic problems.

Accurate design is important when installing capacitor banks and
it is also important to monitor the THD and power factor as the
inductive load may change from time to time as a result of new
loads introduced by customers.

2. Effect of Harmonics
The Harmonics reduce the efficiency of electrical devices and
distort their good performance.

It also raises the temperature of power cables, capacitors, and
electronic equipment, distorts measurement circuits and control
circuits, and affects the performance of motors, generators, and
electrical transformers [2].

In order to mitigate the sources of generation of strong harmonics
in the network supplying the consumer, they must be treated locally
by working to prevent the spread of their influence in the network.

But when it becomes difficult to reduce certain harmonics, the
components of the network must be strengthened to the extent that
they can withstand these harmonics.

This is done by doing the following:

1. Increasing the cross-sectional area of the cables or adding
new cables to increase the network’s ability to withstand high
harmonics.

2. Reducing the capacity when loading transformers (from 50%
to 70%) while adding new transformers or replacing existing
transformers with high-capacity ones.

3. Redistributing the loads in three-phase networks to balance the
harmonics as well as the load currents in all conductors. There
are also procedures that can be taken to reduce the size of the
harmonics problem or eliminate it completely, such as:

* Adding inductive coils and reactors in series with capacitors.

J Sen Net Data Comm, 2024

Volume 4 | Issue 2 | 4



This method is the most common method.

* Adding inductive coils in parallel with the capacitors, and their
reactance can be controlled to reduce the value of the harmonics.
« Using a filter consisting of capacitors and series and parallel coils
(AHF) [2].

3. Problematic of Grounding Systems

Until this moment, internationally approved grounding systems
have not paid attention to exploiting good grounding to combat
harmonics, especially capacitive loads, as the main concern
of grounding systems up to now is protecting individuals and
equipment from short circuits.

Interest in grounding was (in order to) and against Touch currents
at the outputs of low-voltage transformer stations, and against step
voltage. In transfer stations for medium lines and above, this is all
we have, to start working.

Also, we have Grounding against static electricity is a good job,
but it does not help much in dealing with the problem of harmonics.

And that's all we have, to start with the Faden Spectrum screen
problems that located on a giant tower in the city of Al-Khobar in
the Kingdom of Saudi Arabia [3].

It is a giant screen with an area of 2000 square meters, where the
readings were different from all scientific alphabets as well.

The results were shocking, in addition to the poor performance
of the direct feed network to the screen, despite the fact that the
transformers, feeder boards, and cable isolator's and lugs were built
in accordance with the most precise regulations approved by the
IEC, especially the IEC: 60502 specification and its amendments

[4].

4. Electrical Grounding Systems

Electrical grounding systems occupy a very wide field, including
grounding of electric current generators, as well as grounding of
electrical transformers.

Grounding the electronics is to ensure that they are not subject to
interference.

Despite the breadth of this field, the literature usually presents it
by explaining the methods of grounding various transformers and
connecting the grounding point to the loads.

The focus is on grounding systems starting from the secondary
end of the distribution transformer because before this point, from
the primary end of the transformer all the way to the electrical
generators, they are electrically isolated (but magnetically
connected) from the secondary end of the distribution transformer,
which makes it possible to ignore them for the sake of simplifying
the topic.

Also, the secondary end of low-voltage distribution transformers
is what ultimately feeds the loads, which makes the relationship
between grounding the loads and these transformers a close
relationship.

The field of electrical grounding systems is usually introduced
by the IEC 60364 and IEEE 80/13 standards and the resulting
literature in this field [5, 6].

Therefore, this research will start from the same base and give a
brief introduction to this field through these two standards. The
goal of having electrical grounding systems can be summarized in
two basic points:

4.1 Ground Protection

Connecting current-conducting surfaces, socket grounding points,
etc., to the ground protects against exposure to electric shock
by ensuring that the voltage of the current-conducting surfaces
remains equal to the ground voltage. When the electrical insulation
of any of the wires fails and it comes into contact with any metal
surface, the current will pass directly to the ground instead
of passing through the body of any person in contact with that
surface, or passing through any flammable material and causing
a fire, or passing through devices not designated for such a high
current will causes damage. [5]

4.2 Functional Grounding

What is meant by functional grounding is the grounding line that
carries the current returning to the power source, as is done in some
well-known grounding systems, and one of the power transmission
systems that relies on the return of current through the ground is
the Single-Wire Earthing Return system [7].

5. Grounding of L/V Electrical Grids

After presenting the methods for connecting loads and various
parts to the grounding points in the facility, you must know the
relationship between those grounding points and the electrical
distribution transformer, which will be explained in this part of
the research.

There are different types of grounding systems and the choice
of which system determines the type or protection requirements
needed for the electrical system and how it is connected to loads.

These different types fall under three main types that are different
from each other, and the network designer chooses any of them
while designing the electrical distribution system according to
his needs and in accordance with the standards and requirements
followed in his country. The choice of the type of grounding
system by the network designer will result in three important and
independent decisions [8]:

1. The method of connecting the neutral line in the network and its
relationship to the visible parts and pieces of the loads.

2. Use a separate Protective Earthing (PE) line/cable or combine it
with the neutral line and use only one cable.
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3. How to use ground fault protection devices (from a short circuit
to the ground or current leakage to the ground) to disconnect the
circuit or give a warning of the presence of a ground fault.

The various grounding systems are also known as “Earthling
System Arrangement” and they describe the method of grounding
the lower part of the network on the secondary end of the MV/
LV Transformers, specifically the neutral connection of the
transformer, and how to ground the visible parts of the electrical
connections connected to the network.

Grounding methods also describe whether the transformer's neutral
(N) and protective conductor (PE) are separate or connected
together.

Finally, choosing whether using an overcurrent protection device
is sufficient or whether there is a need for special protection to read
and disconnect the circuit when the insulation of the conductors
fails and there is a leakage current to the ground.

All these points are combined together and covered by the
international standard IEC/IEEE as explained throughout this
article [7, 8].

6. The Importance of the Research and its Objectives

The importance of the research lies in arriving at an independent,
safe and effective grounding system to mitigate the effect of
harmonics on capacitive loads in existing mega projects, without
being exposed to the old grounding and keeping it as grounding
against contact currents to protect individuals from electrification.

The goal of the new linear grounding is to reduce the apparent
amperage on the neutral line at the same illumination rate of screen
and reduce the electricity bill as much as possible by reducing the
waste resulting from VAr by diverting the return currents to the
ground instead of returning them to the transformer by grounding
the zero point of the transformer by connecting according to a
system of TN-C at the investor's first MDB.

7. Research Methods and Materials

7.1 Collecting Field Data

The necessary data to begin work was obtained during the period
between the last quarter of 2020 and the third quarter of 2021
through:

1. Resorting to a professional company to obtain a serious report
on the soil voltage and its specific resistance (attached is a copy of

the report, named: Soil Resistivity Testing) [A]

2. Resorting to a professional company to obtain a complete
analysis of the electrical network that supplies the screen, including
the total capacitive and inductive harmonics (attached is a copy of
the report, named: Faden Screen - Power Analyze) [B]

3. Continuous thermal imaging of the network throughout the
work period using a Fluke TiS55 thermal camera with excellent
memory and high resolution (attached are some of these pictures,
PDF named: Adeer Thermal Photos) [C]

4. Weekly data and reports that were provided immediately to the
owners (some of these reports are attached under the title name:
Status Reports) [D].

With the following standard specifications and their appendices
were fully adhered to:

IEEE-80/2013 IEEE-519-2014

IEEE Std. 998 -2012

And, with the following specifications and their appendices, as
partly:

IEC 60364-5-54

IEC 60502-1-2021

7.2 Description of the Problem

The screen in working mode was suffering from annoying and
unacceptable harmonics on capacitive loads, even when it was
operating at 50% of its actual capacity, while the temperature
(which sometimes reached 83 - 90 degrees Celsius) was from the
exit points of cables from the ceiling of the panel.

The main one is not well understood (Faden spectrum phenomenon).

The temperature of the cables was normal and close to the
temperature of the ambient.

Only when the cables exited from the ceiling of the panel did their
temperature rise to 83-95 degrees Celsius and then returned to
their normal thermal nature once they moved away one mm from
the ceiling of the panel.

This type of thermal entropy was difficult to understand at first
glance and contradicted all the laws of thermodynamics in the

universe.

Please see the thermal image below in Figure (6).
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Figure 6: Thermal Image.

The screen's forced cooling air conditioners (63 2-ton air
conditioners + one 25-ton package air condition) were unable to
balance even part of the capacitive load or reduce the temperature
of the place where the cables exit from the ceiling of the main
panel.

The apparent amperage on the neutral line exceeded 1100 amps at
the white color, while the actual amperage on the active phases at
the same color was less than 1000 amps.

7.3 Work Environment

The work environment was quite hostile, as it was impossible
to install an active harmonic filter due to the crowded electrical
rooms in the tower, and the size of the appropriate filter was so

Dran:View 6.14 (0 HASP: 1867413877 GRESCTDN)

huge that it was impossible to find a place to place it, and it was
also impossible to use IP65 enclosure and above to place the filter
outside for technical reasons related to the need this type of filters
for cooling.

7.4 Actual Loads when Starting Work on Screen Brightness
100% when White Color

(Nature of Pregnancy)

Non-linear load, where the entire system was analyzed from the
moment of starting work using Power Analyzer ES4000.

The waveform of the harmonics on the network was out of the
ordinary, as is clear from Figure (7) [B].
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The table below, based on the attached report called Power Analyze, shows the magnitude of the huge harmonics on the neutral line and

the ground line:

LtolL LtoN AonlL AonN Aon PE
#380V #220V #995A #1134A #229A
Result
OK | OK | OK | Not Accepted | Not Accepted

7.5 The Grounding System at the Moment of Starting Work
The grounding system used to ground the MDB-3P+N/2000A
supplying the screen was the grounding system located in the
tower substation and extending over the entire tower mass.

It is a system built on a TN-S base and connected to the
tower’s lightning system, and supported by the two compatible
specifications:

IEEE Std. 998 -12/IEEE80-13.

The field readings on it were okay if the screen was not operating,
and the resistance values of the ground with a large and close
metal block were less than 2 ohms, which is a very good thing, but
the problem begins when the screen is turned on, as the readings
become as follows:

L to PE on Load 50%

L to PE on Load 100%

N to PE (OFF)

N to PE (50%)

N to PE (100%)

92V

170V

~0.3-0.8 Q

20MQ

105MQ

Not Accepted

Not Accepted

OK

Not Accepted

Not Accepted

7.6 Proposed Solutions

Understanding the nature of the problem was a crucial and
fundamental factor in developing the action plan, and the only
thing available to us that approximates the problem at hand is the
SASO-IEC 61010-1-2019 standard that serves as a starting point.

We proposed to the owner to build an independent linear grounding
to deal with the switched zero point. This applies to the screen
feeding system as a whole, provided that the old grounding remains
as a grounding against contact currents to protect individuals
from electrification. After obtaining approval from the General
Electricity Company, work was done as follows:

1. Support the neutral line coming from the transformer, which is:
2x1C 630mm2 XLPE/PVC, to become:

3x1C 630mm2 XLPE/PVC

2. Building a new ground and connecting it to the converted zero
point based on the soil resistance study referred to previously.

3. Use low-resistance cement (Marconite) to improve the specific
resistance of the sandy soil at the tower instead of coal and salt.

4. Adopting the TN-C system to connect the new linear ground to
the neutral line in the main MDB panel, which allowed eliminating
the apparent currents returning to the transformer and discharging
them to the ground before returning to the Alexandrian transformer.
5. Keeping the old grounding to protect the panel body against
touch currents.

6. Exploiting the tower’s huge metal mass to dissipate stray
currents through the new grounding connect to the tower’s body
7. Use reverse loops when connecting the new ground to the tower
body, because the tower body is already connected to the lightning
control system, and this may pose a danger to the screen and its
feeder panel for fear of side flashes when a lightning bolt maybe it
strikes the tower at any time.

8. Do not use the ground connection system from more than one
point towards the discharge vector, because it has proven to be
a catastrophic failure and that it greatly raises resistance from
non-main distribution points, despite all international standard
specifications that have overlooked this.

Please review the new ground quality test file, named: (SAT for
Adeer PE) [E]

These recommendations were later fully implemented.

The results were so acceptable that Faden Spectrum requested that
the solution be circulated to four other screens suffering from the
same problems.

It also canceled the issue of installing the APF active filter proposed
by us, due to its own considerations on the one hand, and because
the results were more than satisfactory to it.

(See Faden Spectrum’s attached message - which we are authorized
to publish - about the reasons for canceling the installation of the
active filter) [F]

8. The Results

* The noise caused by harmonics was reduced from 95dB to
55dB at 50% illumination (which is the normal working rate
for this type of screen at noon according to the manufacturer’s
recommendations, which recommends [50-65%] illumination at
noon) and the screen returned to working acceptably.

Note the image of the screen after it returns to work in Figure (8):
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Figure 8

* The ambiguous thermal field was eliminated once and for all by
resorting to Drude's quantum interpretation of Ohm's law [9].

The roof of the plate (iron metal) was replaced with a roof made
of Teflon with a thickness of 3 cm, which is a magnetic insulating
material (note the thermal image after implementing this solution).

This quantum state will be addressed through independent research
that is currently being prepared in cooperation with the Department
of Physics at Tishreen University in Syria.

However, quickly: Note the thermal image in Figure (9) which
shows the field overcoming after implementing the solution:

31.3

Adeer MDB

13:48

E:0.98

Figure 9

1. The apparent amperage on Neutral was reduced to 438A
instead of 811A at the same brightness rate, which is an excellent
percentage despite being non-standard. However, this solution
reduces the size and capacity of the required active filter by half if
the owners wanted to install it, and this is a huge saving of money.

2. The annual rate of damage to the electrical and electronic
components of the screen cells was reduced to less than 18%, after
it had exceeded 70% at the same illumination rate, as is clear from
Faden Spectrum’s letter to the work team[F].

3. The electricity bill was reduced by ~45% by reducing the waste
resulting from VAr by directing it to the ground instead of returning
it to the transformer, that appears clear in the image of the bill
in Figure (10) [G], which shows a comparison of consumption
after the solution with the same period of the previous year (note
the decrease The sharp rate of consumption after applying the
solution), which makes it a creative and relatively environmentally
friendly solution, as it contributes in some way to reducing thermal
emissions by legalizing the use of fossil fuels in generating stations
due to reduc the electric power generation.
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Figure 10

9. Conclusions and Recommendations

Multi- or single-layer linear grounding [10] connected from one
main point according to the TN-C system can significantly improve
the performance of electrical networks against electromagnetic
induction and capacitive harmonics, provided that the neutral cross
section is enlarged at least twice and that the discharge vector is
completely linear without any branches from Y-type or A-type
closure.

By linear grounding in its contemporary sense, we mean that
extended interconnection grounding, multiple or single-layer, that
can be connected to the lightning system [11], provided that it is
connected to the main distribution panel at its beginning and is
open at its end or connected to the lightning system at this end such
that the vanishing point is the last stake.

Or the vanishing point must be the lightning system itself, with an
emphasis on benefiting from the huge metal mass of the building
in this case by connecting the last peg of the lightning system to the
iron of the building itself to disperse the lateral flash of a lightning
bolt that strikes the building or an electric shock that may strike the
main distribution board (MDB).

Therefore it is in the shape of I or L, away from That is, the Y type,
which has proven to fail due to the dramatic increase in resistance
in shorter paths than the branch, or when it is closed according to
the type A, despite all the standard specifications that overlooked
this part because they were primarily concerned with grounding
against touch currents.

Note the difference between extended linear grounding and other
types of grounding according to the TN system in Figure (11).
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Correct and non-correct Linear Grounding ~ N.T.S

Correct Grounding against THDi / It can be connected in a TN-C method inside MDB

Linear Grounding

Non- Liner Grounding ( Open Loop )

Non- Liner Grounding ( Closed Loop )

Figure 11: An Image Showing the Difference Between Linear Grounding and Non-Linear Grounding According to the TN System /
Designed by the Authors.

Documents Attached with this Research

A. Faden AHF Letter / The Original, Signed by Faden Owner.
B. Harmonic Report.

C. Faraday Cage

D. (C2F4 )n Ceilling

E. Soil Resistivity
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Faden (5
spRctrum

Think Digital

Sub : Your recommendation No. 125-0U-22 about installing an active
power filter APF on the Faden screen on Adeer Tower - Al-Khobar.

Dear Prof. Shtat

good greeting

After extensive discussion with the work team responsible for
operating the screen, it was decided not to proceed with the filter project
for the following reasons:

Installation of APF was not possible due to the tower's electrical room
being so crowded that it was impossible to find a place to put it.

- The rate of burning of the internal components of the screen cells per
year has decreased after the solution presented by your team from 1800
Adapter -350 DC watts to less than 750 adapter per year, which makes it
within the rate that can be tolerated.

The failure rate of network cards for screen cells has also decreased from
1000 cards/year to less than 180 cards/year, which is a very good
percentage for us.

- Reduced electricity consumption by approximately 50%, making the
saving percentage almost cover the annual maintenance cost

- The lifespan of this type of screen does not exceed approximately ten
years, and therefore it does not justify the high and exorbitant cost of the
filter as long as the fines for useless currents imposed on us by the
electricity company have reached zero after the solution that you and
your work team presented.

Thank you for your interest

Faden
SAR ztrum

VAT NO:310187735500003
Riyadh Jeddah Dubai ciloglaoll Buall gals Blbsl a4uh
< +966 11288 4609 < +966 12 629 9141 < -+9714452 9307 Faden Spectrum Opto Electronics Co. Ltd.
& +966 11 288 4609 Ext. 115 & 4966 12 616 7999 & +97144529287 info@fadenspectrum.com
= KSA - P.0.Box 4496 Riyadh 12383 = KSA -P.0.Box 4496 Jeddah 23412 = UAE - PO.Box 476477 Dubai www.fadenspectrum.com

J Sen Net Data Comm, 2024

Volume 4 | Issue 2 | 13



Tested by Power Analysis Co
Saudi Arabia Al-Khobar City

REPORT NUMBER: PA 1278.00

REVIEW AND AUDIT : ERIC ALMA , PHD
APPROVED BY : HAZAR SHTAT. PHD

HARMONIC AND POWER QUALITY

MEASUREMENTS
FOR
FADEN SCREEN IN ADEER TOWER
AL-KHOBAR SAUDI ARABIA

29.09. 2021

J Sen Net Data Comm, 2024

Volume 4 | Issue 2 | 14



Table of Contents

1.0 EXECUTIVE SUMMARY .....iiiireeeeeeeeeeeeccnrnnneeeeeeessesssssssnsssseseesssssssnnnnnnns 1-1
T.T O ECTIVES ettt et 1-1
1.2 RESUITS et 1-1
1.3 ReCOMMENAATIONS ....civiiiieiriciriciricrcrictetreeee et 1-2

2.0 HARMONIC MEASUREMENTS .........oveiiiiirrreeeeeiineeeeescsnneeeeesssssseesssssnsasesnns 2-1
2.1 Standards for Voltage and Current Distortion.........ccceveeeveeenneeee. 2-1
2.2 Measurement PrOCEAUIE ......cuicieeiieceeceeceee et 2-3
2.3  Results at 15% BRIGHTNESS ......ooviiieeeeeeeeeeee e 2-5
2.4 Results at 30% BRIGHTNESS ......ooouieeeeeeeeeeeeee e 2-6
2.5 Results at 50% BRIGHTNESS ......oooviiieieeeeeeeeeee e 5-6
2.6 Results at 70% BRIGHTNESS ......oo it 2-7
2.7  Results at 100% BRIGHTNESS .......oooiitieeeeeeeeeeee e 2-8

3.0 TEMPRATURE MEASUREMENTS .........ccooiiitiiinrirreeeeernneeeeessrsneeeessssnsasesssnnns 3-1

J Sen Net Data Comm, 2024 Volume 4 | Issue 2 | 15



1.0 EXECUTIVE SUMMARY

This report contains the results of the harmonic and power quality
measurements that were performed for the Adeer Tower in Al-Khobar City

Saudi Arabia.

1.1 Objectives

The objectives of the harmonic and power quality measurements were:

1. Measure current, voltage and power at several Values of LED brightness
to measure the level of harmonics .

2. Compare measured current and voltage distortion to IEEE 519-2014 limits.

3. Capture abnormal events during the monitoring period if any .

1.2 Results @ all brightness level :

Measured current demand distortion exceeded the standard limits at all
brightness levels .The specified distortion limits are directly dependent on the
selected value for maximum load current of transformer (2160 A) ; Also the
Voltage distortions limits were more the standard values as per the below :

LED BRIGHTNESS (%) 15%  30%  50% 70%  100%
MEASURED CURRENT (A) 347 460 605 744 995
RANSTORMER IOADCURRENT | 145 | 20z | 28% | som | a6
l’EEECSE]P;_EQ%ED'CURRENT AS PER 31% 22% 17% 14% 1%
@ICEZECSE]PQT_EQ% ]TjD-VOLTAGE AS PER = = = = 5%
MEASURED THD-CURRENT 93% 97% 95% 80% 77%
MEASURED THD-VOLTAGE 570% | 7.7% | 9.90% | 11% 13%
NOT NOT NOT NOT NOT

RESULT AS PER IEEE 519- 2014

ACCEPTED

ACCEPTED

ACCEPTED

ACCEPTED

ACCEPTED
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LED BRIGHTNESS (%) 15%  30% 50% 70%  100%

MEASURED CURRENT (A) 347 460 605 744 995

MEASURED NEUTRAL (A) 443 638 811 930 1134

By drawing current in pulses rather than in pure sinewaves, non-linear loads
(such as LED Advertising Screen) generate harmonic currents. These harmonic
currents causes both overheating in Neutral Conductors and Transformers in a
power system , in additional to Nuisance Tripping of Circuit Breakers with high
noise that Increases In parallel with increasing brightness level of LED .

1.3 Actions & Recommendations :

1- In order to reduce the High temperature , we added extra cable for neutral
and this was effecting the temperature in the panel .( All infrared photos are
available in paragraph #3 ) .

2- In order to neutralize the magnetic field we removed the ceiling of the FADEN
MDB and the ADEER MDB-3 and replaced it with Teflon tempered with super-
magnetic insulating fiberglass.

3- In order to separate the FADEN MDB at the critical temperature ( 60 C° ) , we
have added a control system that automatically disconnects when the
temperature reaches the critical line

4- We highly recommended to install a Harmonic Filter that is connected in series
with the neutral conductor. These components are “parallel resonant” at the
3rd harmonic allowing 60 Hz (normal load) current to flow but are an
extremely high impedance for the 3rd harmonic current and do not allow the
load to “source” current at that frequency. Applying this type of filter to a
distribution fransformer blocks all downstream loads from generating 3rd
harmonics. This has the added benefit of reducing the load current (rms) from
all loads and can significantly reduce the losses in the transformer and
conductors between the transformer and the loads.
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2.0 HARMONIC MEASUREMENTS

2.1

Standards for Voltage and Current Distortion

Voltage and Current Distortion

[EEE Std 519-2014 defines the maximum distortion limits
recommended for industrial, commercial, institutional, and
utility electrical distribution systems.

Voltage Distortion

The voltage distortion gives a clear representation of the
impact of harmonics on the electrical distribution system. The
harmonic voltage distortion from an individual customer is
evaluated at the point-of-common-coupling (PCC) where
the utility can supply other customers.

Harmonic voltage distortion is defined as:

~ N AR ARVAN

%THD, = x 100%
"

where Vi is the magnitude (rms Volts) of the n'h harmonic

Table 2-1 - Maximum Voltage Distortion In % At PCC*

<1,0KV < 69KV | 69-161KV | <161KV

Maximum for Individual 5.0 3.0 1.5 1.0
Harmonic
Total Harmonic Distortion (THD) 8.0 5.0 2.5 1.5a

* % of Nominal Fundamental Frequency Voltage

As Per IEEE 519-2014 Note that the measurement locations
utilized for this report do not strictly meet the definition of
PCC. Voltage distortion will be less than measured at the
medium-voltage utility supply system, which would more
appropriately be characterized as the PCC.

As per |IEEE 519-2014, the PCC is commonly at the LV side of
the service transformer.

Current Distortion

The harmonic currents from an individual customer are
likewise evaluated at the point-of-common-coupling (PCC).
The limits depend upon the customer’s load with respect to
the available fault current at the PCC.
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Harmonic current distortion is defined as:

NAEYENY

%THD, = - x100%
1

where In is the magnitude (rms Amps) of the n harmonic

Table 2-2 - Maximum Harmonic Current Distortion In Percent Of

Fundamental
HARMONIC ORDER (ODD HARMONICS)*

I sc /I <11 11<h< 17 | 17<h<23 | 23<h<35 | 35<h<50 | % TDD
<20* 4.0 20 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 20 1.0 15.0
> 1000 15.0 7.0 6.0 2.5 1.4 20.0

Even harmonics are limited to 25% of the odd harmonic limits above.
* All power generation equipment is limited to these values of current

distortion, regardless of actual Isc / IL.

Where

lsc = Maximum Short Circuit at PCC.

IL= Maximum Load Current (Fundamental Frequency) at PCC.

For PCC's from 69KV to 138KV, the limits are 50 percent of the limits
above. A case-by-case evaluation is required for PCC's of 138KV and
above.

*Ihin % of It

The maximum load current, I, is often difficult to define. For
the purposes of this analysis, the following approximations
were used:

e For measurements at a transformer secondary, 75% of the
approximate full-load current (base rating) of the
transformer was used.

e For other measurement locations, 75% of the approximate
design ampacity was used (details are given for each
case).

e Sum of % THID x % of load = % TDD at PCC
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2.2 Measurement Procedure

PA was contracted to perform harmonic and power quality
measurements in accordance with the project specification.

The following locations were included in the scope of work:

Table 2-3 - Measurment Locations and Transformer

infformation
Transformer LED BRIGHTNESS % REMAKRS
1.5 MVA 15%
1.5 MVA 30%
1.5 MVA 50%
1.5 MVA 70%
1.5 MVA 100%

For the measurement locations above, a DRANETZ model
PV440 recorder was connected at each switchboard to
provide trending of power quantities throughout the duration
of testing. The DRANETZ was directly connected to the main

bus at each switchboard.

SEC POWER SYSTEM 13,8 KV

13,8 KV

TRANSFORMER
wovl Y Y Y

=R

~
rd

MDBx

Lod

Outdoor LED Advertising digital Screen
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2.3  Results @ 15% LED Brightness :
Basic Load Measurements:

The following graphs shows the load changes during the
monitoring period

Dran-View 6.14.00 HASP: 1867418877 (6F4ESCFDh)

15 % BRIGHTNESS
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Figure 2-1 Current , Voltage & Harmonics Variations @ 15% LED Brightness
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2.4  Results @ 30% LED Brightness
Load Measurements:

The following graphs shows the load changes during the
monitoring period
Dran-View 6.14.00 HASP : 1867418877 (6F4EBCFDh)

30%BRIGHTNESS
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Figure 2-3 Current , Voltage & Harmonics Variations @ 30 % LED Brightness
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2.5 Results @ 50% LED Brightness

Load Measurements:

The following graphs shows the load changes during the
monitoring period

Dran-View 6.14.00 HASP : 1867418877 (6F4EBCFDh)

50%BRIGHTNESS
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Figure 2-4 Current , Voltage & Harmonics Variations @ 50 % LED Brightness
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2.6 Results @ 70% LED Brightness
Load Measurements:

The following graphs shows the load changes during the
monitoring period

Dran-View 6.14.00 HASP : 1867418877 (6F4E8CFDh)
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Figure 2-5 Current , Voltage & Harmonics Variations @ 70 % LED Brightness
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2.7 Results @ 100% LED Brightness
Load Measurements:

The following graphs shows the load changes during the
monitoring period

Dran-View 6.14.00 HASP: 1867418877 (6F4EBCFDh)
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Figure 2-6 Current , Voltage & Harmonics Variations @ 100 % LED Brightness
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3.0 TEMPRATURE MEASUREMENTS of MDB-3 :
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IR Image for MDB Volume
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IR Image for MDB Volume
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—36.2
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~39.1

36
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L29.6

IR Image for MCC Volume

IR Image for MDB-3 Ceiling

RESULT OF THERMAL STATUS:
The TEMPRATURE is very normal even during the 100% Brightness
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The final result for general situation :

We highly recommended to

1-install a Harmonic Filter (AHF)

or
2-Use ZIGZAG Transformer

or
3-Divide the load on two transformers

But we believe that installing a Harmonic filter is the
most cost-effective and feasible solution.

Regards

OMF Project Manager
Dr. Engr. Hazar. Shtat
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Ceiling of MDB-3 / Teflon + Fiberglass // initial draft

Dimensions, intensity, angle of deflection, hornal and thermal effect :
See below the topic and EXE .Drawing

Dimensions of a tiered pyramid by mm
Lp=(H+T) X cosH.T/Esin-H.T
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Faraday Cage / Adeer Tower - Faden Media
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TESTS CONDUCTED AT
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Khober
28 September 2020

FADEN MEDIA
Khober
Saudi Arabia

Attention : Engr. Sohil Arafa
Projects Manager

Subject : ADEER TOWER
Report on Electrical Resistivity Tests

Dear Sir;

Tanmiat Al-Masharee Est. (WTM) is pleased to submit this report on the electrical resistivity tests for the
above subject project. This investigation was carried out in accordance to our Proposal Ref. No. 01/Screen ,
dated 28" of September 2020.

This report includes the results of the Electrical Resistivity tests, description of the surface materials and

interpretation of the findings.

In the event that additional information or clarifications are required, please contact our office at your
convenience. We would like to take this opportunity to thank you for your cooperation and look forward to be

of service to you in the near future.

Yours Sincerely Prepared by
AMMAR SAIDY OUR EST. Staff
Manager
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A REPORT ON
ELECTRICAL RESISTIVITY

TESTS CONDUCTED AT THE SITE OF
ADEER TOWER
KINGDOM OF SAUDI ARABIA

1.0 INTRODUCTION

F I \ anmiat Al-Masharee Est. (WTM), Dammam was engaged by WIM for carrying out
Electrical Resistivity Tests at Tow (2) locations in

two directions at the site of Adeer Tower.
2.0 ELECTRICAL RESISTIVITY TESTS

Electrical Resistivity Tests were performed as per ASTM G 57 under IEEE80-13 Standard at

the location designated by client.

The objective of performing the Resistivity tests was to provide information for earthing. The
tests were performed at different location and the results obtained show typical values of
Resistivity of different subsurface materials occurring at the site. This information should be
adequate to assign Resistivity values for the principal types of earth materials, which typically

represent subsurface conditions at the site.

The Electrical Resistivity Survey was carried out using Wenner configuration of electrodes as

shown in FIGURE-1. In this electrode configuration, four electrodes are inserted some 20cm
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into ground at equal distance apart in a straight line. The outer clectrodes are used as current
clectrodes while the inner ones are used as potential electrodes. The ground is energized with
the help of battery packs designed to give variable voltage as required during measurements.
The current passing through the two current electrodes and the resulting difference between
the two potential electrodes are recorded from the instrument. The natural or stray currents in
the ground are automatically nullified by the instrument. The Resistivity of the ground is

calculated as follows:

R=2max.r

Where R = Resistivity in Ohm - meter
a = Electrode spacing in meter

r = resistance in ohms

The tests were performed with probe spacing of 1.5, 3.0, 6.0, 9.0 and 15.0 meters in two

directions.

The results of the Electrical Resistivity Tests are presented in APPENDIX "A".

3.0 ELECTRICAL RESISTIVITY TEST RESULTS

Electrical Resistivity Tests were performed as per ASTM G 57 with probe spacing of 1.5, 3.0,

6.0, 9.0 and 15.0 meters. The results were found in the range of 57.4050hm-m to 116.063hm-

m. According to BS EN 13636, the resistivity value can be classified as follows:
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Up-to 10 ohm-m Severely Corrosive
10 - 50 ohm-m - Corrosive

51 -100 ohm-m - Moderately Corrosive

above 100 ohm-m Slightly Corrosive

Based on the above classification and the results obtained, the sub-surface strata can be

considered as moderately corrosive to slightly corrosive.

FIGURE
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Location : Adeer Tower- Khober/ KSA

/w ELECTRODES
M 9 ™ GROUND LEVEL

B |

: |
—rman| T — ] R 1{-
CURRENT 0/20
ELECTRODE
CURRENT
\ ELECTRODE
1 (1] o" _1 na" A "a n 1

ADEER TOWER PROJECT
R - 2m.axr
Where R = Resistivity in Ohm — meter
a = Electrode spacing in meter
r - Resistance in Ohms.

Figure-1: Wenner’s Configuration of Electrodes for Electrical Resistivity Test.
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APPENDIX “A”

ELECTRICAL RESISTIVITY
TEST RESULTS
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FIELD MEASUREMENT OF SOIL RESISTIVITY

CLIENT : FADEN MEDIA

PROJECT  : ADEER TOWER
PROJECT NO. : 20-24 TESTNO.: 01 DATE : 24.09.2020

NORTHING : EASTING - ELEVATION :
APPARATUS : AR4105A+ ( Digital Earth H&s'rstaﬂt Tester ) / Intel Processor
| RESISTANCE RESISTIVITY
ELECTRODE | CONSTANT () (€2- m)
SPACING 2z X Y X ' Y
‘m Direction Direction |  Direction Direction
6.28 8.665 Not accessible 81663 | :
3.0 6.28 3.544 Not accessible 66.801 .
|
6.0 6.28 1.749 Not accessible | 65,934 »
9.0 6.28 1.080 Mot accessible 61.071
15.0 6.28 Mot accessible | Not accessible -
DESCRIPTION OF TERRAIN:
WEATHER CONDITION:
REMARKS:
Engr. Ammar Saidy
"TESTED BY “PROJECT ENGINEER
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FIELD MEASUREMENT OF SOIL RESISTIVITY

CLIENT FADEN MEDIA
PROJECT ADEER TOWER
PROJECT NO. : 20-24 TESTNO.: 02 DATE : 24.09.2020
NORTHING EASTING : ELEVATION :
APPARATUS AR4105A+ ( Digital Earth Resistant Tester ) / Intel Processor
RESISTANCE RESISTIVITY
ELECTRODE | CONSTANT (Q) (Q - m)
SPACING 2n X y X Y
(m) Direction Direction Direction Direction
1.5 6.28 8.665 Not accessible 81.663 -
3.0 6.28 4515 Not accessible 85.103 -
6.0 6.28 2.050 Not accessible 77.281 -
9.0 6.28 1.650 Not accessible 93.303 -
15.0 6.28 Not accessible | Not accessible -
%’
DESCRIPTION OF TERRAIN:
WEATHER CONDITION:
REMARKS:

Engr. Ammar Saidy

TESTED BY

PROJECT ENGINEER
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FIELD MEASUREMENT OF SOIL RESISTIVITY
CLIENT : FADEN MEDIA
PROJECT : ADEER TOWER
PROJECT NO. : 20-24 TEST NO.: 03 DATE : 24.09.2020
NORTHING : EASTING : ELEVATION :
APPARATUS : AR4105A+ ( Digital Earth Resistant Tester) / Intel Processor
RESISTANCE RESISTIVITY
ELECTRODE CONSTANT (Q) (Q -m)
SPACING 2z X Y b 4 Y
!m! Direction Direction Direction Direction |
-
1.5 6.28 12.315 Not accessible 116.063 -
3.0 6.28 4.859 Not accessible 91.587 -
6.0 6.28 2412 Not accessible 90.928 .
9.0 6.28 1.262 Not accessible 71.362 -
15.0 6.28 1.015 Not accessible 95.613 -
DESCRIPTION OF TERRAIN:
WEATHER CONDITION:
REMARKS:
Engr. Ammar Saidy
TESTED BY PROJECT ENGINEER
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FIELD MEASUREMENT OF SOIL RESISTIVITY
CLIENT FADEN MEDIA
PROJECT ADEER TOWER
PROJECT NO. : 20-24 TESTNO.: 04 DATE : 24.09.2020
NORTHING EASTING : ELEVATION :
APPARATUS AR4105A+ ( Digital Earth Resistant Tester) / Intel Processor
RESISTANCE RESISTIVITY
ELECTRODE | CONSTANT () (Q - m)
SPACING 2n X Y X ¥
(m) Direction Direction Direction Direction
1.5 6.28 10.451 9.261 98.495 87.280
3.0 6.28 3.205 3.503 60.411 66.028
6.0 6.28 2410 1.725 90.852 65.029
9.0 6.28 1.671 1.206 94.501 68.196
15.0 6.28 0.703 0.609 66.253 57.405
DESCRIPTION OF TERRAIN:
WEATHER CONDITION:
REMARKS:
Engr. Ammar Saidy
TESTED BY PROJECT ENGINEER
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