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Abstract

The present work shows the development of a platform,
based on an embedded system, for the monitoring of
disturbances present in the electrical network, such as the
detection of swells and sags, as well as the measurement
of the first 31 harmonics. It describes the integration of
the prototype at the hardware level and the design of the
algorithms for its operation. Finally, the results obtained
from the tests carried out with the device in operation are
presented.
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Resumen

El presente trabajo muestra el desarrollo de una
plataforma, basada en un sistema embebido, para el
monitoreo de disturbios presentes en la red eléctrica,
como la deteccion de crestas y valles, ademas de la
medicion de los primeros 31 armonicos. Se describe la
integracion del prototipo a nivel hardware vy el disefio de
los algoritmos para su funcionamiento. Por Gltimo, se
presentan los resultados obtenidos a partir de las pruebas
realizadas con el dispositivo en funcionamiento.
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Introduction

Electric power is used in different areas, at the
domestic level it is used to operate household
appliances, power luminaires, televisions, cell
phone chargers, among others, and if we speak
at an industrial level it is necessary to activate
machines and equipment in workshops and
laboratories, as well as to energize complete
industrial processes, so we can realize how
indispensable this resource is.

Being an input of such importance, it is
desired to obtain the best use to optimize its
consumption. A key point that must be taken
into account is the quality of electrical energy,
which refers to the amount of signal distortion,
which ideally corresponds to a sine wave with
constant amplitude, frequency and phase.

Part of the disturbances in the electrical
signal are inherent to the distribution process
from the power plant that is responsible for
providing the resource, so in the design of the
devices, equipment or machines a tolerance
must be taken into account for these defects.

On the other hand, the phenomena that
affect the quality of energy can also be caused
or amplified by the way they work with it, since
the use of electric machines with inductive
loads and in general any non-linear load also
tends to affect the supply Ironically, electronic
technology, for the most part, has a non-linear
behavior so that increasing the use of devices
with  these components increases the
deformation of the power supply line.

Devices that operate on electric power
have a certain sensitivity range to work with
supply disturbances. When this limit is
exceeded, the machines can begin to suffer
alterations that many times may be
imperceptible to the users but that with a long
exposure affects the useful life of the device

[1].

This series of disturbances has been
studied over time, establishing a classification
and the parameters that define each event,
creating a regulation that will serve as a
reference guide for the investigations carried
out in this field [2].
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The phenomena that alter the quality of
energy can have a very short duration of time,
so quantifying or even capturing them is a
difficult process that could not be achieved with
basic equipment.

This document addresses the design,
implementation and programming of a platform
for monitoring the quality of electrical energy
based on the IEEE 1159-2009 standard and IEC
61000-4-30: 2015 to recognize the disturbances
that they show up.

Power quality

To operate a device or process, it must be
connected to an electrical supply that meets
certain characteristics, depending on the region
where it works. In Mexico, the Federal
Electricity Commission is responsible for
providing energy, consisting of a sine wave
with a frequency of 60 Hz and an effective
voltage of 127 V (Figure 1) for domestic use or
220 V, 440 V, among others, for industrial use

[3].
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Figure 1 AC power supply
Source: Own elaboration

If these conditions are fulfilled, the
devices may work, however, it is very likely
that the actual electrical signal presents certain
alterations that are difficult to perceive if it is
measured with basic instruments such as a
multimeter or an oscilloscope [4].

These phenomena will cause that the
energy consumption is not efficient and, in
some cases, will reduce the useful life of the
machines. For these reasons, the study of
energy quality has emerged, with the aim of
establishing certain standards that can serve
suppliers, users and manufacturers to measure
these disturbances in order to try to reduce the
impact they have [5].
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Standard 61000-4-30 of the year 2015 of
the International Electrotechnical Commission
(IEC) defines the methods for measuring and
interpreting results for power quality for
alternating current power systems with a
frequency of 50 Hz or 60 Hz. The standard
includes a classification of the main phenomena
(table 1) as well as the duration and amplitude
parameters to be able to identify them (table 2).

Conducted Harmonics, interharmonics
phenomena of low | Signals transmitted on the
frequency network

Voltage fluctuations

Voltage gaps and interruptions
Voltage imbalance

Frequency variations

Low frequency induced voltage
CD component in AC network

Low  frequency | Magnetic fields
radiated Electric fields
phenomena

High  frequency | Induced voltages or currents of
driven phenomena | continuous wave

Unidirectional Transients
Oscillatory transients

High  frequency | Electric fields
radiated Magnetic fields
phenomena Electromagnetic fields
Continuous waves
Transitory

Electrostatic -
discharge
phenomena

Nuclear -
electromagnetic
pulses

Table 1 Classification of the main phenomena that affect
energy quality
Source: Adapted from IEEE 1159-2009
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Category Duration Magnitude
1.  Transitory <50 ns
1.1.  Impulsive 50ns—1ms
1.1.1. Nanoseconds >1ms
1.1.2. Microseconds 0-4pu
1.1.3. Miliseconds 0.3-50 ms 0-8pu
1.2.  Oscilatory 20 us 0—4pu
1.2.1. Low frecuency 5us
1.2.2. Medium frecuency
1.2.3. High frecuency
2. Short-term rms variations 0.5 — 30 cycles
2.1. Instant 0.5-30cycles [0.1-0.9pu
2.1.1. Sag 1.1-18pu
2.1.2. Swell 0.5cycles-3s
2.2.  Momentary 30 cycles-3s <0.1lpu
2.2.1. Interruptions 30 cycles-3s 0.1-09pu
2.2.2. Sag 1.1-14pu
2.2.3. Swell >3s—1min
2.3.  Temporary >3s—1min <0.1lpu
2.3.1. Interruptions >3s—1min 0.1-09pu
2.3.2. Sag 1.1-12pu
2.3.3. Swell
3. Long-term rms variations > 1 min 0.0 pu
3.1. Sustained Interruptions
3.2.  Voltaje Drops > 1 min 0.8-0.9pu
3.3.  Overvoltages > 1 min 1.1-12pu
3.4.  Current overload > 1 min
4. Imbalance
4.1. Voltaje Stable state 0.5-2%
4.2.  Current Stable state 1.0 — 30%
5. Waveform distortion Stable state 0-0.1%
5.1. OffsetCD Stable state 0 - 20%
5.2.  Harmonics Stable state 0-2%
5.3. Interharmonics Stable state
5.4.  Notching Stable state 0-1%
5.5.  Noise
6.  Voltaje Fluctuations Intermitent 0.1-7%
7. Frecuency Variations <10s +0.1Hz

Table 2 Disturbance Parameters
Source: Adapted from IEEE 1159-2009

Among the main disturbances are the
crest (sags) and voltage valleys (swells), which
are alterations in the RMS voltage level of the
original signal over a period of half a cycle to 1
minute.

Another of the phenomena that occur
are the harmonic signals, which are waves with
an integer multiple frequency of the
fundamental (Figure 2).
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Figure 2 Distorted signal and its harmonic components
Source: Own elaboration

Over the years, research has been
conducted to build devices that can measure
these defects. Among the main ones, the
following are taken into consideration:
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In 2005 [4], a device for recording
interruptions and voltage drops was developed
to conduct studies of voltage wave quality. The
information was sent and presented on the
computer through a graphical interface.

In 2011 [6] the phenomena of voltage
drops and rises are analyzed to design and
implement a system with the ability to detect
them using a computer and Matlab software for
signal processing.

In 2015 [7] a disturbance acquisition
and evaluation system was implemented,
applied to the particular case of single-phase
electrical systems based on the IEEE 1159
standard of the year 1995. It works with
hardware and software of the National
Instrumenta company using the application of
LabVIEW to process the signals and create an
interface on the computer to present the results.

From the previous investigations,
progress can be observed in terms of research
regarding the measurement of quality of
electrical energy. The proposal of this project
covers the design and implementation of a
platform capable of detecting the phenomena of
sag, swell and harmonics, present in an
electrical network.

Unlike the projects described above, this
platform will not depend on a computer to
process the signals, instead embedded systems
are used to create an instrument that is portable,
with the option of being able to view the event
report. registered through visual indicators.

Platform design and integration

The following scheme (Figure 3) shows the
proposed system architecture with the stages
that are required for its operation. The platform
will cover analog-to-digital conversion, signal
processing and event history display. It is worth
mentioning that the conditioning of the input
signal must be carried out by external hardware.
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Figure 3 Block diagram of the platform for measuring
the quality of electrical energy
Source: Own elaboration

For the implementation of the project,
the ASSERTA [8] development card, from the
INTESC company, is used, which contains the
necessary components for signal acquisition
and processing.

At its core it has a Spartan 6 XC6SLX16
FPGA (Figure 4) that can be configured

through  hardware  description  language
(VHDL).
10 Switches LEDs RAM
A A A
¥ ¥ v
USBRS23? Ly Spertzn 6 XC6SLX16-2FTG256
A A A
v
ADC DAC SO ME: 12vdc

Figure 4 Block diagram Asserta card
Source: intesc.mx

The Analog Devices AD7265 Analog-
Digital Converter with the following
specifications is used for the data acquisition
stage [9]:

- 12 bits resolution

- Maximum sampling rate of LMSPS

- Maximum clock frequency of 16Mhz

- 3 acquisition channels

- Configurable channels as simple or
differential input.

SPI interface

The sampling rate is defined from the
frequency of the upper harmonic to be
measured, in this case it is number 31, with a
frequency of 1,860 Hz taking as the
fundamental frequency, that is, the first
harmonic of 60 Hz corresponding to the power

supply.
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According to the sampling theorem [10],
a sampling frequency greater than twice the
frequency to be quantified is required, so a
sampling rate greater than 3,720 Hz is required
to avoid the splicing effect (aliasing).

The frequency selected for sampling is
3,840 Hz which allows to represent a sine wave
cycle with 64 samples.

Through the hardware description
language, the module is developed in the fpga
to deal with SPI communication with the ADC,
based on the 50Mhz oscillator frequency.

Figure 5 SPI communication for the ADC
Source: Own elaboration

For the connection of the analog inputs,
the Asserta card has an SMA port for each
channel. Through an SMA to BNC adapter it is
possible to connect dimmed probes as shown in
Figure 6.

Figure 6 SMA to BNC adapter
Source: Own elaboration

The samples obtained describe the
amplitude of the wave over time. The algorithm
is used to obtain the RMS Quadratic Mean Root
value [4] to get the direct current equivalent of
the original alternating current signal.

f1
Vems = I 2?;1 v;2 (1)

Figure 7 shows the flow chart of the
algorithm to obtain the RMS value.
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’ RMS Value ‘

Fs = Sampling rate
N = Number of samples
Vi = Acquired sample

Vms = sqrt (sum/N) ‘

New sample ’.%_Vﬂﬁ—-——]
Vi
, sum = sum + Vi*2 |

v

| i=i+1 ‘

]

Figure 7 Flowchart to obtain RMS value
Source: Own elaboration

Figure 8 shows the simulation of a
voltage sag in the original signal and with the
rms value.

Figure 8 Voltage sag
Source: Own elaboration

From the acquisition and conversion of
the signal, defects in the quality of the supply
can be determined, detecting the variations and
their duration as described in the standard [11].

The flowchart to detect disturbances is
shown in Figure 9, in addition to taking the
initial and final time to generate a detected
event tag.

TURWAN-ALTAMIRANO, Salomén Noé, MUNOZ-HERNANDEZ,
German Ardul, CHAVEZ-CANO, Omar and RODRIGUEZ-
GONZALEZ, Julio. Platform design for monitoring the quality of
electrical energy. Journal of Computational Systems and ICTs. 2019.



6

Article Journal of Computational Systems and ICTs

Event detection

min = Lower Hmit
max = Upper limit
Ti = [nitial time
Tf = Final time

Jms<min? I Jrms>max? ‘
Gaw /" eamw
1_4{—/
[ .
Report SAG Report SWELL

Figure 9 Flowchart for event detection
Source: Own elaboration

The first tests are programmed in the
development card to work in a basic mode,
allowing to show the time at which the last
event occurs and activating a light at the time it
occurs, as shown in Figure 10.

Setting
switches

Event
timestamp

Figure 10 Basic mode for disturbance detection
Source: Own elaboration

Harmonic distortion requires analysis by
means of the Fast Fourier Transform [12],
which allows to obtain the frequencies that
make up the original signal [13]. The algorithm
used is shown below:

Y (k) = N3 v(n)w " )

Wy = e~i2m/N (3)
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In Figure 11 you can see the flow chart
to calculate the FFT of the original signal and
thus obtain the harmonics.
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Figure 11 Flowchart to obtain harmonics
Source: Own elaboration

The simulation, with the amplitudes of
the harmonics of interest, is shown in Figure
12, where the greatest contribution of the
fundamental frequency of 60 Hz is observed:
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Figure 12 Result of FFT
Source: Own elaboration

To display the final information to the
user, the results are sent to a screen capable of
displaying graphics, text and quantities for
better representation. Figure 13 and 14 how the
screen placement and some test graphics.
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Figure 13 Display for information display
Source: Own elaboration

Figure 14 Input Wave Graph
Source: Own elaboration

Tests and results

After the design and simulation of the
algorithms, they were transferred to the
ASSERTA development card for testing
physical signals.

To compare the results, a TEKTRONIX
digital oscilloscope model TBS 1102B-EDU
was used.

Figure 15 shows the result of obtaining
the RMS value of an input signal. When the
value is decreased, the time of the event is
marked and displayed as a list on the right side
of the screen so that the user has a history of
events that have occurred.
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Figure 15 Event detection and deployment with the
monitoring platform
Source: Own elaboration

The second resource is the magnitude
graph for each of the 31 harmonics. Figure 16
shows a capture of the harmonics obtained,
where the user can identify their presence.

O AIGI I TITD GG+ e et 3t et et bt et et I IO I I NI I ) NI A GV )
O NWANPADDONWH NP ADODO~

Figure 16 Harmonic measurement results
Source: Own elaboration

Finally, the deployment of harmonics
measured now in a table format is carried out so
that the value that each one contributes to the
distortion of the original signal can be analyzed
in detail.

Figure 17 shows the harmonic
measurement result, displaying the magnitude
and frequency to which each one corresponds.
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0.
0.
0.
0.
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0.
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0.
0.
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Figure 17 Harmonics Table
Source: Own elaboration

Conclusions

The implementation of the platform for
monitoring the quality of electrical energy
covered the design and programming of
algorithms in an embedded system for the
detection of peak (swell) and voltage valleys
(sag), in addition to measuring 31 harmonics
from the fundamental frequency provided by
the electricity supply, according to current
regulations.

With the platform for detection and
monitoring of electrical energy quality, the
requirements of the standard regarding its three
stages are met:

- The basic event detection mode with a
time stamp is incorporated.

- A visual indicator is incorporated to
show a history of events, the frequency
spectrum for the first 31 harmonics, as
well as a table with the respective
magnitudes.

- Communication is enabled for sending
data to external hardware for possible
connection to a graphical interface
executed on a computer.
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