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Abstract. A virtual instrument, named Power Quality
Meter, is presented for (a) measuring power consumption and
harmonics in three-phase systems, under non-sinusoidal and
imbalance conditions (b) detecting, classifying and organizes
power disturbance events. Measurement of the power
consumption follows the formulation proposed by the members
of the IEEE Working Group on Nonsinusoidal Situations
(1996). So, definitions are based on the analysis of functions in
the frequency domain, separating the fundamental terms from
the harmonic terms of the Fourier series. The virtual instrument
has been developed too for monitoring and measuring power
disturbances, which are automatically classified and organized
in a database while they are being recorded. Software tools use
the database structure to present summaries of power
disturbances and locate an event by severity or time of
occurrence. Records of actual measurements are included to
demonstrate the versatility of the instrument.
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1. Introduction

The increased utilization of nonlinear power electronics
coupled with the more prevalent use of more sensitive
computer-controlled and microprocessor-based
equipment has brought power quality issues on the
distribution network to the forefront. Two aspects are
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contained in what it is named power quality: (a) the
alteration of the supply signal: sinusoidal waveform,
amplitude and frequency, and (b) the lack of continuity in
the supply voltage (long or short interruptions). The
alteration of the supply signal refers to the lack of purity
of the sinusoidal waveform. This is caused, among other
factors, by the harmonic content, impulsive or oscillatory
transients and surges of short duration. The most
interesting case, for its growing importance, it is that of,
produced generally by non-linear loads (power
converters, ovens of arch, transformers, rotation
machines, ..).

As for the continuity in the signal supply, the quality
refers to the issue of reliability about momentary
interruptions and under voltages (sags). This aspect is
the most important from a general point of view,
including brief interruptions during less than a cycle. The
number of these disturbances and their duration is the
essential issue of perception by the consumer for
calibrating reliability. The producer (electrical utility) is
fully responsible for ensuring the best and most stable
supply possible. Thus, the state of the supply signal must
be monitored continuously, heeding current legislation

[1].

In this environment, the power quality analysis strategy
used in the instrument we have designed has been
divided into those which address steady-state concerns,
such as harmonic distortion or voltage imbalance, and

RE&PQJ, Vol. 1, No.1, April 2003



transient concerns, like those resulting from faults or
switching transients. Fourier spectral analysis and
symmetrical component techniques are applied to the
former class of problems. Threshold techniques are used
for the latter, which permits on-line classification and
organization of power disturbance events as they are
being recorded.

Harmonics, by definition, occur in the steady state, and
are integer multiples of the fundamental frequency [2].
The waveform distortion that produces the harmonics is
present continually or at least for several seconds.
Transients are usually dissipated within a few cycles.
Transients are associated with changes in the system such
as switching a capacitor bank. Harmonics are associated
with the continuing operation of a load. Usually, the
higher-order harmonics (above the range of the 25th to
50th, depending on the system) are negligible for power
system analysis. While they may cause interference with
low-power electronic devices, they are usually not
damaging to the power system. It is also difficult to
collect sufficiently accurate data to model power systems
at these frequencies.

Harmonic distortion is blamed for many power quality
disturbances that are actually transient. A measurement
of the event may show a distorted waveform with
obvious high-frequency components. Although transient
disturbances contain  high-frequency = components,
transients and harmonics are distinctly different
phenomena and are analyzed differently. Transient
waveforms exhibit the high frequencies only briefly after
there has been an abrupt change in the power system. The
frequencies are not necessarily harmonics; they are
whatever the natural frequencies of the system are at the
time of the switching operation. These frequencies have
no relation to the system fundamental frequency.

Having made the distinction between the above
phenomena, we have to note that meaningfully
measurements of electrical quantities are obtained using
the FFT algorithm applied to sampled signals in time
spans corresponding to stationary events [3-5]. Further
calculations perform harmonic analysis between two
transient events, averaging equivalent samples over
successive cycles of the voltage and current three-phase
signals. This allows calculation on one representative
cycle of signals captured during stationary time intervals.

Clearly, the proposed equipment provides an invaluable
research tool for use in the power system research
laboratories of power supply utilities, high power
consumers and universities. It has been tested in real
conditions, having shown its capacity to carry out an
exhaustive analysis of the electric supply. All those
aspects that could be included in the power quality
concept [6-9] have been considered.

2. General Specifications
Summarized specifications of the equipment are included

in Tables I and II. Table I shows a group of electrical
quantities based on FFT calculation of % harmonics
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spectra (h= 0, 1,.., 63). Table II shows different types of
disturbances, which are detected and classified by the
equipment.

A.. Electrical Quantity Measurement

Voltage and current waveforms derived from the electric
line are simultaneously sampled and converted. Then, the
equipment permits the instantaneous- frequency
calculation of the voltage signal, which is necessary to
avoid errors due to lack of synchronization between the
signal period and the sampling sequence. Thus corrected
samples of the set of input signals are obtained for further
digital processing based on the FFT. It permits to obtain
the rms value of the first 63 harmonics and the DC
component. Then, harmonic components of the active
and reactive powers are also obtained. All these data are
necessary for obtaining the electric quantities of Table I,
which have been studied extensively [3-5], [10-13]:

- RMS values of the voltage signals (V,, V,, V.) and
current signals (1, 1,, 1.) and corresponding equivalent
values: V, and Z,.

- Symmetrical components of the three-phase
fundamental voltage (V*, 7, V) and current (I*, I, I’)
components.

- Active and reactive powers corresponding to the
fundamental components.

- Active and reactive powers corresponding to the three-
phase system: total active power (P), positive-
sequence fundamental active-power (P;"); and
positive-sequence fundamental reactive-power (Q;").

- Equivalent apparent-power, S,, of the three-phase
system.

- Unbalance Factor of phase voltages VUF and current
1UF.

- Total Harmonic Distortion Factor of phase voltages
and line currents THDV and THDI, respectively.

These quantities can be displayed before storing in the HD.
The program can detect the scan backlog, that is, the
processing rate versus the storing data rate, generating an
index. If this index increases above a limit the program
stop until new conditions permit new data processing.
This operation restricts saturation and blocking of the
processor.

The relative uncertainties that affect the determination of
the frequency-domain components and equivalent
quantities have been determined experimentally. The
uncertainty in the measurement of the amplitude of the
frequency-domain components was found to be less than
0.2% at the fundamental frequency and less than 3.5% at
the higher harmonic frequency.

The relative uncertainties in the measurement of the
equivalent quantities were found to be less than 1%.
Finally, the relative uncertainty in the measurement of
instantaneous voltage values for disturbances detection
was found to be less than 0.2%.
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B. Detection of disturbances

Other specifications of the equipment, not included in
Table I, refer to electrical disturbances, i.e., detection and
classification of disturbances according to types shown in
Table II, and further storing for monitoring and statistical
analysis.

RMS events (such as sags and swells) and wave shape
faults are captured by comparing the RMS calculations
on successive cycles. If the RMS value changes by more
than 2.5 volts RMS the wave shape change is triggered
and stored. Each sampled point and the RMS values on
successive cycles are stored until the wave shape
stabilizes at a steady state for two cycles, designating the
end of the event. A maximum number of 128 individual
waveshape cycles can be stored and displayed. If RMS
has not stabilized after 2 seconds, the wave shape
information is discarded and then the RMS values are
used to display the event. The period when the RMS
value and the wave shape is changing from one stable
value to the next, is defined as a transition event. The
instrument classifies events either as steady state events,
or transition events, depending on the rate of change of
voltage. Two wave shape transition events define the
start and stop of a RMS event.

To understand the relationship between the various types
of events captured by the instrument, imagine an RMS
fluctuation as described in Figure 1. At time f0 when
monitoring begins, the RMS voltage is 220 volts. At
time ¢/ the voltage sags to 90 volts at time ¢2, where it
remains for steady for a period of time until 3. RMS
voltage then swells to 220 volts RMS again at time t4.
When the monitor begins monitoring there is a steady
state event in progress, event 1. Between the RMS
change from the steady state of 220 volts to the steady
state of 90 volts there is a transition event (¢/ to ¢2), event
2, and another transition event, event 4, from ¢3 to 4. In
this example the instrument will store the 5 events as a
continuous RMS plot on a single graph.

The instrument will also store all of the individual sample
points during the transition events 2 and 4, and record the
wave shape changes. The instrument also records long
term summary displays of all RMS and power
calculations.

Event 5
td ‘

Event 1

ts
to Event 3

2 t3

Event 4

Event 2

Fig. 1. RMS Events
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The PQM can detect and classify the kind of disturbances
shown in table II. They can be detected during a preset
measurement interval, which ranges between seconds and
months.

One useful characteristic of the PQM is the possibility of
modifying the reference parameters used for classifying
the disturbance, i.e. threshold amplitudes and intervals.

3. Hardware

We have constructed a three-phase analyzer to operate on
line, with six channels - three of voltage and three of
current. The PQM is a device that consists (Fig 2) of six
transducers: three of voltage (SV) and three of current
(IF), a card of data acquisition (ADA) adapted to a
personal computer (PC) and a program of control,
installed in the PC. SV and IF sensors are built with Hall
Effect voltage and current transducers, type LV 25-P and
LA25-NP respectively. The ADA device consists of a
PCI-MIO 16E-4 of National Instruments, inserted in the
expansion bus of the PC. It can acquire eight differential
inputs using CMOS analog input multiplexers with
overvoltage protection. Analog inputs are converted with
12 bits of resolution, sampled at 1.25MS/s. The PC uses a
Pentium II processor at 400Mhz, 64 Mb of RAM and a
hard disk type HD 10 Gb Ultra DMA for data storing
(ME). The device is connected to the mains to measure
the three-phase quantities given in Table 1. All the
measures are made cycle to cycle. The instantaneous
frequency is calculated with a precision of the 0,02%,
within the margin of 40 to 60 Hertz.

By means of a virtual switch the program changes of the
'Voltage Mode’ to the 'Current Mode’. All the system
components, general functions (collection of information,
disk storing, etc.) and disturbance detection are
controlled by the PC.

-

Fig. 2. PQM system.

4. Software

A graphical programming language (LabVIEW 5.0) is
used to create the user interface that gives interactive
control of the software system. LabVIEW is integrated
with the ADA board for data development, analysis and
presentation solutions.

The measurement results are stored in different files
according to the type of information recorded:
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- Instantaneous voltage and current values of input
signals. They are shown in the captured screen of
figure 3.

- Positive, negative and zero sequences derived from
the input signals (Fig 3).

- Spectra of voltage and current signals in the three
wires (Fig. 3).

- Electrical quantities (Table I) of voltage and
current signals defined in separated conductors of
the three-phase system, and electrical quantities
defined for the three-phase system (equivalent
values).

- Type and number of disturbances.

- Instantaneous voltage and current values of cycles
containing disturbances, two previous and two hind
cycles (Fig 4).

Instantaneous  disturbances  occurring  within a
fundamental period (oscillatory transients, notching,
impulses, etc.) are processed differently. To classify this
type of disturbance, each of the voltage samples of the
cycle in process are compared with those of a standard
cycle. This can detect the correct allocation of the sample
inside the preset band. The width of this band is set
initially when the measuring period is configured. The
standard cycle of voltage samples is also obtained in the
initial cycles of operation of the system and it is
actualized in each of the following cycles.

AWAWAWAWA
VALV VELV/RY,

N N N N N
WA/ \‘2/ NN N
(®)

Fig, 4. Instantaneous (a) voltage and (b) current values
containing a transition event.

4. Conclusion

The PQM system has been tested in real conditions,
having shown its capacity to carry out an exhaustive
analysis of the electric supply. All those aspects that
could be included in the power quality concept have been
considered, in particular: (a) measuring power
consumption and harmonics in three-phase systems,
under non-sinusoidal and imbalance conditions (b)
detecting, classifying and organizes power disturbance
events.
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TABLE 1

ELECTRICAL QUANTITIES
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TABLE I
DISTURBANCES

INSTANTANEOUS DISTURBANCE
(IMPULSE, NOTCHING OR
OSCILLATORY TRANSIENT)
The difference between the actual and
expected instantaneous values ups the
prefixed threshold value
MOMENTARY INTERRUPTION
The rms value of the voltage signal
downs a percentage of the nominal
value (for example 10%). The time
span of the disturbance must be
prefixed.

VOLTAGE SAG
As the momentary interruption but the
step down remains above the
percentage of the nominal value.

VOLTAGE SWELL
The rms value of the voltage signal ups
the nominal plus threshold values

FREQUENCY CHANGE J
The supply frequency changes a

prefixed percentage (1%) of the [ 1

nominal value (50 or 60 Hz). r \ /

Yaltage Y Sequence

1500

Fre Frequencyl scan backlag
Fridat | 49.9303 Bz |
W Spectm el Ve el Weh THO]
jB83937 |[e7.9720 |B623 |10 |
il Peil] Ph Fip)
(0854 |E0041 |B53 |04z |
Sel Sel Seh gl
M20598 |F21.03  |f16247 | 015 |
le| It leh|  ITHD|
45475 |26z |43818 0% |
tirned out ?

stop

> e

Fig.3. Captured screen of the virtual equipment.
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