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Abstract: The paper elaborates a power quality signal
generator capable of reproducing the power quality
disturbances defined in the standard EN50160. The
generator is divided in two parts: LabVIEW based
software to define the disturbance parameters, and
hardware electronics (data acquisition card and power
amplifier) for signal generation. The paper focus is on
the design of power amplifier for scaling the data
acquisition card voltage level to a nominal power line
voltage (230 V). Such signal generator could be useful
for testing of power quality analyzers, different
algorithms for power quality disturbance detection, etc.
Key Words: power quality, signal generator, power
amplifier, LabVIEW

1. INTRODUCTION

Having in mind the challenges of the smart grids,
power quality (PQ) measurements [1] are very important.
Hence, special attention is paid to developing
sophisticated and  reliable = microprocessor-based
measurement systems that will satisfy those demands. In
the last decade especially attractive are the so called
“virtual instruments” which are very well suited for
developing flexible computer-based measurement and
control systems. A lot of papers on virtual
instrumentation for power quality (both for measurement
or signal generation) have being published [2], [3], [4].
However, usually less attention is paid to the signal
amplification which is very important for the virtual PQ
signal generators.

A complete personal computer (PC) based power
quality signal generator usually consists of several
modules: simulation software, digital to analog converter
(usually built in the data acquisition DAQ card) and a
power amplifier. The performances of each module are
critical for the overall performance of the PQ generator,
hence, special attention should be paid to all of them.

2. VIRTUAL INSTRUMENT FOR PQ
DISTURBANCE GENERATION

The software for PQ disturbance generation is based
on LabVIEW software platform. The programs designed
with this tool are called virtual instruments (VI). These
VI's are divided in two parts: a graphical user interface
(front panel) and program code (block diagram), both
strongly interlinked between each other.

Basic function of this virtual instrument is generation
of reference three-phase voltage waveforms, including
special functions for simulation of standard PQ
disturbances typical for real electrical power distribution
systems. The front panel of the realized system for PQ
disturbance generation is given in Fig. 1 [5], [6]. Some
basic functions enabled by this virtual instrument are:

- definition of signal nominal amplitude and frequency
values,

- definition of signal sample rate and duration of final
test sequence,

- possibility for generation of noise with Gaussian
distributed amplitude,

- variation of nominal signal frequency value and slow
amplitude fluctuations,

- slow variation of signal amplitude value with defined
frequency of variation,

- definition of signal DC offset,

- definition of voltage swell and voltage sag,

- definition of high-order signal harmonic components
with up to 11 individual defined harmonics. One
period of final composite signal is shown at front
panel of virtual instrument.

Each type of signal disturbances, for example voltage
swell, voltage sag and high-order signal harmonics, can
be individually defined and generated using separate
functional blocks. All individual disturbances can be
combined and unified in the form of one final complex
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Fig. 1. Front panel of the realized virtual instrument for PQ disturbance generation

test sequence, according to requirements of European
PQ standard EN 50160. Definition and simulation of
standard voltage waveforms, with selected maximum
levels of individual PQ disturbances, can be
performed directly inside control front panel and block
diagram of LabVIEW virtual instrument. Control front
panel enables fast and simple correction of basic
waveform parameters by number of control functions
and knobs, according to specific user requirements
and demands. In Fig. 1 is presented voltage waveform
generated with combination of various PQ
disturbances, specifically voltage sag, DC offset, slow
amplitude fluctuations and certain level of high-order
signal harmonics. Also, in order to generation
procedure be more realistic, for individual
disturbances is enabled separate definition of start and
stop times, as well as rising and falling times of
specific disturbance.

Some additional classes of typical PQ disturbances
can be also generated using shown virtual instrument.
These PQ disturbances are: flicker as slow variations
of the signal amplitude level, voltage interruption that
can be defined as one special type of the voltage sag
and voltage oscillation in short time caused by
presence and influence of various high-order voltage
harmonics. For example, LabVIEW presentation of
signal waveform with short time voltage oscillation,
caused by influence of high-order voltage harmonics,
is given in Fig. 2. For this specific waveform, short
time voltage harmonic distortion is caused only by
presence of 11" high-order signal harmonic
component.
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Fig. 2. Generation of the voltage waveform with short
time signal oscillation caused by harmonic distortion

In this way, using this virtual instrument is
possible to generate many various combinations of the
voltage waveform test sequences.

3. POWER AMPLIFIER DESIGN

The simulated signal with the virtual instrument is
usually physically reproduced by using a data
acquisition (DAQ) card containing a digital to analog
(DA) converter. However, the DA converter output
signal is usually standardized to 2.5V, 5V, or 10V.
Such voltage signals are not directly applicable to test
power quality measuring instruments and have to be
amplified to the nominal power line voltage of 230V
prior the measurements. A dedicated data acquisition
cards with “high voltage” output are also available,
but they are usually too expensive.

Block diagram of the realized PQ signal power
amplifier is given in Fig. 3.
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Fig. 3. Block diagr:zr; of a PQ signal power amplifier

The simulated signal with the LabVIEW software
can be reproduced by any standard DAQ card with
analog output. However, the DAQ card should meet
some implementation related requirements. Namely, it
must have good enough resolution (which is defined
by the required output signal uncertainty), and support
high sampling frequency. Theoretically, the sampling
frequency has to be at least twice higher than the
maximal harmonic that needs to be generated.
According the PQ standard EN 50160 [7] (up to 60th
harmonic), the minimum sampling frequency is 6 kHz.
However, in practice the sampling frequency should
be higher to maintain the accuracy of the higher
harmonics.

The generated signal with the DAQ card is
amplified by an amplifier (given in Fig. 2), which
amplifies the signal to the nominal power line level of
230 V. To do so, several analog signal processing
modules are used: preamplifier (to amplify the input
signal to a given reference level and limit the input
voltage level), low pass filter (to restrict the input
signal bandwidth and eliminate noise), power
amplifier (to amplify the signal to nominal power line
level and increase the load current capability).

A. Preamplifier and limiter

In the proposed solution, the preamplifier has a
double role: to amplify the input signal (comming
from the PC-DAQ card) to a standardized refference
level, and to limit the input voltage level. Usually the
commertial DAQ cards have a standardized analog
output voltage, e.g: +2.5 V, £5 V, or £10 V. The idea
is to design an amplifier capable of reproducing the
power line voltage with any standard DAQ card with
the voltage levels such as mentioned above. To do so,
the refference output voltage of the preamplifier was
taken as 10 V. This means that the preamplifier must
have variable amplification (4, 2, and 1 times)
regarding the input voltage level (£2.5 V, =5 V, and
10 V) respectively. Such solution can be easilly
implemented with a clasical operational amplifier-
based amplifiers in inverting or non-inverting
configuration and an amplification selector switch. In
practice, the preamplifier was realized by using a low-
noise and low-offset precision operational amplifiers
OPO07 [8] in inverting configuration.

The voltage limitter is also an important part of the
preamplifier stage because it prevents generation of a
high voltage spikes and saturation of the PQ amplifier.

The voltage limiter was realized with two Zener
diodes with breakdown voltages of 10V. While this is
a very simple solution, the Zener diodes can generate
a significant amount of noise. Therefore, a passive
low-pass RC filter was designed at the output of the
diodes. The cut-off frequency of the filter has to be
well above the PQ generator pass-band (which is up to
60™ harmonic of the power line frequency). Therefore,
a first order passive RC filter with a cut-off frequency
of 22.5 kHz was realized.

B. Low pass antialiasing filter

The filters are characterized by several parameters:
width of the pass band, attenuation in the stop band,
cut-off frequency and filter order. Every filter type has
its own unique properties. The Bessel filter has the
most  linear  phase-frequency  characteristics,
Butterworth filter have maximally flat pass band and
Chebyshev filter have the highest attenuation in the
stop band but also ripples in the pass band. When
designing an anti-aliasing filter it is necessary to
consider the -3dB attenuation at the cut-off frequency.
If this is not taken into account, the higher harmonics
of the signal will be attenuated and the error caused by
the filter at the cut-off frequency will be around 30%.
Therefore, to control the errors caused by the non-
ideal shape of the amplitude-frequency characteristics
in [9] a CFM (Cutt-off Frequency Multiplier)
parameter is defined. The CFM parameter defines a
segment of the pass band where the errors caused by
the difference between the real and the ideal filter
transfer characteristics are controlled on certain
defined level (e.g 0,1%). It is important to note that
the CFM value decrease with the filter order.
However, the value of CFM stabilizes for a filter order
higher that four and further increase carry benefit only
in the attenuation in the stop band. Hence, if a
Butterworth fourth order filter is designed, the value
of the CFM parameter will be 2.18. This means that
the filter cut-off frequency should be 2.18 times higher
than the frequency of the highest harmonic in the
signal spectrum. Therefore, a fourth order Butterworth
low-pass filter in a Sallen-key configuration (realized
as a cascade of two two-pole filters) was designed.
Considering that 60th voltage harmonic (fs=3 kHz)
has to be analyzed, the cut-off frequency of the filter is
6.54 kHz. The amplitude to frequency and phase to
frequency response of the filter are given in Fig. 4.

C. Power amplifier

The power amplifier has to amplify the input
signal (standardized to a 10 V) to the power line
voltage levels. However, in order to be able to
generate voltage swells, the power line voltage level
should be placed near the middle of the DAQ card
analog output voltage range. The power amplifier was
designed by using APEX PA97 [10] high voltage
operation amplifier. The amplifier is capable of
delivering 10 mA at 500 V (or power of 5 W).
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Fig. 4. Amplitude to frequency and phase to frequency response of active 4" order low-pass antialiasing filter

The amplifier was designed in an inverting
configuration with amplification of 40 times. A
special attention has to be paid to the power supply of
the power amplifier. In the current realization, a zener-
diode based power supply of +430 V was designed.

4. CONCLUSION

The paper elaborates implementation of a personal
computer-based power quality signal generator. The
generator consists of a virtual instrument for signal
simulation, and a high voltage power amplifier for
signal amplification.

In the paper directions for designing a pre-
amplifier, voltage limitter, low pass anti-aliasing filter
and a power amplifier are given. It is important to
perform proper determination of the antialiasing filter
cut-off frequency by using a cut-off frequency
multiplier. The use of CFM parameter eliminates the
necessity of filter amplitude-frequency characteristic
compensation. If the attenuation at the cut-off
frequency is not taken into account, then it will
introduce errors of around 30% for the harmonics near
this frequency.
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