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Abstract: Power quality analyzers utilized in
measurements have to be calibrated and a systetvofor
developing proper methodologies and for their catibn is

now under development aN.RI.M. The system can supply

two synchronized voltage and current signals, vitle
possibility of generating both calibrated periodiistorted
waveforms and suitable preprogrammed aperiodicteven
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1. INTRODUCTION

The diffusion of power electronics in both domesdicd
industrial environment facilities has increased éeenomic
losses due to insufficient power quality. In faglgctronics
is now widely utilized in many applications suchrmaachine
tools, lighting, heating and cooling equipment.

Electronics provides expanded features and flatibto
modern equipment, but needs careful attention ®
interactions with the power system, which is destjro
operate with sinusoidal voltages of assigned valaed
sinusoidal currents. However, not all waveformspdigp to
users are sine waves. Electronic loads can beinearland
often draw current only for a part of the periodiedfor

example to an equipment controlled by SCR. Thismeea

that the current is distorted by the load charasttes and
also the supplied voltage may be distorted. Funtoee,
sudden events may happen, such as the switching
equipment or interference with other systems thinobgth
the electromagnetic field or the ground and suppires,
which temporary modify either the supplying systenthe
load conditions.

For a steady condition resulting in distorted wavefs, a
convenient way to describe the signals is to makst af
the harmonic components (spectra of the voltage thad
current). For other events instead the classificatjiven by
the standards can be applied [1].

In order to identify the applications that impdietquality of
the power supply, verify that the power facilitis® within
the limits set by the standards and support thetamo of

policies for quality maintenance, measurements lof t
power quality have to be introduced. For this psgo

suitable tests analyzers are utlized and metroddgi

the laboratories are asked to calibrate these instrtsrgriving

the traceability from the national electrical stards
(resistance and voltage), though an unbroken cludin
comparisons.

For these reasons at the laboratory for the puetisi
measurement of electrical power at Istituto NaZiendi
Ricerca Metrologica I(N.RI.M.), Italy, a new activity for
developing a system for the calibrations of the tmos
common types of power quality analyzers has been
undertaken.

Standards [1], [2] provide procedures for contrgli
harmonics on the power system, recommended linoits f
customer harmonic injection and power system haitnon
levels and practice for monitoring electric poweality.

The I.N.RI.M. activity has been addressed to implement the
requirements of these standards, while maintaiginghe
best level the traceability developed in the poamd energy
laboratory [3], [4].

It THE SYSTEM

2.1. Purpose of the system

The activity aims at organizing a proper set ofrimsents
in a system that will be employed to investigate thost
appropriate methodologies for producing, with ahhigvel
of accuracy, the signals that are typically exgptin real
power distribution systems.

ohis set of instruments will be eventually utilizes a
composite calibrator for generating the signals fbe
characterization of the power quality analyzers.

To fulfill both purposes the system has to be sigfitly
flexible and re-configurable and, at the same tiiteemain
hardware components should be sufficiently stahté easy
to calibrate.

2.2. Basic circuit

The preliminary system consists of reference geoerand
amplifiers for obtaining the voltage and the cutren
necessary to calibrate the instruments under Tést. basic
circuit of this system is shown in Fig. 1.

The reference generators, one for the voltage aedar the
currents, are built with precision DACs controlléy a
computer. A suitable sequence of samples is progean



and sent to the DACs producing two voltage waveform
One of the two generators is applied to a high agst
wideband amplifier and the other to a transcondusa
amplifier, for supplying respectively the voltagedathe
current outputs.
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Fig. 1. Basic circuit of the system for the calibréon
of power quality analyzers.

2.3. Thereference generators

The reference generators of the system are realwed
means of a multichannel analog output board putain
computer. The analog output board can supply &gtguts
channels, even if in this present configuration system
utilizes only two of them. The analog outputs havk6 bits
resolution and can be driven in parallel with a glmg rate
of 1 Msample/s. For all channels the board hasngrnal
FIFO buffer for fast operation, where the digitatal can be
uploaded in parallel.

2.4. Theamplifiers

In the first realization of the system both the tagé
amplifier and the transconductance amplifier arammercial
instruments. The voltage amplifier has a fix gafnl@0, a
possible output voltage up to 1500 V and a slew-gaeater

than 1000 Miis. The transconductance amplifier has eselected at

maximum output of 30 A and a bandwidth of 1 MHzeev
if at such frequency the distortion in non negligib

Both the amplifiers can be calibrated in their iiputput

characteristics as a function of the frequency lmams of
ac/dc transfer standards for voltage up to 1000MSRand

for current up to 20 A.

3. THE SOFTWARE

The software program that controls the board hasnbe
developed in Real Time Labview. The basic logiccture
of the program and their relations can be represkas in
Fig. 2.

Two buffers BUFF_| and BUFF_V respectively for the

voltage and the current channels are loaded ay gpeiod
of the waveform by a vector of samples.
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Fig. 2. The logic structure of the program for thegeneration of the
signals for the calibration of power quality analyzrs .

Each period the two buffers are filled with the géas
stored in two matrix (MATR_| and MATR_V) having the
same number of columns of the buffers and a nurober
rows sufficient to represent all the types of esethiat can
be programmed to check the analyzers.

The two matrix are charged by proper program befbee
beginning of the operation and a matrix (SEQ) witio
columns gives the desired sequence of the everite dtvo
outputs.

The row zero of the two matrixes is reserved foe th
ordinary steady behavior, which can be preprograthme
The other rows store the samples of other wavefosonsh
as for example spikes, transitions and others svent

These vectors in the matrix are formed in the priglary
stage by additional programs that evaluate ancevimitthe
two matrixes the proper samples.

4. TESTS AND RESULTS

4.1 Programming the signals

For testing the reproduction of the waveforms witd best
time definition the sampling rate of the DACs ha=etb
1 Msamples/s. The two matrixes have
consequently 20000 columns and up to 50 differgmed of
events have been programmed. The steady statehéor t

voltage and the current (steady condition) is bsii#rting

from assigned number of harmonic components anu the
phase differences. The value of the samples compfote
the voltage and the current signal have been theedin
the first row of the two matrixes.

The other events are in principle free. Howevelif &svery
difficult to select each sample of any specific @yeso an
automatic program has been developed. Up to now the
program allows a combination of the normal wavefdoyn
multiplying or adding proper shapes (An example is
represented in Fig. £).

Interruptions, sags, swell, noise can be programimgd
multiplying the steady waveforms by suitable shapdsle

spikes by ore obtained by adding to the steady foaves

proper shapes.
By using this program the sequences of events fier t

testing have been programmed.



4.3 Theesystem
/\/\ /\/\ At present the whole system has been analyzed fonligs
functionality. It can generate stable voltage anorent
U \- / signals with transients of respectively over 100(aNd
30 A. It can also produce periodic signals withrhanics in

a wide bandwidth, limited only by the sampling rafethe

35 a) generators and the slew-rate of the amplifiers.
The construction of a correct traceability chaionfr the
3 national standards to all types of signals gendraenow
25 under investigation.
2 5. CONCLUSION
15 A system for the calibration of power quality armdys has

been developed atN.RI.M.. The system can supply two

“\_-/———— synchronized voltage and current signals, with the
05 possibility of generating both calibrated periodiistorted
{ waveforms with suitable aperiodic events superirados
0 T The sequence of these events can be programmed and
b) compared with that obtained by the analyzers utelrin

order to verify the correctness of their response.
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