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Abstract

The cumulative harmonic currents of a large number of non-linear single phase loads, particularly
PC’s and monitors, are investigated experimentally. In reference [1], it is shown, by means of an
analytical model, that there is a significant attenuation of the current harmonics above the third when a
large number of such loads is considered. In this paper, the simulation results are verified by
measurements.

1. Introduction

Nowadays non linear loads (compact fluorescent lamps, computers, variable speed drives, ...), mostly
used with the aim of rational use of electrical energy, are very common. Such loads, producing
harmonic currents, can yield high neutral conductor currents [2-6]. However, in practice, the neutral
conductor fusing and cross section of most installations is not rated for such high neutral conductor
currents [7].

In this paper comprehensive measurements are reported on monitors and PC’s in order to predict the
neutral conductor current in case of a large-scale introduction of IT-equipment. The influence of the
number of PC’s and/or monitors on the cumulative current harmonic spectrum is considered, both at a
sinusoidal voltage generated by a power source and at the supply voltage by the public distribution
system. These results are discussed and compared with the simulation results [1].

2. Test configuration
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Fig.1. Measurement set-up
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Measurements are performed in a computer room where a varying number of identical PC’s and/or
monitors are installed.

Two situations are considered. In the first one a sinusoidal voltage with rms-value 230 V, 50 Hz is
generated by a programmable power source where the impedance Z; equals the minimum impedance
of the power source (table I). In the second set-up the supply voltage from the public distribution
network is used. In this case, Z; equals the short circuit impedance in the considered point of common
coupling. In both situations the impedance Z,, the impedance of the cable connecting the load to the
power analyser, and the impedance Za, the impedance of the power analyser, are the same.

An overview of the impedance values (resistance R and inductance L) is given in table I.

Table I: Overview of impedance values

supply voltage Z, Z, Zx (ampere-meter)
power source R=4mQ, L=135puH R=58@ , L=2puH R=3.5mQ
public distribution network | R=700mQ, L=30uH | R=588 , L=2uH R=3.5mQ

3. Measurements

3.1 Measurements with the power source

The measurements are done with respect to the requirements given by the IEC standards [8].

Fig.2 shows the current waveform of a monitor. It is composed of a small sine wave about 90° leading
with respect to the supply voltage and a peak just before the top of this voltage. The sine wave
originates from the RFT filter of the power supply, while the peak comes from the rectifier bridge,
containing the most energy. This current finger print is typical for monitors and PC’s.
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Fig. 2. Current and corresponding voltage of a monitor.

In figure 3 the normalised current waveform is shown for different numbers of PC’s with monitor.
Note that an increasing number leads to a widening of the peak. This widening is caused by both the
flattening of the voltage peak due to voltage drop across the series impedance during the current peak
and the small statistically different load currents. This leads to the attenuation of the higher order
current harmonics. The total harmonic distortion of the current varies from 194 % (N = 1) to 147 % (N
=12).
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Fig.3. Influence of the number of PC’s with monitor on the current waveform

Fig.4 shows the rms-value of the total current, the fundamental and the harmonics with order < 19 as
function of the number of PC’s with monitor. There is a linear correlation between the number of
loads and rms-values of the total current, its fundamental, 3™ and 5™ harmonic. For the higher order
current harmonics, the deviations from the linear relationship become more pronounced and even
unpredictable with increasing harmonic order. One of the reasons for this unpredictable behaviour is
the presence of voltage harmonics, highly affecting the current harmonics [4,5]. The voltage at the
load contains harmonics because of the presence of the impedance (Z,+Z,+Za).

Notice that for one load the harmonic spectrum shows a monotonic decay of the increasing order
harmonics, while this is not always true for several loads.
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Fig.4. Rms-value of the total current, the fundamental and the harmonics with order < 19 as function
of the number of PC’s with monitor

Fig.5 shows the attenuation factors for the harmonics [1]:

N

AF, = _h (1
"N

where  IY: Resultant current for harmonic h for N units operating in parallel

IL : Current for harmonic h when N =1
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Fig.5. Attenuation factors of harmonic currents

As in reference [1], the attenuation due to the shared system impedance is more pronounced for higher
order harmonics and tends to increase with N (leaving the 17" and 19™ harmonic out of consideration).

3.2 Measurements at the voltage of the public distribution network

In figures 6, 7 and 8 the results are shown in case of a practical situation, where the total harmonic
distortion of the supply voltage THD(U) is influenced by the line and source impedance (THD(U) =
1.10 %, 1.68 %, 2.57 % for N = 1, 12, 24 respectively). In comparison to the previous situation, there
is a further widening of the current peak signal (figures 3 and 6), resulting in a lower total harmonic
distortion of the current (THD(I) = 163 %, 123 %, 112 % for N = 1, 12, 24 respectively). For the
higher order harmonics there is a larger deviation from the linear relationship between the rms-value
and the load number (figures 4 and 7). This is due to the larger impedance causing a higher distortion
of the voltage at the load. Variations in the supply voltage of the public distribution network can also
be a cause.

Fig.8 shows that, for the current harmonics with order < 9, the attenuation factor decreases with the
harmonic order and with the load number, in correspondence with the results of [1]. However, for
some higher order harmonics, the attenuation factor can be higher than 1: these harmonics increase.
Notice that the attenuation of the current harmonics with order < 9 is stronger than in the previous
situation because of the higher series impedance.
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Fig.6. Influence of the number of PC’s with monitor on the current waveform (voltage from public
distribution network)
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Fig.7. Rms-value of the total current, the fundamental and the harmonics with order < 19 as function
of the number of PC’s with monitor (voltage from public distribution network)
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Fig.8. Attenuation factors for harmonic currents (voltage from public distribution network)

4. Conclusions

The cumulative harmonic currents of a large number of non-linear single phase loads, specifically
PC’s and/or monitors, are analysed, both at a sinusoidal voltage generated by a power source and at
the supply voltage of the public distribution system. It is shown that the cumulative current harmonic
spectrum of a large number of non-linear single phase loads differs from that of one such load. This is
due to the shared series impedance and to the fact that the current finger prints of all loads are not
identical.

The third current harmonic increases nearly proportionally with increasing load, while for the higher
order current harmonics, there are deviations from the linear relationship becoming more pronounced
and even unpredictable with increasing order of the harmonic.

For both set-ups, there is an attenuation of the 5, 7" and 9" current harmonic that is more pronounced
for an increasing load and for higher order harmonics, in correspondence with the simulation results.
The attenuation is higher for the set-up where the supply voltage of the public distribution system is
used, due to the higher series impedance.

The cumulative behaviour of the higher order harmonics is unpredictable. In the situation with the
supply voltage of the public distribution system, some of these harmonics are not attenuated as
simulated in [1], but amplified. The presence of a minor harmonic voltage in the power supply has a
major effect on current harmonics, more pronounced for higher order harmonics [5].
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