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Instruments of change

The growing importance of power quality in electrical networks, coupled with an increase in sources
of network pollution, has amplified the challenges facing modern measuring technology

iﬂichael Jesinghausen, KoCo5 Megst;chnf_k, Germa;}r

hanges in load composition ane leading
to an increase in the significance of
povvr quandiny as a key issue in electri-
cal netwarks, Inthe past, the large num-
ber of linear loads and the small number of
electromic components and their greater simplic-
ity, ensured that a high proportion of the total
network load, was ohmie. However, o gradunl
process of reversalss currently underway: a lanze
number of non-linear loads and a multitude of
electronic components are leading toa sieady de-
crease in the ohmic portion of the network load.

The proliferation of power electronics has
brought about a rise in emitted interference and
an increase in network pollution, At the same
time, modern- electronic devices are becoming
mare suscephible o electromagnetic interference
as a result of their growang complexity, the re-
duection of signal levels and the ¢ost oprimization
of network filters.

These changes are leading to-an increase in the
coincidence ofinterference and immunity levels.
A rise in the mumber of failures and malfunctions
expenenced by electronic devices and svstems 15
the consequence,

The lion's share of nétwork pollution iz not
caused by bulk users or large loads but rather by
the large number of small loads with network-
side rectification and capagitive smoothing, Peak
detection creates high harmonic curments, in-
creasing the pressure on conductors and causing
additional losses, Televisions, computers and en-
ergy-saving famps all contribute to the problem;
but they are just o few of the many cxamples.

A further contrbuting factor warthy of mention
is the competition among the vanous different
supplicrs of clectrical energy, which increases the
price pressure on the aperators of supply systemns
and considerably reduces the scope for measures
designed 1o maintain and improve quality,

What is network pollution?

Metwork pollation munifests itselfmainly i the
form of voltage changes. voltage fluctuations,
imbalance, harmonics, inter-harmonics  and
flicker {Table 1), Volage failures are not in-
cluded in network pollution, they are classified
as "impaired operating stamus'.

The frequencics to be examined for network
pollution lie between O and (approximately)
[k 2, but it should be noted that the DC com-
ponents of the voltage are not at present covered
either by national or international standards.

Power quality standardisation

The EMNS01 60was created in response 1o fequest
fior standardization made by the European
Commission o the Evropean Commitiees for
Electrotechnical Stindardisation {CENELEC). It
describes the vollage characteristics of elecimoi-
ty supplied by public distibution systems, The
second version, which is valid at the present time,
wis released in 1999 and was incorporated mto
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the Germun body of standiunds in March 2000 a5
DIN EN50160. Ttdescribes the characteristics and
limit values of the supply voltage ot the service
entry o the customer in fow.and medium voltage
networks under normal operating conditions.
ENS0160has now been supplamented by two fur-
ther documents, The first is an application guide
containing tips and background information on
hew toapply ENS01 60, The second 15 named TN
EM 61000-4-301 YIXEOR 74 part4-301:2004- 1 and
is taken from the [EC &1000-4-30 intermational
standard which describes the measurement meth-
ods for voltage characteristics in 30/60 Hz power
supply systems, the acouracy requirements for the
measaring equipment emploved and the iner-
pretation of the measurement results. Table 2
shows the charscteristics of the supply voltage
mccording o ENS01 60,

The exact definition of measurement methods
makes it possible to achieve reproducible mea-

surement results. DIN EN 61 000-4-20 differen-
tiates between two classes of device:

Clazs A - highaceuracy class, Various devices,
even from: different manufachurers, deliver re-
sults which are reproducible within the specified
influencing variables and deliver the same resulls
within the specified accuracy limits.

Class B - less accurate devices with less strin-
gent requirements intended For more peneral
applications.

The challenges facing

measurement technology

The demands placed on power quality measure-
ment systems vary widaly and il is not unusual for
them to far- exceed what is actually stipulated by
the body of standards applicable st any gven time.
For this reagon, modern measurement and analy-
515 systems should not only comply with current
stundards but should also be easily adaptable o
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Figure 1. Graphical overview of measured values in refation

to the standardised limit value. {IECE1000-4-30)
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Figure 3, Event analysis according to tha ITIC method: tolerance of equipment
to voltage faults and tabular representation of events with event type. Lower
table - classification of events according to the UNIPEDE method.
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new standards and specialist meastrement tasks.
This is particularly imporiant if such measunng
systems are notonly intended (o detenmine power
guality but are also 1o be used for the purposes of
fault dizgnosis and network improvement.

Determining power quality at various different
points of connection 15 doubtless the simplest of
these tasks. But what if the power quality lies
well within the preseribed tolerances but unde-
sirable phenomena stll arise, eg production
downtimes oeccur as @ resull of machine control
or regulation modules malfunctioning, rolls of
paper rip or electronic components have a sig-
nificantly reduced lifespan? This is where many
mensuring systems meet their Waterloo,

For 8 mensuring system o be capable of opti-
mum adaptation 0 a wide mnge of individoal
requirements, it is imperative that the real time ae-
quisition ofdatn s very freely configurable and that
the analysis instrections for the stitistical process-
ing of measured data are extremely flexible. Just
s much importance should be attributed to the way
in which measurernent signals are processed s to
the provision of o well-designed software package.
Even the simplest of measuring svstems should
have at least B analogoe inputs for measuring four
voltages and four currents. Galvanic isolation of
the measurement inputs (bath channel-to-channel
and channel-to-earth ) is an absolute mst. Isolation
vid lmear opto-couplers 1S the wdeal solution here
hecause of the broad frequency spectrum coverad
b these measuring systems. [solation via ebectro-
magnetic fransformers. 15 not sensible as these
transformers can caute amplitude and phase ermors
in the case of devintion from the nominal frequen-
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¢y, They are also incapable of transmitting [
COMPONENIS,

Allmeasuring systems must work with an iden-
fical wme basis 1o enable measurement results
from various measurement locations (o be com-
pared. For this reason o modem measuring sys-
tem should be equipped withiits own GPS receiver
or should be capable of being connected to one,

Az the number of measunng instroments dis-
tnbuted across the enfine network grows, - com-
mumication structures are becoming increasingly
complex. Serial interfaces such as R5232, R5412
or R5483 are frequently used in conjunction with
copper or fibre-optic cables for transmitting data
over short distances, while Ethernet networks
(LAN, WAN) oranalogue, GSM or GPRS modem
conmections ane emploved for greater distances.

Measuring instroments must also have enough
memory o record measured data over 4 period
of several weeks if need be, in order to ensure
that no measured data is lost if there is a data
communicstion failure. Modem flash memory
prodiucts are the ideal solution to this problem,
Hard disks should not be used as they are less
reliable, owing to their susceptibility 1o mechan-
ical wear and tear, and jolting.

Data recording methodology

Foracomprehensive analysis of power guality and
faultz it is desimable to be able to activate the
following types of dila recording stmultaneously.

Long-term recanding
For long-term records of measured dats, it should
be possible to freely set various different com-

pression levels at the same time, starting from o
single period and continuing on up to several
hours, The 200ms, 3z, 10 minute and 2 hour
intervals defined i [ECG L0043 are the min-
imum which should be covered, These measure-
ment vialues provide the hasis for a smtistical
analysis to EMS0160 and give a good and rapid
overview of what is going onin an electrical net-
wark (Figures | nnd 23

Ewent recording

Devintions of network parameters from frealy
configurable limit values, eg voltage dips. should
be recorded using adaptive storage methods with
a dynamic recording density and an appropriate
pre- and post-fault penod, The time resolution of
the measurement values should be freely config-
urnble starting from halfa period {1 0ms ut S0H:z).
A high recording density makes it possible orep-
resent network incidents which are niot, or only
barely, visible in a long-term recording, The
measarement  values: from event-controlled
recordings of this type can be used as the basis
for analyses of network incidents in accordance
with varioos different criténa, eg UNIPFEDE,
CBEMA or ITIC (Figure 3).

Transient recording/oscilographs

Transient recording delivers the signal shape of
all connected measurement guantities with a
wvery high resolution (Figure 4), Itshould be pos-
sible for recording 1o start either in response 1o
criteria (iriggers) defined by the user or in par-
allel with event recording. To meet the require-
ments of & wide variery of measurement tasks,
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Table 2. The characteristics of the supply voltage according to EN50160

it should be possible to vary the record duration
from a few milliseconds (o several minutes and
to configure the duration separately for the pre-
funlt, fault-and post-fault periods. This type of
measured data highlights short transient net-
work incidents, such as those caused by switch-
ing operations of lightening strikes, Changes in
signal shape which are generated by non-linear
or pulse-type loads such as motors, eleciric are
furnaces, energy-saving lamps or frequency
converters, for example, are registered at the
same time,

Conclusion

In view of the wide range of functionalitics and

the high degree of fexibility which must be

provided by modern megsuring systems, it s

important not 1o lose sight of the needs of the

user; simple and intuitive operability is the

order of the day. Even the very best measuning

system is useless unless it is accompanied by a

software package which is well-desipned and

casy 1o operate. Manufacturers far-sighted | gigure 4, Fault record of 4 voltages, 3 currents and binary signals. Display of the phase angle

enough to bear this in mind will have a head {vector diagram) at the selected measurement point (vertical red line).
start over their competitors. ]
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