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Abstract — The paper presents results of experimental studgs well as r.m.s. values of voltages and currantsactive

of two methods of voltage dip tracking. First issed on
half cycle absolute peak value monitoring, whersesond
is based on low-pass filtration of squares of \gdtaamples.

power measurements [3].
This paper is focused solely on the singular featir
these ICs, namely capacity of voltage dip or swetkction.

Both methods are devised for application in lowtcosFor the aim, the method based on the absolute value

integrated circuits, dedicated to power quality itaring.
The real voltage dip has been considered for thre @he
results have been compared with
recommended in IEC Std. 61000-4-30.

instantaneous voltage was used [3], [4]. Simply, pfit
magnitude of instantaneous voltage (its absoluteeyais

reference methdaelow the pre-defined threshold value, the dip esedted.

Similarly, the swell is to be identified if absatutalue of
magnitude of instantaneous voltage is above praekbf

Keywords: voltage dip, low-cost measurement, powerthreshold value. Obvious disadvantage of this &mist is

quality
1. INTRODUCTION

The problem of power quality in electric power netis
has became arguably one of the hottest topicseatriglal
power engineering over recent years. Proliferabbmon-
linear loads completed by introduction of renewadrergy
resources has led to notorious supply voltage idiahces,
like voltage and current waveform distortions, agk dips
and so on. In order to ensure the proper operatidature

clear impact of distortions of input voltage on thgtcome
of dip or swell identification. This can be avoiddy
superseding this method by equally simple one based
low-pass filtration of squares of input voltage sées. In
fact, the method has been used for r.m.s. valueolthge
and current measurements by some manufacturerbug3]
not for dip and swell identification. Thereforeethaper aim
is to explore the possibility of using this solui@asily
applicable in IC with fixed DSP functions for dipcaswell
identification. It is compared with above mentiomadthod
based on absolute value of instantaneous voltage

power SystemS, particu|ar|y smart grids and/or rtheimonitoring. Both solutions are related to referenuethod

predicted building blocks, namely microgrids [1]het
intelligent metering and monitoring systems areessary
[2]. This smart metering infrastructure are to ntonpower

laid in IEC Standard 61000-4-30 for Class A measiems,
namely method based on measurement of r.m.s. eottegr
1 cycle, commencing at a fundamental zero crossng,

flow and various voltage and current parameters ifiefreshed each half-cycléimguz) [5]. The latter solution is

numerous locations thorough the whole grid. Howettes

recommended for voltage dip, voltage swell andrinfgion

actual purposes of the monitoring are to be cdyeful detection and evaluation [5]. All analyses are Hase real

analysed and proper solutions has to be implemerited
order not to increase the cost of the whole inftastire. In
author’'s opinion, apart from high grade power gyali
analysers, a number of low-cost devices will beessary,
like instruments based on dedicated integratediitir¢IC).
Fortunately, such a solutions are already availabléthe
shelf”, e.g. Analog DevicesSingle Phase, Multifunction
Metering 1C with Neutral Current Measurement ADE7953
[3] or Cirrus Logic Sngle phase bi-directional
Power/Energy 1C CS5461A [4]. These are low-cost IC that
enable measurement of voltage and current r.mlsesa
power and energy as well as monitoring of dips welks.
Although they are based on various processing ipleg;
the common feature of the devices is signal praegss
executed by fixed function digital signal proces¢DiSP)
[3]. Among other signal processing functions, thmguit
signals filtrations are used for different aims elik
elimination of input channels offset, zero-crossitejection

voltage dip registered in exemplary microgrid. Fog aim
the dip of supply voltage in network of sensitivatalcentre
has been chosen during its island operation mddeasd to
be added that some documents use the term sag@sysy
to the term dip [3-4], [6]. But since the term di§pused by
IEC, it will be used consequently thorough thisgrap

Finally the paper is organized as follow. Sectidn |
describes the standard framework and both solutimrier
investigation. Section Il describes the results
experimental research. Section IV contains finahaeks
and conclusions.
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2. STANDARD FRAMEWORK AND THE METHODS
UNDER INVESTIGATION

The voltage dip is defined as sudden decreasamrs.r.
value of supply voltage to a value between 10% %0%b of
declared voltage for durations from 0.5 cycles tmih [6].



In some other standards the values of the r.m.kieva
reduction are assumed in between 1% to 90% of detla
voltage [7]. A voltage dip is to be described by @ data:
residual voltage (sometimes dip’s depth) and domafb].
The residual voltage is the lowest r.m.s. valuevaltage
during the considered event, whereas duration nse ti
difference between start time (falling of r.m.sltage below
the dip threshold) and end time (increase of r.wodtage
above dip threshold plus hysteresis typically eqaeé% of
declared voltage) [5]. In some cases, the voltaipe isl
followed by a voltage peak (small swell), e.g. dgri
asynchronous motor start up in microgrid [8]. Tylig, a
voltage swell is monitored by the very same methdds
voltage dip, e.g. voltage instantaneous valuesof3t.m.s.
values [5].

otherwise [3]. It is based on squaring of inputtagé
samples and subsequent low-pass filtration of tkgsares.
Next, the square root is calculated of the outguhe low-
pass filter (LPF). It corresponds to r.m.s. valfeirgput
signal [3]. Because of the ripples of LPF outphg teading
is synchronised with voltage fundamental comporzemno-
crossing. It is determined after voltage samples-pass
filtration by other LPF. The block diagram of thigaithm
is shown in Fig. 1. It is based on ref. [3] aftane
modifications. It should be added that the solutfapplied
in ADE7953 [3] for r.m.s. measurement but not dip
detection and evaluation.

It was mentioned above that for Class A measuresnent

the considered r.m.s. voltage should be calculatest 1
cycle, commencing at a fundamental zero crossimgl, a
refreshed each half-cycle. It is designatedJagu) [5]. It
includes all components like: harmonics, interhanits,
etc. [5]. It has to be added that Class S has Heéined at
IEC Standard 61000-4-30 as well. For the class dipe
assessment is to be carried out in similar way &keve
described but the voltage r.m.s. value can be sieé@ each
cycle. Manufacturer of measuring instrument shapdcify
which method is used [5].

Finally, the evaluation of real dip carried out the
method devised for Class A will be considered dsreamce
for other methods evaluation. In fact, it has beead by

author for whole voltage shape assessment durikg th

considered processes, namely bulk load startugdrogrid.
Next, it has been compared with the same shapendetd
by the other methods under investigation.

The application of standard method can be incomrgni
in simple low-cost devices, due to some requireméat
hardware resources of measuring instrument. Intishod, it
requires storing of voltage samples for at least oycle,
conditional operation, some data address geneyagics
Obviously, it can be easily implemented in digitignal
processors (DSP) but not necessary in low-costcdtstl
IC. Therefore, manufactures of low-cost measuriagiaks
implement other principles of dip detection andleation
[3], [4]. It is permissible for Class B measurensgrit the
manufacturer specify the method used for the aijm [5

Arguably, the simplest solution is detection of dim
instants when the absolute value of the voltages falow
the programmable threshold [3], [4]. This featseeasy to
implement in IC. Simply, the dedicated peak registe
updated every time that the absolute value of theeform
exceeds the current value stored in the registes.régister
can be cleared after reading [3], which can be Isyorized
with voltage fundamanetal component zero-crossing i
order to determine the end of each half-cycle. Apdrits
simplicity, the obvious disadvantage of the solutie the
above mentioned possible impact of voltage digiosgti It
will be proved below that even in the case of lewel
distortions, the results of dip analysis by the hodt can
differ significantly from assumed reference method.

The solution of the problem is a method only aelitiit
more complicated but used for r.m.s. voltage measant
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Fig.1. Block diagram of signal processing path feasurement of
r.m.s. voltage, including dip detection and evabrat

The above depicted (Fig. 1) signal processing path
be used for both: measurement r.m.s. value of gelta
during steady-state as well as dip monitoring. fdealing is
to be carried out after each zero-crossing of gelta
fundamental component, similarly like in the cab&gu2)
measurement. This r.m.s. value is used directlgifo or



swell detection and evaluation. Namely, it is tocbenpared
with assumed threshold level, once again simil#iKg in
the case of the standard method. In order to olifiaycles

Nevertheless, this phenomenon has been consideneela
in order to properly asses the methods under imgagin.
The details of Urmgu2) Voltage calculated according to IEC

rms voltage some accumulation and averaging woeld b61000-4-30 standard and the resulted voltage slaape

necessary. The block “delay” shown in Fig. 1 isatwount
for LPF1 and LPF2 characteristics (group delaysbath

shown in Fig. 3.

filters). 240
3. RESULTSOF EXPERIMENTAL RESEARCH 230 /\
> \/ ]
Author decided to use the real example of voltagdat E 220
this paper's purpose. So, the research consistesltage § /
samples registration in real network and subsequeni g
processing by various signal processing methods.tlr@ /
voltage samples recording, National Instrumentstrotiar 200
PXle-8106 equipped with two data acquisition capdde- v
6124 has been used. The analog input channel texhsié 190
the CV3-1500 LEM voltage transducers and LTC 1564 0 time [s] 4

anti-aliasing filters. The sampling frequency bag equal
to 25 kHz and the cut-off frequency of anti-aliggifilters
has been equal to 10 kHz.

The voltage recording took place in network of axfi
building that contained very important and sensitifor
power quality disturbances data centre,
interruptions. Therefore it was equipped with twB3$ and
two generators driven by diesel engines for povaakbp.
The whole research has been carried out duringltfect
island operation mode, due to suspicion of powealityu
problems during the mode. Various parameters ofagel
and currents have been analysed in various pointheo
system. During the investigation the process oft@wig
bulk load on and following voltage dip and someplgs
have been noted. The waveform of recorded voltage
presented in Fig. 2.

400

300

200

100

u(t) [V]

-100

-200

-300

-400,, . 800
time [ms]

Fig. 2. Voltage waveform during switching bulk load in power
network of data centre during island operation.

It is easily discernible that the process of switghbulk
load on in power network of data centre causesagelidip
up to 85% of rated voltage followed by small votagyvell.
It is only 101.6% of rated voltage but approximgatabove

particylarl

Fig 3. Variations ofJ;ng12) value (reference method) during
switching bulk load on in power network of datatrerduring
island operation.

Obviously, the processes of switching bulk loadion
microgrids cause voltage changes and concurrent
momentary frequency changes. For the considerechgra
the lowest momentary frequency understood as r@cibof
fundamental cycle has been equal to 48.61 Hz fatbly
the frequency increase up 51.51 Hz. Typically, ddads
related to marine microgrids, e.g. [9], [10] deathwthe
phenomenon, but it has not been analysed for tperiza
gim. However, the both investigated methods, whigpend
to some respect on fundamental component zeroiogyss
enable concurrent assessment of momentary frequency
changes, both value and duration.

Finally, the parameters for dip description hasnbee
calculated by both investigated methods. The result
obtained by analysis of voltage local peak valumgehbeen
designated aBlsgs. It is recorded absolute value of voltage
magnitude divided by square root of 2 in order biam
voltage r.m.s. value and subsequently compared with
reference method. The results calculated by volsageples
squaring and low pas filtration of the result haveen
designated a¥),pr. It represents r.m.s. voltage momentary
values. In this case, third order Butterworth filteas been
used with various cut-off frequencies. It has bewmtioned
(see Fig. 1) that in order to diminish the effettipples of
the filter output, its reading is to be synchrodiseith
fundamental component zero-crossing. Zero-crossfrige
fundamental component of the voltage has beenrdated
after low-pass filtration by third order Butterwiofilter, but
with higher cut-off frequency equal to 80 Hz. Suah
solution is recommended in IEC 61000-4-30 standard
diminishing impact of higher frequency componerithe
cut-off frequency has been chosen after ref. [Bjaly, the
results of calculation of pair of parameters (rasidoltage
Unin and duration) for the dip assessment are laichinld 1.
The dip duration is expressed in half cycles of the

5% of registered mean steady-state voltage, whies w considered voltage. It is completed by resultsai€wdation

approximately equal to 96.8% of rated voltage (280



of r.m.s. value of voltage of the mini-swell.,, that
followed the considered dip.

Table 1. Results of calculation of dip (duration &hgh) and swell
(Umax) parameters.

duration Unin Unmax
farot | (half
cycles) | V] (%] V]
Urms(1/2) 18 195.86| 85.16 233.58
Unss 17 197.6 | 8591| 236.47
1Hz --- 212.83| 92.53 226.9%
2 Hz 16 203.57| 88.51 228.18
3 Hz 17 198.26| 86.20 232.5
4 Hz 17 196.19] 85.30 233.39
5Hz 17 195.2 84.87 233.62
6 Hz 17 194.92| 84.75 233.66
7 Hz 17 194.94| 84.76 233.68
8 Hz 18 195.13] 84.84 233.68
9 Hz 17 195.39] 84.95 233.65
U 10 Hz 18 195.65 85.07 233.62
11 Hz 18 195.84 85.15 233.638
12 Hz 17 195.93 85.19 233.638
13 Hz 17 195.920 85.18 233.61
14 Hz 18 195.890 85.17 233.5)
15 Hz 18 195.86) 85.16 233.58
16 Hz 18 195.85 85.15 233.5)
17 Hz 18 195.86) 85.16 233.56
18 Hz 19 195.85 85.15 233.5p
19 Hz 18 195.86) 85.16 233.58
20 Hz 18 195.88 85.17 233.52

Analysis of the results laid in Table 1 leads taaasion

off=15 Hz) andU, g for the whole dip (and subsequent
swell) envelope is shown in Fig. 4.
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Fig.4. Differences between r.m.s. value of voltegkeulated by
filtration of square sampldd - and reference methadd}g1).

Similar differences between obtained shapes ofwgelt
changes for the method applied by manufactureswof t
considered ICs, namelYgs and reference method are
depicted in Fig. 5.
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Fig.5. Differences between rms value of voltagewaked on basis
of absolute peak value of voltatjggs and reference method

Urms(1/2)-

Comparison of Fig. 4 and Fig. 5 once again revelaksr
superiority of the first solution, i.&J, pr. Only for very short
time (two consecutive readings) the difference ketw
considered method and reference method is aboveltli§/
for the dip beginning, four cycles before the lotvesitage
r.m.s. value. Similar differences fdd,ss method reach
values above 5 V. The reason is distortion of itigaged

that application ofJ s method leads to better results thanvoltage, although of relatively low level. The velwf

Uass Mmethod for quite a range of cut-off frequenciesisdéd
LPF2. Nevertheless, the cut-off frequency has to
carefully chosen. If it is too low or too high, thesults of
calculation worsens. In the former, it is due tor@ase in
response time and in the latter it is due to inseeaf ripples
of the filter output (reading exactly at the monseaf zero-
crossing is hardly possible). It should be noteat for cut-
off frequency of LPF2 equal to 15 Hz the obtaineduits
are exactly the same like in the case of referanethod.

However, it does not mean that the method is fully

voltageTHD factor has been equal to 3.13% prior to dip and

b8-26% after the phenomenon occurrence. It can tedribhat

even this small increase leads to significant iaseein
differences betweerlUags and Uiz (see Fig. 5). It
increases nearly two times under steady-state tionsli
before and after dip. The chief reason is increafs&”
harmonic content by 0.19% of fundamental component
completed by phase shift of some harmonics inicelato
fundamental one after the dip.

In order to exemplify the capability of tracking of

comparable with reference method. The comparison dfmsw2) Small variations by, pr method, the two algorithms

voltage shape, in fact the differences betweerUthe (cut-



have been graphically compared in Fig. 6. Assumsebff
frequency of LPF filter has been equal to 15 Hz.

223.1

distortions, even seemingly insignificant, whicte aather
norm than exception in nowadays power systems.eSiris
already used for r.m.s. value estimation by thees#@s, it
requires only some modification of their designt bpecial
attention has to be paid to cut-off frequency aralg delay
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Fig. 6. Comparison of tracking capabilities of gfterm small
voltage variations by pr method withU, 12 method. [4]

The analysis of Fig. 6 once again indirectly protiest  [5]
Upe method would be appropriate for considered aim
namely voltage dip or swell detection and evaluatio [

(7]

8
The paper aim has been to investigate some simpl[e]
algorithms for dip or swell detection and evaluatio
applicable in low-cost ICs, dedicated to multifiont [9]
electricity parameters measurement. It has beevedrthat
method of signal processing based on low-passiiiin of [10]
input voltage samples is more suitable for the #an
commonly used method based on absolute values of
momentary voltage peak. It is true in the casapfi signal

4. CONCLUSIONS

of implemented LPFs.
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