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Abstract— IEC 61000-4-30 has recently defined a method for
detection and analysis of rapid voltage changes in power system
networks. This paper presents some of the results obtained in the
application of the IEC standard method in different low-voltage
and medium-voltage power system networks with different load
types and some of the limitations found in the standard method
for the correct detection and characterization of these voltage
events.

Index terms - Flicker; Power quality; Rapid voltage changes;
Voltage fluctuations.

1. INTRODUCTION

IEC 61000-4-30, Ed. 3, 2015 [1] defines a rapid voltage
change “as a quick transition in r.m.s. voltage occurring
between two steady-state conditions, and during which the
r.m.s. voltage does not exceed the dip/swell thresholds.” The
standard defines the U,y magnitude (the r.m.s. voltage
computed over one cycle and refreshed each half-cycle) as the
basic calculation for the measurement and detection of RVC
events. In this standard the detection and characterization of
RVC events is based on the identification of two consecutive
steady states. Only for this purpose, the standard defines that an
r.m.s. voltage is in a steady-state condition “if all the
immediately preceding 100/120 Uiy /2y values remain within an
RVC threshold from the arithmetic mean of those 100/120
Ummsai2) values”. IEC 61000-4-30 does not define an RVC
threshold. It only indicates that the RVC threshold should be set
by the user according to the application, as a percentage of the
declared input voltage Uy, recommending a range of 1% to 6%
of this voltage.

On the other hand, EN50160:2010/A1:2015 [2], based on
the Norwegian power quality regulations [3]-[4], defines the
requirements and limits in the number and magnitude for these
events (only applicable in Norway). An RVC event is defined
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as a change in the r.m.s. voltage in a range of £10% of the
nominal or declared voltage, with a rate of change faster than
0.5%/sec of the nominal voltage. The half period r.m.s. value of
the voltage, Uy, is the basic magnitude for analysis of these
events. The Uy, magnitude is the r.m.s. voltage determined over
a half period between consecutive zero crossings of the
fundamental frequency voltage. The voltage is considered to be
in stationary-state when the Uy, magnitude is in a range of
+0.5% of the nominal or the declared voltage during at least one
second.

RVCs can be caused by motor starting, capacitor banks
switching, load switching and sudden load variations, and their
main effect is light flicker, but other non-flicker effects have
been reported in the literature [5]. The magnitude and number
of RVC events in a specific power system should be limited in
order to assess its correct performance. EN50160:2010 specifies
a limit of 5% for these events, but more significant variations up
to 10% can occur for some switching events. A summary of the
RVC limits in different IEC standards can be seen in [6]. IEEE
standards do not provide specific recommendations, but
individual utilities have their own guidelines in the range of 4%
to 7% [7].

The purpose of this paper is to report our experience in the
application of the IEC standard method in the measurement of
RVC events in different low and medium voltage power system
networks and to point out some of the limitations of the
standard method in the detection and the characterization of
these events.

The paper is arranged as follows. Section II presents a short
review of the IEC standard method. Section III studies the effect
of the RVC threshold in the performance of the method,
presenting some results from real power system networks.
Section IV studies the limitations of the method in the detection
of RVC events as a function of the rate of change of voltage
dv/dt during the event. Section V considers the aggregation of
consecutive RVC events when modifying the steady-state
condition and how that can affect the detection capabilities of
RVC events in load switching operations, as is the case of some
types of wind turbines, and finally, Section VI presents the
conclusions.



II. DETECTION AND EVALUATION OF RVC EVENTS

According to [1], for a class A instrument, the detection of
an RVC should be initiated recording an initial set of 100/120
Ums(ir2) (for 50/60 Hz systems respectively) and computing the
arithmetic mean of those values.

To detect and RVC event, first, a ‘voltage-is-steady-state’
logic signal shall be created for each voltage channel. This logic
signal is true when the voltage is in steady state, and false
otherwise. This logic signal is updated for each new U1
value. Every time a new Unp value is available, the
arithmetic mean of the previous 100/120 Uy values,
including the new value, is calculated. If every one of the
previous 100/120 Uyyss) values, including the new value, is
within the RVC threshold of the arithmetic mean, then the
‘voltage-is-steady-state’ signal for that channel is set to true;
otherwise, it is set to false. When the ‘voltage-is-steady-state’
logic signal changes from true to false the RVC begins. Once
the RVC event has begun, an RVC hysteresis is applied to the
RVC threshold, disabling changes to the ‘voltage-is-steady-
state’ logic signal for 100/120 half cycles.

Finally, an RVC event ends when the ‘voltage-is-steady-
state’ logic signal changes from false to true. Then the RVC
hysteresis is removed from the RVC threshold and the end of
the event is time stamped 100/120 half cycles prior to the logic
signal changing from false to true.

Four parameters characterize an RVC event by: start time,
duration, AU,,,, and AU (Fig. 1).

o The start time of the event shall be time stamped with the
time when the “voltage-is-steady-state” logic signal
became false and initiated the RVC event.

e The event duration is 100/120 half cycles shorter than the
length of time during which the “voltage-is-steady-state”
logic signal is false.

e AU, is the maximum absolute difference between any
of the Uyns1/2) values during the RVC event, and the final
arithmetic mean 100/120 U,yg12) value just prior to the
RVC event.

e AU, is the absolute difference between the final
arithmetic mean 100/120 Uy,yg12) value just prior to the
RVC event and the first arithmetic mean 100/120 Uiyg12)
value after the RVC event.
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Fig. 1. RVC events as defined in [1]

III.  EFFECT OF THE DETECTION THRESHOLD IN THE
PERFORMANCE OF THE METHOD

As was previously mentioned, IEC 61000-4-30 does not
define a rapid voltage change threshold, just recommending a
range of 1% to 6% of Uy;,. The selection of the RVC threshold
and the RVC hysteresis can affect the characterization of the
event. The same RVC event detected with different instruments
using different RVC thresholds and different RVC hysteresis
can result in different RVC parameters (start time, duration,
AU .x and AUy).

As an example of the effect of the selection of the RVC
threshold in the detection and assessment of RVCs, Fig. 2 and
Table I show the results obtained in the detection of the same
RVC event using two different RVC thresholds, 0.5% and 3%
of the nominal voltage respectively, in the low-voltage
distribution network reported in [6]. In both cases, the RVC
hysteresis applied is 50% of the RVC threshold selected.

235‘
230{ | RVC Threshold AUss=1.13V
E"’."f'.“ M oD S T g ‘l,g it I
5228 |
v AUmax=391% -
2 2201 o
| s
215
210| -
0 p & 2 3 4 5 6
Time (s)
True {—
False ; Ly - T
0 1 2 3 4 5 6
Time (s)
a)
230/ RVC Thresheld p
s e {AUSS=627V e
2225- ‘ | T o ~
AUmax=3.87% - W
2 2204 IL‘[ =
2151
210 -
0 1 2 3 4 5 6
Time (s)
True
False | - g - - - 1
0 1 2 3 4 5 6
Time (s)
b)

Fig. 2. Detection and characterization of a RVC event using two different RVC
thresholds: Upm12) magnitude and logic signal, a) 0.5% detection threshold, and
b) 3% detection threshold

TABLE I. RESULTS OBTAINED IN THE DETECTION AND CHARACTERIZATION OF
THE SAME RVC EVENT WHEN USING TWO DIFFERENT RVC THRESHOLDS.

RVC Start time | Duration N
threshold (%) | (s) (s) AUnax (%) | AU (V)
0.5 1.89 122 3.91 L13
3 191 0.01 3.87 6.27




As can be seen from the results, the use of higher RVC
detection thresholds and higher RVC hysteresis produces a
delay in the detection of the event, shorter event duration, and
different AU, and AUy magnitudes. The large differences in
the event duration and the AU magnitude are because when
using higher RVC thresholds and hysteresis, the U2y value
returns more rapidly to the stationary-state condition.
Obviously, the effect on flicker of this event is the same, no
matter what the RVC threshold and RVC hysteresis is used.

IV. EFFECT OF THE RATE OF CHANGE OF VOLTAGE DV/DT IN
THE RVC DETECTION PERFORMANCE

An RVC event is defined as a quick transition in r.m.s.
voltage between two steady-state conditions. However, there is
no reference in IEC 61000-4-30 about how to measure this rate
of change of voltage supply during the voltage change, or how
quick an r.m.s. transition should be to be considered as an RVC
event.

Taking into account the flicker effect produced by rapid
voltage change events, EN 50160:2011/A1:2015 defines that
the rate of change of voltage, dv/dt during the event should be
faster than 0.5%Uy/sec of the nominal voltage. According to
[4], more than half of the population exposed to a test on the
visibility of rapid voltage changes in lighting from lighting
equipment, noticed the event when the rate of voltage change
per second in a 230 volt system, was faster than 0.5%Uy /sec.

This limit in the rate of change of voltage, only applicable in
Norway, indirectly implies a maximum in the duration of an
RVC event, i.e. the time required to reach the limit of £10% of
the nominal voltage that defines the range of these voltage
events.

How fast should the rate of change of voltage during an
RVC event be in order to be detected using the IEC standard
method? To study the performance of the IEC standard method
in the detection of RVC events as a function of the rate of
change of voltage per second, simulated voltage waveform
records of 50 Hz and 230 V r.m.s. with RVC transitions of
magnitudes from 1% to 10% of the nominal voltage in steps of
1%, and rates of change of voltage from 0.5%Uy/sec to
1000%Ux/sec were used.

Fig. 3 shows the RVC detection limits as a function of the
rate of change of voltage. Each curve represents the detection
limit of the rate of change of voltage in %Uy/sec, for 0.5%, 3%
and 6% RVC thresholds respectively. Undetected RVCs are on
the left side and detected RVCs lie on the right side of the
corresponding curve. As can be seen from the results, higher
RVC thresholds require higher rate of change of voltage during
the event to be detected using the standard method. Thus, as an
example, using a 6% RVC threshold, the highest threshold
recommended in [1], a 7% AU, RVC magnitude requires a
minimum 27.1%Uy/sec (62.33 V/sec in a 230 V system) rate of
change of voltage to be detected. Fig. 4 shows the time
evolution of the r.m.s. voltage and the instantaneous flicker
sensation Py, measured using the digital implementation of the
IEC standard flickermeter presented in [8], for this event.

The r.m.s. voltage never surpasses the RVC threshold, so
this voltage event is not detected using the standard method,
although the visible effect on the luminance of lighting
equipment is clearly noticeable (Piygmax = 30.4), as is shown in
Fig. 4.b.
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Fig. 3. RVC detection limits for different detection threshold and rate of change
of the voltage during the event.
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Fig.4. a) Time evolution of the r.m.s. voltage, and b) instantaneous flicker
sensation for a simulated RVC of 7% magnitude and 27.1%Uy/sec rate of
change of voltage.



RVCs caused by motor starting or capacitor switching show
sudden transitions in r.m.s. voltage with high dv/dt magnitude,
faster than the RVC detection limits in Fig. 3. However, other
load switching operations, as is the case of the wind turbines,
could produce rates of change of voltage with lower magnitude.
Fig. 5.a shows an example of two RVC events produced in the
starting operation of a type I wind turbine, namely VESTAS
V29, that was equipped with an asynchronous generator and a
pitch-regulated power control. The first RVC event has a
magnitude of 1.54% of the nominal voltage with a rate of
change of 5%Uy/sec.

V. TIME AGGREGATION OF RVC EVENTS

According to [4], when the time duration between two
consecutive voltage changes reaches one second, the percentage
of people that perceive the two events was between 80 and
90%, for voltage changes of 4% or 5% magnitude, whereas for
consecutive voltage changes of these magnitudes only 0.5
seconds apart, 40% of people can distinguish the two events.

This section studies the effect of reduction of the time for
detection of two consecutive RVC events from 1 second to 0.5
seconds on their detection and assessment.

The separate perception of consecutive RVC events will be
different than the one reported in [4] for the case of consecutive
events of different magnitude and different rate of change of
voltage. This is the case of the RVC events produced by the
starting operation in type I wind turbines. Those turbines are
equipped with a soft-starter that limits the cut-in current based
on thyristors. The thyristor cut-in took approximately 1.5 s,
after that the wind turbine started to generate active power,
generating two consecutive events. Normally, the second one
has a higher magnitude and higher rate of change of voltage. In
our opinion, it would seem that they should be considered
separately because of their different effect on flicker.

The RVC event is detected as a single event at instant 2 sec
and with 10.26 V magnitude and 1.14 seconds duration, using
the standard method with a 0.5% of nominal voltage RVC
threshold and 1 second for detection of consecutive events (Fig.
5.b).

On the other hand, the event is detected as two separate
events, detected at instants 2.01 and 3.23 seconds, with 6.15 V
and 12.96 V magnitudes respectively, using the same RVC
threshold, when the time for the detection of consecutive RVC
events is reduced to 0.5 seconds (Fig. 5.c). Fig. 5.d shows the
time evolution of the instantaneous flicker sensation Pj,y during
the event, measured using the digital implementation of the IEC
standard flickermeter presented in [8].

The time evolution of the instantaneous flicker sensation
P in Fig. 5.d shows that the event can be clearly noticed as
two separate events by a standard observer, as the instantaneous
flicker sensation shows a peak magnitude in each transition and
a null value between the two transitions.
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Fig. 5. Effect of time aggregation on the detection of RVC events and
instantaneous flicker sensation.

CONCLUSION

This paper studies the limitations in the use of IEC 61000-4-
30 standard method for detection and characterization of rapid
voltage changes. The selection of the RVC threshold and the
RVC hysteresis, the effect of the rate of change of voltage
during the event, and the time aggregation between consecutive
RVC events when using the standard method are considered. As
a conclusion, we would suggest that the following should be
considered:

e The definition of a RVC threshold and a RVC hysteresis
in order to avoid that different instrument using different
RVC threshold and RVC hysteresis provide different
results for the same event.

e The definition of a method to estimate the rate of change
of voltage dv/dt during the event.

e The definition of a minimum dv/dt magnitude for
consideration of an event as a rapid voltage change event.

e And the definition of a minimum aggregation time to
consider successive RVC events as separate events.
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