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Abstract 
The flicker meter design described in IEC 61000-4-15 amendment 1 is now being utilized in 
North America to assess flicker levels in response to customer complaints and for contract 
compliance at large flicker producing loads such as arc furnaces.  This paper presents 
measurement data from these campaigns and illustrates how they are utilized.  The basics of 
“what is flicker?”, flicker meter operation, and impacts of flicker are described.  A discussion of 
proper techniques to ensure useful measurement results is given.  Some flicker meters have been 
shown to give inaccurate reading under certain conditions.  These conditions will be described 
and guidelines given to work around the potential problems.  A brief discussion of a new 
certification protocol to ensure that flicker meters read accurately under all conditions is also 
presented. 

Introduction 
Flicker monitoring has been standardized using a meter that is completely described in IEC 
Standard 61000-4-15.  An IEEE Working Group (1453) has recently approved this method of 
measuring flicker as well.  Figure 1 illustrates a block diagram of the flicker meter. 
 

 
Figure 1.  Functional Diagram of IEC Flickermeter 
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The first versions of the IEC standard were based on the effects of voltage fluctuations on a 60 
Watt incandescent light on 230 volt systems.  A 120 volt light bulb is not as sensitive to the same 
voltage fluctuations because the filament is larger (longer time constant) to handle the higher 
current levels associated with the same Watt rating.  As a result, an additional weighting curve 
was developed for 120-volt applications that are more common in North America.  The 120 volt 
and 230 volt weighting curves are compared in Figure 2.  In the United States, the flicker 
measuring procedure should use the method standardized in IEC 61000-4-15 with the 120 volt 
weighting curve employed. 
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Figure 2.  Comparison of 120 volt and 230 volt weighting curves for flickermeter calculations. 
 
Output from the flicker meter consists of two basic quantities: 
 

1.  The short term flicker severity, Pst.  A Pst value is obtained every 10 minutes.  There are 
144 Pst samples each day. Pst is a per-unitized quantity where 1 per unit represents a 
flicker severity that should correspond approximately to perceptible flicker in 60 Watt 
incandescent lights.   

2.  The long term flicker severity, Plt.  Each Plt value is calculated from 12 successive Pst 
values using the following formula: 
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Each of these two basic quantities can be characterized in terms of their statistics.  The following 
statistical quantities can be calculated after measuring over a period of time, recommended as at 
least one week. 
 

PstM is the maximum Pst value measured during the assessment period. 
Pst99% is the Pst level that is exceeded 1% of the time. 
Pst95% is the Pst level that is exceeded 5% of the time. 
PltM is the maximum Plt value measured during the assessment period. 
Plt99% is the Plt level that is exceeded 1% of the time. 
Plt95% is the Plt level that is exceeded 5% of the time. 

 

Measurements of Pst Levels 
Measurements were performed on a transmission system serving a steel plant arc furnace using a 
power quality meter that can track the flicker levels using the IEC method.  The following 
figures illustrate that the Pst levels are higher than 1.0 at the distribution voltage levels where 
customers are connected to the local distribution system.  These measurements were taken at a 
13 kV bus serving a local distribution system.  These flicker levels are significantly attenuated 
from the flicker levels on the 161 kV system (probably a factor on the order of 0.75), which 
means the flicker levels at 161 kV are 1.5 or higher. 
 

 
Figure 3.  Flicker levels at 13 kV from 7/16 to 7/24.  Note that the flicker levels correspond to 
melt cycles at the steel plant.  The background flicker levels are on the order of 0.25 without the 
arc furnace operating. 
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Figure 4.  Flicker levels from 7/23 to 7/28. 
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Figure 5.  Expanded view of flicker levels around 7/20-7/21/01 to illustrate relationship between 
flicker levels and melt cycles. 
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Figure 6.  Example plot illustrating a single 10 minute sample used to calculate Pst value.  The 
plots give the cumulative probability distribution of instantaneous flicker values during the 10 
minute period.  These are used to calculate the 10 minute Pst value given in the table.  Note that 
instantaneous flicker values are as high as 5. 
 
The following figure series illustrates several outputs of the flicker meter during a time when a 
dramatic change in measured flicker level occurred that also coincided with customer 
complaints.  This event coincided with a line and transformer outage that significantly weakened 
the short circuit capacity of the system. 
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Figure 7.  RMS Voltage Profile 

 
 
 

 

 
 

Figure 8.  Pst Trend and Descriptive Statistics 
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Figure 9.  Plt Trend and Descriptive Statistics 

 
 

 

 
 

Figure 10.   Trend of Total Harmonic Distortion and Descriptive Statistics 
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Flicker Meter Measurement Inconsistency 
As the IEC flicker meter standard has gained widespread adoption, it has been reported that 
inconsistent results are sometimes being observed between flicker meters of different 
manufacturers connected to the same voltage signals.  This, of course, is a disturbing situation, 
so a variety of individuals and organizations began performing tests to better quantify the 
problem. 
 
EPRI-PEAC conducted one of the first formal tests where they subjected a variety of flicker 
meters to various disturbing signals simultaneously and observed the results.  Figure 11 
illustrates the results of one such test.  This test clearly shows that some meters have very large 
errors depending upon the disturbing voltage characteristics – in this case a voltage with 
harmonics and interharmonics is present. 
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Figure 11. Short term flicker output of the flicker meter (Pst) versus frequency.  Each frequency 
point in the figure is actually a harmonic / interharmonic pair where the interharmonic 
frequency is plus or minus 10 Hertz from the harmonic.  The expected result is 1.0 for all test 
points in the ideal case, but in practice lower values above 1 kHz are expected due to limited 
bandwidth of the instrument. 
 
Figure 12 and Table 1 illustrate significant differences observed between multiple instruments 
connected in a steel plant with arc and ladle furnaces.  The differences are quite substantial 
between some instruments – on the order of 2:1. 
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Figure 12.  Comparison of Short Term 
Flicker at Steel Plant 

 
 

 
 
 
 

Phase L1 Phase L2 Phase L3 
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CP95 CP99 CP95 CP99 CP95 CP99

1 3.48 4.31 3.52 4.52 3.61 4.63 
2 7.47 9.12 7.46 9.36 7.64 9.70 
3 6.75 8.31 6.91 8.79 7.08 9.08 
4 5.70 6.91 5.58 7.50 5.83 7.42 
5 6.87 8.55 7.06 8.76 7.23 9.20 
61 15.38 16.99 15.25 17.02 15.51 17.44
7 7.37 8.46 7.42 8.79 7.62 8.86 
82 6.92 8.42 ---- ---- ---- ---- 
9 7.15 8.62 7.11 8.90 7.44 8.86 
10 7.00 8.63 7.09 9.27 7.36 9.32 

1 Instrument (6) has been measuring for 69.35% of the measurement 
time of other instruments, hence the value 699 has been taken as 100% 
of the measurement duration (for other instruments1008)   

2 Instrument (8) has been measuring Pst only in phase L1 

 
 
 
Table 1.  Short-term flicker severity value 
not exceeded during 95% (CP95) and 99% 
(CP99) of the measurement time
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Conclusions 
The North American version of the IEC flicker meter provides a tool that is very useful along 
with other measurement devices to measure, troubleshoot, analyze, and solve flicker problems.  
The IEC flicker meter has dramatically improved the consistency with which flicker 
measurements can be made.  By utilizing a common methodology and simple metrics for flicker 
levels, it is at least possible for multiple parties using equipment from multiple measurements to 
make comparable measurements.   It has been shown however, that some flicker meters on the 
market today that claim to be compliant with IEC 61000-4-15 can give different results when 
connected to the same signal. 
 
A test protocol is proposed by the Cigré/CIRED/UIE voltage quality working group that will 
identify discrepancies between the standard and a particular vendor’s implementation early in the 
development process before deployment.  The test protocol can also be used to characterize the 
performance of existing flicker meters in the field.  Until the test protocol is formally adopted 
and utilized by instrument vendors, users of flicker meters are advised to ask their vendors how 
they test their equipment, determine if they are aware of the test protocol effort, and ask them if 
they are evaluating their equipment using the procedures available in draft versions of the test 
protocol document. 
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