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OVERVIEW

Flicker is caused by rapid changes in voltage. The measurement of flicker is expressed as Pst 
value. Pst value calculations are based on both the magnitude and the frequency of occurrence of 
the voltage change. Typically, Distribution Network Operators are expected to maintain a 10 
minute Pst value of less than 1. 

This report deals with the LVR-30’s response to fast voltage changes due to large motor starts, line 
faults, load loss etc, and its effect on flicker as measured by the Pst values. Low Voltage Regulator
vendors often make claims about improving or even curing flicker, but comprehensive data is 
seldom presented to quantitatively support their claims. This is becoming more critical because 
smart meter data is moving the point of judgement from the MV to the LV side. The MicroPlanet 
regulator technology was recently acquired and is being reintroduced to the market with major 
improvements in its response time, which dramatically improve its response to flicker.

This paper presents the data to allow DNOs to answer two key questions –
1. In an average real-life situation, how will adding a LVR affect flicker (Pst)?
2. What is the response to flicker which has a higher than average frequency component?

CONCLUSIONS

The regulator actively adjusts its output voltage 10 times every ½ cycle. This means most 
corrections are completed in less than ½ cycle. The largest line disturbances are generally 
corrected by the regulator in 1 cycle. Proof of this can be seen in the motor start data on page 4. 

The testing showed the regulator reduced real life LV network flicker by an average of 66% which is 
broken down further in the table below.

Input Pst Range  (10 Min Pst) Output Pst Reduction (10 Min Pst)
0.04 – 0.25 29%
0.25 - 0.5 69%          i.e. 0.5 In = 0.15 Out
0.5 - 1 67%          i.e. 1 In = 0.33 Out
1 - 2 66%          i.e. 2 In = 0.68 Out
2 - 3 62%          i.e. 3 In = 1.14 Out

Additional test results are presented here to quantify the frequency response of the regulator at 
various frequencies from 0.25 Hz up to 24 hertz, which is the upper limit of the Pst calculation. In 
all cases the maximum Pst reduction occurs at 8 Hz, which is also the peak of the Pst sensitivity 
curve. The regulator now consistently reduces flicker all the way up to the 24 Hz limit.
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TEST SETUP NOTES

 Firmware Version 103950pV09
 LVR-30 103605B transformer with flux detection circuit
 240 volts, 60 Hz line IN
 Fluke 1760 PQ meter 
 All RMS data plots are ½ cycle (8.3 mS interval)
 Flicker values in plots are either Instantaneous (FLinst), 1 minute Pst or 10 min Pst as 

marked. Instantaneous flicker (FLinst aka. Pfs) values are the cycle by cycle values that are 
integrated to derive the 1 and 10 minute Pst values more typically associated with flicker 
measurements. 

 Input Voltage control - California Instruments 5001 ix precision AC supply

TEST PLAN

Testing was divided into 3 parts –

1. Thanks in part to a large cabinet shop which is on the same transformer as our test lab, 
real-life 10 minute Pst values were recorded with the regulator running on the LV network. 
At night, typical 10 minute Pst values were between 0.04 and 0.25. When the cabinet shop 
was in operation, Pst values typically ranged between 0.25 and 1.4. In order to increase the 
Pst values up to 3.0 we also started 5 & 10 HP motors at random intervals using a random 
number generator program to control the motor contactors. The results of this testing over 
several days was sorted and plotted on page 3.

2. Using a precision AC power supply, a 60 Hz sinusoidal waveform was amplitude modulated 
with a peak to peak delta of 10 volts. The amplitude was modulated over time such that the 
resultant RMS voltages formed three patterns, a square wave, sawtooth, and triangle
waveform. In order to evaluate the frequency response of the regulator, each of these three 
patterns were supplied to the regulator input at nine different frequencies for 5 minutes per 
frequency. One minute Pst values were plotted for each of the three sets of 9 tests shown in 
the table below. The results are presented on pages 5 – 7.

Square 0.25 Hz 0.5 Hz 1 Hz 4 Hz 8 Hz 12 Hz 16 Hz 20 Hz 24 Hz
Sawtooth 0.25 Hz 0.5 Hz 1 Hz 4 Hz 8 Hz 12 Hz 16 Hz 20 Hz 24 Hz
Triangle 0.25 Hz 0.5 Hz 1 Hz 4 Hz 8 Hz 12 Hz 16 Hz 20 Hz 24 Hz

3. To provide a real-life flicker test that had a higher frequency component than the motor 
starting test; a carbon pile/salt water load was setup which was fed from a high impedance 
source (i.e. a small transformer). The results are presented on page 8.
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TEST PLAN #1 RESULTS

The scatter plot below shows the real-life results of four days of Pst testing. The voltage 
disturbances in this data set were mostly from motor starting on the LV network.

The Input Pst values were sorted in descending order for the scatter plot below. The regulator 
Output Pst values are plotted directly below their corresponding Input Pst values so that the 
regulators consistency can be visually evaluated.

Processing the same data set in a different way, the average reductions in Pst is broken down in 
the table below.

Input Pst Range  (10 Min Pst) Output Pst Reduction  (10 Min Pst)
0.04 – 0.25 29%
0.25 - 0.5 69%          i.e. 0.5 In = 0.15 Out
0.5 - 1 67%          i.e. 1 In = 0.33 Out
1 - 2 66%          i.e. 2 In = 0.68 Out
2 - 3 62%          i.e. 3 In = 1.14 Out
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TYPICAL MOTOR START WITH INERTIAL LOAD 

The Chart below shows the voltage over time for a typical motor start. Line IN (Blue) sagged 11.7V 
in ½ cycle, however the regulator output (Red) only dropped 8.9V (76% of 11.17) in the same ½ 
cycle. This illustrates the sub-cycle regulation is functioning. The regulator adjusts its output once 
every 0.83 milliseconds (20 times per cycle on a 60 Hz system and 24 times per cycle for 50Hz).
NOTE – this testing was done on a 60 Hz system so the ½ cycle time intervals are 8.3ms

The instantaneous flicker value (FLinst) for the motor start above is plotted below. The blue trace is 
the input FLinst and the regulator output is the red trace, which clearly shows a large reduction in 
flicker.
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TEST PLAN #2 - SQUARE WAVE RESULTS

The input voltage was modulated in a square wave pattern at various frequencies. A sample plot of 
the 4 Hertz input (Blue trace) and the output (Red) is shown in the plot below. The RMS values are 
½ cycle (8.3 mS).

The input and output Pst values for each of the 9 square wave test frequencies are plotted below.
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TEST PLAN #2 - SAWTOOTH RESULTS

The input voltage was modulated in a sawtooth wave pattern at various frequencies. A sample plot 
of the 4 Hertz input (Blue trace) and the output (Red) is shown in the plot below. The RMS values
are ½ cycle (8.3 mS).

The input and output Pst values for each of the 9 square wave test frequencies are plotted below.
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TEST PLAN #2 – TRIANGLE WAVE RESULTS

The input voltage was modulated in a triangle wave pattern at various frequencies. A sample plot 
of the 4 Hertz input (Blue trace) and the output (Red) is shown in the plot below. The RMS values 
are ½ cycle (8.3 mS).

The input and output Pst values for each of the 9 square wave test frequencies are plotted below.
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TEST PLAN #3 – CARBON PILE LOAD RESULTS

A 15 sec sample plot of the Carbon Pile Pst test data is shown below. The Blue trace is the Input 
voltage. Red trace is the regulator Output voltage (1/2 cycle RMS values).

The Pst values from the carbon pile test are plotted below. 
The Input Pst of 1.18 was reduced by 63.5% to 0.43

       


