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INTRODUCTION

The UIE Disturbances Study Committee has established an internationally agreed specification for a flicker measuring apparatus. The equipment indicates the flicker perceived by a human observer when a modulated A.C. supply is applied to a tungsten filament lamp.

This program has been written to simulate the response of such a flickermeter without the need to measure an electrical supply and is referred to in Engineering Recommendation P28.  It uses the UK filter that is employed in the commercially available on-line digital flickermeter.

FLICKERMETER OPERATION AND DERIVATION OF Pst

Voltage fluctuations can be regarded as an envelope modulating the 50 Hz  supply voltage wave, the envelope itself varying in a manner determined by the operation of connected loads.  The envelope may be considered as a separate fluctuating voltage which produces the subjective effect of flicker on human subjects.

The flickermeter models the response of the lamp, eye and brain to voltage fluctuations by using suitable filters, so as to give the time series data representing the instantaneous flicker perceptibility (see Appendix 1).

Ten minutes of the flicker perceptibility time series are used to compute a value representing the flicker severity or Pst (see Appendix 2).  This conversion from ten minutes of time series data to Pst is such that a Pst value of unity is obtained for any repeated step disturbance defined by the limit curve given in IEC publication 555-3 (for voltage changes less than 3% in magnitude).

FLICKERMETER SIMULATOR

The Flickermeter Simulation program is designed to enable analysis of defined supply voltage profiles and determine their flicker severity.

The program is designed to run on a PC under Windows or DOS. When run under Windows the Input and Output data can be transferred into a Windows spreadsheet program and report quality graphs produced.

FEATURES

i) Voltage modulation waveform is specified as one of or as the sum of up to 20 different standard sources namely:

- Sinusoidal modulation.

- Rectangular modulation.

- Multi-point waveform. (200 points max.)

- Welder load.

- Arc furnace load.

- Pre-recorded data. (300 points per sec. data rate)

- Multi-point with data input file (unlimited data input).

ii) Flicker severity (Pst) is assessed using a formula which complies with the requirements of IEC Publication 60868.

iii) A settling period can be specified to enable repetitive waveform profiles to be correctly studied.

iv) Output data consisting of several pages can be sent to a user specified file and consists of:

a) Listing of parameters describing the voltage modulation.

b) The flicker severity (Pst).

c) The maximum instantaneous flicker perceptibility and the percentage points used to calculate Pst.

d) A list of time series data which can be used for plotting purposes representing the Input waveshape as % voltage modulation of the supply and the Output waveshape as per unit flicker perceptibility.

PROGRAM PARAMETERS

i) Settling Period

The filter initial conditions are set such that the flicker perceptibility is zero until there is an input other than zero.  For repetitive waveforms eg sinusoidal or rectangular modulation a two second filter settling period is required.

N.B.  The plotting routines and computation of flicker severity commence at the completion of the settling time.

ii) Analysis Period (one second minimum) 

The period over which the flicker severity is assessed is based on a ten minute period (see P28) but it is only necessary to specify an analysis period corresponding to one or more voltage modulation cycles eg a 0.5Hz sinusoidal disturbance would require an analysis period of two seconds or multiples of two seconds.  A 'motor start' lasting 5 seconds every 5 minutes would require a 5 minute analysis for correct Pst calculation.  However where there are no identically repeated cycles then a 10 minute analysis is required.

iii) Output file data

a) Name of output file - DOS drive and directory specification needed.

b) Period of data required in Output file. 

c) Frequency of data recording in the range 1 to 300 points per second.

Note: The Output file is limited to 16,000 Input and Output data items.

iv) Voltage modulation data

Five standard waveforms and two types of pre-recorded data can be used in the simulator: 

a) Sinusoidal Wave 

The user inputs a frequency and the peak to peak modulation amplitude as a percentage of the 50Hz amplitude.

b) Rectangular Wave

The user inputs a frequency and the step size as a percentage of the 50Hz amplitude.

c) Multi-point Modulation (Max 200 pts)

The user inputs time and voltage modulation coordinates and repetition period - make this period greater than the simulation time if repetition is not required.  The initial point of the multi-point function generated by the algorithm is 0 secs, 0 volt deviation.  Settling time is not normally required for this analysis.  Linear interpolation is used between the given points.  If more than a few points are to be simulated it is recommended that a data input file is used (see g) below).

d) Welder load

The user inputs voltage drop, start delay, dwell time and repetition period.  Thus a voltage drop of V percent occurs after a delay of T1 seconds, lasts T2 seconds, and is repeated every T3 seconds.

e) Arc Furnace Load
The load represented by an arc furnace is modelled.  If the user  specifies an arc furnace size of 1 this will produce a Pst of about 1 in the output.

f) Pre-recorded data (300 pts per sec)

This data can be specified as % voltage drop at the data input rate of 300 points per second or as point on wave data (PU of Vmax).  A minimum of 1 second of data is required (300 pts).  The file should be prepared in ASCII DOS format with a data item on each line.  The program will ask for file reference if this alternative is selected. There is no limit to the amount of data input that can be used but 10 minutes of data (180,000 pts) would normally be the maximum required.

Typical Data for % voltage drop :-

0.01

0.015

0.2

etc.

Typical data for point on wave:-

0

0.866

0.866

0

-0.866

-0.866

  etc.

The point on wave data is in per unit where 1pu is the cycle nominal Vmax.  For best results point on wave data should be sampled in synchronism with the 50 or 60 Hz supply waveform.  No input data output is provided with point on wave data 2 secs settling time will be needed unless the sampling starts on 0 degrees (as in example above).  Point on wave data files cannot be added to other simulation data sources in one simulation.

g) Multi-point analysis with data input file

(No limit to the number of points that can be analysed).  The analysis is similar to the multi-point analysis (c) above but data file input is used.  There are no facilities for repeating the data automatically so it will be necessary to provide enough points to cover the full simulation period (plus settling time if any).

There are data creation and editing facilities in the program (enter f3 at the opening screen).  Any number of points can be entered (as time, voltage pairs).  The editing routine is limited to 2000 pts.  Bigger files will require an external editor.  File format will be seen from a created file.  'Multi-point analysis with data input file' (8) is selected from the program.

USING THE PROGRAM

Run the program in either Windows or DOS .  The program responds with a welcoming message (Multi-point data file preparation can be selected at this point).

The program next asks for the waveform simulation and required further details of the selected waveform. Thus if 2 is entered for a rectangular wave, the frequency in Hz and the modulation amplitude are required.  It then asks if additional waveforms required. These will provide additional voltage modulations so that up to 20 different input disturbances from different sources can be simulated on the one supply.

Next, it will recommend analysis period & settling period which can be modified if required.  Output file details are then requested.

The output file can then be directly accessed by a spreadsheet program eg works, excel etc for report quality graphs of input and output data. In some cases the spreadsheet program may need data format information. (See spreadsheet user guide).

APPENDIX 1 - Details of the 'UK Filter'

This filter is identical to that used by the flickermeter.  The voltage modulation is defined as percentage change.  This modulation is applied to a 50Hz sinusoidal wave sampled at 300 samples per second.  The time series data is squared, demodulated and passed through a high pass filter to remove the D.C. components.  Frequencies greater than 30Hz are removed using a low pass cascaded Butterworth filter.  The time series data is then resampled to 75 samples per second before applying a 63 point, non-recursive filter that represents the response of the human eye.   Finally, the time series data is squared and a 300ms high pass filter applied representing the brain response.  The 75 points per second output time series data is then the instantaneous

flicker perceptibility.

APPENDIX 2 - Computation of the Flicker Severity,  Pst

The values of instantaneous flicker perceptibility are subdivided into 200 different levels, ranging from 0.01 to 10000.0.  Every time that the appropriate input value occurs, the counter of the corresponding class is incremented by one.  In this way the frequency distribution of the flicker perceptibility is obtained.  Adding the content of the counters of all classes and expressing the count of each class relative to the total gives the cumulative probability function (c.p.f.).

The values of Pn, which are the time series output levels that are exceeded % of the time, are evaluated using quadratic interpolation between points on the c.p.f. Pst is then derived from the following formulae:

      Pst  = SQRT (0.0314*P0.1 + 0.0525*P1 + 0.0657*P3 + 0.28*P10 + 0.08*P50) 

where:-

      p1   = (P0.7 + P1 + P1.5)/3

      P3   = (P2.2 + P3 + P4)/3

      P10  = (P6 + P8 + P10 + P13 + P17)/5

      P50  = (P30 + P50 + P80)/3
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