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Abstract

The article deals with quality analysis of power grids especially in metallurgical industry when using large
engines, arc furnace, induction heating and so on. Nowadays, these non-linear loads which are connected to
power grids cause heavy disturbances, which can cause big problems like damage or even destruction of
machines or devices connected near the point, where disturbances occur. Identification of disturbances is then
very important for elimination of these problems. The article describe progress in detecting mentioned
anomalies namely application of discrete Fourier transform which is suitable tool for measuring the anomalies.
Discrete Fourier transform can be implemented in modern type microprocessors so there is a possibility to
measure and evaluate measured results quickly and efficiently. Based on measured values the power grid in
the factory can be analyzed and the improvement can be proposed.
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1. INTRODUCTION

Metallurgical plants are solving very big problems with power grid inside it nowadays. Whole cities around of
metallurgical plants are touched by this problems. This problems in power grid brings another problems with
electrical machines, equipment and devices like shorter life time or even destroying of this ones. Correct
identification of problem is very necessary so it is very important precisely measure condition of power grid.
Elimination of problems in power grids is much easier when the correct values are measured and counted.

2, PROBLEM ANALYSIS

In ordinary power grid voltage sinusoidal shape with frequency 50Hz can be founded. There is only this
fundamental frequency in ideal condition. Disturbation of power grid is caused by nonlinear loads like switching
power supplies for example. This devices generating higher frequencies which are added on fundamental
50Hz sinusoidal voltage. This frequencies are multiple of fundamental 50Hz (e.g. 100Hz, 150Hz,...) and they
are called harmonics. Ideal sinusoidal voltage with 50Hz frequency is shown in Figure 1. Disturbed real
sinusoid which is in real power grid is shown in Figure 2. [1,2]
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Figure 1 Ideal sinusoid
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Figure 2 Measured distorted sinusoid

Higher harmonics are defined in theory of Fourier transform which says every harmonic function is the sum of
sinuses and cosines with different frequencies and amplitudes. The Fourier transform deal with count of these
harmonics and their amplitude. Result of Fourier transform is spectrum of signal. There are individual
frequencies on the horizontal axe and amplitudes of these harmonics are on the vertical axe. Fourier transform
converts signal from time domain to frequency domain.

Total harmonic distortion shortly THD gives ratio of energies from harmonics and energy from fundamental
frequency 50Hz. THD is based on decomposition periodic signal on individual harmonics by Fourier transform.
THD is mostly defined as share of individual energies as in equation (1). [3,4,5]

THD = 2%, 100 (1)
Py

where:
P, - electric power of higher frequencies (W)
P - electric power of fundamental 50Hz (W)
n - count of harmonic frequencies
Harmonic distortion of voltage and current is computed by equations (2) and (3).
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THD = * 100 (2)

1

where:
U, - voltage of harmonic (V)
Uy - voltage of fundamental 50Hz(V)

2
S3in

THD =

* 100 (3)

1

where:
I, - current of harmonic (A)
I1 - current of fundamental 50Hz(A)
Power grid quality not only by THD is defined in standart EN 50160. Distorted voltage or current causes very

big problems in power grids for several reasons. THD increase temperature of transformers and they have to
be over-dimensioned for security reasons. Ability to transfer distorted current of transformers is called K factor.
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If the transformer is not designed to transfer distorted current it burns. Conductors are overloaded by distorted
current so they have to be over-dimensioned too. If the THD is too high it can cause damage or even
destruction of electrical appliances. In case of 3 phase power grid the 3 multiples are added on neutral
conductor and high frequency current flow by this neutral conductor. This phenomenon is called triplen
harmonics and it appear because 3 multiples are in phase. The other multiples have phase shift between
themselves. If THD appear in power grid it is necessary dimension grid on harmonics components. Sum of
transferred power is vector computed by Figure 3. [6,7,8]

5 =from harmonics

Figure 3 Vector sum of powers

3. SOLUTION

For correct counting of THD there is necessary measure each harmonic frequency in power grid. Device for
this type measuring has to be very fast and very precise but they are very expensive. In this paper was
developed system for measuring harmonic frequencies based on 32 bit microprocessor from manufacturer ST
Microelectronics. This microprocessor is cheap and efficient for computations discrete Fourier transform and
its algorithm. Presence of analog peripheries like analog operational amplifiers or AD convertors in this
microprocessor secure small dimensions and increase of accuracy. The microprocessor is able compute and
compare individual harmonic components from shape of the waveform by algorithm of discrete Fourier
transform. It is possible rate the degree of distortion and quality of power grid in metallurgical factory.

After ADC measuring and conversion it is necessary calculate frequency spectrum. This calculation is
executed by discrete Fourier transform algorithm. Equation (1), (2) and (3) are implemented into
MiCroprocessor.

Xrei = Xge (i-1) T+ sample * (COS (&)) (1)

count samples

Ximi = Xim -1 T sample * (sin (k”i)) (2)

count samples
dft = \/XRe2 + le2 (3)

where:
Xge - real part dicrete Fourier transform
Xim - imaginary part dicrete Fourier transform
sample - result of AD converted sample
k - number of harmonic component
i - iteration of counting
count samples - amount of all samples from AD converting

dft - result of 1 harmonic component of discrete Fourier transform
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These equations calculate one component of frequency spectrum from one measured sample from AD
convertor. For complete spectrum it is necessary execute these equations in the loop. Count of loops depends
on maximal harmonics frequency which is required. This dft algorithm in equation above is debugged for 32bit
microprocessor for decrease counting time as much as possible by using floating point unit in used
MiCroprocessor.

Microprocessor after calculation send results to the PC or any other system by serial interface. From these
data main system can draw all frequency spectrum of measured signal or some part which is required as it is
shown on Figure 4. This frequency spectrum is very important for identification problem in power grid and it is
very strong tool for finding source of problem in power grid.
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Figure 4 Frequency spectrum of measured signal

4, CONCLUSION

In this paper was described implementation of discrete Fourier transform in the modern 32 bit microprocessor.
This algorithm of discrete Fourier transform is used for measuring of disturbances in power grid in metallurgical
plant. System compute ratio of individual harmonic components which cause disturbances in power grid from
measured waveforms. This system was developed on demand from unnamed metallurgical factory near
Katowice where first measuring was done. Thanks to computing power of used 32 bit microprocessor and
optimization of discrete Fourier transform for this type of microprocessor the measuring system is able
precisely and very quickly compute every harmonic component through all required frequency spectrum. This
is very important and necessary step to identification and then elimination source of these disturbances.
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