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Abstract: Controlling single pulse energy of pulse power, is one of the key factors to improve the processing 
ability of micro electrical machining, because of high frequency and small energy of single pulse, high-
frequency periodic square wave power is the ideal power for micro electrical machining. High-frequency 
periodic square wave is composed of multiple frequency signals, vulnerable to be jammed by equipment noise 
and environmental noise, making the waveform deformation seriously, weakening the micro machining 
capability. In this paper, the detailed spectral analysis of the high frequency cycle square wave was made by the 
discrete Fourier transform, with the help of MATLAB, to extract the effective frequency components, 
determining the corresponding amplitude and the frequency equation. It provides a theoretical basis to suppress 
the interference signal, so as to achieve the ideal square wave signal, to provide protection for the precision 
machining and micro machining. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

The micro electrical machining technology is an 
important development direction of modern 
manufacturing technology, including micro electron 
discharge machining (EDM) and micro electro-
chemical machining (ECM), they are effective ways 
to realize the micro machining. The most important 
thing of pulse power supply for micro electrical 
machining is how to controlled single pulse energy, 
because small energy of single pulse discharge can 
not only obtain high quality surface and good 
geometric accuracy, but also it can improve the 
ultimate processing capacity of micro electrical 
machining [1]. 

High frequency periodic square wave power is the 
ideal power for micro-EDM and micro-ECIM, the 

processing energy is controlled by adjusting pulse 
width, reaching the requirements of high precision 
and high efficiency for micro machining processing. 
High-frequency periodic square wave is composed of 
multiple frequency signals, it is vulnerable to be 
jammed by equipment noise and environmental noise 
and waveform can be deformed seriously, weakening 
the micro machining capability. In this paper, with 
the help of MATLAB, the detailed spectral analysis 
of the high-frequency periodic square wave was 
made by the discrete Fourier transform, in order to 
extract effective frequency components, determine 
the corresponding amplitude and get frequency 
equation. It provides a theoretical basis to suppress 
interference signals, so as to achieve the ideal square 
wave signal and ensure the ability of precision 
machining and micro machining [2]. 
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2. Discrete Analysis of Fourier Transform 
 

Equation of discrete Fourier transform is  
as following: 
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According to Euler equation: 
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By the formula (1) and (2), was: 
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Amplitude of angular frequency k/N is X(k) . 

In digital signal processing, a function of period 
2 m, the formula of Fourier series expansion is  
as following: 
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In formulate (4),  
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N points are sampled evenly in the interval  

(0, 2 m), the sampling interval time is ∆t (the 
sampling frequency ∆f=1/∆t), then m=N∆t/2, so the 
discrete Fourier transform of formulate (4) is: 
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In formulate (8): 
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So amplitude of angular frequency k/N 

(frequency ∆f*k/N) is  
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3. MATLAB Characteristics 
 

MATLAB is a high-level technical computing 
language and interactive environment for algorithm 
development, data visualization, data analysis, and 
numeric computation. Using the MATLAB product, 
many technical computing problems can be solved 
faster than with traditional programming languages, 
such as C, C++, and Fortran. 

MATLAB has powerful programming ability to 
solve calculation programming problem, use own 
MATLAB function, realize algorithm of discrete 
Fourier transform, and then draw two-dimensional 
graphics by the powerful capabilities of MATLAB, 
complete analysis of simulation of the spectrum, can 
solving mathematical problems vividly. 

The MATLAB environment provides a wide 
variety of techniques to display data graphically. 
Interactive tools enable user to manipulate graphs to 
achieve results that reveal the most information about 
user’s data. The process of visualizing data typically 
involves a series of operations. This section provides 
a "big picture" view of the plotting process and 
contains links to sections that have examples and 
specific details about performing each operation.  
 
 
4. Frequency Spectrum Analysis of High 

Frequency Cycle Square Wave Signal 
 

A periodic square wave signal is one of important 
period signals, because it is an odd function, the 
amplitude of cosine signal is zero. So it is actually 
composed of different frequency and amplitude of  
the periodic sine signals, using the discrete  
Fourier transform can separate sine signals from the 
original signal. 

For example, a periodic square wave signal  
(Fig. 1) with amplitude 3, its formula is as following: 
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Using formula (8), by programming in MATLAB, 

the discrete Fourier transform is implemented with 
adopting 200 sampling points between [0 us, 4 us] 
averagely, the Fourier coefficients a(k) and b(k) are 



Sensors & Transducers, Vol. 175, Issue 7, July 2014, pp. 64-67 

 66

solved, the amplitude spectrum is obtained, as shown 
in Fig. 2. 
 
 

 
 

Fig. 1. Waveform of square wave signal. 
 
 

 
 

Fig. 2. Amplitude spectrum of periodic square wave signal. 
 
 

As it can be seen from Fig. 2, after the discrete 
Fourier transform of square wave signal, the 
coefficient is almost distributed over the entire 
frequency axis evenly. The value result of ak and bk is 
as following:  

a0=-0.0600, a1=0.1200, a2=-0.0599, a3=0.1197, 
a4=-0.0595, a5=0.1193,  … 

b0=0, b1=3.8175, b2=0.0038, b3=1.2667, 
b4=0.0075, b5=0.7530, … 

The value ak is almost zero and can be negligible. 
The maximum amplitude value is b1, it is almost 
three times than b3, with the frequency increasing, its 
amplitude decays in continuously. 

So it is to say the periodic square wave signal is 
actually consisted of sine signals with various 
frequencies, as formula (14) shows, f is the base 
frequency and its value is 0.25 MHz. 
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From the amplitude spectrum of periodic square 
wave signal, this conclusion can be drawn: periodic 
square wave signal is actually composed of sine 
signals superposition of multi-frequency, more 
frequency components are adopted (k value is 
bigger), then the figure is more and more closed to 
the original square wave signal. 

Obtained by discrete Fourier transform of 
different frequencies of sinusoidal signal 
superposition can be obtained after the square wave 

signal, modifying the harmonic frequency adjustment 
in MATLAB, the parameter k is set to 2, 6, 20 and 
40, comparing the results obtained. 

When the parameter k is set as 2, there is only one 
sine signal, its wave is much more different with that 
of square signal, as shown in Fig. 3. When the 
parameter k is set to 6, in the original basis of a sine 
signal, another two sine signals are added, so the 
superimposed waveforms is closer like to the square 
wave signal, as shown in Fig. 4. 
 
 

 
 

Fig. 3. Waveform. 

 
 

 
 

Fig. 4. Waveform. 
 
 

When the parameter k is set to 20, the square 
wave is decomposed into ten sinusoidal vibrations, 
the superimposed waveforms is close like to square 
wave signal much better, as shown in Fig. 5. When 
the k parameter is set to 40, the number of harmonic 
vibrations has been increased to 20, the superimposed 
waveforms is almost similar to square wave signal, as 
shown in Fig. 6. 
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Fig. 5. Waveform. 
 
 

 
 

Fig. 6. Waveform. 
 
 

5. Output of High Frequency Square 
Wave Pulse Signal 

 

The actual output graphic is shown in Fig. 7, the 
period is 4 us and the pulse width is 2 us, its 
frequency is 0.25 MHz. Affected by high frequency 
noise from the external disturbance and the limit of 
the oscilloscope performance, jagged waveform is 
shown. In the experiment, if the frequency is lower, it 
can show the rectangular wave better. 
 
 

6. Conclusion 
 

Controlling single pulse energy of pulse power is 
one of key factors to improve the processing ability 
of micro electrical machining, for high frequency 

small energy of single pulse and high-frequency 
periodic square wave power are the ideal power used 
for micro electrical machining. High-frequency 
periodic square wave is composed of multiple 
frequency signals, vulnerable to be jammed by 
equipment noise and environmental noise, making 
waveform deformation seriously, weakening micro 
machining capability. In this paper, the detailed 
spectral analysis of the high frequency cycle square 
wave was made by discrete Fourier transform with 
the help of MATLAB, the effective components of 
different frequencies were extracted, the 
corresponding amplitudes were determined and the 
frequency equations were given. It provides a 
theoretical basis to suppress interference signals, so 
as to achieve the ideal square wave signal, to  
provide protection for the precision machining and  
micro machining. 
 
 

 
 

Fig. 7. Waveform of square wave signal. 
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