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ABSTRACT. This work aims to study the phenomenon of harmonic pollution. It presents an 

analysis that has been performed through a simulation model containing a rectifier (as a 

polluting load) to supply a DC motor from a three-phase voltage source. For this purpose, a 

hardware-in-the-loop simulation method is developed under Simulink/Matlab environment.  

The validation of the simulation results is carried out through an experimental realization of 

the same simulated model, for which, a Fluke 435 II instrument is used to measure the rate of 

the total harmonic distortion (THD) with an oscilloscope to visualize the curves. The filtering 

process is performed under Simulink/Matlab environment. The simulated part is connected to 

the realized part via a DSPACE DS1104 card, used to convert the incoming analog signal to 

a digital one for processing under Simulink/Matlab, and then, to convert it back to an analog 

signal again in order to visualize it within the oscilloscope. The efficiency of the passive 

filters in reducing the effects of harmonics has been well recognized as part of this study. In 

addition to the advantage of using rapid prototyping as well as the hardware-in-tghhe-loop 

simulation that contribute to the improvement of the time and cost simultaneously. The results 

of this study could be used to enhance the quality of the energy by maintaining the sinusoidal 

form of the supply voltage signal for a good transmission of the useful power to the terminal 

equipment. 

RÉSUMÉ. Ce travail vise à étudier la pollution harmonique. Il fournit une analyse effectuée à 

l'aide d'un modèle de simulation contenant un redresseur (en tant que charge de pollution) 

pour alimenter un moteur à courant continu à partir d'une source de tension triphasée. À 

cette fin, une méthode de simulation matérielle dans la boucle a été développée sous 

l’environnement Simulink/Matlab. La validation des résultats de la simulation a été réalisée 

au moyen d’une réalisation expérimentale du même modèle simulé, pour lequel un instrument 

Fluke 435 II a été utilisé pour mesurer le taux de distorsion harmonique totale (THD) avec un 

oscilloscope pour visualiser les courbes. Le processus de filtrage a été effectué dans 

l’environnement Simulink/Matlab. La partie simulée est connectée à la partie réalisée via une 

carte DSPACE DS1104, dans le but de convertir le signal analogique entrant en un signal 

numérique à traiter sous Simulink/Matlab, puis de le reconvertir en un signal analogique afin 

de le visualiser dans l’oscilloscope.L’efficacité des filtres passifs dans la réduction des effets 

des harmoniques a été bien reconnue dans le cadre de cette étude. Outre les avantages liés à 

l’utilisation du prototypage rapide et de la simulation matériel dans la boucle, cette solution 

contribue également à réduire le temps et les coûts. Les résultats de cette étude pourraient 
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être utilisés pour améliorer la qualité de l'énergie en maintenant la forme sinusoïdale du 

signal de la tension d'alimentation pour une bonne transmission de la puissance utile à 

l'équipement terminal. 

KEYWORDS: interference, pollution harmonique, simulation, prototypage rapide, DSP. 

MOTS-CLÉS: interference, pollution harmonique, simulation, prototypage rapide, DSP. 

DOI:10.3166/ EJEE.19.221-234 © 2017 Lavoisier 

1. Introduction  

The growing use of computer equipment and power electronics in the electrical 

networks contributes to the degradation of the supply voltage quality. In fact, 

receivers such as asynchronous motors and transformers participate in the distortion 

of the sinusoidal voltage waveform. Nowadays, the power electronics are almost 

present in many electrical engineering equipment that contributes essentially to the 

proliferation of electrical disturbances (Félice and Révilla, 2009; Lacroix and Marty, 

2008). The electrical network supplies the so-called deforming loads, or else called 

nonlinear receivers, which call on the electrical network deformed currents that are 

in function of the network impedance. When the amplitude of these currents is 

important, they modify the shape of the sinusoidal voltage waveform.  

Increasingly, the disturbances related to harmonic pollution are present in the 

installations and become a real problem for the users and the producers of electricity, 

and this whatever the sector of industrial or tertiary activity (Félice and Révilla, 

2009; Haouy, 2010). 

Harmonics have been addressed in many works in the field of electrical 

engineering without introducing the EMC study. This has prompted us to treat it in 

this context with a new approach where rapid prototyping and the Hardware-in-the-

Loop simulation are used. This study present a simulation method characterized by 

the association of real components connected to a simulated real-time part.  

1.1. This work is organized as follows 

After presenting, in the first part, the general notions of the harmonic pollution, 

and before getting into the simulation part as a third part, the different approaches 

used in this work are presented such as rapid prototyping and the real-time 

simulation, followed by the description of the tools used. 

The simulated model contains a rectifier (polluting load) that supply a DC motor 

through a three-phase voltage source under Simulink/Matlab. The results of this 

simulation are validated by the experimental part where the simulated assembly is 

realized using a three-phase voltage source, a rectifier and a DC motor. For the THD 

measurements, the instrument Fluke 435 II has been used with an oscilloscope to 

visualize the curves. The filtering is performed under Simulink/Matlab as a fourth 

part. 
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Finally, an interpretation of the results obtained is given, followed by a 

conclusion. 

2. Harmonic pollution 

The harmonics come mainly from the non-linear loads with the characteristic of 

absorbing a current that does not have the same waveform as the voltage feeding 

them. This current is rich of harmonic components whose spectrum will depend on 

the nature of the load. These harmonic currents flowing through the network 

impedances and create harmonic. 

 

Figure 1. Degradation of the voltage quality of the electrical network by a non-

linear load (Ferracci, 2001) 

2.1. Main harmonic generators  

The generation of harmonic currents over the power supply networks is due to 

numerous types of equipment, for which we can draw up a non-exhaustive list that 

are found in the following equipment’s: the electronic starters, the speed variators 

and frequency converters, inverters, switching power supplies, discharge lamps, 

computers, televisions, etc. 

2.2. Harmonics definition  

The deformed signals give rise to a variation of the original signal, which is then 

composed of: 

– A fundamental, 

– A certain number of sinusoids of different frequencies and amplitudes called 

superior harmonics. 

The sum of these sinusoidal signals of different frequencies and amplitudes, thus, 

constitutes the deformed signal despite being periodic. 
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The harmonic signals are multiples of the sector voltage ‘50 Hz’ fundamental 

frequency (Félice and Révilla, 2009; Parc, 1998; Mohan et al., 2007).  

2.3. Consequences of harmonic pollution   

The harmonic pollution causes instantaneous, medium and long-term effects on 

the power distribution electrical networks. For example: the effects into the neutral 

conductor where the harmonic currents of rank 3 (i.e., the fundamental x 3 or 150 

Hz) from the 3 phases will add themselves. These being in phase, they give rise to a 

circulation of an IN current in the neutral conductor. 

2.3.1. For other effects, we can group them as follows: 

– Increase of Joule and skin effects losses as well as the additional losses for the 

high frequencies; 

– Increase of the electrical energy billing; 

– Degradation of the power factor relative to the installation; 

– Premature aging of equipment connected to the electrical circuit by reducing 

their service life (e.g.: neutral cable); 

– Frequent dysfunctions; 

– Destruction of certain materials (capacitors for example) (Félice and Révilla, 

2009; Collombet et al., 2009; Ignatova, 2006). 

3. The approach used 

Before presenting the simulation part, the different steps used in this work are 

given as follows: 

3.1. Rapid prototyping 

Rapid prototyping brings together a set of tools that, arranged between them, 

make it possible to achieve objects with intermediate representation of product 

design: numerical models (in the geometric sense of the model), mock-ups, 

prototypes and pre-series. These models contribute to validate the various functions 

that the product must fulfill (sign, use, exchange and producibility functions).  

Rapid prototyping integrates three essential notions: time, cost and complexity of 

the forms. Its main objective is the manufacturing of a physical model (mock-up, 

prototype and tools) in a very short time, at a lower cost and with the minimum of 

tools and intermediate steps in the realization process (Dubois, 2000). 
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3.2. Simulation of the material in a loop 

The "Hardware-in-the-Loop" is a simulation method characterized by the 

association of real components connected in a part to a real-time simulation. Usually, 

hardware and software control systems are identical to those used for serial 

production. The process to be controlled could be composed of either simulated or 

real elements. In general, the mixture of both of them is realized. 

3.3. DSPACE card 

The real-time monitoring of continuous systems is realized using a PC connected 

to the DSPACE DS1104 card. The programming is performed through the Simulink 

modeling tool, which helps to present the problem in a graphical way using the 

interconnected blocks. In fact, many DSP-based real-time development systems are 

actually used with a Simulink interface. Therefore, Simulink blocks could be 

converted into a machine code that can be run on a DSP-based system. 

Consequently, the development and prototyping time for the system control is 

significantly reduced.  

Prototyping then goes through three stages: (Darkawi, 2015) 

- Construction of the control system using Simulink blocks.  

- Simulation of the system in order to explore the results in different scenarios. 

- Running the model in a real-time through the DS1104 card. 

3.4. DSP processor 

A DSP (Digital Signal Processor) is a special type of processors, characterized 

by the integration of a set of special functions which are intended to make it 

particularly efficient in the field of digital signal processing. 

DSPs are specifically designed to perform a large number of complex arithmetic 

calculations as quick as possible, usually, in applications such as image processing, 

speech recognition and telecommunications. DSPs are more efficient than general-

use processors whose aim to perform basic arithmetic operations, especially 

multiplication. They are founded in devices that require fast data processing. 

4. Simulation results 

4.1. Simulation of a filter less rectifier 

In order to clearly visualize the harmonic pollution in the power supply networks, 

we have taken an example of a rectifier (as a polluting load) which supplies a DC 
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motor through a three-phase voltage source. Figure 2 illustrates the simulated 

assembly. 

 

Figure 2. Simulation setup realized via Simulink  

With:  

1- Three-phase voltage source: 400 V - 50 Hz. 

2- Measurement card to measure the current. 

3- Non-linear load (rectifier). 

The simulation results obtained are shown in Figures 3 and 4 which represent 

respectively the three-phase currents and the frequency spectrum of current I. 

 

Figure 3. Representation of the three-phase currents 
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Figure 4. Frequency spectrum of current I 

From Figures 3 and 4 as well as Table 1, the harmonic pollution is noticeable, 

this is because the THD is important and equal to 30.56 %.  

Then, we will propose the use of a passive filter as a solution to eliminate the 

most dominant harmonics. 

Table 1. Measurements of individual distortion rates given by the FFT analysis 

function (integrated in simulink/matlab) 

Rang 1 3 5 7 9 11 13 15 

ζ (%) 100 0.03 22.68 11.11 0.03 9.08 6.31 0.03 

Rang 17 19 21 23 25 27 29 31 

ζ (%) 5.66 4.37 0.03 4.1 3.33 0.03 3.21 2.69 

4.2. Simulation of a rectifier with addition of a filter 

By taking into account the case of elimination of harmonic 5 only, a passive 

filter is added with a cutoff frequency equal to that of harmonic 5 (250 Hz). Figure 5 

illustrates the simulated assembly. 

Figures 6 and 7 as well as Table 2 present the simulation results. 

The filter used has the capability to eliminate the harmonic 5 and decrease the 

amplitude of harmonic 7, the THD is reduced to a value of 16.97%. 

Then, in the same way, the results illustrated in figures 8, 9 and Table 3 are 

obtained by adding successive filters according to the harmonic rank, from rank 7 up 

to 13, plus a low pass filter starting from the harmonic 15. 
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Figure 5. Simulation setup with a passive filter added to eliminate H 5 

 

Figure 6. Single-phase current representation by adding the filter 

 

Figure 7. Frequency spectrum of the current measured by adding the filter 
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Table 2. Measurements of the individual distortion rates given by the FFT analysis 

function (integrated in simulink/matlab) 

Rang 1 3 5 7 9 11 13 15 

ζ (%) 100 0.02 0.09 5.14 0.02 7.41 5.59 0.02 

Rang 17 19 21 23 25 27 29 31 

ζ (%) 5.41 4.26 0.03 4.1 3.35 0.03 3.27 2.75 

When processing the harmonics away from the fundamental frequency, a low-

pass filter is used. This, by definition is a filter that allows the low frequencies to 

pass and attenuates the high frequencies, i.e., the frequencies higher than the cutoff 

frequency. Indeed, this level cannot be close to the fundamental in order to avoid the 

decrease of the amplitude of the fundamental frequency and as consequence, 

affecting the active power of the system. 

 

Figure 8. Single-phase current after adding different filters 

 

Figure 9. Frequency spectrum of current obtained by adding different filters 
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Table 3. Measurements of individual distortion rates given by the FFT analysis 

function (integrated in simulink) 

Rang 1 3 5 7 9 11 13 15 

ζ (%) 100 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

Rang 17 19 21 23 25 27 29 31 

ζ (%) 0.58 0.66 0.00 0.81 0.67 0.01 0.61 0.49 

 5. Experimental Setup 

The validation of the results obtained previously requires the experimental 

realization of the simulated assembly, by using a three-phase voltage source, a 

rectifier and a DC motor. Regarding the THD measurements, the instrument (Fluke 

435II) and an oscilloscope have been used to visualize the different waveforms. The 

filtering process is performed through the Simulink/Matlab environment. Figure 10 

shows the experimental setup realized for this study. 

 

Figure 10. The experimental setup realized 

With:  

1- Three-phase voltage source: 400 V-50 Hz. 

2- Measurements card. 

3- Rectifier. 

4- DC motor. 

5- Oscilloscope. 

6- Fluke 435 II. 

7- DSPACE card. 
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By feeding the rectifier, the DC motor turns and the distorted current is displayed 

on the oscilloscope (Figure 11).  

 

Figure 11. Representation of the current displayed by the oscilloscope 

The fluke instrument displays the FFT of the current and the THD measurement 

(Figure 12). 

The high THD is justified by the presence of the harmonics. For each harmonic, 

the same filtering block has been used such as in the simulation part. 

 

Figure 12. Frequency spectrum displayed by the fluke 

A block is added in order to convert the incoming analog signal to a digital 

signal for processing under Simulink/Matlab. Then, a second block is inserted in 

order to convert the filtered signal to an analog signal again. Figures 13 and 14 show 

the results of the fifth harmonic filtering. 

 

Figure 13. Representation of the current after the elimination of the harmonic 5 
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Figure 14. Frequency spectrum of the current after the elimination of the harmonic 

5 

The results presented in figures 15 and 16 are obtained with the same use of 

filtering of the harmonic 7 up to 13, plus a low pass filter. The use of passive filters 

for each harmonic helps to eliminate the most dominant harmonics. This elimination 

reduces the THD value to 3.9 %: according to the IEEE standard, (IEEE Std, 1993; 

Thomas et al., 2005) this value is acceptable. The experimental results are almost 

identical to those of simulation part but they are more closer to the real. 

 

Figure 15. Representation of the filtered current 

 

Figure 16. Frequency spectrum of the current after the elimination of all harmonics 
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6. Conclusion 

The numerical simulation as well as the experimental realization parts deal with 

a solution of the harmonic pollution problem. We choose the passive filter as a 

method to reduce the harmonic pollution because of its simplicity to study and to 

simulate. Therefore, in this study, the rapid prototyping is presented, which is a 

computer-controlled manufacturing method, and then, the material simulation in the 

loop was defined by a simulation type characterized by the association of real 

components connected in part to a real-time simulation. The experimentally realized 

part (the voltage source, rectifier and the DC motor) is related to the simulated part 

(the filter) through a DSPACE card. the DSP microprocessor converts the analog 

signal coming from the oscilloscope to a digital signal for processing under 

simulink/matlab, and then re-convert it to an analog signal again for visualization 

through the oscilloscope. 
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