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Abstract. This work presents a new interactive tool for the 
study of the quality of power supply signals generated by an 
inverter. The tool has interactive elements to model and 
implement PWM techniques in a power inverter, it allows to 
modify any parameter of the PWM technique during the control 
of the inverter, being this a great advantage to make a lot of tests 
in a short time. In addition, the tool allows to design offline and 
simulate the behavior of the load that will feed the inverter. For 
the realization of the tool was used the graphic programming 
language Labview, for the control an Atmega328-PU 
microcontroller and an inverter Semikron-Semitech. A total of 
1438 tests were carried out on a dhalander motor in 72 hours with 
two PWM techniques modelled with the tool, which made it 
possible to study the feed signal and the motor behaviour in the 
whole range of possible values that the parameters defining each 
PWM technique could take. The tool provides a great help to the 
experimental study of the quality of the power supply signals 
generated with an inverter for the power supply signal. 

Key words. PWM, feed-inverter, interactive tool, power 
supply signal, Labview. 
 
1. Introduction 
 
The use of power inverters is very widely-used for a 
multitude of applications [1][2], among them, feeding 
electric motors [3][4] and most notably in those which, due 
to their construction characteristics [5], were designed to 
work within a reduced speed range, as in the case of the 
asynchronous induction motor, since the use of inverters 
allows some operating characteristics of these machines to 
be modified, for example, their speed [6][7]. 
The inverter transforms a DC voltage, which can come 
from the rectification of the grid voltage, into a voltage 
signal modulated in frequency whose waveform will 
depend on the pulse-generating signals that give rise to the 
output voltage. This way of generating signals is called 
pulse width modulation (PWM) and is commonly used in 
the control of electric motors [8][9][10]. 
The main objectives of the tool developed have been 
several. The first was to facilitate the testing of PWM 

[11][12] techniques on electric motors, improving the 
ability to modify the parameters of the modulations 
generated by PWM signals during the tests, without 
having to stop the testing of the motor. The second is to 
facilitate the design and implementation of any PWM 
technique by using graphic controls and functions, as 
well as to modify the parameters of the techniques under 
study during the execution and testing of the motor by 
modifying the power signal during the test, as well as to 
simulate the electrical behaviour of the motor with the 
implemented PWM techniques and finally, the generation 
by means of the tool of a set of tests to be reproduced and 
subsequently analysed in the laboratory together with the 
inverter and the motor. 
 
2. Materials and methods 
 
A. Materials 
The power equipment is a SEMIKRON SEMITECH 
inverter model SKM 50 GB 123D, it works with 
maximum values of 400 V and 30 A, and a switching 
frequency of 20 kHz; it consists of a three-phase full-
wave rectifier bridge, model B6U developed by 
SEMIKRON and an insulated-gate bipolar transistor 
three-phase bridge, model B6CI developed by 
SEMIKRON. 
To record the electrical measurements was used FLUKE 
435-Series II, which has 4 voltage and 4 current inputs 
with a sampling rate of 256 samples per cycle per input. 
Harmonic and inter-harmonic groups from 1 to 50 based 
on the standard IEC 61000-4-7 are considered. 
The control equipment used in our study is responsible 
for controlling the inverter, loading the control vectors 
from the application, and applying the signals of the 
different techniques to be tested. This equipment consists 
of a microcontroller mounted on prototyping PCB, 
optocoupler circuit with 4n35 integrated circuits, and 
software for the generation and control of the PWM 
techniques created using Labview 2009 with the National 
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Instrument graphic programming language widely used in 
a wide range of applications thanks to its versatility 
[13][14][15] and a own API for the communication 
microcontroller-Labview [16]. 
The motor used in our experimental setup is a three-phase 
induction motor with a squirrel cage, Dahlander type, 
which can be used to select the number of poles, thus 
changing the turning speed without modifying the signal 
frequency. The materials used to realize the tests are 
shown in Fig.1. 
 

 
Fig.1. Setup for experimental tests. 

 
B. Interactive tool 
The interactive tool presented in this paper is formed by 
five main panels as shown in Fig.2. The functions of each 
panel have been grouped to facilitate the process of design, 
implementation, simulation and testing of PWM 
techniques. 
The panels 'a' and 'b' shown in Fig.2 are used to define the 
PWM technique and interactively modify the control 
parameters of the implemented technique using the graphic 
controls. In the main panels 'c', 'd' and 'e' the simulation of 
the inverter power supply signal and the simulation of the 
load behaviour is displayed, for this work an induction 
motor has been used. 
 

 
Fig.2 Main panels of the interactive tool 

 
The procedure used to carry out the experimental tests 
with the interactive tool consists of three main parts. The 
first consists of implementing the PWM technique using 
the main panels 'a' and 'b' (Fig.2). During the 
implementation phase it is possible to interactively see the 
generation of the power signal in the main panel 'd' to 

check the correct implementation. Finally, the PWM 
technique implemented in the inverter is applied, 
interactively modifying the values of the control 
parameters while the load is being fed. In this last phase, 
the power supply signal for each value of the control 
parameter taken for the PWM technique has been 
recorded using the FLUKE 435-Series II measuring 
instrument. Subsequently, the implemented PWM 
technique is studied. 
 
C. Techniques PWM 
The modulation techniques employed in this study to 
regulate the supply of the electrical machines have been 
studied in previous research; these include Slope Pulse 
Width Modulation (SLPWM) [12] uses a trapezoidal 
wave to define the modulating wave as well as a 
discontinuous sinusoidal wave to generate the carrier 
wave. The carrier frequency is controlled using parameter 
k, (kµ times that of the modulating waveform, where µ is 
another control parameter), which, in turn, allows for the 
adjusting of the frequency modulation order. These 
techniques have their own objectives. For example, the 
SLPWM technique aims to achieve good wave quality, 
albeit using lower modulation indexes. The HIPWM-
FMTC2 [11] technique is aimed at reducing noise 
originating inside an electric motor. From the both PWM 
techniques, the level of harmonic distortion is studied 
according to the value of its control parameters. 
 
D. Experimental data 
In order to obtain a representative sample of the tests, in 
addition to considering the possible values of each 
parameter for each of the PWM techniques, different 
values of the modulation index have been used (M = 5, 7, 
9, 11, 13, 15, 17, 19 and 21). The number of poles was 
also considered (p = 2, 4, 6 and 12). The possible 
combinations for each PWM technique, modulation 
index, values of its control parameters and the number of 
poles of the induction motor were used in the study. 
The values obtained for the control parameters for the 
SLPWM technique are shown in Table I. Each of these 
combinations were used for p = 2, 4, 6, and 12, resulting 
in a total of 394 tests. 
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Table I. - Values of the ‘k’ control parameters of the SLPWM 
technique 

 
M k 
5 -1.74, -1.64, -1.54, -1.44, -1.34, -1.24, -1.14, -1.04, -

0.94, -0.84, -0.74 
7 1.24, 1.34, 1.44, 1.54, 1.64, 1.74, 1.84, 1.94, 2.04, 2.14, 

2.24 
9 -2.74, -2.64, -2.54, -2.44, -2.34, -2.24, -2.14, -2.04, -

1.94, -1.84, -1.75 
11 2.25, 2.35, 2.45, 2.55, 2.65, 2.75, 2.85, 2.95, 3.05, 3.15, 

3.24 
13 -3.74, -3.64, -3.54, -3.44, -3.34, -3.24, -3.14, -3.04, -

2.94-2.84, -2.75 
15 3.25, 3.35, 3.45, 3.55, 3.65, 3.75, 3.85, 3.95, 4.05, 4.15, 

4.24 
17 -4.74, -4.64, -4.54, -4.44, -4.34, -4.24, -4.14, -4.04, -

3.94, -3.84, -3.75 
19 4.25, 4.35, 4.45, 4.55, 4.65, 4.75, 4.85, 4.95, 5.05, 5.15, 

5.24 
21 -5.74, -5.64, -5.54, -5.44, -5.34, -5.24, -5.14, -5.04, -

4.94, -4.84, -4.75 
 
In the HIPWM-FMTC2 modulation technique, the control 
parameter is the angle α, which takes values between 17° 
and 45°, in 1° increments for the tests. The number of tests 
per M value is 29 with 9 and 4 possible combinations 
based on M and number of poles, respectively; therefore, 
1044 tests were performed in total. 
With each test a set of data is obtained consisting of the 
number of poles of the electric induction motor (p), the 
modulation index of the PWM technique (M), the values 
of the control parameters of the PWM technique used and 
the electrical values measured by the network analyser 
FLUKE 435. 
 
3. Result 
With all the tests carried out, a detailed study can be made 
of the behaviour of the PWM technique according to its 
control parameters. 
Fig.3 shows how the total harmonic distortion in voltage in 
the SLPWM technique depends on the modulation index to 
a greater extent than on its control parameter k. The total 
harmonic distortion in voltage in the SLPWM technique 
depends on the modulation index to a greater extent than 
on its control parameter k. The total harmonic distortion in 
voltage in the SLPWM technique depends on the 
modulation index to a greater extent than on its control 
parameter k. 
 
The total harmonic distortion in voltage in the HIPWM-
FMTC2 technique does not only depend on the modulation 
index.Fig.4 shows how the control parameter α and the 
value of M at the total distortion level. For example, in 
order to maintain a total harmonic distortion level of 25%, 
the value of M must be increased by one for each 5̊ of the 
α angle. 
 

 
Fig.3 Total harmonic distortion of voltage in the SLPWM 

technique as a function of the control parameter k. 
 

 
Fig.4 Total harmonic distortion of voltage in the HIPWM-
FMTC2 technique as a function of the control parameter α 

 
Fig.5 shows the total harmonic current distortion level for 
SLPWM technique and 2 pole configurations, this shows 
the low dependence of the control parameter value, 
except in the zone between k = 4 and k = 11 with M < 7.  
 

 
Fig.5 Total harmonic distortion of current in the SLPWM 

technique as a function of the control parameter k and 2 poles 
 
Fig.6-8 shows that the distribution of harmonic levels for 
the remaining configurations of number of poles 4, 6 and 
12 is similar that for 2 poles. The difference between the 
four number of pole configurations is the level of 
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harmonic distortion in current, being higher for 2 poles and 
lower for 12 poles. 

 
Fig.6 Total harmonic distortion of current in the SLPWM 

technique as a function of the control parameter k and 4 poles 
 

 
Fig.7 Total harmonic distortion of current in the SLPWM 

technique as a function of the control parameter k and 6 poles 
 

 
Fig.8 Total harmonic distortion of current in the SLPWM 

technique as a function of the control parameter k and 12 poles 
 
In Fig. 9 it can be seen how the distribution of the current 
harmonics for HIPWM-FMTC2 and 2 poles. It depends on 
the control parameter α and the value of M. For all 
configurations of number of poles (Fig.9-12) the optimum 
value for the alpha control parameter α is within the range 
of 25̊ and 30̊. The values of M that most influence the 
level of harmonic distortion in current are between 5 and 

13. For values of M>13 the harmonic distortion in 
current depends exclusively on the alpha value. 

 
Fig.9 Total harmonic distortion of current in the HIPWM-

FMTC2 technique as a function of the control parameter α and 
2 poles 

 

 
Fig.10 Total harmonic distortion of current in the HIPWM-

FMTC2 technique as a function of the control parameter α and 
4 poles 

 

 
Fig.11 Total harmonic distortion of current in the HIPWM-

FMTC2 technique as a function of the control parameter α and 
6 poles 
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The distribution of the current harmonics in the HIPWM-
FMTC2 technique for the four pole number configurations 
is maintained, varying between each pole number 
configuration the magnitude of the current harmonics. 
The current harmonics vary from 20%-70% for 2 poles 
(Fig.9), 10%-45% for 4 poles (Fig.10), 5%-20% for 6 
poles (Fig.11) and 2%-10% for 12 poles (Fig.12). 
 

 
Fig.11 Total harmonic distortion of current in the HIPWM-

FMTC2 technique as a function of the control parameter α and 12 
poles 

4. Conclusion 
 
The interactive tool facilitates the study of PWM 
techniques. In this way it is possible to make an analysis of 
the behaviour of the PWM techniques according to the 
values of their control parameters and the feed signal 
generated by the inverter. 
Experimental tests are interactive and dynamic because the 
value of the control parameters of the PWM techniques 
tested can be modified interactively, obtained a wide range 
of information on the behaviour of the PWM technique. 
Also, thanks to be an interactive tool it allows to 
implement the PWM techniques by means of simple 
interactive controls. 
Due to the amount of data obtained, it is possible to 
perform an experimental analysis of the PWM technique 
studied, compare it with other PWM techniques and 
different configurations of the load that feeds the inverter, 
which for this work has been the induction motor. 
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