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Abstract— Although various definitions of power quality can 

be stated, it can be generically understood as voltage, current or 

frequency deviations that result in an equipment malfunction. 

The power quality concepts can be of complicated understanding 

because they involve nonsinusoidal currents and voltages, 

diverging from the traditional power theory, allowing diverse 

interpretations and confusing many professionals of the area. In 

this work, a virtual instrument (VI) for the study of the power 

factor with nonsinusoidal current in an interactive and real time 

platform was developed using LabVIEW software from National 

Instruments. For the simulation, a phase-controlled single-phase 

AC voltage controller was chosen, resulting in widely 

nonsinusoidal load current with non-zero shooting angle.  The VI 

front panel presents the option of controlling the load current 

peak amplitude, as well as the shooting angle. There is also the 

option of selecting the compensation of the reactive power or 

current harmonic components. In addition to the nonsinusoidal 

powers – apparent, active, reactive and distortion – and the 

power factor and current harmonic distortion, according to IEEE 

Std 1459 (2010), the VI shows the voltage and current waveforms 

in the circuit, as well as their root mean square values and 

harmonic components. 

 

Index Terms— Computerized instrumentation, Distortion 

measurement, Electrical engineering education, Power quality, 

Reactive Power. 

I.  INTRODUCTION 

The semiconductor revolution, which was originated from 

the development of new manufacturing technologies and the 

resulting cost reduction, has changed the human routine in the 

last decades. Today, daily tasks are facilitated by the use of 

technology, bringing comfort to the user. Such use, however, 

raises the concern about the quality of electric power. In motor 

drives, computers, smart TVs, lighting, among other 

applications, the electronic topology of the power supply 

increases the current harmonic distortion, which can injure the 

voltage at the point of common coupling (PCC). 

Therefore, discussions on power quality have intensified, 

justifying the development of measurement methodologies 

capable of assessing such effects, as well as the creation of 

specific legislation to regulate the maximum values of 
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acceptable distortion. In this context, the definitions of the 

appropriate expressions for nonsinusoidal powers and power 

factor are primordial to evaluate the effects of harmonic 

components, since when voltage and/or current presents 

harmonic composition in addition with the fundamental 

frequency, the traditional power definitions are no longer 

valid.  

However, the power system quantities under nonsinusoidal 

conditions are of complex understanding, not only because 

they involve the harmonic terms, but also because they are 

confused with the definitions for purely sinusoidal systems. 

Consequently, there is a need to create different teaching 

methodologies and learning tool to simplify the understanding 

of such concepts.  

The present work consists in the proposal of one of these 

learning tools. A virtual instrument (VI) was created through 

the NI LabVIEW platform to allow the observation of voltage 

and current waveforms existing in a phase-controlled single-

phase AC voltage controller, widely used in industry for 

temperature and light control. It consists in a bidirectional 

switch that allows the control of power flux between the AC 

source and the load. The power flow is controlled varying the 

conduction angle in both positive and negative semi cycles 

and, when the switch-shooting angle is not zero, the Fourier 

analysis of the load current shows that it is widely 

nonsinusoidal. Besides the waveforms, the VI also calculates 

and presents the nonsinusoidal powers and the power factor, as 

well as the harmonic distortion, permitting to observe how 

they vary with the shooting angle, with the reactive power 

compensation and with the filtering of the current third 

harmonic.  

II.  THEORETICAL FOUNDATIONS 

A brief introduction to power quality shows the importance 

of the development of the nonsinusoidal power theory, 

described later, with the definitions of the nonsinusoidal 

powers. The main characteristics of the AC voltage controller 

are also presented. Finally, the concepts of power factor 

correction and filtering of unwanted harmonic components are 

discussed. 

A.  Power Quality 

The quality of electric power is a topic that has taken the 

attention of engineers since the late 1980s. Among the reasons 

for increasing attention to power quality is the new generation 
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of equipment, with control based on microprocessors and 

electronic devices, more susceptible to variations in the 

electric system than the old equipment. The increase of the 

network connection in the most diverse industrial processes 

also points the research for the quality of energy. This is 

because there is a concern that, with the integration of different 

processes, a failure of a component can have much wider 

consequences [1]. 

In this context, different definitions of power quality can be 

stated. However, the power quality problem is defined 

generally in reference [1] as any voltage, current or frequency 

deviation that results in a failure or malfunction of an 

equipment. 

In Brazil, the National Electric Energy Agency has a 

module dedicated to the Quality of Electric Energy in the 

Procedures for Distribution of Electric Energy in the National 

Electric System. It establishes procedures for the quality of 

electric energy, both for the product quality and for the service 

quality, to be observed by consumers, distributors, power-

generating plants, among others. For electrical planning, the 

total harmonic distortion presents the indicators to be used as 

reference values as a function of the nominal voltage [2]. 

B.  Electric Power Quantities under Nonsinusoidal Conditions 

The study of nonsinusoidal systems is a subject that allows 

diverse interpretations. As will be discussed in the following 

subsections, the definitions of powers involve some 

peculiarities and, therefore, several approaches have appeared. 

In this paper, the IEEE definitions for nonsinusoidal 

conditions were chosen since they are the practical standards 

to be followed by manufacturers worldwide. 

IEEE [3] defines, for the steady state, that periodical 

instantaneous nonsinusoidal currents and voltages have two 

distinct components: the fundamental or power components, 1i  

and 1v , and the remaining harmonic terms, Hi  and Hv . The 

voltage and current can then be represented by (1) and (2).  

      1 Hv t v t v t    (1) 

      1 Hi t i t i t    (2) 

Considering the root mean square (rms) value of the 

fundamental component, 1rmsV , and the rms value of each 

harmonic component h , represented by hrmsV , with their 

respective phases 1  and h , the voltage fundamental 

component  1v t and the harmonic terms  Hv t  can be written 

as (3) and (4). 

    1 1 12 senrmsv t V t     (3) 

    0

1

2 senH hrms h

h

v t V V h t 


     (4) 

In (4), 0V  refers to the voltage mean value or the 

continuous component. 

The same decomposition can be made for the current, as (5) 

and (6), where 1rmsI  and hrmsI  are the rms values of the 

fundamental and the harmonic component h , respectively. 

    1 1 12 senrmsi t I t     (5) 

    0

1

2 senH hrms h

h

i t I I h t 


     (6) 

where 1  and h  are the phases of the current fundamental 

component and of the harmonic component h , and 0I  is the 

current continuous component. 

The voltage rms value squared is given by (7), according to 

the definition [4].  

  
22 1

( )

kT

rmsV v t dt
kT







    (7) 

Equation (7) can be rewritten using the decomposition of 

voltage in a fundamental component and the remaining 

harmonic terms, as in (1): 

    
2 22

1

1 1
( ) ( )

kT kT

rms HV v t dt v t dt
kT kT

 

 

 

     (8) 

The rms values of  1v t  and  Hv t , represented by 1rmsV  

and HrmsV , can then be used to write (9). 

 2 2 2

1rms rms HrmsV V V    (9) 

In the previous equation, the voltage harmonic terms rms 

value squared can be obtained from the rms definition applied 

to (4), resulting in (10). 

 2 2 2

0

1

Hrms hrms

h

V V V


    (10) 

Analogous procedure can be carried out for the current 

 i t , since its rms value squared, 2

rmsI , is a functions of the 

rms values of   1i t  and  Hi t , represented by 1rmsI  and HrmsI , 

respectively: 

  
22 2 2

1

1
i( )

kT

rms rms HrmsI t dt I I
kT







     (11) 

Similarly, the current harmonic terms rms value squared is 

derived from the definition of the root mean square applied to 

(6), obtaining (12). 

 
2 2 2

0

1

Hrms hrms

h

I I I


    (12) 

    1)  Total Harmonic Distortion 

The total deviation of a nonsinusoidal waveform relative to 

its fundamental component can be estimated from the total 

harmonic distortion (THD) [3]. For the voltage, the total 

harmonic distortion is given by (13), as a function of the rms 

values of its harmonic terms and its fundamental component. 

 
1

Hrms

V

rms

V
THD

V
   (13) 
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From (9), it is possible to write the rms value of the 

harmonic terms in function of the rms values of the voltage 

and of its fundamental component, so that (13) results in:  

 

2

1

1rms

V

rms

V
THD

V

 
  

 
  (14) 

In the same way, the current total harmonic distortion is 

expressed by (15). 

 

2

1 1

1Hrms rms

I

rms rms

I I
THD

I I

 
   

 
  (15) 

    2)  Active Power 

Also called average power or real power, the active power 

represents the useful power drained by the load, that is, the 

power that converts electric energy into another form of 

energy. The active power of motors is that effectively 

transformed into mechanical energy; in lamps, it is 

transformed into light energy; in furnaces, it represents the 

thermal energy. 

The active power is generated only by the portion of current 

that is in phase with the voltage. It is the rate at which energy 

is dissipated or consumed by the load and is measured in watts 

(W). For the calculation of the active power P , it is possible 

to start from the average value of the instantaneous product of 

the voltage  v t  and current  i t , according to (16), this 

expression being valid for sinusoidal and non-sinusoidal cases 

[1]. 

    
0

1
T

P v t i t dt
T

    (16) 

When both voltage and current are sinusoidal, the active 

power sP  involves just the source fundamental frequency and 

(16) can be resolved starting from the definitions of mean and 

rms values [4], resulting in (17), where   is the phase angle 

between the voltage and current [1]. 

 coss rms rmsP V I    (17) 

For the nonsinusoidal case, the calculation of the active 

power nsP  must account the contributions of all the harmonic 

components, adding the useful power of each one [1], as seen 

in (18), where h  is the phase between the component h  of 

voltage and current. 

 
1

cosns hrms hrms h

h

P V I 




   (18) 

According to IEEE [3], the active power can be written as 

the sum of the fundamental active power, 1P , and the 

harmonic active power, HP : 

 1ns HP P P    (19) 

The fundamental active power can be obtained from the 

mean value of the instantaneous product of the fundamental 

components of voltage and current,  1v t  and  1i t . 

Therefore, 1P  can be defined in function of the rms values of 

those quantities and the angle between them: 

    1 1 1 1 1 1

1
cos

kT

rms rmsP v t i t dt V I
kT








    (20) 

Starting, again, from the mean value definition, the 

harmonic active power is defined by: 

 0 0

1

cosH hrms hrms h

h

P V I V I 


    (21) 

    3)  Reactive Power 

Reactive power does not produce useful work, being 

necessary for the creation of the electric and magnetic fields of 

the circuit components, that is, it is associated with reactive 

elements such as inductors and capacitors [1]. 

For sinusoidal voltages and currents, the reactive power sQ  

is defined by (22), corresponding to the portion of power in 

quadrature with the active power.  

 sins rms rmsQ V I    (22) 

However, when there is presence of harmonic components, 

the definition of reactive power involves some discussions. In 

the presence of distortion, the concept of reactive power 

flowing into the system is no longer the same. In this case, the 

remaining component of the apparent power after the removal 

of the active power is not conserved, not adding to zero in a 

node. The reactive components, however, add in quadrature, 

which led to some definitions of Q  being used in reference to 

the reactive components that are conserved and that a new 

quantity, D , being used for the other components. Thus, the 

nonsinusoidal reactive power nsQ  consists in the sum of the 

reactive power at each frequency, according to (23) [1]. 

 
1

sinns hrms hrms h

h

Q V I 




   (23) 

IEEE proposes the definition of the fundamental reactive 

power, 1Q , as (24), under nonsinusoidal conditions [3]. 

    1 1 1 1 1 1sen

kT

rms rmsQ i t v t dt dt V I
kT










  
     (24) 

    4)  Apparent Power 

Since it is the total power to be provided by the supply 

system, the apparent power is used to design the transformers 

and circuit power conductors. It involves the fundamental 

frequency of the source and all the harmonic frequencies 

generated by the load. 

The apparent power S  is measured in volt-ampere (VA) 

and defined as the product of voltage and current rms values, 

for sinusoidal or nonsinusoidal conditions, according to (25) 

[1]. 

 rms rmsS V I   (25) 

In sinusoidal systems, with linear loads, both voltage and 

current present only the fundamental component, so their rms 

values can be expressed from the peak values:  
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2

peak

rms

V
V    (26) 

 
2

peak

rms

I
I    (27) 

Under nonsinusoidal conditions, the rms values must be 

calculated from the square root of the sum of each component 

rms value squared, according to (9) and (11). 

The apparent power analysis can also be made from the 

fundamental and harmonic components, being the first used in 

the definition of the flow rate of the electromagnetic energy 

associated with the fundamental voltage and current.   

Using the definitions of the voltage and current rms values 

as a function of their fundamental and harmonic components, 

corresponding to (9) and (11), the apparent power, expressed 

by (25), can be rewritten [3]: 

     22 2 2 2 2

1 1rms rms rms Hrms rms HrmsS V I V V I I      (28) 

The products reveal the fundamental and nonfundamental 

components of the apparent power,  1S  and NS : 

       
2 2 2 22

1 1 1 1rms rms rms Hrms Hrms rms Hrms Hrms
S V I V I V I V I      (29) 

 2 2 2

1 NS S S    (30) 

Then, the fundamental apparent power is given by:  

 1 1 1rms rmsS V I   (31) 

The fundamental apparent power can be written from the 

active and reactive fundamental components, as follows:  

 2 2 2

1 1 1S P Q    (32) 

The nonfundamental apparent power presents three distinct 

terms, as seen in (29), which can be named as shown by (33). 

 2 2 2 2

N I V HS D D S     (33) 

The term ID  represents the current distortion power and 

involves the fundamental voltage and the harmonic current. It 

can be given in function of the fundamental apparent power 

and of the current total harmonic distortion, as (34). 

  1 1I rms Hrms ID V I S THD    (34) 

In the same way, the voltage distortion power, VD , 

involves the harmonic voltage and the fundamental current: 

  1 1V Hrms rms VD V I S THD    (35) 

At last, the harmonic apparent power, HS , is defined as a 

function of the harmonic terms of both voltage and current, so 

it involves the voltage and current total harmonic distortion: 

   1H Hrms Hrms V IS V I S THD THD    (36) 

    5)  Distortion Power 

The distortion power is measured in volt-amp and it is not a 

power properly, as already mentioned. It represents the cross 

products of all voltages and currents at different frequencies, 

which do not deliver mean power [1]. 

According to the previous section, current and voltage 

distortion powers are given respectively by equations (34) and 

(35). The harmonic distortion power can be written as a 

function of the harmonic apparent power and the harmonic 

active power, since, in quadrature, the harmonic apparent 

power corresponds to the sum of the harmonic active power 

with the harmonic distortion power [3]. 

 
2 2

H H HD S P    (37) 

    6)  Power Factor 

The definition of power factor under nonsinusoidal 

conditions is the same used for sinusoidal cases, as seen in 

(38). The calculations of the active power and the apparent 

power must be performed according to the previous sections 

[3]. 

 
P

FP
S

   (38) 

C.  Phase-Controlled Singe-phase AC Voltage Controller 

To control the power flow between an AC source and a 

load, the rms voltage across the load can be varied. AC voltage 

controllers are widely used for industrial heating, lighting 

control and speed control of polyphase induction machines. 

For power transfer, on-off controllers and phase controllers 

may be used. The first type connects the load to the voltage 

source for a few cycles, and then switches it off. In phase 

control, the load is connected to the source during a portion of 

each supply voltage cycle [5]. 

Also called a bi-directional single-phase controller, the 

phase-controlled single-phase AC voltage controller is 

characterized by placing the load in direct contact with the 

source, without intermediate energy treatment. For small 

power loads, a triac is usually employed, being replaced by 

two antiparallel thyristors at higher powers [6]. 

The power flow is controlled by varying the firing angle of 

the semiconductors, both in the positive and negative half 

cycles, allowing the symmetry between them [5]. 

For the case of purely sinusoidal input voltage  sv t , this 

can be represented by: 

    2 sens Sv t V t   (39) 

When a semiconductor conducts, the source voltage is fully 

delivered to the load. Considering the conduction symmetry in 

the semi cycles, the rms voltage across the load can be 

obtained from the definition [4], according to (40) [5], [6]: 

  
2

0

1
T

Rrms RV v t dt
T

      (40) 

Considering that the semiconductor is gated at   in the 

positive half cycle, corresponding to the instant t , from the 

half-wave symmetry, (40) can be rewritten as (41).  

    
2

2 2

2

1
T T

Rrms s s

t t T

V v t dt v t dt
T

  

     
           

        
    (41) 
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Solving the previous equation:  

  
sen 2

2

S

Rrms

V
V


 


     (42) 

Therefore, varying the firing angle  , the load rms voltage 

can vary from zero to the source rms voltage, SV . 

The same analysis can be made to determine the load rms 

current. Equation (43) is valid for purely resistive loads, 

resulting in (44). 

  
 R

R

v t
i t

R
   (43) 

  
sen 2

2

S

Rrms

V
I

R


 


     (44) 

The control strategy generally used to fire the 

semiconductor devices of this circuit is the vertical control. 

This consists of comparing a sawtooth waveform with a 

control voltage. The sawtooth must be constant in values and 

shape and synchronized with the voltage source in the positive 

and negative half cycles. The firing angle  , in radians, is 

defined by the value of the control voltage CV  and by the peak 

value of the sawtooth  MV   [6]: 

 C

M

V

V
    (45) 

For this circuit, it is also interesting to know the load 

current harmonics, especially because they are introduced in 

the power system, and the high frequency components can 

produce electromagnetic interference [6]. According to the 

Appendix, the current harmonic components can be obtained 

by substituting  f x  by  Ri t  in (53), (54) and (55). The 

obtained expressions can be solved, resulting in null mean 

value for the load current. The coefficients of the odd-order 

harmonics are given by (46) and (47), with the even-order 

coefficients being null [6]. 

 

   

 

   

 

0

cos 1 cos 1

12

cos 1 cos 1

1

k

k k

kV
a

R k k

k

 

  

         
 

 
  

         
  

  (46) 

 
 

 

 

 
0

sen 1 sen 12

1 1
k

k kV
b

R k k

 



         
  

   

  (47) 

The harmonic currents, thus, are high at non-zero firing 

angles, 0  , which is the main disadvantage of phase 

controllers. Thus, even with a resistive load, the circuit power 

factor can be very low, as a consequence of the harmonic 

components presence and the delay of the fundamental 

component. 

D.  Power Factor Correction and Reactive Power 

Compensation 

In many practical cases, such as the phase-controlled single-

phase AC voltage controller, the nature of the load or of the 

circuit eventually generates a lag power factor. In these 

situations, the power factor correction technique is applied in 

order to raise this value, bringing it closer to the unit. 

Analyzing (38), it is seen that the power factor is directly 

proportional to the active power. However, increasing this 

magnitude is not economically viable for the power factor 

correction, since it would increase the expense with electric 

energy. Thus, to increase the power factor, the feasible 

alternative is to vary the relation between P  and S . This can 

be done through the reactive power Q . Considering only the 

fundamental component of the powers, according to (32), it is 

easy to observe that the reduction of Q causes the apparent 

power also to be reduced, bringing it closer to the value of the 

active power and, therefore, raising the power factor. For this, 

a capacitor can be connected in parallel with the load, since it 

operates as a source of reactive power and does not absorb real 

power [7]. 

To full compensation, the reactive power must be canceled. 

From the capacitive reactance, cX , shown in (48), the rms 

current through the capacitor, CrmsI , can be obtained, 

according to (49). 

 
1 1

2
cX

C fC 
    (48) 

 2S

Crms S

c

V
I fCV

X
    (49) 

where C  is the capacitance and f  is the frequency of the 

voltage source, which rms value is represented by SV . 

From (22), the reactive power associated with the 

capacitance can be written (50). 

 senC S CrmsQ V I    (50) 

Equation (49) can be used to obtain the current through the 

capacitor, which phase with the voltage is 90  , resulting in 

reactive power as (51). 

 22C SQ fCV    (51) 

Isolating the capacitance in the previous equation, it is 

possible to calculate the required value to compensate the 

circuit reactive power, rising the power factor.  

E.  Harmonic Filtering 

For controlling the harmonic components circulating in a 

circuit, there are three options. The first is to reduce the 

harmonic currents produced by the load. The second is to add 

filters to drain the currents out of the circuit, to block their 

input into the circuit, or to provide current harmonics locally. 

The third option is based on the modification of the frequency 

response of the system through filters, inductors or capacitors 

[1]. 
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Tuned filters are the classic solution for reducing current 

harmonics in electrical systems. LC resonant circuits are tuned 

near the frequencies to be eliminated. In the source frequency, 

the shunt filters have a capacitive reactance that ends up 

contributing to the power factor compensation, what makes it 

the most widely used type. Shunt filter acts as a short circuit 

for current harmonics to the grounding system, keeping them 

out of the power source. Shunt filters have the disadvantage 

that their efficiency is dependent on the impedances of the 

source and the load, so, in cases where one of these is zero, no 

filtering occurs. In these situations, series filters can be used, 

with a parallel resonant LC circuit, to block the passage of 

unwanted frequencies. However, it is not widely used due to 

the difficult to insulate it and because of the much distorted 

load voltage. [1]. 

III.  METHODOLOGY 

The development of the virtual instrument was performed 

using LabVIEW software from National Instruments, available 

at Sorocaba Institute of Science and Technology. Based on the 

G graphical programming language, LabVIEW is an integrated 

development environment designed for engineers and 

scientists. Using a data flow model, it allows the development 

of codes that accelerate productivity in the activities of these 

professionals. It can be used to code engineering systems, to 

reduce test times and to obtain information based on collected 

data [8]. 

The instrument allows the visualization of the voltage and 

current involved in the AC voltage controller, with two 

controllers for the load current: the first changes the peak 

value and the second, the firing angle. The signals responsible 

for controlling the firing angle are shown on an oscilloscope, 

as well as the instantaneous waveforms of the source voltage 

and current. The rms value and phase angle of the source 

current fundamental component and of the load current third 

harmonic are shown in digital indicators. 

A selector switch allows turning on or off the reactive 

power and the load current third harmonic compensations. For 

the first, the control is done by adjusting the capacitor that is 

inserted in parallel with the load. The current corresponding to 

this capacitance, with phase angle of 90°, is added to the load 

current and its rms value is shown on an analog meter. The 

compensation of the third harmonic component is made by 

changing the peak value and also the phase angle of the current 

of a shunt filter. 

The rms values of currents and voltages are shown on 

analog indicators and their digital correspondent. The same 

methodology is used for the presentation of the active, 

reactive, distortion and apparent powers, with the respective 

digital indicators. The power factor is also shown, indicating 

its characteristic - inductive, capacitive or resistive - through 

three LEDS of different colors. The VI also presents analog 

indicators for the total harmonic distortion and for the current 

distortion. In addition, voltage and current harmonic 

compositions are shown on another oscilloscope. 

The voltage source is considered pure sinusoidal and with a 

constant effective value of 220 V and frequency of 60 Hz. The 

load current is presented in phase with the voltage, 

characterizing a resistive load. 

IV.  RESULTS AND DISCUSSION 

The developed front panel is depicted in Fig. 1, 

representing the critical situation for the firing angle, equal to 

90°. As pointed by the Fourier series of the load current, 

developed in section II.C, for non-zero switching angles, the 

current load presents widely nonsinusoidal characteristic. Such 

characteristic can be verified in the harmonic composition 

shown in the VI oscilloscope.  So, even though the resistive 

load, the power factor is not unitary, presenting lag 

characteristic. The nonsinusoidal current aspect also reflects in 

the harmonic current, as well as in the distortion power and in 

the total harmonic distortion.  

In order to compare the results presented in the VI, the 

expressions derived in the previous sections can be used. The 

results for the rms current and the apparent power are shown in 

Table I for the firing angle of 90°. The current was calculated 

based in (44), where SV R  is the rms value corresponding to 

the peak value selected in the front panel.  The apparent power 

was obtained from (25), considering the source voltage rms 

value constant at 220 V. It can be observed the agreement 

between the calculated values and those obtained in the VI, 

validating the code developed.  

In this critical conduction case, it is interesting to observe 

the effect of the reactive power compensation. From (2.53), it 

is possible to calculate the capacitance necessary to cancel the 

reactive power, 1.35 µF. The results for this situation are 

shown in Fig. 2. The voltage harmonic composition and the 

controller signals are not presented since they are identical to 

those of Fig. 1. 

 
Table I 

RMS CURRENT AND APPARENT POWER FOR 90° FIRING ANGLE. 

  (°) 90 

RrmsI  (A) 0,25 

S  (VA) 55 
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Fig. 1. Results without reactive power compensation and without filtering – 90° firing angle. 

 

It can be observed that the reactive power is almost null, 

although the power factor has risen only 12%. Besides that, the 

total harmonic distortion is higher than the previous case, 

while the apparent power is lower. This last fact is associated 

with the reduction of the rms value of the source current, 

which now consists in the phasor addition of the load current 

and the capacitor current.  Equation (49) allows the calculation 

of the rms capacitor current, resulting in 0.1119 A. The phasor 

sum of this value with the load current of Table I results in 

0.2235 A for the rms source current, the same value shown in 

the VI front panel.   

The rise in the total harmonic distortion and the little 

increase in the power factor are related with the reduction of 

the current fundamental component, associated to the fact that 

the harmonic components remain unchanged. Thereby, the 

third harmonic influence is even more pronounced in the 

circuit. To correct this effect, a shunt filter can be used, adding 

a current in 180 Hz with amplitude and phase determined by 

the user.  Varying these values, with the reactive power 

compensation identical to the previous case, the best result can 

be seen in Fig. 3. 

It can be noted that the current harmonic composition is 

cleaner, with the third harmonic almost null and the 

consequent reduction of the total harmonic distortion. Besides, 

the power factor has risen 16% in relation to the condition with 

the reactive power compensation. However, the harmonic 

distortion quantities are not zero due to the odd harmonic 

components above the third.  

 



THE 12th LATIN-AMERICAN CONGRESS ON ELECTRICITY GENERATION AND TRANSMISSION - CLAGTEE 2017 8 

 
Fig. 2. Results with reactive power compensation and without filtering – 90° firing angle. 

 

 
Fig. 3. Results with reactive power compensation and with filtering – 90° firing angle. 

 

V.  CONCLUSIONS 

With attentions focused on the power quality and the 

harmonic distortion of the electrical network, in order to 

comply with the norms that regulate the maximum permitted 

levels, the measurement of distortion indices becomes an 

important issue. For the development of instruments capable of 

performing such calculations, it is first necessary to define the 

quantities appropriately, what can be done through power 

theory for nonsinusoidal electrical circuits. This involves the 

definition of four powers - apparent, active, reactive and 

distortion - based on the harmonic composition of current and 

voltage and, therefore, differs from classical theory to 

sinusoidal circuits. Exactly such divergence can result in 

confusion, complicating the understanding of both students 

and professionals. 

Although the nonsinusoidal quantities may have different 

interpretations, the standards defined by the IEEE in the Std 

1459-2010 are the world reference for measuring instruments 

manufacturers and, therefore, was used as basis for the 

developed project.  

Through the development of a virtual instrument, it was 

possible to illustrate the operation of a phase-controlled single-

phase AC voltage controller and its nonsinusoidal behavior. 

The controller was implemented in the VI with the option to 

change the conduction angle of current as well as its 

amplitude, besides allowing the compensation of the reactive 

power and the load current third harmonic component. This VI 

demonstrates its great utility in allowing the visualization of 

the nonsinusoidal powers and the total harmonic distortion. 

Thus, by varying the power flow from the source to the load, 

through the phase angle, it is possible to visualize the power 



THE 12th LATIN-AMERICAN CONGRESS ON ELECTRICITY GENERATION AND TRANSMISSION - CLAGTEE 2017 9 

changes, carrying to low and inductive power factor even for 

resistive load. The operation of the reactive power 

compensation for power factor correction is also clear: 

although the reactive power is canceled by inserting a 

capacitance in parallel with the load, the power factor is not 

brought to unity because of the presence of other harmonic 

components of current, which end up increasing the current 

total harmonic distortion. The connection of the third 

harmonic filter, which has its amplitude and phase defined in 

the front panel by the user, allowes the correction of the power 

factor more effectively by considerably improving the 

harmonic composition of the load current. In addition, the 

presentation of the instantaneous voltage and current 

waveforms as well as the voltage controller signals make it 

easier to understand the effects of the changes performed by 

the user on the front panel. 

In this way, the project allowed the development of a tool 

that can considerably facilitate the understanding of the 

nonsinusoidal powers, with the advantage of being able to be 

used independently of a data acquisition system. 

VI.  APPENDIX 

Created by Joseph Fourier, the Fourier Theorem is widely 

used to analyze periodical functions. It establishes that a 

periodical function  f x  can be written in function of a 

constant term plus an infinite series of sines and cosines with 

frequencies multiple of the fundamental frequency, called 

harmonic components [5], [9]. 

  0
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( ) cos sen
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n k k
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f x a a kx b kx


     (52) 

The coefficients ka  and kb  can be chosen to obtain the best 

approximation in the interval  0,2 . For this, the 

trigonometric properties can be used and the integration can be 

performed in the interval cited, obtaining, for 1,...,k n  [9]: 
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The only necessary condition to calculate the coefficients is 

that the integral exists. Considering n , the infinite series 

resulting corresponds to the Fourier series for the function  

 f x .   

VII.  REFERENCES 

[1] R. C. Dugan, M. F. McGranaghan, S. Santoso, and H. W. Beaty, 

Electrical Power Systems Quality, 2nd ed. New York: Mcgraw Hill, 

2003.  

[2] Procedimentos de Distribuição de Energia Elétrica no Sistema Elétrico 

Nacional – PRODIST, Módulo 8 – Qualidade da Energia Elétrica, 

Agência Nacional de Energia Elétrica – ANEEL, Jan. 2017.  

[3] IEEE Standard Definitions for the Measurement of Electric Power 

Quantities Under Sinusoidal, Nonsinusoidal, Balanced, or Unbalanced 

Conditions, IEE Standard 1459-2010, Mar. 2010. 

[4] J. Stewart, Cálculo, vol. 1. São Paulo: Cengage Learning, 2011. 

[5] M. H. Rashid, Eletrônica de Potência: Circuitos, Dispositivos e 

Aplicações. São Paulo: Makron Books, 1999. 

[6] I. Barbi, Eletrônica de Potência, 6th ed. Florianópolis: Ed. do Autor, 

2005. 

[7] J. D. Irwin, and R. M. Nelms, Análise Básica de Circuitos para 

Engenharia, 9th ed. Rio de Janeiro: LTC, 2010. 

[8] National Instruments, Ambiente gráfico de desenvolvimento de sistemas 

LabVIEW [Online]. Avaiable: http://www.ni.com/labview/pt/. 

[9] G. B. Thomas, Cálculo, vol. 2, 11th ed. São Paulo: Pearson, 2009. 

VIII.  BIOGRAPHIES 

 

Yara Quilles Marinho holds a degree in Control 

and Automation Engineering Universidade Estadual 

Paulista Júlio de Mesquita Filho (2017). In this 

institution, she was a FAPESP Scientific Initiation 

Fellow in the Laboratory of Technological Plasmas 

(LaPTec) and in the Automation and Integrated 

Systems Group (GASI). She has experience in 

Physics, with emphasis on Plasma Physics, working 

mainly with plasma ablation. She also has experience 

in Fluid Mechanics, with emphasis on Newtonian 

anisotropic turbulence models.  

 
Paulo José Amaral Serni holds a degree in 

Electrical Engineering from the Faculty of 

Engineering and Technology (1987), a Master's 

degree in Electrical Engineering from the State 

University of Campinas (1992) and a PhD in 

Electrical Engineering from the State University of 

Campinas (1999). He is currently a professor at 

Universidade Estadual Paulista Júlio de Mesquita 

Filho UNESP / Sorocaba. He has experience in 

Electrical Engineering, with emphasis on Power 

Electronics, Electric Machines and Electrical Energy Quality, mainly in the 

following subjects: instrumentation and measurement systems, dynamic 

systems, three-phase induction motor, electric machines drive, electric 

traction and harmonics in electrical systems. 

 

 

http://www.ni.com/labview/pt/

