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ABSTRACT: This project presents a single-

phase to three-phase power conversion system 

with parallel rectifier and series inverter to cope 

with single-phase to three-phase asymmetry. 

Such converter guarantees both reduction in the 

input current processed by rectifier circuit (due 

to the parallel connection) and reduction of the 

output voltage processed by each  inverter (due 

to the series connection). It is worth mentioning 

that, in spite of proposing a topology with 

features not yet observed in the technical 

literature, this paper presents a comprehensive 

model of the proposed converter, modulation 

strategy, and a general comparison with the 

conventional configuration. In extension we 

proposed FUZZY controller and Simulated 

results are also presented.   
 

Key words: Rectifier, inverter, power 
conversion,  pulse width modulation 
 
I.INTRODUCTION 

 

In the power distribution systems, the 

single-phase grid has been considered as an 

alternative for rural or remote areas, due to 

its lower cost feature, especially when 

compared with the three-phase solution. In 

huge countries like Brazil, the single-phase 

grid is quite common due to the large area to 

be covered. On the other hand, loads 

connected in a three-phase arrangement 

present some advantages when compared to 

single phase loads. This is especially true in 

three-phase motor systems with variable-

speed drives due to their constant torque 

characteristic. In this scenario, there is a 

need for single-phase to three-phase power 

conversion systems. The direct solutions for 

the single-phase to three-phase power 

converters are presented in Fig. 1 Fig. 1(b) 

shows a solution for single-phase to three-

phase power conversion, in which all 

variables (e.g., input power factor and dc-

link voltage) at input–output converter sides 

can be controlled, On the other hand, the 

configuration presented in Fig. 1 (a) 

represents a cheaper solution but without 

any control of the input current and dc-link 

voltage. In general terms, a single-phase to 

three-phase power conversion presents an 
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inherent asymmetry, i.e., constant power at the 

output-converter side (three-phase load) and 

pulsating power at the input-converter side 

(single-phase grid). The direct consequence of 

this asymmetry is the low frequency voltage 

oscillation observed in the dc-link capacitors, as 

well as the power switches of the rectifier and 

inverter operate with different voltage and 

current ratings. Normally, the three-phase 

motor-rated voltage is higher than that furnished 

by the single-phase grid (considering the 

Brazilian voltages available, it is possible to 

identify: vim = 110 V, out = 220 V, or vim = 

220 V, out = 220 V - depending of the region), 

which means that the rectifier circuit must boost 

the grid voltage to guarantee the motor-rated 

voltage. 

 

 

 

Fig. 1. Single-phase to three-phase power conversion. Type of power  

processed by rectifier and inverter circuits.   

 

Furthermore, the current relation between input- 

and output-converter sides also implies in 

converter asymmetry, i.e., (iin > iout ). Another 

important characteristic observed in the single-

phase to three-phase power converters that also 

has been considered in this paper is the irregular 

distribution of power losses among the switches 

of the converter. It means that, for a 600 V 50A 

class of insulated gate bipolar transistor (IGBT), 

63% of the total losses measured in the single-

phase to three-phase converter is concentrated in 

the rectifier circuit, while the rest 37% is 

observed in the inverter circuit. With those 

numbers, it is possible to measure the stress by 

switch, which means that each rectifier switch is 

responsible for 15.7% of the total converter 

losses, while each inverter switch is responsible 

for only 6.1%. The loss per switch gives an 
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important parameter regarding the possibilities 

of failures in the power converters. Many 

configurations have been considered to deal with 

this asymmetry, as in in which a parallel rectifier 

circuit is considered to reduce the current 

processed by rectifier switches, as well as to 

improve the harmonic distortion, reliability, and 

efficiency at the input-converter side. With the 

same philosophy, Jacobin et al.proposes two 

single-phase to three-phase ac–dc–ac converters 

paralleled [see Fig.], meaning improvements at 

input–output converter sides. To handle with the 

low-frequency voltage fluctuation observed in 

the dc-link voltage, Inhuman and Itch in  and 

present a configuration with a specific control 

method for a single-phase to three-phase power 

converter with power decoupling function.  

 

Fig.2. Proposed single -phase to three-phase conversion system.  

Inverter (due to the series connection). It is 

worth mentioning that, in spite of proposing a 

topology with features not yet observed in the 

technical literature, this paper presents a 

comprehensive model of the proposed converter, 

modulation strategy, and a general comparison 

with the conventional configuration. 

Experimental results are used for the validation 

purpose. 

 

III. MODELLING OF PROPOSED 

SYSTEM: 

This section will present the model of the 

proposed configuration. Such a configuration is 

constituted by a single phase grid (eg ), one 

open-end three-phase motor, inductor filters 

(L1a, L1b, L3b , and L3a ), converters 1, 2, 3, 

and 4, and two dc link capacitor banks (C12 and 

C34). If the legs are substituted by pulsed 

voltage sources, the proposed converter can be 

modeled as in FIG. 
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A. Grid-Side Converter Model  

From the system  the following equations can be 

derived to converters 1 and 3 at the grid side 

: 

 

 
where i1a and i1b are the input currents of the 

converter 1, i3a and i3b are the input currents of 

the converter 3, the symbols r and l represent the 

resistance and inductance of inductors L1a, L1b, 

L3a , and L3b . The voltages v1a01 2 and v1b01 

2 are the pole voltages of the converter 1, while 

v3a03 4 and v3b03 4 are the pole voltages of the 

converter 3 and ig is the grid current. 

 

B. Machine-Side Converter Model 

From the system the following equations can be 

derived to converters 2 and 4 at the machine 

side: 

 
where v2a01 2 , v2b01 2 , and v2c01 2 are the 

pole voltages of converter 2, v4a03 4 , v4b03 4 , 

and v4c03 4 are the pole voltages of converter 4, 

and vab = va − vb, vbc = vb − vc , and vca = vc 

– va are line-to-line voltages of the machine. For 

the voltage control of the motor, the following 

relations are obtained: 
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C. Three-Phase Motor Model 

A typical three-phase machine has been used in 

this study Selecting a fixed coordinate reference 

frame, the mathematical model that describes the 

dynamic behavior of the three-phase induction 

motor is given by 

 
where vsdq = vsd + jvsq , isdq = isd+jisq , and 

φsdq = φsd + jφsq are the voltage, current, and 

flux dq vectors of the stator, respectively; vso 

and iso are the homopolar voltage and current of 

the stator, respectively (the equivalent rotor 

variables are obtained by replacing the subscript 

s by r); Te is the electromagnetic torque; ωr is 

the angular frequency of the rotor; rs and rr are 

the stator and rotor resistances; ls, lls, lr , and llr 

are the self and leakage inductance of the stator 

and rotor, respectively; lsr is the mutual 

inductance and P is the number of pole pairs of 

the machine. The dqo stator variables of the 

previous model can be determined from the abc 

variables by using the transformation given by 

 

 
Vectors wsdqo and wabc can be voltage or current or flux vectors and A−1 s = ATs 

 

IV. CONTROL STRATAGY 

 

The proposed converter has the same objectives 

as in the conventional converter, as observed in 

Fig. 1(b), i.e., 1) dc-link voltage control, 2) 

power factor correction, and 3) three-phase 

voltage generation at the output-converter side. 

Additionally, the converter control of the 

proposed system needs to control the circulating 

current. Fig. 3 presents the control block 

diagram for the proposed system. The capacitor 

dc-link voltages vC1 2 and vC3 4 are adjusted to 

their reference values v*C 1 2 and v*C 3 4 using 

controllers RC1 2 and RC3 4 (conventional PI-

type controllers), respectively. Those controllers 

provide the amplitude of reference currents i*1 a 
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and i*3a . To control power factor and harmonic 

content at the input-converter side, the 

instantaneous reference currents i*1a and i*3a 

are synchronized with the grid voltage, as given 

in . The blocks G − ig1 and G − ig3 have two 

functions, i.e., synchronization with the grid 

(through a phaselocked loop scheme) and 

generation of the sinusoidal reference currents. 

 
Fig. 3. Control block diagram. . 

V. FUZZY CONTROLLER MODEL 

Fuzzy modeling is the method of describing the 
characteristics of a system using fuzzy inference 

rules.  The method has a distinguishing feature in 
that it can express l inguistically complex non-linear 
system.  It is however, very hand to identify the rules 

and tune the membership functions of the 
reasoning.  Fuzzy Controllers are normally built with 
fuzzy rules.  These fuzzy rules are obtained either 
from domain experts or by observing the people 

who are currently doing the control. The 
membership functions for the fuzzy sets will  be 

derive from the information available from the 
domain experts and/or observed control actions.  
The building of such rules and membership functions 
require tuning.  That is, performance of the 

controller must be measured and the membership 
functions and rules adjusted based upon the 
performance.  This process will  be time consuming. 
The basic configuration of Fuzzy logic control based 

as shown in Fig. 4.1 consists of four main parts i.e. (i) 
Fuzzification, (i i) knowledge base, (i i i) Inference 
Engine and (iv) Defuzzification. 

 

 
 

Fi g.4  Struc ture of Fuzzy Logi c  c ontrol l er  
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1 Fuzzi fication: 

Fuzzification maps from the crisp input 
space to fuzzy sets in certain, input universe of 
discourse. So for a specific input value x, it is mapped 
to the degree of membership A(x). The fuzzification 

involves the following functions. Measures the value 
of input variables. 
1. Performs a scale mapping that transfers the 

range of values of input variables into 

corresponding universe of discourse. 
2. Performs the function of fuzzification that 

converts input data into suitable l inguistic 

variables, which may be viewed as labels of 
fuzzy sets. 
The input variables to fuzzifier are the crisp 

controlled variables. Selection of the control 

variables relies on the nature of the system and its 
desired output.  It is more common in the literature 
to use the output error and the derivative of output.  

Each of the fuzzy logic control (FLC) input and output 
signal is interpreted into a number of l inguistic 

variables.  The number of l inguistic variables 
specifies the quality of control which can be 
achieved using the fuzzy controller.  As the number 

of l inguistic variables increases, the computational 
time and required memory increases.  Therefore a 
compromise between the quality of control and 

computational time is needed to choose the number 
is seven.  Each linguistic variables NB, NM, NS, ZE, 
PS, PM, PB which stands for negative big, negative 
medium, negative small, zero positive small, positive 

medium, positive big respectively.  For simplicity it is 
assumed that the membership functions are 
symmetrical and each one overlaps the adjacent 
functions by 50% i.e., triangle shaped function, the 

other type of functions used are trapezoidal -shaped 
and Bell-shaped. Figure 3.2 shows the seven 
linguistic variable and the triangular membership 

function with 50% overlap and the universe of 
discourse from  – a to a.  

 

 
Fi g 5  Tr i a ngul a r  members hi p func ti ons  

 
 
2 Knowl edge Base (KB) : 

Knowledge base comprises of the 
definitions of fuzzy MFs for the input and output 

variables and the necessary control rules, which 
specify the control action by using l inguistic terms. 
 It consists of a database and linguistic 
control rule base. 

1. The database provides necessary 
definitions, which are used to define 
linguistic control rules and fuzzy data, 

manipulation in a FLC. 
2. The rule base characterizes the control 

goals and control policy of the domain 
experts by means of a set of a set of 

l inguistic control rules. 

 
3 Inference Mechanism: 

The Decision – Making Logic Which plays an 
essential role and contains a set of fuzzy if-then rules 
such as 

IF x is A and y is B then z is C 
      Where x, y and z are l inguistic variables 
representing two input variables and one control 
output: A, B and C  are l inguistic values. 

It is kernel of an FLC, it has the capability of 
simulating human decision making based on fuzzy 
control actions employing fuzzy implication and the 
rules of inference in fuzzy logic. 

In general, fuzzy systems map input fuzzy 
sets to output fuzzy sets, fuzzy rules are the relation 
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between input/output fuzzy sets. They are usually in 
the form if A.  (set of conditions are satisfied ) then 
B, (set of consequences can be inferred).  Each rule 

defines a fuzzy path in the Cartesian product A x B 
(system state space). The antecedents of each fuzzy 
rule describe a fuzzy input region in the state space. 

For a system of two-control variable with seven 
linguistic variables in each range, this leads to a 7x7 
decision table.  The knowledge required to generate 
the fuzzy rules can be derived from an off – l ine 

simulation, an expert operator and/or a design 
engineer.  Some knowledge can be used on the 
understanding of the dynamic system under control.  
A lot of effort has been devoted to the creation of 

the fuzzy rules. Normally rule definition is based on 
the operator’s experience and the engineer’s 
knowledge. However, it has been noticed in practice 

that for monotonic systems a symmetrical rule table 
is very appropriate, although some times it may 
need slight adjustment based on behavior of the 
specific system.  If the system dynamics are not 

known or if the system is highly non – l inear, trial 
and error procedure and experience play an 
important role in defining the rules. 

 
4 Defuzzi fication: 

Defuzzification converts the linguistic 

variables to determine numerical val ues. Centroid 
method of defuzzification is used in this study. 

(1) A scale mapping, which converts the 

range of values of input variables into 
corresponding universe of discourse. 

(2) Defuzzification, which yields a non-
fuzzy control action from an inferred 

fuzzy control action. 

We defuzzify the output distribution B to 
produce a single numerical output, a single value in 
the output universe of discourse Y = {y1, y2…yp}.  The 

information in the output waveform B resides largely 
in the relative values of membership degrees.  The 
simplest deuzzificatioin scheme chooses that, 

element Ymax.  That has maximal membership put in 
the output fuzzy ser B. MB (ymax) = max mB (yj); 1  j 
k 

 The maximum membership defuzzificatioin 

scheme has two fundamental problems.  First, the 
mode of the B distribution is not unique.  In practice 
B is often highly asymmetric; even if it is unimodal 
infinitely many output distributions can share the 

same mode.  The maximum membership scheme 
ignores the information in much of the waveform B. 
The natural alternative is the fuzzy centroid 

defuzzificatioin scheme.  The regions in which the 
control actions are overlapped depending upon their 
membership function.  The area thus obtained is 
divided into narrow strips of equal width of each 

vertical l ine, the membership function and the 
corresponding point on the universe of discourse is 
evaluated.  The centroid is calculated using the 

formula given below. The graphical representation 
of centriod is shown in Fig. below.  

B=   p j=1Yj mB (yj) / p j=1mB (yj)                                                                       
5.5 

Where mB(yj) = membership function of the j th strip. 
yj = Corresponding Crisp value of j th strip. p = number 
of strips. 

 

Fi g 6  A gra phi c a l  repres enta ti on of Centr i od  
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This value is actually the deterministic input required 
to regulate the process.  The entire universe of 

discourse is then divided into seven triangles, equal 
in area, each representing the region of the linguistic 
variables as in fuzzification. The fuzzy centroid is 

unique and uses all  the information in the output 
distribution B. Computing the centroid is only step in 

the defuzzification process, which requires simple 
division.

 
 

VI.SIMLULATION RESULTS 

 

A).EXISTING RESULTS 

 

 Fig  7.Circu it  Diagram 

 

 

Fig  8. Inpu t  vo ltage  
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Fig  9. Rect ifier Outpu t  

 

 

Fig  10.Total ou tpu t  with -ou t  filter 

 

 

Fig  11. To tal ou tpu t  with  filter 

 

 

 

B). EXTENSION RESULTS 
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Fig  12. MATALB/SIMULINK d iagram of p ropos ed  s ys tem 

 

Fig  13. Source con tro ller s ubs ys tem 

 

 

Fig  14. vo ltage and  curren t  o f the g rid , 
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Fig  15. inpu t  curren t  o f the converter 1 

 

Fig  16. inpu t  curren t  o f the converter 2 

 

 

Fig  17. circu lat ing  curren t  

 

 

Fig  18. dc-link vo ltage in  C12 
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Fig  19. load  curren ts  

 

 

CONCLUSION 

This project was proposed a single-phase to 

three-phase power conversion system with 

parallel rectifier and series inverter to cope with 

single-phase to three-phase asymmetry. Such 

converter guarantees both reduction in the input 

current processed by rectifier circuit and 

reduction of the output voltage processed by the 

inverter circuit. It is worth mentioning that, in 

spite of proposing a topology with features not 

yet observed on the technical literature, this 

paper presents a comprehensive model of the 

proposed converter, modulation strategy, and a 

general comparison with the conventional 

configuration. In extension we used fuzzy 

controller to controlling source side converter. 

And as well as it improve the wave shape and 

gives high accuracy compared to pid controller 

Simulated results are also presented. 
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