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A fuzzy based high-frequency ac-link photovoltaic (PV) inverter is proposed. Solar 
power is extracted by PV systems which provide the DC voltage as output but later 
we can convert this energy into suitable form with PV inverters. The inverters convert 
the DC voltage into AC form. The proposed inverter overcomes most of the problems 
associated with currently available PV inverters. This inverter is, in fact, a partial 
resonant ac-link converter in which the link is formed by a parallel inductor/capacitor 
(LC) pair having alternating current and voltage. The proposed inverter act as a partial 
resonant converter, while resonance it facilitates the zero-voltage turn-on of the 
switches. Here we are using the fuzzy controller compared to other controllers i.e. The 
fuzzy controller is the most suitable for the human decision-making mechanism, 
providing the operation of an electronic system with decisions of experts. Hence 
switching losses are very less and negligible. The LC link has low reactive ratings and 
low power dissipation, frequency of the link can be very high as a result inductor size 
and weight become less .The high frequency of operation makes the proposed inverter 
very compact. The advantage of the proposed inverter is that no bulky electrolytic 
capacitor exists at the link. Electrolytic capacitors are cited as the most unreliable 
component in PV inverters, and they are responsible for most of the inverters’ 
failures, particularly at high temperature. Therefore, substituting dc electrolytic 
capacitors with ac LC pairs will significantly increase the reliability of PV inverters. 
Using the fuzzy controller for a nonlinear system allows for a reduction of uncertain 
effects in the system control and improve the efficiency.  By using the simulation 
results we can  evaluate the performance of the proposed inverter. 

KEYWORDS—Invertors, photovoltaics (PV), Distribued system, Grid, Efficieny, 
Energising , De energising.  
-------------------------------------------------------------------------------------------------------

I. INTRODUCTION  

 The inverters convert the DC voltage into AC form. Power electronics is an 
integral part of these distributed energy (DE) systems and adds costs as well as certain 
reliability issues. The inverters are responsible for most of the photo voltaic (PV) 
systems, they are costly and complex and their current mean time to first failure is 
unacceptable. Sometimes inverter failures contribute to unreliable PV systems by this 
producer will lose his confidence in renewable technology. Distributed energy (DE) 
systems have been receiving wide acceptance during the last decade. Among the 
different types of distributed energy resources, photovoltaics (PV) and wind are more 
popular. Power electronics is an integral part of these DE systems as they convert 
generated electricity into utility-compatible forms.  
  

Abstract 
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To achieve long-term success in the PV industry, new power converters with higher 
reliability and longer lifetimes are required. They are costly and complex, and their 
current mean time to first failure is unacceptable. Inverter failures contribute to 
unreliable PV systems, which may result in loss of confidence in renewable 
technology. Therefore, to achieve long-term success in the PV industry, new power 
converters with higher reliability and longer lifetimes are required. In past designs, a 
centralized converter-based PV system was the most commonly used type of PV 
system. As shown in Fig. 1, in this system, PV modules are connected to a three phase 
voltage-source inverter. The output of each phase of the inverter is connected to an 
LC filter to limit the harmonics. arge size and low efficiency.  

 
 

Fig. 1. Centralized converter-based PV system. 
 

 To overcome all these problems and to achieve reliability in the inverter 
system, a solar based highfrequency AC-link is proposed. This inverter which 
overcomes most of the problems compare to existing inverters. Also it reduces the 
cost and size of the inverter. The proposed inverter operating at zero voltage and zero 
currents switching hence the losses are neglected commonly, the dc–dc converter 
contains a high-frequency transformer [1]. Despite offering a high boosting capability 
and galvanic isolation, this converter consists of multiple power-processing stages 
which lower the efficiency of the overall system. Moreover, bulky electrolytic 
capacitors are required for the dc link. 
  
In this paper, a high-frequency link PV power conditioning system which includes a 
high-frequency resonant inverter, a rectifier, and a line-commutated inverter, 
operating near unity power factor, has been proposed.  A number of resonant PV 
inverters have been proposed. Three other resonant PV inverters are introduced 
highfrequency resonant inverter cycloconverter, high-frequency resonant inverter–
rectifier pulse width-modulated voltage source inverter, and high-frequency resonant 
inverter–rectifier line connected inverter.  
  
In this paper a high-frequency ac-link PV inverter which overcomes most of the 
problems associated with existing inverters is proposed. The proposed inverter is a 
partial resonant converter, i.e., only a small time interval is allocated to resonance in 
each cycle. The other merit of the proposed inverter is the elimination of the dc link 
and the replacement of the bulky electrolytic capacitors employed in the multiple-
stage conversion systems with an LC pair having alternating current and voltage. The 
present authors have introduced the partial resonant PV inverter.  
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II. MODELING OF PROPOSED THEORY PROPOSED CONFIGURATION 
AND PRINCIPLES OF OPERATION 

 
The proposed PV inverter is represented as shown in Fig.3. Four unidirectional 
switches forming the PV switch bridge interface the PV modules to the link, and six 
bidirectional switches forming the ac-side switch bridge connect the same link to the 
load. Since PV cells cannot absorb electrical energy, the associated switch bridge is 
formed merely by unidirectionalswitches. 

 
Fig. 2. Proposed PV inverter. 

 
To inject reactive power during the grid fault the unidirectional switches at the PV 
side would need to be replaced by bidirectional switches if the inverter is required. 
The converter transfers power entirely through the link inductor. This inverter is, in 
essence, a dc–ac buck–boost converter in which the link is charged through the PV 
and then discharged into the output phases. The charging and discharging take place 
alternately. The frequency of charge/discharge is called the link frequency and is 
typically much higher than the output line frequency. Complimentary switches on 
each leg facilitate the charging and discharging of the link in a reverse direction, 
leading to an alternating current in the link. The alternating current of the link results 
in better utilization of the inductor and capacitor. Fig. 4 depicts the link current in a 
soft-switching ac-link buck–boost inverter. As represented in this figure, between 
each charging and discharging, there is a resonating mode during which none of the 
switches conduct and the LC link resonates to facilitate the zero-voltage turn-on of the 
switches.  
 

 
 
Fig. 3. Link current in an ac-link buck–boost inverter. 
 
The input and output current pulses, resulting from alternating charge and discharge, 
have to be precisely modulated to meet the references. The link will be charged 
through the PV modules; however, there are two output phase pairs to be charged 
through the link. In order to have better control on the 
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Output currents and minimized input and output harmonics, a link discharging mode 
is split into two modes. This concept is presented in Fig. 5 

 
 
Fig. 4. Link current in the proposed inverter. 
 
 The general control strategy is to turn on each switch such that its turn-on occurs at 
zero voltage and to turn off the switches when the input or output currents meet their 
references.  
 
The basic operating modes and relevant waveforms of this inverter are represented in 
Figs. 6 and 7, respectively. The link cycle is divided into 12 modes, with six power 
transfer modes and six resonating modes. The link is energized from the input during 
modes 1 and 7 and is de-energized to the outputs during modes 3, 5, 9, and 11. Modes 
2, 4, 6, 8, 10, and 12 are devoted to resonance. A detailed description of the modes of 
operation is as follows. 
 
Mode 1 (Energizing): Before the start of mode 1, proper switches on the PV switch 
bridge, which are supposed to conduct during mode 1, are activated (S0 and S3 in 
Figs. 6 and 7); however, they do not immediately conduct since they are reverse 
biased. Once the link voltage, which is resonating before mode 1, becomes equal to 
the PV voltage, the proper switches (S0 and S3) are forward biased, initiating mode 1. 
This results in the zero-voltage turn-on of S0 and S3. 

 
Fig .5 Circuit behavior at mode1 
The link current (iLink) during mode 1 can be calculated using the following:  
 

                                                (1) 

 
             (2) 

  
The link is charged until the PV current, averaged over a cycle time, meets its 

reference value. The switches located on the PV switch bridge are then turned off. As 
mentioned earlier, the link capacitor acts as a buffer across the switches during their 

turn-off, which results in low turn-off losses.  
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Mode 2 (Partial resonance): During mode 2, none of the switches conduct and the 
link resonates, causing the link voltage to decrease. In this mode, the circuit behaves 
as a simple LC circuit, as depicted in Fig. 8(b). The following equation describes the 

behavior of the LC circuit (ic(t),  VLink(t), and Care the capacitor current, link 
voltage, and link capacitance, respectively) 

 
               (3) 

Once the link voltage becomes negative, the controller determines which output phase 
pairs have to be charged through the link during modes 3 and 5. The sum of the output 
reference currents at any instant is zero.  
 

 
 

Fig .6 Circuit behaviors at mode2 
  
One of them is the highest in magnitude and of certain polarity while the two lower 
ones are of the opposite polarity. Although there are three phase pairs in a three-phase 
system, considering the polarity of the current in each phase, only two of these phase 
pairs can provide a path of current when connected to the link. 
 
Mode 3 (De-energizing): The output switches (S18 and S22) are turned on at zero 
voltage to allow the link to be discharged into the chosen phase pair until the current 
of phase b at the output side averaged over a cycle time meets its reference. At this 
point, S22 will be turned off, initiating another resonating mode. 

 
 

Fig .7 Circuit behavior at mode3 
 
Mode 4 (Partial resonance): The link is allowed to swing to the voltage of the other 
output phase pair chosen during mode 2. For the case shown in Figs. 6 and 7, the link 
voltage swings from Vab−o to Vac−o. 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-07, June 2017 Special Issue (02) 

 

 w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8 
 

Page 39 

 
 

 
Fig .8 Circuit behaviors at mode 4 

 
Mode 5 (De-energizing): During mode 5, the link discharges to the selected output 
phase pair until there is just sufficient energy left in the link to swing to a 
predetermined voltage(Vmax), which is slightly higher than the maximum input and 
output line-to-line voltages. At the end of mode 5, all the switches are turned off, 
allowing the link to resonate during mode 6. 
 

 
 

Fig .9 Circuit behaviors at mode5 
 
Mode 6 (Partial resonance): During mode 6, the link voltage swings toVmax, and 
then, its absolute value decreases. Proper switches, which are supposed to conduct 
during mode 7, are turned on during this mode; however, they do not conduct as they 
are reversed biased. Modes 7 to 12 are similar to modes 1 to 6, except that the link 
charges and discharges in the reverse direction. For this, the complimentary switch on 
each leg is switched when compared with the ones switched during modes 1 to 6 
 

 
 

Fig .10 Circuit behavior at mode 6 
 

III. DESIGN PROCEDURE AND ANALYSIS 
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In this part, a detailed design procedure will be presented. For the sake of simplicity, 
the resonating time, which is much shorter than the power transfer time at full power, 
will be neglected. Moreover, de-energizing the link is assumed to take place in one 
equivalent mode instead of two modes in each power cycle (each power cycle is half 
the link cycle). For this, the link is assumed to be discharged into a virtual output 
phase with the output equivalent current and voltage. Considering the fact that the 
phase carrying the maximum output current is involved in the de-energizing of the 
link during both modes 3 and 5, the output equivalent current can be calculated as 
follows: 

 
                           (4) 

Where Io, peak is the output peak phase current. It can be shown that the output 
equivalent voltage is equal to 

         (5) 

Where Vo, peak and cos(θo) are the output peak phase voltage and output power 
factor, respectively. The following equations describe the behavior of the circuit 
during the energizing (charging) and de-energizing (discharge) of the link: 

                (6) 

            (7) 

In the aforementioned equations, ILink, peak, tcharge, and tdischarge represent the 
peak of the link current, the total charging time during mode 1, and the total 
discharging time during modes 3 and 5, respectively. Equations (6) and (7) determine 
the relationship between the charging and discharging times as follows: 

 
 

         (8) 

 
 

Fig. 11. Voltage and current waveforms showing the behavior 
of the circuit during different modes of operation 

 
On the other hand, the average of the PV current, which is equal to the PV power over 
PV voltage, can be determined based on the peak of the link current as follows: 

 
         (9) 
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In the aforementioned equation, Tis the period of the link current. Using (6)–(9), the 
following can be derived: 

        (10) 

 
This expression determines the link peak current based on the nominal power (P) and 
input and output voltages. Equation (10) can be rewritten as follows: 

 
 

 
Fig. 12. Equivalent circuit during (a) energizing and (b) resonating modes 

 
IV. FUZZY LOGIC CONTROLLER 

 
In FLC, basic control action is determined by a set of linguistic rules. These 

rules are determined by the system. Since the numerical variables are converted into 
linguistic variables, mathematical modeling of the system is not required in FC.  

 
 

Fig.13.Fuzzy logic controller 
 
The FLC comprises of three parts: fuzzification, interference engine and 
defuzzification. The FC is characterized as i. seven fuzzy sets for each input and 
output. ii. Triangular membership functions for simplicity. iii. Fuzzification using 
continuous universe of discourse. iv. Implication using Mamdani’s, ‘min’ operator. v. 
Defuzzification using the height method. 

 
TABLE I: Fuzzy Rules 
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Fuzzification: Membership function values are assigned to the linguistic variables, 
using seven fuzzy subsets: NB (Negative Big), NM (Negative Medium), NS 
(Negative Small), ZE (Zero), PS (Positive Small), PM (Positive Medium), and PB 
(Positive Big). The Partition of fuzzy subsets and the shape of membership CE(k) 
E(k) function adapt the shape up to appropriate system. The value of input error and 
change in error are normalized by an input scaling factor. 
 
In this system the input scaling factor has been designed such that input values are 
between -1 and +1. The triangular shape of the membership function of this 
arrangement presumes that for any particular E(k) input there is only one dominant 
fuzzy subset. The input error for the FLC is given as 

 
E(k) =                                    (12)    

 
CE(k) = E(k) – E(k-1)                               (13)   

 
 

Fig.14 .Membership functions 
 
Inference Method: Several composition methods such as Max–Min and Max-Dot 
have been proposed in the literature. In this paper Min method is used. The output 
membership function of each rule is given by the minimum operator and maximum 
operator. Table 1 shows rule base of the FLC. 
 
Defuzzification:  As a plant usually requires a non-fuzzy value of control, a 
defuzzification stage is needed. To compute the output of the FLC, „height‟ method is 
used and the FLC output modifies the control output. Further, the output of FLC 
controls the switch in the inverter. In UPQC, the active power, reactive power, 
terminal voltage of the line and capacitor voltage are required to be maintained. In 
order to control these parameters, they are sensed and compared with the reference 
values. To achieve this, the membership functions of FC are: error, change in error 
and output 
 
The set of FC rules are derived from  

 
u=-[α E + (1-α)*C]                       (14) 

 
Where α is self-adjustable factor which can regulate the whole operation. E is the 
error of the system, C is the change in error and u is the control variable. A large 
value of error E indicates that given system is not in the balanced state. If the system 
is unbalanced, the controller should enlarge its control variables to balance the system 
as early as possible. One the other hand, small value of the error E indicates that the 
system is near to balanced state. 
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             Fig15.fuzzy logic controller in simulation 
 
The link capacitance in the prototype is 0.8 µF, which is much higher than the amount 
achieved through the design procedure. The parameters are summarized in Table I.  

 

 
 

Fig 16.Block diagram of simulation 
 
This implies that the PV and output currents determine the link peak current. The 
frequency of the link can be chosen based on the power rating of the system and the 
characteristics of the available switches. Once the link frequency is chosen, the 
following determines the inductance of the link: 

 
              (15) 

 

 
 
Fig. 17. Control block diagram of the proposed inverter.  
 
Link capacitance (C) is chosen so as to keep the resonating periods within 5% of the 
link cycle at full power. It should be noted that the resonance time is not negligible at 
low power levels. In this converter, the main sources of power dissipation are the 
conduction loss of the switches and the core and copper losses of the inductor. 
Therefore, by increasing the power level, the former decreases whereas the latter 
increases. 
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TABLE II 
  

PARAMETERS OF THEDESIGNEDINVERTER  
(SIMULATED ANDFABRICATED) 

 
 
Due to the processor limitations, the link capacitance has been chosen as 0.8µF in the 
prototype. The designed PV inverter has been simulated in PSim, and Figs. 11–21 
represent the simulation results. In Figs. 11–14 and 16, the link capacitance is 0.8µF. 
 

 
 

Fig. 18. PV current and voltage at full power and AC-side 
Current and voltage at full power. 

 
 

Fig. 20. Link voltage at full power and  Link current at full power. 
 

 
Fig. 21. Link current and voltage at full power, using 0.1-µF link capacitance. 
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Fig. 22. Link current and voltage at 15 kW. 

 

 
Fig.23. AC-side current and voltage when the irradiance drops from 850 to 650 w/m2 

 

 
Fig. 24. AC-side current and voltage when the temperature changes from 25◦Cto50◦C 

 
 

Fig. 25. AC-side current and voltage when the AC-side voltage drops to 10% of its 
nominal value (att=0.016s). 

 

 
 

Fig. 26. PV current and voltage when the AC-side voltage drops to 10% of its 
nominal value (att=0.016s). 
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V.CONCLUSION 
 

In this paper, the principle of operation of the proposed converter along with the 
detailed design procedure has been presented. A new topology of fuzzy based high 
frequency AC link inverter was successfully implemented in this work. The high-
frequency AC-link is composed of a small inductor capacitor pair in parallel. A 
reliable and compact PV inverter has been proposed. This inverter is a partial resonant 
ac-link converter in which the link is formed by an LC pair having alternating current 
and voltage is proposed in this paper. In FLC, basic control action is determined by a 
set of linguistic rules. These rules are determined by the system. Since the numerical 
variables are converted into linguistic variables, mathematical modeling of the system 
is not required in FC. The proposed converter guarantees the isolation of the input and 
output. However, if galvanic isolation is required, the link inductance can be replaced 
by a single phase high frequency transformer. By using the fuzzy controller for a 
nonlinear system allows for a reduction of uncertain effects in the system control and 
improve the efficiency The elimination of the dc link and low-frequency transformer 
makes the proposed inverter more compact and reliable compared with other types of 
PV inverters. By using the simulation results we can analyze the performance of the 
proposed converter has been evaluated. 
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