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Abstract— The Paper aims at review of a three-phase DC-

AC power converter for Microgrids applications. Three- 

phase DC-AC power converters suffer from power 

oscillation and overcurrent problems in case of the 

unbalanced AC source voltage that can be caused by grid 

faults/generator fault. To handle these problems we have to 

properly select and control the positive and negative-

sequence currents. In this paper, a new series of control 

strategies which utilize Fuzzy logic technique is used to 

estimate the zero-sequence components are proposed to 

enhance the power control ability under this adverse 

condition. It is seen that by introducing proper zero-

sequence current controls and corresponding circuit 

configurations, the power converter can enable more 

flexible control targets, achieving better performances in the 

delivered power and the load current when suffering from 

the unbalanced AC voltage. With an appropriate design 

control scheme by using of MATLAB the simulation result 

will be obtained. 
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I. INTRODUCTION 

The electricity requirement of the world including India is 

increasing at alarm rate and the power demand has been 

running ahead of supply The recent severe energy crisis and 

due to depletion of conventional energy sources has forced 

us to look alternate energy sources and develop new non 

conventional methods of power generation such as solar 

power, wind power generation etc. Power Electronics are 

used for both for controlling the renewable source and also 

for interfacing to the load, which can be grid connected or 

working in stand-alone mode.[11] Since the power 

electronics are getting so widely used and becoming 

essential in the energy conversion technology, the failures or 

shutting down of these backbone dc–ac converters may 

result in serious problems and cost. It is becoming a need in 

many applications that the power converters should be 

reliable to withstand some faults or disturbances in order to 

ensure certain availability of the energy supply [1]–[13]. A 

good example can be seen in the wind power application. 

The steady growth of installed wind power together with the 

up scaling of the single wind turbine power capability has 

pushed the research and development of power converters 

toward full-scale power conversion, lowered cost per kW, 

increased power density, and also the need for higher 

reliability. The high penetration of distributed generation 

power plants, based on renewable energy sources (RESs), is 

boosting the connection of power converters to the electrical 

network. This generation concept would permit to form 

local networks, microgrids, when the main grid falls due to 

any kind of contingency in the network. 

When the ac source shown becomes distorted under 

faults or disturbances, the unbalanced ac voltages have been 

proven to be one of the greatest challenges for the control of 

the dc–ac converter in order to keep them normally 

operating and connected to the ac source [3], [4], [5]. 

Special control methods which can regulate both the 

positive- and negative sequence currents have been 

introduced to handle these problems [3], [6]–[7]. However, 

the resulting performances by these control methods seem to 

be still not satisfactory: either distorted load currents or 

power oscillations will be presented, and thereby not only 

the ac source but also the power converter will be further 

stressed accompanying with the costly design 

considerations. 

This paper targets to understand and improve the 

power control limits of a typical three-phase dc–ac converter 

system under the unbalanced ac source. A new series of 

control strategies which utilizes the Fuzzy logic technique 

zero-sequence components system are then proposed to 

enhance the power control ability under this adverse 

condition. Besides the grid integration, the proposed control 

methods have the potential to be applied under other 

applications like the motor/generator connections or 

microgrids, where the unbalanced ac voltage is likely to be 

presented; therefore, the basic principle and feasibility are 

mainly focused.        

The various performance parameters of the 

converter are observed under the case study of an adverse ac 

source condition. The results of these were tabulated and 

analyzed for strategy. Finally It is noted that in the grid-

connected application, the zero-sequence current is not 

injected into the grid but trapped in the typically used d-Y 

Transformer. 

II. FUZZY LOGIC CONTROLLER 

Traditionally, accurate mathematical model-based strategies 

have been applied to deal with control problems. The Fuzzy 

Logic tool was introduced by Lotfi Zadeh (1965), and is a 

mathematical tool for dealing with uncertainty. It offers to a 

soft computing partnership the important concept of 

computing with words. It provides a technique to deal with 

imprecision. The fuzzy theory provides a mechanism for 

representing linguistic constructs such as “many,” “low,” 

“medium,” “often,” “few.” In general, the fuzzy logic 

provides an inference structure that enables appropriate 

human reasoning capabilities. Fuzzy logic systems are 

suitable for approximate reasoning. Fuzzy logic systems 

have faster and smoother response than conventional 

systems and control complexity is less.   

Fuzzy control is based on fuzzy logic-a logical 

system that is much closer in spirit to human thinking and 

natural language than traditional logical systems. During the 

past several years, fuzzy control has emerged as one of the 

most active and fruitful areas for research in the applications 

of fuzzy set theory, especially in the realm of industrial 

processes, which do not lend themselves to control by 
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conventional methods because of a lack of quantitative data 

regarding the input output relations. The fuzzy logic 

controller (FLC) based on fuzzy logic provides a means of 

converting a linguistic control strategy based on expert 

knowledge into an automatic control strategy. Fuzzy Logic 

controller has better stability, small overshoot, and fast 

response.  

Fuzzy logic control (FLC) is a rule based 

controller. It is a control algorithm based on a linguistic 

control strategy which tries to account the human’s 

knowledge about how to control a system without requiring 

a mathematical model. Fuzzy logic uses linguistic variables 

instead of numerical variables. The process of converting a 

numerical variable (real number or crisp variables) into a 

linguistic variable (fuzzy number) is called “Fuzzification”. 

Here the inputs for Fuzzy Logic  

III. CONVERTER DESIGN WITH ZERO SEQUENCE CURRENT 

CONTROL 

The converter structure is design as four-wire system, 

converters introduce the zero-sequence current path [8]–[9], 

which may enable extra current control freedoms to achieve 

better power control performances. It is noted that in the 

grid-connected application, the zero-sequence current is not 

injected into the grid but trapped in the typically used d-Y 

transformer.  

 
Fig. 1: Converter system design 

A three-phase two-level converter is connected 

with corresponding filter that is LCL filter. And filter is used 

to interconnect two dc voltage sources and a programmable 

three-phase ac voltage source. 

The converter design is connected as stated in 

above lines and simultaneously for studying the grid faults 

or generator faults condition with respective to all 

components. A case of fault is introduce for which a fault 

named type B happens with the significant voltage dip on 

phase A of the ac source, from this three phase distorted ac 

voltage is indicated, it is assumed that the Also, he 

amplitude of the phase A voltage in the programmable ac 

source is adjusted to 0.1 p.u. (22 Vrms) in order to establish 

an adverse unbalanced condition. 

Rated output active power Po 10MW 

Dc bus voltage Vdc 5.6kV DC 

Rated primary side voltage Vp  

Rated line-to-line grid voltage Vg 20 kV rms 

Rated load current Iload 1.75 kA rms 

Carrier Frequency fc 750 Hz 

Filter inductance Lf mH 

Table 1: Detail parameters of the converter for the case 

study 

IV. CONTROL STRATEGY 

Elimination of Both the Active and Reactive Power 

Oscillation 

Because of more current control freedoms, the 

power converter with the zero-sequence current path can not 

only eliminate the oscillation in the active power, but also 

cancel the oscillation in the reactive power at the same time. 

The power oscillation parameters caused by the zero-

sequence current are used to compensate the power 

oscillations parameters caused by the positive- and negative-

sequence currents. In results it can be seen that by this 

control strategy, the oscillation of both the active and 

reactive power at twice of the fundamental frequency can be 

eliminated. 

Moreover, it has been seen by this control strategy 

for the four-wire system, the amplitude of the load current in 

each phase is not further increased, and the current in the 

faulty phase is smaller than the other two normal phases this 

is a significant improvement. The current amplitude in 

different sequences, as well as the delivered active/reactive 

power with relation to the voltage amplitude on the dipping 

phase respectively. It is noted that the converter has to 

deliver positive, negative, and zero-sequence currents to 

achieve this control strategy. And the zero sequence current 

is controlled as zero when the voltage dip is at 1.0 p.u. 

Elimination of the Active Power Oscillation and the 

Negative-Sequence Current 

Another promising control strategy for the 

converter using the zero-sequence current path is to 

eliminate the active power oscillation, and meanwhile 

cancel the negative-sequence current. It can be seen that by 

this control strategy, the oscillation of the active power at 

twice of the fundamental frequency can be eliminated, and                                                   

the load current in the faulty phase is reduced to zero. 

It is noted that the converter has to deliver constant 

positive and zero-sequence currents in order to achieve this 

control strategy under different dips of the source voltage. 

The oscillation of the reactive power is maintained in a 

much smaller range compared to that in the three-wire 

system. The zero-sequence current is controlled as zero 

when the voltage dip is at 1.0 p.u 

V. SIMULATION MODEL OF THE PROPOSED CONVERTER 

DESIGN  

CASE A: Simulation of fuzzy control zero sequence current 

control converter for Elimination of Both the Active and 

Reactive Power Oscillation 
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Fig. 2: Simulation of fuzzy control zero sequence current 

control converter for CASE A. 

VI. SIMULATION MODEL RESULTS OF THE PROPOSED 

CONVERTER DESIGN FOR CASE A  

 
Fig. 3: Source voltage 

 
Fig. 4: Load current 

 
Fig. 5: Current amplitude 

 
Fig. 6: Output power 

CASE B: Simulation of fuzzy control zero 

sequence current control converter for Elimination of Both 

the Active and the Negative-Sequence Current 

 
Fig. 7: Simulation of fuzzy control zero sequence current 

control converter for CASE B. 

VII. SIMULATION MODEL RESULTS OF THE PROPOSED 

CONVERTER DESIGN FOR CASE B 

 
Fig. 8: Source voltage 

 
Fig. 9: Load current 

 
Fig. 10: Current amplitude 

 
Fig. 11: Output power 

VIII. CONCLUSION 

In a typical three-phase converter structure, to achieve 

satisfactory performances under the unbalanced AC source, 

because either significantly the oscillated power or the 

overloaded current will be present. The zero sequence 
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current can be utilized to extend the controllability of the 

converter and improve the control performance under the 

unbalanced AC source. 

By the proposed control strategies, it is possible to 

totally cancel the oscillation in both the active and the 

reactive power, or reduced the oscillation amplitude in the 

reactive power. Meanwhile, the current amplitude of the 

faulty phase is significantly relieved without further 

increasing the current amplitude in the normal phases. The 

advantage and features of the proposed controls can be  

still maintained under various conditions when delivering 

the reactive power.  
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