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ABSTRACT 

Nowadays, Renewable Energy Sources (RESs) have become more attractive and 

affordable due to recent advances in power electronic devices and control systems. Micro-Grids 

(MGs) represent a new paradigm of electrical grids with Distributed Generation (DG) units: 

they are generally composed of power converters, RESs, Energy Storage Systems (ESSs), local 

loads with measurement and control systems. Power converters with ESSs can be adopted to 

mitigate the negative effects of unbalanced grid connected MGs. However, suitable control 

strategies are required. In the hybrid ac/dc micro grid, the parallel-operated ac/dc bidirectional 

interfacing converters (IFCs) are increasingly used for large capacity renewable energy sources 

or as the interlinking converters between the ac and dc subsystems. When unbalanced grid 

faults occur, the active power transferred by the parallel-operated IFCs must be kept constant 

and oscillation-free to stabilize the dc bus voltage. Moreover, unbalanced voltage adverse 

effects on IFCs (such as output power oscillations, dc-link ripples, and output current 

enhancement) could be amplified by the number of parallel converters. Therefore, this paper 

investigates parallel operation of IFCs in hybrid ac/dc micro grids under unbalanced ac grid 

conditions and proposes a novel control strategy to enhance the active power transfer capability 

with zero active power oscillation. In the proposed control strategy, only one IFC, named as 

redundant IFC, needs to be designed and installed with higher current rating to ensure the 

constant and oscillation-free output active power of parallel IFCs. MATLAB/SIMULINK 

Simulation results verify the feasibility and effectiveness of the proposed control strategy. 

 

1.1 INTRODUCTION 

Energy plays its continuous role in all spheres of human life, since the industrial 

revolution started, the world started looking towards productivity and modernity. The main 

sources of power generation are fossil fuels and nuclear power plants. These sources maybe 

are sufficient for our generations, however for future generations there is necessity to look for 

sustainability and finding new solutions to resolve the problem of increasing energy demand 

and exhaustible fossil fuels resources. Further, generation of electric power via conventional 

means is unsustainable, it is considered the main source of greenhouse gases mainly CO2 which 

harms the environment drastically and causes global warming, ozone depletion and climate 

change. Thus one of the major priorities for the worldwide is focusing on the sustainability 

terms; Renewable Energy (RE), Energy Efficiency Improvements (EEI) and Energy Saving 

(ES), which are representing an interesting areas for researchers and engineers to overcome 

these problems by introducing solutions for keeping the environment and looking for 

sustainability. 

International Journal of Scientific Research and Review

Volume 7, Issue 11, 2018

ISSN NO: 2279-543X

Page No: 136



Clean Energy (CE) is generated by RESs like solar energy, wind energy, geothermal 

and other forms like biomass. These kinds of sources have been used in the past just for special 

purposes; for supplying rural areas with electricity, wherein supplying these areas from utility 

grids requires more infrastructures; transmission lines and transformers with more losses and 

huge investment costs. Nowadays renewable energy is commonly used in different applications 

mainly in grid connected systems. From the customer point of view, microgrids deliver both 

thermal and electricity requirements and in addition enhance nearby unwavering quality, 

diminish outflows, enhance control greatness by steady voltage and lessening voltage plunges 

and possibly bring down expenses of vitality supply. The presence of unbalanced faults in the 

ac utility grid affects the operation of grid-connected converters, especially IFCs. For IFCs 

under grid faults, active power and reactive power oscillations are important problems, which 

may result in dc-link oscillation and instability. Also, over current might occur when grid 

voltage becomes unbalanced, which restrict power transfer capability of IFCs. Beside, voltage 

and current distortion would occur if the control strategy is not properly designed. To solve 

these problems, efforts have been done to develop control schemes of IFCs in the presence of 

unbalanced grid faults. 

During the parallel operation of IFCs, the active power oscillation under unbalanced 

grid voltage could be amplified by the number of parallel converters and is one of the main 

concerns due to its impact on dc-link voltage. For this reason, the active power oscillation of 

parallel IFCs should be controlled during grid fault events. For single IFC, if the oscillation-

free and constant output power under unbalanced grid faults is desired, the three-phase currents 

of the IFC would be unbalanced and the peak current would increase to ensure the constant 

active power. In this case, the peak current may exceed the converter current rating limit. To 

avoid this problem, the reference power of converter should be reduced. As a result, in a single 

IFC, the oscillation-free output power may cause the reduction of active power transfer 

capability. For parallel IFCs, this would significantly reduce the power transfer capability 

between ac and dc buses under grid faults. One solution is to use converters with higher current 

ratings, which is not cost effective. Thus, it is desirable to propose a new control scheme to 

keep the power transfer capability constant without increasing the current rating of all IFCs. 

2. CONFIGURATION OF THE HYBRID MICROGRID 

 
Fig. 1 A hybrid AC/DC microgrid system 

The arrangement of the half breed framework is appeared in Figure 1 where different 

AC and DC sources and loads are associated with the relating AC and DC systems. The AC 

and DC joins are connected together through two transformers and two four quadrant working 

three stage converters. The AC transport of the half and half framework is fixing to the utility 
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network. Figure 2 depicts the half and half framework arrangement which comprises of AC 

and DC lattice. The AC and DC networks have their relating sources, burdens and vitality 

stockpiling components, and are interconnected by a three stage converter. The AC transport 

is associated with the utility lattice through a transformer and electrical switch. 

 
Fig 2. Representation of hybrid microgrid 

In the proposed framework, PV exhibits are associated with the DC transport through 

lift converter to mimic DC sources. A DFIG wind age framework is associated with AC 

transport to reenact AC sources. A battery with bidirectional DC/DC converter is associated 

with DC transport as vitality stockpiling. A variable DC and AC stack are associated with their 

DC and AC transports to mimic different burdens. PV modules are associated in arrangement 

and parallel. As sunlight based radiation level and surrounding temperature changes the yield 

intensity of the sun oriented board modifies. A capacitor Cpv is added to the PV terminal with 

a specific end goal to stifle high recurrence swells of the PV yield voltage. The bidirectional 

DC/DC converter is intended to keep up the steady DC transport voltage through charging or 

releasing the battery when the framework works in the independent task mode. The three 

converters (help converter, principle converter, and bidirectional converter) share a typical DC 

transport. A breeze age framework comprises of doubly sustained enlistment generator (DFIG) 

with consecutive AC/DC/AC PWM converter associated between the rotor through slip rings 

and AC transport. The AC and DC transports are coupled through a three stage transformer 

and a primary bidirectional power stream converter to trade control amongst DC and AC sides. 

The transformer ventures up the AC voltage of the primary converter to utility voltage level 

and to confine AC and DC lattices. 

 

3. SYSTEM MODELING 

The proposed control strategy introduces adjustable current reference coefficients for 

parallel IFCs in order to enhance the active power transfer capability with zero active power 

oscillation. In the proposed control strategy, only one IFC, called as redundant IFC, needs to 

have higher current rating in comparison to other IFCs. Fig. 3 (a) shows a typical hybrid ac/dc 

microgrid with parallel IFCs between ac and dc subsystem. The ac subsystem is connected to 

the utility grid through transformers at PCC. In this microgrid, energy storage system, PV 

system, wind power system, and different ac/dc loads are connected to ac or dc buses directly 

or through corresponding IFCs.  
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Fig. 3 (a) Hybrid ac/dc microgrid with parallel IFCs (b) Parallel IFCs connection to the utility 

grid 

In most cases, energy management system (EMS) is necessary to realize control of the 

whole system. Active power reference value is sent from EMS to each IFC through data bus. 

In this system, digital signal processors (DSPs) are needed for each IFC. For parallel IFCs, a 

master–slave communication structure is utilized. One IFC is configured as master converter 

and others are slave converters. Some critical control parameters could be sent from master to 

slave through data bus. A typical connection between parallel IFCs and the utility grid is 

presented in Fig. 3(b), where a grid fault is considered as a source of unbalance. 

In this paper, IFCs under unity power factor operation are considered. That is to say, 

average reactive power of IFCs is zero and only active power transfer is considered. Actually, 

in some situations, it is also desired to transfer average reactive power between ac and dc buses. 

Reactive power transfer is not involved in this paper. The grid fault is a two-phase to ground 

fault, as shown in Fig. 3(b), and it is assumed that Z s* = Z f*. If the transformer in Fig. 5.1(b) 

is a Δ − Y transformer, the voltage fault will change to type F fault at PCC after propagation. 

Positive- and negative-sequence components of fault voltage are 2/3 and 1/6 of the nominal 

value. Phase angle difference of positive- and negative-sequence components is 180°. The 

utility grid is three-phase 110 Vrms/ 50 Hz. Active power reference is 3000 W and reactive 

power reference is zero. Here, current reference of is taken as an example to verify the proposed 

control strategy in our paper. Indeed, other current reference algorithm could also be used for 

IFCs under unbalanced grid faults. For example, Castilla et al. have proposed another control 

scheme with adjustable power quality characteristics using coefficients α and β. Using this 

algorithm, we could also get the proposed control strategy to enhance active power transfer 

capability of IFCs under grid faults. 
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4. Simulation Results 

4.1 Simulation Diagram of Power Complementary Strategy on Two Parallel IFCS 

 
Fig.4 Simulation diagram of power complementary strategy on two parallel IFCs 

 
Fig. 5(a) Grid Voltages 

 
Fig. 5 (b) Currents 

 
Fig. 5 (c) Active Power 

 
Fig. 5 (d) Reactive Power 
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The active and reactive power of each IFC and parallel IFCs together with output 

currents of converter A are shown in Fig. 5.c &d. It can be seen that active power of two IFCs 

oscillates in the same amplitude but 180° out of phase. As a result, the output active power of 

parallel IFCs is constant and free of oscillations. In the cases, the average reactive power of 

two IFCs is set on zero. As shown in Fig. 5, the larger kP results in smaller reactive power 

oscillation. However, the total reactive power oscillation of parallel IFCs is constant in cases, 

which coincides with the theoretical analysis. From the current waveforms, it is clear that the 

peak current decreases as kA moves toward zero. 

4.2 Simulation Diagram of Power Complementary Strategy on Three Parallel IFCS   

 
Fig. 6 Simulation diagram of power complementary strategy on three parallel IFCs   

 

 
Fig. 7 (a) Grid Voltages 

 
Fig. 7 (b) Active Power 

 
Fig. 7 (c) Reactive Power 
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Simulations on the parallel operation of three IFCs are given in Fig. 7. However, total 

active power is oscillation-free in the cases. In cases, the amplitude of parallel IFCs reactive 

power oscillation is constant although it is different for each converter. 

 

4.3 Simulation Diagram of the Two-Level Regulation Scheme Tests on Two IFCS 

 
Fig. 8. Simulation results of the two-level regulation scheme tests on two IFCs 

 
Fig. 9 (a) Voltages 

 
Fig. 9 (b) First Level Current 

 
Fig. 9(c) Second Level Current 

 
Fig. 9 (d) Real Power First Level 
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Fig. 9 (e) Second level real power 

 

 
Fig. 9 (f) first level reactive power 

 
Fig. 9 (g) Second level reactive power 

In order to verify the proposed two-level regulation for the active power transfer 

capability enhancement of parallel IFCs, simulation tests have been conducted. The first-level 

regulation is tested by setting the current limit of converter A as Ilim = 22A, and converter B 

operates as a redundant converter. Initially, kA and kB are set at−1. The control system is 

activated at t = 2s. Fig. 9 shows simulated waveforms. Before regulation, the peak current of 

converter A is 26 A and it decreases to 22 A after a short interval, which is also verified. After 

regulation, active power of two IFCs begins to oscillate in the same amplitude. Reactive power 

oscillation of converter A becomes larger than converter B. However, total active power of 

IFCs is oscillation-free and amplitude of total reactive power oscillation is constant. It can be 

found that kA is changed from −1 to −0.44 and kB is changed from −1 to −1.52 after the 

regulation. Besides, the system reaches steady state in one cycle after the regulation. The 

second-level current control scheme is tested by setting the current limit of converter A at Ilim 

= 18Aand the control system is activated at t = 2s. The peak current of converter A is limited 

to 18 A afterward. It is noticeable that output active power remains 6 kW in the interval from 

2 to 2.02 s. Actually, first level regulation is initially activated at t = 2s to decrease the peak 

current of converter A. However, the peak current could only drops to 19 A with active power 

reference of 3 kW, which is verified. Second-level regulation is activated at about t = 2.02 s to 

decrease the peak current further. After regulation, the total active power of parallel IFCs drops 

from 6 to 5.6 kW, and the reference active power is reduced to 2.8 kW for each IFC. Besides, 

amplitude of the total reactive power oscillation becomes a little smaller after regulation. It is 
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because oscillation of reactive power is proportional to active power reference [8]. It can be 

found that kA is changed from −1 to 0 and kB is changed from −1 to −1.88 after the regulation. 

Fig. 9 also gives current waveforms of converter A. Output currents of converter A becomes 

symmetrical in three phases because kA is 0 in steady state. The response time of the system is 

about two grid-frequency cycles due to that both first- and second-level regulations are 

activated successively. 

4.4 Simulation Diagram of The Two-Level Regulation Scheme Tests on Three IFCS  

 
Fig. 10 Simulation results of the two-level regulation scheme tests on three IFCs 

 
Fig. 11 (a) voltages 

 
Fig. 11 (b) First Level_ Real Power  

 

 
Fig. 11 (c) Second Level _Real Power  
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Fig. 11 (d) Reactive Power First Level 

 
Fig. 11 (e) Reactive Power Second Level 

 

Simulation results of the two-level regulation scheme tests on three IFCs are shown in 

Fig. 11. Converters A and B work as common converters, while converter C works as the 

redundant one. Ilim is 22 and 18 A for first- and second-level regulation, respectively. In first 

regulation test, control scheme is activated at t = 2s and active power of all IFCs begins to 

oscillate. Active power of converters A and B oscillate in the same amplitude, which is half of 

converter C. Amplitude of total reactive power oscillation, is constant after regulation. The 

second-level regulation is tested on three IFCs. Similar to test on two IFCs, first-level 

regulation is initially activated and second-level regulation is activated afterward at t = 2s. After 

regulation, the peak currents are limited to Ilim. Although only type F fault caused by two-phase 

to ground fault is taken as an example to verify the proposed control strategy; this strategy is 

also feasible under any types of grid fault, including unbalanced and even balanced situations. 

For future work, the DC bus analysis and DC-DC converter control, represents an interesting 

future work for MFPC, because such unbalanced currents on the AC side inevitably leads to 

DC link voltage ripple or differential mode ripple in the DC bus, which needs more analysis 

and solutions to be discussed. Here we are used to control the system by proportional resonant 

controller to reduced the powers(P,Q).  

4.5 Simulation Diagram of Power Complementary Strategy on Two Parallel IFCS  

 
Fig. 12 Simulation diagram of power complementary strategy on two parallel IFCs  
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Fig. 13 (a) Grid Voltages  

 
Fig. 13 (b) Currents  

 
Fig. 13 Active Power  

 
Fig. 13 (d) Reactive Power  

The active and reactive power of each IFC and parallel IFCs together with output 

currents of converter A are shown in Fig. 13. It can be seen that active power of two IFCs 

oscillates in the same amplitude but 180° out of phase. As a result, the output active power of 

parallel IFCs is constant and free of oscillations. In the cases, the average reactive power of 

two IFCs is set on zero. As shown in Fig. 13, the larger kP results in smaller reactive power 

oscillation. However, the total reactive power oscillation of parallel IFCs is constant in cases, 

which coincides with the theoretical analysis. From the current waveforms, it is clear that the 

peak current decreases as kA moves toward zero. 
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4.6 Simulation Diagram of Power Complementary Strategy on Three Parallel IFCS  

 
Fig. 14 simulation diagram of power complementary strategy on three parallel IFCs  

 
Fig. 15 (a) Grid Voltages  

 
Fig. 15 (b) Active Power 

 
Fig. 15 (c) Reactive Power 

Simulations on the parallel operation of three IFCs are given in Fig. 15. However, total 

active power is oscillation-free in the cases. In cases, the amplitude of parallel IFCs reactive 

power oscillation is constant although it is different for each converter. 
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5. CONCLUSION 

A novel control strategy for parallel operation of IFCs in hybrid ac/dc microgrid under 

unbalance grid condition is proposed in this paper. By introducing adjustable current references 

for parallel IFCs, the proposed control strategy enhances the active power transfer capability 

with zero active power oscillation. In the proposed control strategy, only one IFC serves as a 

redundant converter with higher current rating to ensure the oscillation-free output active 

power of parallel IFCs. Simulation results confirmed the effectiveness of the proposed 

mechanism and corresponding control scheme. This work focuses on unity power factor 

operation of IFCs. Future work will consider reactive power injection from IFCs, and the 

scenario of all IFCs participated in the active power oscillation cancellation in an optimized 

manner. 
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