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Abstract 

The objective of this paper is to propose a dynamic 

power decoupling (DPD) strategy for the three-phase 

PV power system under the unbalanced grid fault 

scenario. A two-stage structure consists of an 

interleaved dc-dc converter and a threephase dc-ac 

inverter is utilized for the PV power system. Under 

normal operation, the system will track the maximum 

PV power as well as transfer the energy to the grid. 

However, if an unbalanced grid fault occurs, there will 

be a double-line frequency oscillation on the output 

power. As a result, the double-line frequency ripple 

will occur on the dc-link voltage. The simplest way to 

deal with this problem is to increase the dc link 

capacitance, but the cost and size of the circuit will be 

increased while the reliability of the system will be 

decreased. Therefore, the aim of this paper is to 

propose a DPD strategy for the three-phase PV power 

system to suppress the dc-link oscillation caused by 

the unbalanced grid fault without increasing the dc-

link capacitance. The design of appropriate and 

effective fuzzy logic controller (FLC) is presented to 

regulate those errors to keep the system response 

within the required specifications. 

INTRODUCTION 

In order to deal with the fossil fuel usage and carbon 

dioxide emission problems, renewable energy systems 

such as photovoltaic (PV) energy and wind power 

have been rapidly developed. Due to the 

characteristics of clean and sustainable, the PV power 

system has received a lot of attention. Moreover, in 

order to transfer the PV energy to the power system, 

the grid-tied PV inverter plays an important role [1]-

[9]. Different circuit topologies of the PV power 

system have been addressed in [1]-[3] while some 

literature focused on the control strategies [4]-[6]. 

Moreover, the dc-link voltage regulation is an 

essential function for the PV power system [7]-[8] and 

the low-voltage ride-through capability of the PV 

generation power system is also studied [9].  For a PV 

power system, the boost converter is usually adopted 

as the front-end maximum power point tracker 

(MPPT) because of the linear input current [10]-[13]. 

Moreover, due to the benefit of decreasing the input 

current ripple and device stress as well as increasing 

the power rating, the boost converter with the 

interleaved topology is commonly utilized [14]-[17]. 

On the other hand, in order to transfer the solar energy 

to the power system, a grid-tied dc-ac inverter is 

required. Therefore, an interleaved MPPT integrated 

with a three-phase grid-tied inverter is the most 

commonly seen circuit topology for the PV power 

system  

However, if the unbalanced grid fault occurs, because 

of the existence of the negative sequence component 

in the power system, there will be a double-line 

frequency oscillation on the output active/reactive 

power of the grid-tied PV inverter while the dc-link 

voltage of the converter might be affected. Some 

literatures focus on dealing with this issue [20]-[22]. 

A double loop feed-forward decoupling control 

method is proposed to suppress the active or reactive 

power ripple caused by the unbalanced grid fault [20]. 

However, the active and reactive power ripple cannot 

be eliminated at the same time. Referring to [21], the 

zero-sequence current is utilized to eliminate both of 

the active and reactive power ripple, while a reverse 

zero sequence current compensation strategy is 

proposed in [22] for a back-to-back active power 

conditioner. The zero-sequence current injection is 

effective to cancel out the output active/reactive power 

ripple as well as to eliminate the dc-link oscillation. 

However, in order to control the zero-sequence 
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current, the fourth wire of the inverter is necessary 

while this method cannot be adopted for conventional 

three-phase three wire grid-tied inverter. 

Therefore, the objective of this paper is to propose a 

dynamic power decoupling (DPD) strategy for the 

three-phase grid-tied PV power system without 

increasing the dc-link capacitance. Under normal 

condition, the interleaved boost converter will extract 

the maximum power point (MPP) from the PV array 

and the three-phase inverter will inject the power to 

the grid. During the unbalanced grid fault scenario, the 

input power and current of the interleaved boost 

converter will be controlled by the proposed DPD to 

achieve the power decoupling capability as well as to 

eliminate the dc-link voltage oscillation. On the other 

hand, with the proposed DPD, communication 

mechanisms between the front-end converter and the 

rear-end inverter are not necessary while the strategy 

can be realized by utilizing the digital controller.  

  PV Model  

Photovoltaic (PV) cells are made of, semiconducting 

materials that can convert incident radiation in the 

solar spectrum to electric currents. PV cells are most 

commonly made of silicon, and come in two varieties, 

crystalline and thin film type. When a photon is 

absorbed by a semiconducting material, it increases 

the energy of a valence band electron, thrusting it into 

the conduction band. This occurs when the energy of 

incident photons is higher than the band gap energy 

The conducting band electron then produces a current 

that moves through the semiconducting material. 

 

Fig. 1. Equivalent circuit of PV model.  

The PV cell output voltage is a function of the 

photocurrent that mainly determined by load current 

depending on the solar irradiation level during the 

operation (1). 

 

Where the symbols are defined as follows:  

 e: electron charge (1.602 × 10-19 C).  

k: Boltzmann constant (1.38 × 10-23 J/oK).  

 Ic: cell output current,  

Iph: photocurrent, function of irradiation level and 

junction temperature (5 A).  I0: reverse saturation 

current of diode (0.0002 A). Rs: series resistance of 

cell (0.001 Ω).  Tc: reference cell operating 

temperature (20 °C). Vc: cell output voltage, V.  

Both k and Tc should have the same temperature unit, 

either Kelvin or Celsius. The solar cell can be seen as 

a current generator which generates the current 

(density) Jsc. The dark current flows in the opposite 

direction and is caused by a potential between the + 

and - terminals. In addition it would have two 

resistances; one in series (Rs) and one in parallel (Rp). 

The series resistance is caused by the fact that a solar 

cell is not a perfect conductor. The parallel resistance 

is caused by leakage of current from one terminal to 

the other due to poor insulation. 

Dynamic power decoupling  

The circuit diagram and control blocks of the PV 

power system with the proposed DPD strategy is 

shown in Fig. 2.  

 

Fig. 2. The circuit diagram and control blocks. 

A two stage topology consists of the front-end 

interleaved boost converter integrates with the rear-

end three-phase grid-tied inverter is utilized . Under 

normal operation, the interleaved dc-dc boost 

converter acts as the MPPT to track the MPP from the 

PV array. In the meantime, the three-phase dc-ac 

inverter should be connected to the grid to transfer the 

solar energy to the power system. It is worth 

mentioning that in this paper, the conventional Direct-

Quadrature Transformation method is utilized to 
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control the output power of the three-phase dc-ac 

inverter. On the other hand, the Digital Signal 

Processor (DSP) TMS320F28335 is utilized as the 

system controller. According to the P-V and I-V 

characteristics of the PV array, the input voltage and 

current should be controlled around the MPP, as 

shown in Fig. 2. The MPPT algorithm and its flow 

chart is shown in Fig. 3. It is worth mentioning that the 

perturbation and observation (P&O) method is 

adopted as the MPPT. First, the voltage and the current 

of the PV array under the nth MPP cycle, 

VPV(n)/IPV(n), will be sensed and the PV power 

under the nth MPP cycle, PPV(n), should be 

calculated. Then, the PV voltage and power of the 

previous cycle, VPV(n-1)/PPV(n-1) should be 

compared to determine whether the PV current, 

IPV(n), should be increased or decreased.   

PROPOSED DYNAMIC POWER 

DECOUPLING STRATEGY  

Under normal condition, the PV power should be 

controlled at the MPP and remain a constant value, as 

the PMPP shown in Fig. 3.  

 

Fig. 2. P-V curve with the conceptual diagram of 

the DPD. 

As soon as the unbalanced grid fault occurs, the 

negative sequence component will be existed in the 

power system. Therefore, there will be a double-line 

frequency oscillation on the out power of the inverter, 

Pout, as  shown in Fig. 3. 

In the meantime, the PV power is controlled as a 

constant value by the MPPT algorithm. As a result, the 

mismatched energy between the input and output 

power will be occurred on the dc-link while a double-

line frequency ripple is unavoidable on the dc-link 

voltage, Vdc, as Fig. 3 (a) shows. The simplest way to 

deal with this problem is to increase the dc-link 

capacitance. Unfortunately, the cost and size of the 

power converter will be increased while the stability 

of the whole system might be decreased. 

 

Fig. 3. Relations between the PPV, Pout, and VDC 

(a) Without the DPD (b) With the DPD. 

Therefore, the DPD is proposed to overcome this issue 

without changing any hardware configurations. The 

main concept of the DPD is to decouple the dc-link 

voltage oscillation by controlling an oscillated input 

PV power,  

In order to obtain the oscillated dc-link voltage signal 

under unbalanced grid voltage, four different circuits 

should be designed and integrated, as shown in Fig. 5. 

First, the dclink voltage, Vdc, after the differential 

step-down circuit should be controlled between 0V to 

3V for the signal processing, as V1 shown in Fig. 5. 

However, due to the large scale-down ratio, the ripple 

voltage signal will be relatively small. Therefore, a 

band-pass filter circuit is required to extract and 

amplify the double-line frequency ripple signal. Then, 

the output signal of the band-pass filter circuit, V2, 

will be modified via the full-wave rectifier and the 

zero-crossing detection circuit to determine the 

magnitude and the phase of the signal, respectively, as 

V3 and V4 shown in Fig. 5. As a result, the regulated 

dc-link voltage ripple signals will be transferred to the 

digital signal processor, DSP, to realize the DPD 

strategy. However, the band-pass filter circuit will 

cause a phase-delay in the control circuit. In order to 

solve this problem, the delayed phase angle between 

V1 and V2 should be compensated by adjusting the 

http://jespublication.com/


Vol 11, Issue 5,May/ 2020 

ISSN NO: 0377-9254                                  

  

 

 

www.jespublication.com 
Page No:561 

 

 

phase angle of the control reference signal manually 

via the DSP coding. 

 

Fig. 4. The circuit diagram of the dc-link signal 

for the proposed DPD strategy. 

On the other hand, in addition to the sinusoidal ripple 

caused by the unbalanced grid fault, different kinds of 

periodic ripple caused by unbalanced loads, rectifier 

load, etc. might be appeared on the dc-link voltage. 

Therefore, with proper calculation, the proposed DPD 

could be adopted for not only the sinusoidal waveform 

compensation but also various kinds of periodic 

waveform compensation. 

Therefore, the DPD is proposed to overcome this issue 

without changing any hardware configurations. The 

main concept of the DPD is to decouple the dc-link 

voltage oscillation by controlling an oscillated input 

PV power, PDPD, as shown in Fig. 2. However, the 

magnitude of the PDPD should not exceed the MPP 

limitation. Therefore, the average power, PDPD ,avg, 

should be decreased with ΔPDPD first, which can be 

expressed as 

 

In order to obtain the magnitude of ΔPDPD, the 

oscillated energy stored in the dc-bus capacitors, ΔEC, 

can be calculated as: 

 

ΔEout represents the oscillated output energy of the 

inverter. Cdc is the dc-link capacitance. Vripple,high 

and Vripple,low are the maximum and minimum value 

of the oscillated dc-link voltage. By rearranging (2), 

ΔEC can be expressed as: 

 

where Vdc,avg is the average dc-link voltage and Vm 

is the magnitude of the dc-link voltage ripple. 

 

where ΔPout is the oscillated output power and ω is 

the angular frequency of the ac mains voltage, which 

is equal to 2πf. With the proposed DPD, the input 

power ripple should be equal to the output power 

ripple to decouple the dc-link oscillation, which can be 

written as: 

 

As a result, the magnitude of input current reference 

with the DPD, ΔIDPD, can be obtained: 

 

On the other hand, the phase of the input current, 

∠IDPD, should be well regulated and controlled to 

decouple the input output power imbalance. In Fig. 

4(a), the output power, Pout(t), can be expressed as: 

 

where Po,avg is the average output power, po(t) is the 

ripple component of the output power and which is 

equal to Pocos(2ωt). In Fig. 4(a), the dc-link voltage, 

Vdc(t) should be written as: 

 

where Vdc,avg is the average dc-link voltage and 

vdc(t) is the ripple component of the dc-link voltage. 

Moreover, the dclink current, idc(t), can be expressed 

with a function of the dclink capacitance, Cdc, as 
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The power on the dc-link capacitor, Pdc(t), is equal to 

the power difference between the PV power, PPV, and 

Pout(t), which can be expressed as: 

 

Under steady-state condition, PPV will be equal to 

Po,avg. Therefore, Eq. (10) can be simplified as: 

 

 

 

 

where ∠Pout is the phase of the output power and 

∠Vdc represents the phase of the dc-link voltage. As 

a result, ∠IDPD should be controlled and can be 

expressed as: 

 

After the determination of ΔIDPD and ∠IDPD, the 

magnitude and phase of the PDPD and Pout could be 

regulated as the same to eliminate the dc-link voltage 

ripple, as shown in Fig. 4(b). As a result, the dc-link 

voltage could be controlled as a constant value even if 

the unbalanced grid fault happens. It is worth 

mentioning that communication mechanisms between 

the front-end converter and the rear-end inverter are 

not necessary. The input current commands, ΔIDPD 

and ∠IDPD can be obtained only by adopting the 

signal of the dc-link voltage. Besides, no additional 

circuits and devices are required. The DPD can be 

realized by the digital controller without changing any 

hardware configurations. 

 

 

FUZZY LOGIC CONTROLLER 

 

Fuzzy logic control mostly consists of three stages: 

a) Fuzzification 

b) Rule base 

c) Defuzzification 

During fuzzification, numerical input variables are 

converted into linguistic variable based on a 

membership functions. For these MPP techniques the 

inputs to fuzzy logic controller are taken as a change 

in power w.r.t change in current E and change in 

voltage error C. Once E and C are calculated and 

converted to the linguistic variables, the fuzzy 

controller output, which is the duty cycle ratio D of the 

power converter, can be search for rule base table. The 

variables assigned to D for the different combinations 

of E and C is based on the intelligence of the user. Here 

the rule base is prepared based on P&O algorithm. 

In the defuzzification stage, the fuzzy logic controller 

output is converted from a linguistic variable to a 

numerical variable still using a membership function. 

MPPT fuzzy controllers have been shown to perform 

well under varying atmospheric conditions. However, 

their influence depends a lot on the intelligence of the 

user or control engineer in choosing the right error 

computation and coming up with the rule base table. 

The comparison for error E and change in code C are 

given as follows: 

 

 

 

 
The general structure of a complete fuzzy control 

system is given in Figure 9. The plant control ‘u’ is 

inferred from the two state variables, error (e) and 

change in error (Äe) The actual crisp input are 

approximates to the closer values of the respective 

universes of its course. Hence, the fuzzyfied inputs are 

described by singleton fuzzy sets. The elaboration of 

this controller is based on the phase plan. The control 

rules base are designed to assign a fuzzy set of the 

control input u for each combination of fuzzy sets of e 

and de. The Table 1 is as shown in below: 

Figure 
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Figure 5. Basic structure of fuzzy control system 

 

 
 

     Here, NL=Negative Large 

      NM=Negative Medium 

      NS=Negative Small 

      Z=Zero 

     PS=Positive Small 

     PM= Positive Medium 

     PL= Positive Large 

Fuzzy is more advantageous than PI controller because 

of its faster response. The operation of fuzzy logic is 

much simpler when the fault occurs at the source due 

to its rule during the type of fault obtained in the 

source voltage, need less space to establish and finally 

most important thing we have to concern it is very less 

in cost compared to PI controller. The simulation 

results obtained for the Grid interfacing using series 

and parallel converter system with conventional PI 

controller and Fuzzy logic controller are shown below 

Simulink diagram of proposed system: 

The proposed DPD strategy is verified via the 

computer simulation software, MATLAB/Simulink, 

first. Fig. 6, Fig. 7 and Fig. 8 show simulation 

comparisons of the three-phase grid voltages, Vabc, 

the PV current, IPV, the PV power, PPV, the output 

power, Pout, the dc-link voltage, VDC, and the three 

phase output currents, Iabc under 5kW operation 

 

Simulink model of fuzzy logic controller: 

 

Simulink model of interleaved boost converter: 
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Fig. 6. Simulation waveforms with 5kW normal 

operation (a) Vabc (b) IPV (c) PPV (d) Pout (e) 

VDC and (f) Iabc. 

 

 

Fig. 7. Simulation waveforms without the DPD 

under 5kW operation (a) Vabc (b) IPV (c) PPV (d) 

Pout (e) VDC and (f) Iabc. 

 

 

Fig. 8. Simulation waveforms with the DPD under 

5kW operation (a) Vabc (b) IPV (c) PPV (d) Pout 

(e) VDC and (f) Iab 

CONCLUSIONS 

This paper presents a DPD strategy for the three-phase 

PV power system under unbalanced grid fault 

scenarios. Under normal operation, the front-end 

interleaved boost converter will act as an MPPT and 

the rear-end inverter will transfer the PV energy to the 

grid. As soon as the unbalanced grid fault occurs, the 

120Hz oscillation will appear on the dc-link voltage 

and the output active/reactive power due to the 

negative sequence component inside the power 

system. In order to decouple the input-output power 

imbalance, the input current and power will be 

controlled via the DPD strategy to eliminate the dc-

link oscillation. With the proposed DPD, 

communication mechanisms between the front-end 

converter and the rear-end inverter are not necessary. 

In addition, the DPD can be realized by the digital 

controller without changing any hardware 

configurations. Compared to interleaved boost 

converter and proposed fuzzy logic controller, fuzzy is 

more accurate, robustness, fast response. 
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