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Abstract -- Pushed by the booming installations of single-

phase photovoltaic (PV) systems, the grid demands regarding the 

integration of PV systems are expected to be modified. Hence, 

the future PV systems should become more active with 

functionalities of Low Voltage Ride-Through (LVRT) and grid 

support capability. The control methods, together with grid 

synchronization techniques, are responsible for the generation of 

appropriate reference signals in order to handle ride-through 

grid faults. Thus, it is necessary to evaluate the behaviors of grid 

synchronization methods and control possibilities in single phase 

systems under grid faults. 

The intent of this paper is to present a benchmarking of grid 

fault modes that might come in future single-phase PV systems. 

In order to map future challenges, the relevant synchronization 

and control strategies are discussed. Some faulty modes are 

studied experimentally and provided at the end of this paper. It 

is concluded that there are extensive control possibilities in 

single-phase PV systems under grid faults. The Second Order 

General Integral based PLL technique might be the most 

promising candidate for future single-phase PV systems because 

of its fast adaptive-filtering characteristics and it is able to fulfill 

future standards. 

 
Index Terms – Single-Phase Photovoltaic Systems, Grid Re-

quirements, Low-Voltage Ride-Through, Grid Support, Grid 

Synchronization, Phase Locked Loop. 

I.   INTRODUCTION 

The installation of single-phase PV systems has been 

booming in recent years because of the matured PV 

technology and the declined price of PV panels [1], [2]. 

Pushed by the high penetration of renewable energy systems, 

many grid requirements have been released in order to 

regulate interconnected renewable power generation [4]-[8]. 

Some basic requirements are defined in the grid regulations, 

like power quality, frequency stability and voltage stability 

[3], [9], [16] and even more specific demands for wind 

turbines or high-voltage systems have been issued [6]. 

Traditionally, the grid-connected PV systems are small-

scale at a residential level and designed to disconnect from 

the grid within a certain time tripping by a grid fault [3]. 

However, due to the thriving scenario of large-scale grid-

connected single-phase PV systems in many distributed 

installations, the disconnection could cause adverse 

conditions and negatively impact the reliability, stability and 

availability of the distributed grid [10]-[15]. For instance, the 

voltage fault may cause lighting flickers, low voltage and 

power quality problems, leading to the loss in energy 

production and the necessity of PV integration limitation. 

However, if the grid-connected single-phase PV systems can 

provide ancillary services, such as reactive power support and 

Low Voltage Ride Through (LVRT) capability [16]-[21], the 

customers will not experience many flickers and power 

quality issues anymore, and the Distributed System Operators 

will not need to limit the PV integration into their grids. It is 

expected that in the near future the grid-connected PV 

systems should become more active and more “smart” with 

such functionalities because of the high penetration of PV 

systems. 

In that case, the control methods should be ready for 

single-phase PV applications, because they are responsible 

for generating appropriate reference signals in order to handle 

ride-through grid faults, which means an evaluation and 

benchmarking of possible control strategies for single-phase 

applications are necessary. Practically, the single-phase PQ 

theory [22], [23] could be adopted in the control system. By 

regulating the maximum power point, the active power could 

be controlled within the boundaries in order to avoid over-

current tripping under grid voltage sags in such a way to 

enhance the low voltage ride through capability. Furthermore, 

the droop control methods could be used to adjust the active 

and reactive powers as reported in [24], [25]. 

Moreover, as the prerequisite of a good control, the 

synchronization technique for single-phase PV systems has 

also become of high interest. Since a voltage fault is normally 

a short period, an accurate and fast synchronization method 

will ensure a good performance of the whole PV system in the 

grid faulty mode operation. Recent research demonstrates that 

the phase locked loop (PLL) based synchronization methods 

have more attractiveness for such applications [6], [8], [26]-

[30]. Among these, the adaptive mechanism based techniques 

gain more attention because of their high robustness and fast 

response characteristics. Such kinds of methods may be the 

best candidates for single-phase PV systems operating in 

faulty-grid modes. However, it may also cause undesired 

influences, which have been discussed in [31]. 



  

The objective of this paper is to study the performance of 

single-phase grid-connected PV systems under grid faults 

defined by the basic grid codes of wind turbine systems 

connected to the grid. Firstly, an overview of the existing grid 

requirements is presented. Particular attention is paid on the 

possible control strategies, which may help the single-phase 

PV systems to handle ride-through grid faults or operate 

under abnormal grid conditions. It is followed by an 

evaluation of the synchronization methods. Finally, faulty 

cases are simulated and validated experimentally. 

II.   OVERVIEW OF SELECTED GRID REQUIREMENTS 

One essential basis of the design and control for grid-

connected PV inverters is the grid requirements. In some 

international regulations [3], it is addressed that PV inverters 

should disconnect from the grid in the presence of abnormal 

grid conditions in terms of voltage and frequency at the point 

of common coupling. These requirements, including islanding 

protection, are designed based on a low-level penetration of 

PV systems and are set to ensure the safety of utility mainten-

ance personnel and also the grid. Compared to the 

conventional power plants and wind power systems, typically 

PV systems are connected to low-voltage and/or medium-

voltage networks [2]. In this case, such grid requirements are 

valid and enough.  

However, considering the impact of large-scale PV 

systems on a distributed grid to which they are connected, 

these grid requirements are supposed to be revised or 

extended with some combined standardized features as well 

as custom demands. Because the disconnections from the 

distributed grid can affect the stability of the whole system 

and cause negative impacts on customers’ equipment, several 

European countries have updated the grid requirements for 

medium- or high-voltage systems. For instance, the German 

grid code requires that the systems connected to the medium- 

or high-voltage networks should have the capabilities of low 

voltage ride-through (LVRT) and grid support functionality 

during grid faults [4], [5]. In the new Italian grid code, it is 

required that the generation units connected to low-voltage 

grid with the nominal power exceeding 6 kVA should have 

the ability to ride through grid voltage faults [16].  

Therefore, it is better for PV inverters to be equipped with 

low voltage ride through capability in order to improve the 

operation of the power converters and the reliability of the 

whole system. It is expected that the above regulations will be 

extended for large-scale low-voltage PV applications [12]-

[14], [17]-[21]. Similar to wind turbine power generations 

connected to the medium- and high-voltage levels, single-

phase PV generation systems supplying low-voltage networks 

in the future are supposed to make a contribution to the 

network by means of also riding through grid faults. 

Different LVRT curves of a defined stay-connected time 

are presented in Fig. 1. As it is noticed in Fig. 1 that the 

generation systems required in the German grid code should 

be capable of riding through 0.15 seconds voltage fault when  

 

 
the grid voltage amplitude presents a drop to 0 V and inject 

some reactive current IQ into the grid as well. The required 

reactive current IQ to support the voltage in the German grid 

regulation is shown in Fig. 2, and it can be given as, 
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where U, U0, and UN are instantaneous voltage, initial voltage 

before grid faults and the nominal voltage, and IN, IQ0 are the 

nominal current and the reactive current before a grid failure. 

III.   CONTROL POSSIBILITIES UNDER GRID FAULTS 

The traditional control strategy applied to the single-phase 

converter system includes two cascaded loops: an inner 

current loop which is responsible for power quality issues and 

current protection [6], [8], [32] and an outer voltage control 

loop. In this case, it is possible to add control methods into 

the inner loop in single-phase systems in grid faulty mode 

operations to support the grid. The overall structure of a 

single-phase grid-connected PV system is given in Fig. 3. 

In respect to the control of a three-phase system under grid 

faults, four major methods are reported in the literature: unity 
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Fig. 2. Voltage support requirements in the event of grid faults for wind 

turbine systems [5]. 

Denmark

Spain

Germany

US-FERC

0 0.15 1.0 3.0 Time/s

0.2

0.7

0.9

1.0

U/UN

DDDDDDDDDDDDDDenmarkkkkkkkkkkkkkkkkkkkkkkkkkkrr

SpS ainii

GGGGGGGGGGGGGGGGGGGGGGGGGGermrr any

US-FEFF RC

0 0.15 1.0 3.0 TiTT mii e/ee

0.2

0.7

0.9

1.0

UUUUUUUU///UUUUUUUUUUU U// N

0.7  
Fig. 1. Low voltage ride-through requirements of wind power systems of 

different countries [4]. 



  

power factor control, positive sequence control, constant 

active power control and constant reactive power control [8], 

[32]. These methods are not suitable for single-phase 

applications since it is difficult to employ directly a dq-

rotating synchronous reference frame. 

 
One possible solution to the single-phase case is inspired 

by the Orthogonal Signal Generator (OSG) based PLL 

principle [6], [8], [32]. According to the single-phase active 

and reactive power theory [22], [23], the components, vα and 

vβ, generated by the OSG system can be used to calculate the 

active power and reactive power as given by, 
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where iαβ, vαβ are the grid current and voltage in the αβ 

system, and P, Q are the active power and reactive power 

respectively. Thus, by this mean, the current reference can be 

generated as it is expressed as, 
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, (3) 

in which ‘*’ denotes the reference signal. Then the detailed 

control diagram based on the single-phase PQ theory and the 

OSG concept can be illustrated as it is shown in Fig. 4. 

 

Notably, in this control system, the existing current control 

methods, such as Proportional Resonant (PR), Resonant 

Control (RSC), Deadbeat control (DB), and Repetitive 

Controller (RC), and Hysteresis Control (HC) can be adopted 

in the faulty grid cases. Moreover, by employing the Park 

Transform (αβ-dq) to the grid current and the grid voltage, the 

DC quantities of the current and voltage are obtained in the 

rotating synchronous reference frame, leading to the possible 

use of the basic PI-control for the current or power regulation 

[23], [33], [34]. The “Q Profile” shown in Fig. 4 is in 

compliance with the grid codes as described by (1)and in Fig. 

2. The reference reactive power Q
*
 is generated according to 

the voltage sag depth detected by the synchronization units or 

a grid fault detection scheme, which means that the “Q 

Profile” is triggered by the detected voltage amplitude Vg.  

Another control possibility is based on the concept of the 

frequency and voltage droop control through active power 

and reactive power, respectively. A droop control method 

could be adopted to adjust the active power and reactive 

power in single-phase applications under grid faults. It can be 

illustrated using the simplified grid-connected PV system as 

shown in Fig. 5. 

 
On the basis of the assumptions that the line impedance is 

mainly inductive (XL >> RL) and the power angle ϕ is very 

small, the active power P and reactive power Q can be 

expressed by [24], [25], 
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where XL is the line reactance. Hence, the inverter voltage 

reference v*
in can be obtained and it is controllable through 

the angle ϕ and the amplitude Vin by respectively regulating 

the active power and the reactive power with simple PI 

controllers. A droop controller can be given as, 
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in which ‘*’ indicates the reference signal and G1(s), G2(s) are 

the PI controllers that can control the active power and 

reactive power sharing between the PV inverter and the grid. 

This kind of control approach used to support the grid 

voltage under a grid voltage sag is successfully tested in [24], 

[25], where the PV inverter is working as a shunt device and 
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Fig. 3. Overall control structure of a single-phase grid-connected 
photovoltaic system. 
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Fig. 5. A simplified single-phase grid-connected photovoltaic system. 
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designed to mitigate the grid voltage drops and the harmonic 

distortions. However, since the single-phase PV systems are 

normally connected to low-voltage distribution networks, the 

line is more resistive rather than inductive. Therefore, a large 

inductor is required between the grid and the PV inverter in 

this control strategy; otherwise the voltage sag cannot be well 

compensated. This is the main weak point of such a control. 

Thus, in this paper, the single-phase PQ theory based control 

method is adopted.  

It is also worth to know that the active power delivered to 

the grid is limited by the inverter nominal current. Therefore, 

to avoid inverter shut-down because of the over-current 

protection, the PV panels should not operate in the maximum 

power point tracking (MPPT) mode depending on the solar 

irradiation, which can be illustrated in Fig. 6. It is shown that 

in the grid faulty mode operation the active power should be 

limited in order to deliver the required reactive power without 

triggering the inverter over-current protection. Nevertheless, 

this aspect could be used for reactive power support, e.g. 

during the night when there is no solar irradiance [20]. 

 
Additionally, the double-frequency term presenting at the 

DC side (PV side) in single-phase systems will also have a 

negative impact on the control systems both under normal 

operation and in grid faulty mode operation [8]. 

Consequently, the design of the controllers, modulation 

techniques and grid-interfaced current filters (L, LC, or LCL) 

should be done in consideration of producing lower switching 

voltage stress and lower voltage ripple at the DC-link. 

Anyway, there are extensive control possibilities in single- 

phase grid-connected PV systems, which are able to meet the 

upcoming requirements defined in the grid codes. Regarding 

single-phase PV systems with grid support and LVRT func-

tionalities, the control method should be capable of providing 

accurate and appropriate references without exceeding the DC 

nominal voltage, tripping the current protection due to 

constant active power delivery and failing to synchronize in 

compliance with these demands in the near future. 

IV.   GRID SYNCHRONIZATION TECHNIQUES FOR SINGLE-
PHASE APPLICATIONS 

The synchronization scheme plays a major role in the 

control of single-phase systems under grid faults. A good 

synchronization system should respond to a voltage drop 

immediately when a phase-to-ground fault occurs at PCC as 

shown in Fig. 3. Many synchronization methods are reported 

in recent literature [6], [8], [26]-[30], which can be divided 

into two categories - mathematical analysis methods (e.g. 

Fourier analysis based synchronization method) and PLL-

based methods. Nowadays, the PLL based synchronization 

methods have more attractiveness. However, the main 

difference among various single-phase PLL methods is the 

configuration of the phase detector, intuitively, being a simple 

sinusoidal multiplier [26], [29]. However, this process will 

produce a double-frequency term in a single-phase system. 

Applying the Park Transform to an OSG system is another 

way to extract the phase error for PLL based methods. Hence, 

the task will be shifted to establish the OSG system. Such 

kinds of PLL are reported in the literature, like T/4 Delay 

PLL [6], [8], [27] and Inverse Park Transform based PLL 

(IPT-PLL) [6], [26], [27]. Other possibility is to use adaptive 

filters which can self-adjust the output according to an error 

feedback loop. Two popular PLLs - the Enhanced PLL 

(EPLL) [26], [34], [35] and the Second Order Generalized 

Integrator based PLL (SOGI-OSG) [6], [8], [27], [37], are 

based on the combinations of adaptive filters with a 

sinusoidal multiplier and an OSG system.  

A basic PLL structure is given in Fig. 7, which consists of 

a phase detector (PD), a proportional-integral (PI) based loop 

filter (LF) and a voltage-controlled oscillator (VCO). Thus, 

the small signal model of this system can be given as, 
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where �̂ (s), Θ(s) are the output and input phase respectively, 

and Kp, Ki are the proportional and integral gains of the loop 

filter. The details of the PLL modeling can be found in [6]. 

From (6), the settling time can be given by ts = 9.2/Kp, which 

is adopted to evaluate the performance of different PLLs in 

this paper. The following section will compare the selected 

PLLs and find the best one for the application in this paper. 

 

A.   T/4 Delay PLL 

This PLL approach takes the input voltage vg as the “α” 

component in a “αβ” system, while the “β” component can be 

obtained simply by introducing a phase shift of π/2 rad with 

respect to the fundamental frequency of the input voltage. 

Thus the Park Transform can be employed to detect the phase 

error, which is expressed as the following, 

� 
� 

ˆ ˆ sincos sin

ˆ ˆ cossin cos

d g m m

q m m

v v V V

v v V V�

� �� �
�� �

� � � �� �� � � � � �
� � �� � � �� � � � � �� � �� � �� � � �� � � �� �

(7) 

sinθ  
θ

^
θ-

PD LF

Kpε+Ki∫ε

ε vLF VCO

∫vLF

^
θ

 
Fig. 7. Basic structure of a phase locked loop. 
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where vg = Vm sin(θ) = Vm sin(ωt+ϕ), in which Vm, θ, ω and ϕ 

are the amplitude, phase, frequency and phase angle of the 

input signal vg, Δθ = θ-�̂  is the detected phase error, and �̂  is 

the locked phase.  

Actually, the error Δθ is very small in steady state, and 

then the linearized equation shown in the very right side of  

(7) is obtained. The structure of the T/4 Delay PLL is given in 

Fig. 8, where T and ω0 are the period and nominal frequency 

of the input voltage vg. 

 

B.   Enhanced PLL 

The Enhanced PLL (EPLL) introduced in [31], [35] is 

based on a simple adaptive filter (AF), which can refine the 

transfer function according to a feedback algorithm driven by 

an error signal. It can be used to track the input voltage in 

terms of amplitude Vm and phase θ. 

The adaptive process is to minimize a so-called objective 

function by modifying the filter parameters. Then the 

amplitude is estimated. Define the objective function as, 

 �  � 2
21 1ˆˆ ˆ, ,

2 2
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in which m̂V  and �̂  are the estimated amplitude and the 

locked phase of the input voltage, respectively. Then, the 

desired output of the filter can be expressed as ˆˆ sinˆg mv V �� . 

In order to minimize the objective function, the popular 

least-mean-square (LMS) adaptive algorithm is used [36]. 

Then the following differential equation is obtained [31], 
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where μ is the control parameter. Subsequently, the PD 

implementation of the Enhanced PLL can be given in Fig. 9. 

 

One important feature of the EPLL concluded from the 

above discussion is that the output signal ˆgv is locked both in 

phase and in amplitude compared to the conventional PLL 

methods [35]. However, the performance, such as the speed 

of the estimation process, is exclusively dependent on the 

control parameter μ. By linearizing (9), this relationship can 

be obtained as [35], 
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where τ = 2/μ is the time constant.  

The response of such an adaptive filter in the EPLL system 

with different time constants is shown in Fig. 10. It is noticed 

that a large value of μ will make the estimated output signal 

coming to steady-state quickly, but it will have a high 

overshoot of frequency if μ is too large. The settling time of 

this system can approximately be calculated as: 4τ = 8/μ. 

 

C.   Second Order Generalized Integrator based PLL 

Another adaptive filtering based PLL solution is using 

Second Order Generalized Integrator (SOGI) to create the 

OSG system, commonly known as SOGI-OSG PLL [6], [32], 

[37]. The general OSG structure of SOGI-OSG PLL is 

depicted in Fig. 11, in which �̂  is the estimated frequency of 

the input signal, ˆgqv  is the orthogonal signal with respect to 

the input voltage vg and ke is the control parameter. 

 
Actually, the EPLL discussed above is using only one-

weight adaptive filter, which is the simplest one. If two-

weight adaptive filters are adopted in single-phase 

applications, it will present a better performance and it 

behaves like a “sinusoidal integrator” [6], [37], [38]. The 

transfer function of such kind of adaptive filter can be 

expressed as, 
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Fig. 10. Response of the adaptive filter of an enhanced PLL with different μ 

(different time constant, τ). 
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Fig. 11. Phase detector of the second order generalized integrator PLL. 
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Multiplied by �̂  which is defined previously, it shares the 

transfer function of a second order generalized integrator in 

common [37], [39]. 

Thus, referring to Fig. 11, the closed loop transfer 

functions of the SOGI-OSG PLL can be obtained as, 
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The detailed derivation of these transfer functions can be 

found in [6] and [37]. In order to evaluate the performance of 

SOGI-OSG PLL, the settling time is given as, 
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e

t
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�   

D.   Comparison of the PLLs 

In order to find the most suitable solution for the single-

phase grid-connected PV system in low voltage ride-through 

operation, the above synchronization methods are compared 

in faulty grid cases by simulations and experiments with the 

parameters shown in TABLE I. The experimental setup is 

shown in Fig. 12. This system consists of two Delta DC 

sources connected in series, forming the nominal DC voltage 

Vdc = 400 V and a three-phase Danfoss 5 kW VLT inverter 

which is configured as a single-phase system. An LC-filter is 

used in this arrangement and it is connected to the grid 

through a three-phase transformer with the leakage inductance 

of LT = 4 mH. The nominal grid parameters and other 

parameters are shown in TABLE I. 

 
The results shown in Fig. 13 and Fig. 14 are obtained when 

the grid has a 0.45 p.u. voltage sag by switching the resistors 

Rs and RL. More comparisons of these PLLs by simulations in 

terms of the settling time and the overshoot of frequency are 

provided in TABLE II where different changes are done like 

frequency jump and phase jump, and it can be used to select 

appropriate methods for different applications. 

TABLE I 
SIMULATION AND EXPERIMENTAL PARAMETERS 

Grid Voltage Amplitude VN = 230 V 

Grid Frequency ω0 = 2π×50 rad/s 

LC Filter L = 3.6 mH, C  = 2.35 μF 

Transformer Leakage Inductance 

and Resistance 
LT = 4 mH, Rg= 0.02 Ω 

Sampling and Switching Frequency fs = fsw = 10 kHz 

Voltage sag generator Rs= 19.2 Ω, RL= 20.1 Ω 

TABLE II 
COMPARISON OF THE PLLS 

 T/4 Delay EPLL SOGI-OSG 

Voltage Sag (0.45 p.u.) 
4.7 ms 

0.26 Hz 

7.8 ms 

0.91 Hz 

8 ms 

0.62 Hz 

Phase Jump (+90º) 
75 ms 

16.1 Hz 

120 ms 

16 Hz 

72 ms 

19.1 Hz 

Frequency Jump (+1 Hz) 
Oscillate 

(-1.2, 1.2) Hz 

186 ms 

8.4 Hz 

111 ms 

10.4 Hz 

OSG Mechanism � � � 

Complexity � ��� �� 

As it can be seen in the results, the performances of these 

PLL methods are not very good during the voltage sag. The 

T/4 Delay method can follow the amplitude change quickly (a 

quarter of the grid nominal period approximately), while it 

cannot be a good synchronization technique when the grid is 

subjected to frequency variations. Although, the main merit of 

an EPLL is that it can estimate both the amplitude and the 

frequency of the input voltage without doubling the input 

frequency oscillations. This kind of PLL method presents a 

slow transient variation as shown in Fig. 13 and Fig. 14. This 

variation demonstrates how the adaptive filter minimizes the 

objective function. With respect to the control of single-phase 

systems, the EPLL method is not suitable for calculating the 

active power and the reactive power because it is not based on 

the OSG concept, but it can be used to control the 

instantaneous power [34]. The SOGI-OSG PLL can track the 

input voltage with better performance compared to T/4 Delay 

PLL and EPLL especially when the grid presents a frequency 

variation/jump as shown in TABLE II. It can be concluded 

that, together with a fast detection unit, the SOGI-OSG PLL 

is the best candidate for single-phase applications. Thus, in 

this paper, this synchronization method is selected.  

V.   SYSTEM RIDE-THROUGH OPERATION 

A simple case is examined by simulation under the voltage 

sag in order to give a basic demonstration about single-phase 

systems under grid faults and also validated experimentally. 

Referring to Fig. 4 and Fig. 12, a PR controller with 

harmonics compensation is used as the current controller and, 

based on the comparison in § IV, the SOGI-OSG PLL is 

adopted to detect the grid fault and to synchronize with the 

grid. The parameters of the PI controller for active power are 

Kpp = 1.5 and Kpi = 52, while for reactive power are Kqp = 1 

and Kqi = 50. The rated power is set to be 1 kW. The other 

parameters for the experiments are shown in TABLE I. The 

results are shown in Fig. 15 and Fig. 16.  
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Fig. 12. Experimental setup. 
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Fig. 14. Experimental results of the three selected PLLs under a grid voltage sag (0.45 p.u.):  
1. Enhanced PLL; 2. Second-Order Generalized Integrator based PLL; 3. T/4 Delay based PLL, [t = 40 ms/div]. 
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Fig. 13. Comparison of the three selected PLLs under a grid voltage sag (0.45 p.u.) by simulations: 
1. Enhanced PLL; 2. Second-Order Generalized Integrator based PLL; 3. T/4 Delay based PLL. 



  

A 0.45 p.u. voltage sag is generated by switching the 

resistors Rs and RL as shown in Fig. 12. During the fault, the 

system is controlled to limit the active power output without 

tripping the current protection. Thus, the reliability of the PV 

inverter is improved. Practically, the active power could be 

controlled by regulating the maximum power point. In the 

LVRT operation mode, the reactive power is injected into the 

utility grid until the grid voltage recovers to 0.9 p.u., as it is 

required in the grid codes. From Fig. 15 and Fig. 16, it is 

concluded that the single-phase system can provide reactive 

power according to the depth of the voltage sag in such a way 

to support the grid and protect the customers’ equipment, and 

it can do it fast. After the clearance of the voltage fault, the 

grid current and the output active power go back to their 

normal values.  

Since the SOGI-OSG PLL is also used to detect the 

voltage sag, the transient behavior is not good as it is shown 

in Fig. 16. Thus, it is necessary to develop a specific fast sag 

detection algorithm in order to guarantee a better performance 

of single-phase PV systems under grid faults.  

VI.   CONCLUSIONS 

This paper presents the future requirements for single-

phase grid-connected PV systems at a high penetration level 

under grid faults. It can be concluded that the future grid-

connected PV systems will be more active and more “smart”, 

which means the future grid-connected PV systems should 

have some ancillary functionalities as the conventional power 

plants do in the presence of an abnormal grid condition. 

Different control strategies of such kind of single-phase 

PV systems under grid faults are discussed and it is concluded 

that the control possibilities play an important role in single-

phase applications, since they are responsible not only for the 

power quality and protection issues but also for the upcoming 

ancillary requirements. It can also be concluded that the 

single-phase PV inverters are ready to provide grid support 

considering a high-level penetration. Selected detection and 

synchronization techniques are also compared in the case of 

grid fault conditions. The comparison demonstrates that the 

SOGI-OSG based PLL technique might be the promising 

candidate for single-phase systems under grid faults. 

Furthermore, another adaptive filtering based PLL (EPLL) 

shows also a good performance under voltage sag, but it has 

transient variations. However, the concept of EPLL leads to 

the possibility of direct instantaneous power control for 

single-phase systems. 

A single-phase case is studied and tested experimentally at 

the end of this paper in order to demonstrate the overall 

system performance under grid faulty conditions and it shows 

satisfactory performance. 
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