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Abstract 

The steady rise in utility grid penetration of single phase solar photovoltaic 

system has contributed to the mandatory requirement of Low Voltage Ride-

through (LVRT) capability. LVRT capability provides stable grid integration 

during transient conditions. A seamless LVRT capability operation in a single 

phase photovoltaic system using peak value based fault detection and 

Orthogonal Signal Generation (OSG) based voltage sag detection is conducted. 

In this paper, two controllers are employed for two different operations. The PQ 

theory controller is used for power control operation and Proportional–Resonant 

(PR) with Harmonic Compensation (HC) controller is used for current control 

operation in LVRT. MATLAB/Simulink verifies the LVRT operation mode as 

per the grid code requirements to ride through voltage sag during fault 

condition. It is observed that the system is in operation during transient 

conditions and provides reactive support to ride through the fault. 

Keywords: Low voltage ride-through, Single phase photovoltaic, Proportional 

resonant (PR) control, Harmonic compensator control, Renewable 

energy, Solar energy. 

 

 

1.  Introduction 

The recent growth in solar technology and cost reduction in solar panels has led to 

a rapid increase in the installation of solar photovoltaic systems and integration of 

utility grid [1, 2]. The sudden increase in renewable energy integration was not 

assumed during the planning of conventional utility grid and therefore the grid 

codes for renewable penetration requires modification when connected to the 

utility grid [3, 4]. Low Voltage Ride Through (LVRT) capability in wind energy 
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Nomenclatures 
 

dI Change in current, A 

dP Change in power, W 

dV Change in voltage, V 

𝐺𝐻𝐶(𝑠) Transfer functions for Harmonic compensator 

𝐺𝑃𝑅(𝑠) Transfer functions for PR controller 

𝐺𝑝(𝑠) Proportional integral (PI) controller gain for active power control 

𝐺𝑞(𝑠) Proportional integral (PI) controller gain for reactive power control 

I Current, A 

𝐼𝑔𝛼
∗  , 𝐼𝑔𝛽

∗   Reference current signals in 𝛼, 𝛽 reference frame 

𝐼𝑚𝑎𝑥 Maximum power point tracking current from PV array, A 

𝐼𝑁 Nominal inverter current, A 

𝐼𝑝 Active current, A 

𝐼𝑞  Reactive current, A 

K Temperature, ºC 

𝑘𝑖ℎ   Gain for harmonic compensator 

𝑘𝑝 ,𝑘𝑖  Gains for PR controller 

P Power, or active power, W 

Q Reactive power, Var 

RL Load resistance, Ohm 

V Voltage, V 

𝑉𝑔 Instantaneous grid voltage, V 

𝑉𝑔𝛼
∗  , 𝑉𝑔𝛽

∗  Reference voltage signals in 𝛼, 𝛽 reference frame 

𝑉𝑚𝑚𝑝 Voltage at the maximum power point of the curve, V 

𝑉𝑁 Nominal grid voltage, V  

𝑉𝑝 Voltage at pink point in curve, V 

Abbreviations 

AF Adaptive Filter 

CERC Central Electricity Regulatory Commission 

DC Direct Current 

EPLL Enhanced Phase Locked Loop 

HC Harmonic Compensator 

INC Incremental Conductance 

LVRT Low Voltage Ride Through 

MPPT Maximum Power Point tracking 

OSG Orthogonal Signal Generator 

P&O Perturb and Observe 

PCC Point of Common Coupling 

PD Phase Detector 

PI Proportional Integral 

PLL Phase Locked Loop 

PQ p-q Power Components theory 

PR Proportional Resonant 

PV Photovoltaic 

RMS Root Mean square 

SOGI-PLL Second Order Generalized Integrator PLL 
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had been established previously due to the penetration of high capacity large wind 

turbines. Similarly there have been great advancements in the solar photovoltaic 

inverter technology in the recent past to improve its efficiency. Therefore large 

scale installations of single phase solar photovoltaic systems have necessitated the 

requirements for LVRT capability. The LVRT capability is in order to sustain the 

operation of solar power generation during transient conditions without the 

sudden tripping of solar generation from the grid. This will avoid the sudden loss 

of power during transient conditions and also will help in supporting the grid by 

providing reactive power support. The LVRT capability will support the grid 

during adverse transient conditions like during fault and also support the grid to 

return back to the nominal condition by providing the reactive power support [5]. 

The LVRT capability will promote the high penetration of solar photovoltaic 

system into the grid and the use of clean renewable energy [6-10]. 

At present, the solar Photovoltaic (PV) inverters run below their rated current 

converting DC solar power to AC active power for over 90% of their run time. This 

unused capacity is put to use to produce reactive power during faulty conditions in 

the grid to provide LVRT. Very few grid codes and articles deal with the LVRT 

capability in PV systems connected to low-level grid like the single phase PV 

systems. As a solution for this problem, the utility operators and other 

standardization agencies are trying to introduce Low Voltage Ride through (LVRT) 

capability requirements in PV inverters that are integrated to the grid, similar to the 

grid codes which are already present in wind energy systems [11]. European 

countries like Spain and Germany recently introduced PV plant grid connection 

standards. Italy has issued grid codes exclusively for PV integration. UK, France 

and Czech Republic are going to implement similar codes to their distribution 

network as per the reports of European Commission. They also need to follow the 

ENTSO network codes. Recently in US, the North American Electric Reliability 

Corporation has accepted the PRC-024-1 [12], which describes the LVRT curves 

while in Canada, the Hydro-Quebec standard is followed from 2009. LVRT in 

terms of wind energy plants reduces the power loss incurred due to faults. [13-17]. 

In case of PV systems, it’s more elaborate and expected to stay connected to 

grid as per grid code period during faults up to 0.9 pu to 0.2 pu of the nominal 

grid voltage [18]. It is also required to feed reactive power during faults to support 

grid recovery. It should resume the active power support immediately after the 

fault is removed. In [19], the LVRT capability is tested with three different 

aspects such as reactive power injection, current stresses and leakage current 

rejection in single phase transformer-less PV inverter. The same system is tested 

with different irradiance and temperature conditions for testing its reliability in 

[20]. In [21], a new power control method is developed for improving the system 

efficiency during the fault condition in existing grid requirements. The design of 

filters and developing the advanced synchronizing methods for grid connected PV 

system is the crucial part to determine the efficiency of the system which is 

discussed in [22-24]. The MPPT tracking in solar helps in obtaining maximum 

energy yield [25, 26], in this paper Incremental Conductance (INC) method is 

used for MPPT tracking. The INC method operates such that when the ratio of 

change of output conductance is equal to negative output conductance, the PV 

will operate at the maximum power point. In this method the terminal voltage of 

the array is always adjusted according to the MPP. 



Enhancing Low Voltage Ride Through Capability in Utility Grid . . . . 1019 

 
 
Journal of Engineering Science and Technology                April 2018, Vol. 13(4) 

 

Hence, this paper mainly focuses on the LVRT capability in a single phase 

photovoltaic system using peak value based fault detection and Orthogonal Signal 

Generation (OSG) based voltage sag detection is conducted. Also, two different 

controllers such as PQ theory controller and Proportional–Resonant (PR) with Harmonic 

Compensation (HC) controller are used for power control and current control operation 

respectively. Also, India which is fast moving in the forum of renewable power 

generation and utilization is also trying to adopt LVRT grid codes for large scale PV 

systems connected to the transmission or distribution grid [27]. Possible solutions for 

single-phase applications are based on the single-phase PQ theory, instantaneous power 

control, or the droop control concept [28-30]. Since LVRT in solar is a upcoming topic 

the new explorations on control methods need to verified. 

The organization of this article as follows: The LVRT operation of a single 

phase grid-tied solar PV system as per the new grid codes established is carried out 

and the introduction has been discussed in Section 1. The Section 2 discusses the 

grid code standards established for LVRT capability of Solar PV system, Section 3 

discusses the system configuration for the Solar PV system and the sag detection 

using peak-value based sag detection and a quarter cycle delay based Orthogonal 

Signal Generator (OSG) system for generation of orthogonal components which is 

used for sag detection and power control. Section 4 shows the results of the 

MATLAB based simulation which shows satisfactory performance of the LVRT 

operation as per the grid codes. Section 5 concludes and shows that the system is 

useful for providing a seamless LVRT operation of the solar PV by providing the 

required reactive power support and operating without tripping. 

2.  Grid standards for LVRT Capability for Solar PV Systems  

The analytical methods E. ON grid codes [31] established for wind turbines are used 

as a reference to implement the LVRT control in solar PV in this paper. The LVRT 

grid codes and the anti-islanding requirements for small PV units defined by IEC for 

various countries are given in Fig. 1 as given in [20]. Voltage control through reactive 

power control is provided during voltage sag is allowed by injecting the reactive 

power into the distribution grid. Therefore, during severe voltage sag conditions, the 

system disables the active power but has to fully inject the reactive power. 

In order to keep the voltage at desirable levels, sufficient reactive power 

injection is made possible as the system is operated under partial loading conditions. 

The reactive power delivered depends on the apparent power of the inverter. The 

reactive power support based on German grid codes done should also satisfy the 

minimum power factor requirement and is given in Fig. 2 [21].  

 

Fig. 1.LVRT standards for various countries [20].  
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Fig. 2. Reactive current requirement [21]. 

Based on German grid code, the PV system is required to stay connected for a 

voltage drop up to zero for duration of 0.15 s, which has to be followed by 

voltage recovery to the 90% of the nominal grid voltage at the point of common 

coupling (PCC) for duration of 1.5 s. The reactive power injection is based on the 

constraint as given in Eq. (1). The voltage support through the injection of 

reactive current is required outside voltage dead-band of ±10% as described in 

Eq. (2). Restoration of active power is essential to maintain the frequency limits 

based on the peak value as described in Eq. (3). Similarly, the LVRT 

requirements vary in each country based on their grid codes [32]. 

𝐼𝑝
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(3) 

where 𝐼𝑞  and 𝐼𝑝  are the reactive and active currents required by the grid. 

𝑉𝑔,𝑉𝑁,𝐼𝑁,𝐼𝑚𝑎𝑥 are the Instantaneous grid voltage, nominal grid voltage, nominal 

inverter current and MPP current from PV array respectively. 

The LVRT grid codes in India also states that [33] the LVRT requirement is 

necessary to maintain the stability of the grid. Therefore LVRT capability in solar 
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inverters has been include in the regulation. As per Section 30 in Central 

Electricity Regulatory Commission (CERC), LVRT provision is mandatory for all 

solar generators connected at the voltage level of 11 kV and above. CERC has 

issued direction for meeting requirements of LVRT in case of solar generating 

stations whose bidding process has not yet commenced as of 05.01.2016. 

2.1. System configuration 

Single-phase PV system can be configured in single stage or dual stage structure. 

The dual stage configuration has an added boost stage to regulate the PV array 

output to harness the maximum power. There are different algorithms for 

Maximum Power Point Tracking (MPPT) like Perturbation and Observation 

(P&O) or the Incremental Conductance (INC) methods. These algorithms try to 

adjust the operating point voltage in the direction of maximum power output. In 

the second stage there is grid connected inverter with a basic dual loop control; an 

outer DC link voltage or power control loop and an inner current control loop. 

The dc-link capacitor voltage is regulated by the voltage control loop, thereby 

controlling the power delivery to the grid. The inner current loop maintains the 

power quality according to prescribed standards [34]. 

Grid Synchronization includes the proper tracking of phase and amplitude of 

the grid voltage and current. This is usually done using Phase Locked Loop (PLL) 

based method or by mathematical analysis. The single phase PLL is differentiated 

by the Phase Detector (PD) configuration [35]. Park’s transformation on the 

Orthogonal Signal Generation (OSG) system is used for extracting phase error in 

PLL [36]. As per fundamental frequency of the input grid voltage, T/4 delay PLL 

can introduce a phase shift of π/2 rad which is the simplest method. Or else an 

Adaptive Filter (AF) can be utilized to achieve the same which can adjust the 

output with respect to the error feedback. Advanced PLL technique includes 

Enhanced PLL (EPLL) and Second Order Generalized Integrator based PLL 

(SOGI-PLL) which are combination of Adaptive Filters and sinusoidal multiplier 

or OSG system respectively [35]. EPLL operates by locking the output voltage 

signal magnitude and also the phase. The advantage of SOGI-PLL is the better 

reduction of harmonics. PLL-based algorithms are preferred options due to the 

robustness and are frequency adaptive to grid variations. 

2.1.1. Incremental conductance based MPPT in solar PV 

The equation for implementing the INC algorithm can be easily obtained from the 

basic power equation. The equation for power is given as 

P = V I                                                                                          (4) 

Differentiating the above equation with respect to voltage yields, 

dP / dV = d(V*I) / dV                                                                                          (5) 

P = V I                                                                                          (6) 

The condition for the maximum power point tracking is that the slope dP / dV 

should be equal to zero. Substituting in the above equation, 

dI / dV = - (I/V)                                                                                         (7) 
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Also, the following conditions have helped to track the maximum power point 

based on the INC algorithm. 

dP/dV >0, thenVp< Vmmp                                                                                          (8) 

dP/dV =0, then Vp = Vmmp                                                                                          (9) 

dP/dV <0, then Vp > Vmmp                                                                                          (10) 

The above equations are implemented in Matlab Simulink to track the 

maximum Power point of the PV panel. Figure 3 shows that when Eq. (9) is true, 

the MPPT is tracked correctly and the PV value at the pink point is figured out. 

This method provides reduced number of oscillations around the MPP and stable 

operation. Figure 4 shows the power vs. voltage curve of the solar PV system. 

Figure 5 shows the Simulink model of the PV system implemented. 

A
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dP / dV=0 

dP / dV>0 dP / dV<0 

Voltage
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Fig. 3. Incremental conductance method for MPPT. 

 

 
Fig. 4 P-V curve for PV array. 
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Fig. 5. Simulink model for photovoltaic system. 

2.2.  Control of PV System 

2.2.1. Sag detection unit 

RMS Value Calculation Method [35] which is calculated for continuous samples 

of input voltage data. As the number of samples increases the accuracy also 
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increases. It gives one time period old average value, not the instantaneous value. 

The error between the required instantaneous voltage and the actual value is 

calculated in the Missing Voltage method [36]. The required value can be found 

easily by using the pre-event voltage value and extrapolating to get the values 

during the event just as in case of a PLL operation. Peak Value Evaluation 

Method is shown in [35]. The single-phase line-to-neutral voltage is obtained 

from sensor measurement and orthogonal signal is generated by giving a 90 

degree phase shift. These orthogonal components of voltage are squared and the 

square root is taken to give the peak value. 

2.2.2. Power reference calculation 

A power profile is considered for various inverter control modes to find out the 

reference active and reactive powers. Maximum active power should be supplied 

to the grid during the normal inverter operation. So the active power reference is 

set as PPV, which is equal to the Power output of the PV array maximized by the 

MPPT algorithm. The reactive power reference is set as zero. During LVRT 

operation, the power references are found in accordance to the LVRT standards as 

mentioned in the previous grid standard section. There are various inverter current 

limitation strategies like constant peak current strategy, constant average active 

power strategy and constant active current strategy. In this paper, a constant peak 

current strategy is used. 

2.2.3. Sag generator circuit 

For the simulation of voltage fault and its consequent sag in voltage magnitude, a 

sag generation circuit is added in the grid. A series low impedance resistance is 

switched during the required fault period using switch S1. A load resistance, RL is 

also added during fault to limit the short-circuit effect during inverter upstream. 

With regular operation switch S1 is closed and switch S2 is open. 

2.2.4. Reference current generation 

The outer loop regulates voltage amplitude and grid frequency. A current reference 

is subsequently generated to be utilized in the inner loop as shown in Fig. 6. In this 

paper, single-phase PQ theory [37, 38] is used to generate grid current reference. 

This is generated by controlling the averaged active power and reactive power. The 

power references are given by the power profile for various modes.  

The voltage control generates the current reference as shown in the following 

equation. 

[
𝐼𝑔𝛼
∗

𝐼𝑔𝛽
∗ ] =

1

𝑉𝑔𝛼
2 + 𝑉𝑔𝛽

2  
[
𝑉𝑔𝛼 𝑉𝑔𝛽
𝑉𝑔𝛽 −𝑉𝑔𝛼

] [
𝐺𝑝(𝑠)(𝑃 − 𝑃

∗)

𝐺𝑞(𝑠)(𝑄 − 𝑄
∗)
] [
𝐼𝑔𝛼
∗

𝐼𝑔𝛽
∗ ] 

(11) 

where “*” represents the reference signals, 𝐺𝑝(𝑠) and 𝐺𝑞(𝑠) are the proportional 

integral (PI) controller gains for active and reactive power controller as shown in 

equation (4) respectively. This scheme doesn’t need to have Park and Inverse 

Park transformations. This scheme is effective to generate current reference with 

much ease. There are other control schemes mentioned in literatures [39] like the 

droop based power control method. 
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Fig. 6. Current reference generation using PQ theory 

2.2.5. Current loop control  

The power quality standard of the injected power to the grid is ensured by the 

current controller. The effective design of filters with correct damping resistance 

and proper selection of harmonic compensators are essential to maintain the 

power quality. These factors have to be taken into consideration while designing a 

current controller. 

The choice of reference frame is important while designing a current 

controller. 𝛼 − 𝛽  and 𝑑 − 𝑞 are the commonly used reference frames. Basic PI 

based controller needs 𝑑 − 𝑞  parameters. As Park and Inverse Parks 

transformations are utilized, the 𝑑 − 𝑞 frame implementation becomes 

comparatively difficult. The gain of the Proportional Resonant (PR) control 

realized in the 𝛼𝛽  reference frame is shown in the following equations.  

𝐺𝑃𝑅(𝑠) = 𝑘𝑝 +
𝑘𝑖𝑠

𝑠2 +𝜔0
2 

(12) 

𝐺𝐻𝐶(𝑠) =  
𝑘𝑖ℎ𝑠

𝑠2 + (ℎ𝜔0)
2
 

(13) 

where, 𝐺𝑃𝑅(𝑠)  and 𝐺𝐻𝐶(𝑠)  are the transfer functions for PR controller and 

Harmonic compensator as shown in equation (5) and (6) respectively. 𝑘𝑝 , 𝑘𝑖 are 

the gains for PR controller while 𝑘𝑖ℎ is the gain for Harmonic compensator.With 

the change in the operation mode (MPPT or LVRT) the current harmonic also 

changes. The current harmonics is also affected with change in power factor and 

voltage levels. The transient responses and harmonic attenuation capabilities of 

the above mentioned single phase controllers are not good enough during 

dynamic operating conditions. The DC link capacitor voltage may oscillate at 

double rate of the grid frequency which can subsequently introduce even order 

harmonics to the injected current which may increase during the LVRT operation 

mode. Therefore, it shows that a single PR or DB controller cannot handle the 

condition. Hence, a combination of PR and Harmonic compensator (HC) is 

involved to obtain a better control. 

3.  Simulation Results 

The PV system with the proposed control is implemented using Matlab/Simulink. 

The PV array gives maximum output of 1100 W at an output voltage 235 V and 



1026       Rini Ann Jerin A. et al. 

 
 
Journal of Engineering Science and Technology                April 2018, Vol. 13(4) 

 

corresponding current of 4.7 A. INC algorithm is used to track the maximum 

output power of the PV system. The DC link capacitor voltage is regulated at   

400 V. Grid fault of 0.35 p.u. at T = 0.3 s occurs and the voltage sag lasts for 

about 200 ms and the simulation parameters involved are given in Table 1. 

The conditions in taken into account for the implementation of this proposed 

method is as follows: 

 During fault condition, the MPPT is disabled and the control is switched to 

grid fault operation mode.  

 In the LVRT mode, the system injects reactive current and limits active 

power output to prevent the inverter from over-current. 

 After clearing fault the system resumes normal operation and again tracks the 

maximum output power of the PV panels. 

 Maximum active power should be supplied to the grid during the normal 

inverter operation.  

 During LVRT operation, reactive power support has to be offered. Active power 

limitation is carried out to avoid over-current shutdown of the PV inverter. 

P-V curve of the solar array is shown in Fig. 4 Flowchart for power reference 

generation during various modes is as shown in Fig. 7. The appropriate formulas 

for generating the curves are discussed in [40-43]. The grid voltage during LVRT 

operation is shown in Fig. 8 and grid current is shown in Fig. 9. The DC power 

output of the boost converter is shown in Fig. 10. Also, the active and reactive 

power during LVRT operation mode is shown in Fig. 11.  

Table 1. PV system parameters. 

System Parameters Values 

Nominal Grid Voltage, Vn  325 V  

Grid Frequency, f  50 Hz 

LC Filter, Lf  3.7 mH 

LC Filter, Cf  2.70 µH 

Transformer Leakage, Resistance, RT  0.02 Ω 

Transformer Leakage,Reactance, LT  4mH 

Sag Generator, Rs  19.4 Ω 

Sag Generator,RL  21 Ω 

Active Power Controller, kpp, kpi 6.2, 1.6 

Reactive Power Controller, kQp, kQi 1, 52 

PR Controller, kp, ki 22,2000 

HC Controller,kHi, kHih, h=3,5,7 5000 

The THD analysis is done through FFT analysis for grid voltage during MPPT 

mode as shown in Fig. 12 which shows a THD of 4.96%. Grid voltage during 

LVRT mode has 5.59% as shown in Fig. 13. FFT analysis for Grid Current during 

MPPT mode has 4.22% as shown in Fig. 14 and for Grid Current during LVRT 

mode has 4.83% as shown in Fig. 15. This THD comparison is also shown in 

Table 2. Also, a detailed comparison of the single phase PV system operation is 

discussed in Table 3 according to the grid parameters. The results clearly show 

that the LVRT operation is under acceptable limits and gives a satisfactory 

performance. This study has enabled the analysis of the system under LVRT 

condition and can be further improved with advanced control schemes. 
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Table 2. Grid voltage and current THD for various modes of operation 

System Parameters MPPT mode LVRT mode 

Voltage, V  4.91 5.59 

Current, A  4.08 4.83 

Table 3. Comparison of MPPT and LVRT modes based on grid parameters 

PV System Parameters MPPT mode LVRT mode 

Solar PV output, Ppv 1100 W 480 W 

Voltage supplied, Vg 235 V 200 V 

Active Power supplied, P 1050 W 460 W 

Reactive Power supplied, Q 20 Var 440 Var 

The simulation results illustrate the versatility of a PV inverter in supporting 

grid. The power control method based on the P-Q theory acts during fault 

condition in grid to supply the reactive power but causes some oscillations in 

voltage and current output post-fault condition. There ramp rate of the voltage 

profile is not linear and can be improved with better tuning of gain values of the 

control. The proper detection of voltage sag by improving the voltage and current 

controllers will ensure a smooth transition from LVRT to normal operation mode. 

Instantaneous shifting from LVRT mode to normal operation mode is possible by 

utilizing fast detection schemes. However, the control utilized ensures the 

operation of grid-tied solar PV as per the grid code standards.  

 

Fig. 7. Flowchart for power reference generation during various modes. 

 Start
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Vpv,Ipv

If  
1.1<=Vgm (P.U)<=0.9

If 
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P_ref=0.5*Vgm*sqrt(In^2-((1-Vgm)*10*k)^2);
    Q_ref=-0.5*vm*(1-vm)*In*k

P_ref=V_PV.I_PV;
Q_ref = 0

P_ref = 0;
    Q_ref = -In*vm*0.5
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Fig. 8. Grid voltage during LVRT 

operation of voltage sag 0.35 pu during  

0.3 s for 200 ms.  

 

Fig. 9. Grid current during LVRT 

operation of voltage sag 0.35 pu 

during 0.3 s for 200 ms. 

 

 
Fig. 10. DC power output  

for Boost converter. 

Fig. 11. Active and Reactive 

power of voltage sag 0.35 pu 

during 0.3 s for 200 ms during 

LVRT operation. 
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Fig. 12. FFT analysis for grid 

voltage during MPPT mode. 

Fig. 13. FFT analysis for Grid 

voltage during LVRT mode. 

 

 

  

Fig. 14. FFT analysis for Grid 

Current during MPPT mode. 

Fig. 15. FFT analysis for Grid                 

Current during LVRT mode. 

 

 

It can be concluded that the future single-phase grid-connected PV systems 

are ready to be more active and more “smart” in the regulation of power grid. 

Like the conventional generation systems, the single-phase PV systems can also 

offer some ancillary service in the presence of an abnormal grid condition. 

However, the performance is dependent on the grid detection and control 

methods. In this paper, the overall control strategy for single-phase PV systems in 

the grid faulty mode operation is demonstrated based on the grid requirements 

defined for three-phase wind power systems as it is expected that they will be the 

basic requirements for single-phase PV systems. Nevertheless, for different 

applications, the presented benchmarking result provides a convenient way to 

select appropriate devices of those inverters. The test results have verified the 

effectiveness of the single-phase PQ control method under grid faults and the 

constant peak current control strategy for reactive power injection. 

4.  Conclusions 

With the fast development of distributed power generations, stability and security 

have attracted extensive attention in the recent years. As a representative of clean 
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energies, Photovoltaic (PV) systems have been installed extensively 

worldwide. The ride through capability during voltage sag conditions in grid due 

to fault is demonstrated for grid-tied single phase PV. The control utilized ensures 

the stable performance of the PV system and the reliability of grid. Peak value 

based fault detection is utilized and a single phase P-Q theory is used to generate 

current reference and an enhanced current control operation done using PR+HC 

control. In normal operation, active power is generated and during LVRT 

operation PV inverter injects reactive current into power grid to ride through the 

fault. Active power limitation is carried out to avoid over-current shutdown of the 

PV inverter. Therefore, the reliability of PV systems when integrated to grid in 

large-scale is preserved through this LVRT control operation. Simulation results 

are presented, which verifies that the LVRT methods can help the PV systems to 

temporarily ride-through the grid low voltage faults. However the performance is 

dependent on the grid detection and control methods. 
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