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Abstract: PV energy is abundant and sustainable energy that photovoltaic (PV) cells can
transform directly into electricity. The PV array output energy is dependent on the change in
solar radiation and temperature. Maximum Power Point Tracking (MPPT) techniques are used
in the PV systems to track maximum energy under rapidly changing weather conditions. Also,
the rapid increase of Solar energy penetration in the electric grid necessitates keeping connected
to the grid during abnormal operating conditions, especially voltage sag and grid short circuit.
This paper presents the modeling and simulation of MPPT of a grid-connected PV system with
the incremental conductance (INC) technique. INC results compared with perturbing and
observe (P&O) scheme. Also, to analyze the PV system during faults on utility power grid and
determine the effects of faults as a function of the location where the fault occurs. Improving the
fault ride-through (FRT) capability of PV system during faults on the utility power grid by s
Crowbar Strategy is introduced in this paper. The performance is estimated and compared by
mathematical investigation and simulation analysis. To validate the correctness of the proposed
methods is used the MATLAB /Simulink toolbox. The performance of the proposed INC MPPT
indicates that the INC reaches the optimum power point more effectively than the (P&O) scheme,
in addition; the FRT capability enhancement by using the crowbar technique. This article
introduces the MPPT of a grid-connected PV system as a simulation and experimentally tracks
the speed of PV radiation change in different operating conditions.

Keywords: Maximum power point tracking, fault ride-through, incremental conductance, and
crowbar.

1. Introduction

A new approach to using renewable energy due to growing concern about environmental
issues is increasing fuel prices. The conversion efficiency is very low for solar power systems,
especially under the changing conditions of the ever-changing solar radiation. Recently it has
been noted that the system connected to the network Photoelectric has become more advanced.
There must be fairly large areas to produce much of this electrical energy to meet this increasing
demand for electrical energy. Therefore, new maximum energy extraction techniques must be
used to track the power point of these arrays [1-5].

Many papers are classified as a development of the PV system with MPPT methods in the
last few years. The MPPT of direct methods to find MPP such as perturb and observe (P&O)
[6-11], incremental conductance (INC) technique [12-13], sliding mode control, fuzzy logic
control [14-18] and Current sweep and Constant voltage and Temperature Method and Fixed
duty cycle and MPP Locus Characterization and Beta Method and System Oscillation and Ripple
Correlation. There are many methods for MPPT, but in this paper, we will cover only two
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methods, INC & P&O. The second problem for grid-connected solar systems is the sudden
drop in grid voltage. Low Voltage Ride Through Technology (LVRT), as a powerful power grid
fault recovery support, is attracting more and more attention. The general LVRT requirements
of PV generation systems focus on keeping transformers in contact with the electrical network
in short periods of low electrical grid voltage. Many methods have been used in previous research
to improve LVRT. However, these methods had some limitations. Fault removal and fault
location are concentrated in [19], showing fault clearance, and fault location and emphasis are
given to network connectivity in the current source inverter in [20]. Still, both papers did not
consider MPPT during the fault. In [21] it has been proposed to prevent voltage degradation due
to fault in the network side. An expensive superconducting fault current limiter for use with
photovoltaic systems, it also uses partial open-circuit voltages [19-23]. All the previously
mentioned cases do not work except in the case of constant solar radiation and do not work with
solar radiation that changes with time. Despite this, the computer graph and its severity can start
to go wrong. An event caused by a current caused by a superconducting current.

This paper proposes an efficient and usable control system based on the INC and P&O
methods to achieve the MPPT from PV system under different conditions. INC and P&O are
studied under various conditions of differing temperature, solar irradiance values. The main
contribution of this paper is the practical and mathematical investigation of the proposed method.
Besides, to analyze the PV system during faults on utility power grid and determine the effects
of faults as a function of the location where the fault occurs. Improving the fault ride-through
(FRT) capability of PV system during faults on the utility power grid by s Crowbar Strategy
presents the research in the following organization, system description, MPPT techniques,
voltage ride-through, simulation results, and discussion, experimental work, and finally, the
conclusions.

2. System Description

The general system of the Grid-connected PV system is shown in Fig.1, its one of two stages
of solar power systems connected to the grid. Stage number one contains a DC-DC converter.
This makes better use of the PV array by greatly reducing the shading effect for the entire system.
Stage number two contains three-phase VSC DCAC inverter.

Figure 1. The proposed system of the grid-connected PV array.

The conventional control system for the Grid-connected PV system consists of two stages
into two main parts, the boost converter control and the inverter control. The first part is the
boost converter composed of an Insulated-Gate Bipolar Transistor switch (IGBT), inductor,
diode, and capacitor. The 5 kHz booster converter increases the normal DC voltage of the cell
from 273 to 500 V (MPPT) is implemented in the dc-dc boost converter employing a State flow
implementation using one of the (MPPT) techniques To generate the voltage required to extract
the maximum power, this type of MPPT controller automatically changes the switching duty
cycle. The three-phase VSC Dc Ac reflector control unit is the second part and consists of a
switching unit that contains a closed-phase loop (PLL) phase and a DQ coordinate
transformation. It also consists of a power balance controller with a PI voltage feedback
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controller DC link and proportional-integral (PI) regulators. The 2000-Hz DC-AC inverter VSC
converts the dc-link voltage from 500Vdc to 260Vac and keeps unity power factor. The model
also includes an appropriate inductance filter to remove the high order harmonics from the
voltage and the current of the inverter. The PV array uses 330 SunPower SPR-305-WHT
modules (165 strings of 5 series-connected modules connected in parallel) [11]. The inputs of
PV Array are the sun irradiance (W/m2) and the cell temperature (°C).

A. PV Array Modelling
Figure 2 displays the parabolic circuit model of a PV cell. Series—parallel combination of PV

cells forms a PV array with a specified rating of current and voltage [1].
|
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Figure 2. PV cell parabolic circuit [17].

In the equation below, namely “the central equation depicting V-I curves for photoelectric cells”,
the production stream is defined by [1].
a(V+IRs) V+1IR 1
1=1Ph—10[e AKTc —1]— 2 )
Rsn

Where: 1 is the PV current of the PV module, the saturation current of the diode is I, Ipn is the -
generated current from photo, Rs is the resistance of series in Q, Rgy is the resistance of parallel
in Q, n is the ideality factor, the constant of Boltzmann is K, the charge of electron is q and T
is the temperature [°K].

B. DC-DC Boost Converter

This circuit is used to increase the PV output voltage. The DC/DC boost converter is
concerned with investigating the required and synchronized voltage level and with the electrical
grid by DC/AC inverter as shown in Fig. 3. Fig. 3, displays the configuration of a boost DC-DC
converter that contains an electricity coil; L with an inner resistance of R, a diode; D; and a DC-
link-capacitor; C and (IGBT) switch. The detailed model increases the voltage from 280V to
500V by the boost converter. The boost converter makes use of MPPT technique that's straight-
up changes the duty cycle to generate the desired voltage to produce maximum energy from the
PV array. The key to tracking process in most MPPT technologies is changing of booster duty
cycle Ds the modulation index of the boost converter control maintains changing so that voltage
output can track the desired voltage under variable solar radiation [6]

m’"—%jfj —

Figure 3. the illustrative circuit of DC-DC boost converter.
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Stepping-up, its magnitude of input voltage to a value desired employing electronic
switching, is the main purpose of the DC-DC booster circuit. However, the output voltage from
the PV array has a small value to be synchronized with the electrical grid through the DC/AC
inverter. Therefore, the DC/DC boost converter works to step up the PV output voltage and
achieve the desired voltage equal (500 V). The output of the boost converter is specified to the
three-phase inverter. The MPPT controller gives PWM pulses to IGBT [17-19] to keep the
output voltage constant.

3. MPPT Techniques

PV cell V-I quality isn’t linear and differs with heat and irradiation. Generally, a distinctive
point on the V-I or V-P curve is named the Maximum Power Point (MPP). The whole PV system
(array, converter, etc...) operates with maximum qualification and makes its maximum output
energy. The rhythmic of the MPP is unbeknown but can be existed. It can be done by calculating
models or by searching algorithms. So, the maximum Power Point Tracking (MPPT) strategy
needs to maintain the PV array’s operating point at its MPP. But in this thesis my method will
be implemented the (P&O) methods and the (IC) methods.

A. Incremental Conductance method (INC)

The INC method is built on the power-voltage ramp as exposed in Fig.4. The INC MPPT
flow chart, as exposed in Fig.5, the slope of the P-V properties calculated, it is positive if the
action point on the left side of the MPPT, therefore it is stimulated to the truth by increasing the
PV voltage. But if the slope of the typical curve is negative, the procedure assumes that the point
of operating exists on the side of the MPP right, and therefore it must be encouraged to the left
by reducing the PV cells voltage [1].

The IC MPPT flow chart is illustrated in Fig.5. The right-hand adjacent represents the
instantaneous conductance, and the left-hand corner of equations represents IC of the P-V
module. The variation ratio in output conductance is the same as the negative output
conductance. The PV array will run at the MPP. Where V is PV voltage, I is PV current.

The most effective point is at MPP when the P-V curve slope is zero, and the voltage adjustment
algorithm will stop as in the following equation:

dl I
eV _ _ PV At MPPT ?)
Z‘;PV l;PV
—PV > — PV Left of MPPT 3)
ZVPV Vpy
I I .
PV < —PY Right of MPPT (%)
avey Vpy
PV P A Optimum V
ower
W dl/dv=-1/V
B MPP
— MPP Left '/-:\ MPP Right
— dl/dV>-1/Y, I
I dl/Dv<-I/V
- Amax I P< Pm\z&
V < Vmax | V>Vmax
! ! ! | 1 .
' PV Voltage
> -—
Increase Vy Decrease V¢

Figure 4. INC algorithm power - voltage curve.
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Begin IC Algorithm
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Figure 5. The INC algorithm flowchart.

B. Perturb & Observe method (P&O)

P&O technique was developed by examining the ramp (dP/dV) on the P-V qualities of the
PV module. The ramp (dP/dV) > 0 at the left of MPP and (dP/dV) < 0 at the right of MPP. So,
it is dependent on the ramp mark, to track the top power, the operating voltage must be perturbed.
In previous literature, it has been indicated that P&O can be performed either by direct duty ratio
control [31] or using a proportional-integral (PI) controller to control the voltage reference [30].
With tracking time and steady-state oscillations that depend on the size of the disturbance step,
you can determine the tracking performance for P&O. The size of a smaller disturbance step
produces fewer oscillations but at the same time produces a response.

On the other hand, the size of the big turbulence step increases the vibrations of the stable
state [1,6 and 11]. After that, to improve the quality of P&O, a different perturbation step size
is utilized in [1], [6], and [11]. Finally, the conventional P&O MPPT algorithm is upgraded based
on the ramp (dP/dV) fluctuation on the P—V properties of the PV module. From the P-V
properties as exposed in Fig. 6, it can be visualized that the ramp is positive at the left of MPP.
Figure 6, .illustrates the photovoltaic output power versus the plate voltage at specific radiation.
There are two locations to run as a point A (dP / dV > 0) and point B (dP / dV <0). When the
small step size of the voltage is used, it reaches the small, steady-state oscillations with a slow
MPPT response result and increases the power loss. At the bottom line, there are three constraints
connected with the typical MPPT controller. The primary one is answerable for huge fluctuations
around the MPPT. The next constraint is the controller short speediness reply. The third one can
drop the MPP drive below fast varying radiation. The flowchart of the P&O MPPT algorithm is
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shown in Fig 7, and the sign of the ramp shows the negative on the right to track peak power.
The duty cycle must be turbulent. The duty cycle is inversely proportional to the PV voltage i.e.,
Lower PV voltage leads to an increase in the working cycle and vice versa.

A Optimum V¢

dP_/dvV=0
— MPP

A
PV Power]

MPP Left

|

| MPP Right
— dP /dvV>0 |
A [
|

B P/ dV<0

- P < Pmax lJ < Pmax
V < ¥Ymax > Vma:{
1 1 1 | 1
«—LY Voltage
Increase eout Decrease V¢

Figure 6. P&O three modes of operation.
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AVpy = Vpy(N) - Vpy(N-1)

Update History
Vev (N-1)=Vpy (N)
P(N-D=P(N)

Figure 7. The P&O algorithm flowchart.

4. Voltage Ride-Through (VRT) System Molding

Figure 8 illustrates the system under study. It is indicated in some international regulations
[19-23], that DG PV systems connected to the grid at a residential level to protect their
interfacing inverter must be disconnected from the grid. In the requirements of this grid,
prerequisites are imposed such as anti-islanding condition and power quality of the Grid -
connected inverter. Though, the network requirements of DG systems are developed and
adjusted based on the level of growth and penetration of the grid-connected DG PV systems due
to the rapidly growing installations of the three-phase grid-connected PV systems. This model
generates 250kw, and the connected distribution system is 20 kV as shown in Fig (8), it releases
110 kV of electricity into the grid. Figure (8) also illustrates the location of Simulink short circuit
faults and sag faults applied to three distances of the PCC modeled on the 20 kV utility Grid.
Future PV systems connected to the grid must fully support the public grid by riding through
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grid failures. These include wind power systems connected to medium and high voltage public
grid known as LVRT capability.

Transition times (s)
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Figure 8. Schematic diagram of system under study.

A. Crowbar Strategy

Many papers have been done on different types of LVRT strategies, and in this paper, we're
going to talk about the crowbar strategy. It is a circuit plugged into PV generators to protect it
when there is a fault in the grid voltage. The traditionally used crowbar in the fault current path
involves pure resistance [19-23]. Characterization of resistance belongs to the energy-dissipating
element. When a fault occurs in the grid, the current will flow against the circuit resistance, the
rest of the power will be consumed in the form of heat. This circuit also consists of two electronic
power switches which operate based on a fault detection mechanism as shown in Fig.9. These
keys cannot function together but only one key will operate at a time with or without a fault
switching depending on the system condition, fault detection mechanism when an fault is
immediately detected, is turned on (with fault switch) and turned off (without fault switch) and
also includes current fault resistance.

These switches are used to signal AC to perform semi - positive and negative cycles, which
are DIAC electronic switches.

5. Simulation Results and Discussion

The proposed system of grid-connected PV array is simulated at two types of MPPT (INC
and P&O) and various types of faults that occur in the 20kV utility grid as is shown in Fig.8.At
an ambient temperature of 25°C the simulations are running. The solar radiation was
implemented employing the ramp profile. The solar radiation at 1000W/ m? begins, then
gradually decreases to 250 W/ m2, then increases again until it reaches 1000W/ m2 as shown in
figure 10. The model operating time is 0.8 seconds, and the faults are implemented in a time of
0.15 a second from 0.4 to 0.55.

The simulation results are presented starting from PCC, followed by the VSC inverter and
boost converter and continuing with the PV array to analyze the photovoltaic system and
determine the effects of the failures in the power grid as a function of the location where the fault
occurs. The system under study details are specified in Table 1.

A. Comparison between INC and P&O MPPT

The response and the comparison of the INC and P&O method are discussed and presented
graphically in the following items. By simulation implementing the two methods on the
MATLAB model, it was found that the INC method is more accurate than the P&O method and
we will show the comparison between the two methods. Still, we will mention the results of the
INC method only because it is more accurate.

The simulation results on the output of the solar array is shown in Figure 11, so that Figure
11a show the PV output voltage of the solar array, which is approximately 273.5V  of 1000
W/m? radiation and 252V at 250 W/m2 radiation. Figure 11b shows the output current on the
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solar panels, which is 910A, when the solar radiation is 1000 W/m2, and at the irradiance of 250
W/m2, it is approximately 210A, which based on what was presented in terms of voltage and
current, PV power was summation. With P&O method as shown in Figure 11c, is 250kw at 1000
W/m? radiation and 20kw cycles at 250 W/m2 radiation. Table 2, shows the efficiency
performance of two methods through the possibility of tracking the maximum capacity of solar
cells.

Figure 12 shows that the duty cycle performance analysis at boost converter between the INC
and P&O method is between 0.5 and 0.6.

Table 1. System parameters

Parameters Values
Maximum power of PV module 3052 W
Short circuit current of PV module 5.96 A
Open circuit voltage of PV module 642V
Maximum current of PV module 5.58 A
Maximum voltage of PV module 547V
Parallel strings of PV array 165
Series-connected modules per string 5
Boost converter inductance 5SmH
Boost converter resistance 0.005 Q
Boost converter capacitance 100 pF
Frequency of converter switching 10 kHz
DC link voltage 500V
Filter inductance 0.25 mH
Filter resistance 0.015 Q
Voltage of grid 25 kV
Frequency of grid 60 Hz
Step up transformer 260V /25 kV

Table 2. PV output power under different radiation
Solar Radiation (W/m?) | PV Output power (KW)
P&O MPPT | INC MPPT
1000 250 245
250 20 20

With fault switch

g Resistance
| e
k
=]

5]
o7

Yes

Output

Fault
Detection

No

k
Without fault switch

Figure 9. Schematic diagram of the Crowbar Scheme.

a
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Figure 12. The duty cycle performance analysis at boost converter
between INC and P&O method.

Figure 13 shows the voltage value of VSC, which is approximately equal in the two cases (INC
& P&O) and is 500V

n
S
=

Vab VSC (V)
e
S =

—INC
—P&O|

-1000 k . . . . :
1 1.2 14 1.6 1.8 2

time (s)
Figure 13. The inverter output voltage performance between INC and P&O method.

Figure 14 Show the grid power functioning of between INC and P&O method and note that
the power value is 250kW at the radiation of 1000 W/m? and it is 60 kW at the radiation of 250
W/m?.

Figure 15 shows the effective rms voltage for the three phases at 260 V, in which the voltage
value is almost constant 260v V. Fig.16, shows the effective rms current for the three phases at
260 V, in which the voltage value is almost constant 260 V.but the current changes with the
change of solar radiation where at 1000 W/m?, the current is approximately 550A in both cases
and begins to decline gradually as the solar radiation drops to 190A at 250 W/m?

300

200 c-.:‘\/

200} —INC
—P&O

Power (kw)
= —
> (=3
= — ]

300 . . . . .
0.5 1 1.5 2 2.5 3
time (s)

Figure 14. The grid power performance of between INC and P&O method.
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Figure 15. The inverter output (rms) voltage performance between INC
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Figure 16. The inverter output (rms) current performance between INC
and P&O method at 260v.

Figure 17, shows the grid voltage for the three phases at 20 kV, in which the voltage value is
almost constant 20 kV. Fig.18, shows the grid current varies with the change of solar radiation.
At 1000 W/m?, the current is approximately 6.8 kA in both cases and begins to decline gradually
as the solar radiation drops to 2.3 kA at 250 W/m?.

Figure 19.a. The sine wave grid voltage performance between INC and P&O method at phase
a. The grid voltage for phase a at 20 kV, in which the voltage value is almost constant 20 kV.
Fig.19.b, shows the grid current varies with the change of solar radiation.
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Figure 17. The grid voltage performance between INC and P&O method at 20 kv.
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Figure 18. The grid current performance between INC and P&O method at 20 kV.
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Figure 19. The AC grid voltage and current performance between INC
and P&O method at phase a.

B. LVRT Results and Discussion

There is a slight difference between the types of short circuit &sag faults: the value of the
fault resistance in the case of short circuits almost reaches zero. Therefore the value of the voltage
is zero and the current is a very large value, but in the case of fault there is a value for the fault
resistance and thus there is a value for the error voltage and current no be very large. The PV
system during various types of short circuit grid faults as shown iv table 3

In the following part of this paper, the study of the different types of faults will be improved
by the Crowbar strategy displayed at the beginning of this paper.

B.1. Single phase to ground short circuit fault

It is the most common and most frequent of all fault cases mentioned, although it appears to
be a minor fault, but it is the most important case of fault. According to the Egyptian grid code,
the model ran time is 0.8 seconds, and the fault time was set as 0.15 seconds. The fault time from
0.4 to 0.55 seconds, in all cases of fault, this time was determined. Then, the fault was performed
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on the model and corrected. Results are shown in Fig 20 and Tablel, where output PV (voltage-
current-power) in case of single phase to ground fault before and after the improvement.

Figure 20.a shows the value of the PV cell potential, which in fault condition is 271V to
277V but after optimization approaches is based on the crowbar scheme its normal value of
272.5V and the system normal value of 273V. The value of the PV current is shown in the fig
20.b and in fault ranges from 905A to 930.5A But after the optimization process approaches the
normal current and is 911 and the normal value of the system is 910A. The power value of the
cell is almost the same in the fault and after optimization; in fault the power is reduced to
249.5KW and after optimization to a natural value of 250kW, shown in fig 20.c. The value of
DC voltage is finally shown in a fig 20.d. It ranges from 499.5V to 500.5V in case of fault, but
after the optimization process it approaches a normal value of 500V The normal value until the
system is stable and functioning is S00V.

Table 3. Simulation results of the PV system during various types of short circuit grid faults

Type of Dec-link PV Array
fault Crowbar | | e (V)

strategy & Voltage (V) Power (KW) Current (A)
Normal
operating Without 500V 273V 250KW 910A
conditions
Single . 499.5-
Sirees (i Without 500.5V 273V 249.5KW 905-930.5A
to ground With 500V 271-277V 250KW 911A
Two phases | Without | 450-700V 272.5V 199.5KW 990-1000A
fault With 449.5V 80-290V 250KW 908-912A
Two phases | Without 1050V 274.5V 180KW 924A
}Zuh ground | ywip 500.5V 170-289V 250KW 909.5A

Three Without | 2798V 269-275V 246KW 0-1000A
phases o | yin | 496.503V 5V 240KW 896.5-912.5A
ground fault

B.2. Two phases short circuit fault

Figure 21 and Table 1, shows the results of the output PV (voltage-current-power) in the case
of two-phase fault before and after the improvement. Fig.21. a. shows that the PV voltage in the
case of a fault is below the normal required voltage of about 273.5V to (80-290V), but after the
optimization process it returns to normal voltage 274.5V. Fig.21. b, shows that the PV current in
the case of a fault is below the normal required current of about 910A to range from 990A to
1000A, but after the optimization process it returns to normal current from 908A to 912A.

It is normal that in the event of a fault the grid voltage and current changes, resulting in the

malfunction of the grid power. It can be shown in Fig.21.c, where the power of the grid in the
case of a fault is 199KW, but after improvement it is returned to the normal power 250KW. The
most important part where improvement should occur is DC voltage output of boost converter
circuit, because it's the one that gives the DC voltage directly to the inverter. This value must be
constant for the inverter to produce an exact output. The DC voltage shifts from the desired value
of 500V to range from 450V to 700V in the case of fault, however, after optimization the desired
value at which inverter operates is shown as 449.5V.
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Figure 20. PV system response at grid single phase to ground fault.

B.3. Two phases to ground short circuit fault

Figure 22, and Table 1, shows the value of output PV (voltage-current-power) in the case of
two phase to ground fault. These results appeared after operating using Crowbar strategy, which
gave complete stability to the system. Figure 22a, showing the value of the PV voltage after
optimization, which goes from (170-289V) to 271.5V and Figure 22b, showing the value of the
PV current after optimization, which goes from 924A to 9095A. The voltage and current
improvement resulted in a power improvement that went from 180KW before the improvement
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to 250KW after the improvement, as shown in the Figure 22c, the value of DC voltage is finally
shown in a figure 22d. It ranges from 1050V to 500.5V in case of fault, but after the optimization
process it approaches a normal value of 500V, the normal value until the system is stable and
functioning is 500V.
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Figure 21. PV system response at grid two phase short circuit fault.
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Figure 22. PV system response at grid double ground phase short circuit fault.

B.4. Three phases short circuit fault

Figure 23. and Table 1, shows the value of output PV (voltage-current-power) and also the
value of Dc link voltage in the case of three phase fault, In this case, the fault is relatively greater
than the previous cases, so the improvement is also less, but it works to operate the system in a
stable state. In this case the voltage drops to approximately 6V before optimization as shown in
Fig.23.a, but after the improvement process, it returns to its natural value, which ranges from
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269V to 275V. Also, the current in case of a fault drops to (0-998A) as shown in fig.23.b, but
after the improvement, it returns to (901-914.5A).

Figure 23c shows the power value before the optimization process is 87KW but after the
optimization process it becomes 246KW. In the case of a fault, the value of Dc link voltage is
very high, approaching 2,800V, as shown in Fig.23.d, but after the optimization, the voltage is
(498-502.5V).

500

[ with crowbar

400 L |__without crowbar

voltage (v)
N
S
L]

100 L -

0 1 1 1 1 1 1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Time (s)
(a). PV voltage
1500
T T T T T
| wuf crowbar
without crowbar

1000

Current (A)
N
S
L

oL .
1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Time (s)
(b) PV current
400
L] L] L] L] L] '
with crowbar
300 L __without crowbar
E 200 L -
5 100 L A
z
=
~ ol i
-100 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Time (s)
(c) PV power
3000
L] L] L] L] L] ' .
 with crowbar
| without crowbar
—~ 2000 | J
z
@
)
s
S 1000 | -
=
£
o
A 0
C L L L L L L .
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Time (s)
(d) DC voltage

Figure 23. PV system response at grid three phase short circuit fault.
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B.5. Three phases to ground fault

Figuer 24, and Table 1, illustrates the value of output PV (voltage-current-power) in the case
of three phase to ground fault. In this case, there is no significant difference from the previous
case with a slight increase in the fault, but after using crowbar method, the system was operated
in a stable state and this is evident through these results.
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Figure 24. PV system response at grid three phase to ground fault.
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6. Experimental work of grid connected PV system

Figure 25 illustrates the experimental setup of grid-connected photovoltaic systems,
consisting of a PV power supply, three-phase transformer, three-phase DC to AC inverter and
MPPT unit. The theoretical and experimental proposed system aims to study the performance
and analysis of grid-connected photovoltaic systems under the influence of variable solar
radiation.

The proposed system is composed of the following: A group of PV cells to produce electrical
energy, DC / DC Boost Convert, A voltage DC link capacitor, the inverter for Converts the PV
voltage into a variable voltage, the harmonic filter circuit RL and the transformer to raise an
electrical voltage used to raise the voltage to suit the voltage of the public electrical grid. The
data and description of the experimental system are presented in Table 4.

Figure 25. Experimental setup of PV system.

Table 4. Experimental setup specifications for the PV system

Names | Values

PV module

Maximum PV power 1500 W
Rated current in A 72-11.7A
Rated voltage in V 100-240V
ON-grid inverter

DC input voltage in V 250 — 1000V
DC MPP Voltage in V 300 — 800V
DC current 11 A

DC Short circuit current 13-20A
AC voltage 3*230 V
Frequency 50-60 HZ
AC Max. Current TA

Max. Power 3200 W
Step up transformer

Primary Voltage 400 V
Secondary Voltage 450V
Nominal Power 1000 VA

A. PV measurements

Figure 26 shows and illustrates solar radiation change under the ramp profile. We observe in
the form of solar radiation starting from 325 W/m2 and gradually rise to 675 W/m2 and then
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dome slightly and then the radiation gradually decreases Up to 260 W/m2, then stability slightly,
then gradually increase to 470 W/m2 and then stability slightly.
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| o 120

- 3&0 ’5;
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e e —— | - "

Figure 26. Ramp changes of solar radiation of experimental PV system.

Figure 27 shows the experimental performance of PV voltage, PV current, and PV power
under the changes in the solar radiation ramp. As indicated in this Figure 27, (a) stable in the PV
voltage from solar energy and Figure 27 (b) and (c) a change of PV power and PV current from
solar energy with a change in the sun's radiation. The output power indicates the effectiveness
of the MPPT system applied on the practical side.
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Figure 27. Experimental performance of PV voltage, PV current and PV power.

B. Grid measurements

Figure 28 indicates the grid current value for phase (a) in the case of ramp changes of solar
radiation. As shown in Figure 26, approximately the same value is proportional to the change in
solar radiation.
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Figure 28. Experimental performance of grid current at phase a.
The grid voltage is fixed to the voltage required to connect under ramp changes of solar
radiation. This is illustrated by Figure 29, which shows the grid voltage of phase (a) having

almost constant values proportional to the change in solar radiation.
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Figure 29. Experimental performance of grid voltage at phase a.

Figure 30, shows that the active and reactive power this figure shows that the active power
increases with increasing solar radiation and decreases with decreasing solar radiation.
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Figure 30. Experimental performance of grid active and reactive power

7. Conclusions

This paper introduces simulation in MATLAB / SIMULINK environment for grid-connected
PV system. The main common failure that occur on the electrical grid is based on the different
types of faults, and the effect of these failures on three-phase photovoltaic systems connected to
the grid has been studied. This paper introduces theoretical verification of MPPT by P&O and
IC technique and LVRT technology by crowbar technique. The grid fault events perturbed by
the PV array, PV inverter, and PCC of the grid-connected PV system. The impact of grid faults
on PV systems depends on the fault type and less on the fault distance. Symmetrical faults have
a higher impact on PV systems performance than asymmetrical faults, both at the PCC and inside
the grid-connected PV array. It also provides a comparison between two different types of
different MPPT methods. The results of the solar system's power, current, and voltage output are
displayed. The power, current, and voltage attached to the electrical grid were also shown. By
comparing the P&O and IC method under various weather conditions, the IC was better for an
average rate of maximum electric energy. In addition, based on the results, all the previous curves
indicate a good compatibility in the overall results LVRT technology by crowbar technique. The
results indicate good compatibility in the MPPT PV radiation between experimental results and
simulation results.
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