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Abstract: This study presents a suitable method to convert the direct current to an alternating current using the
photovoltaic system to establish a connection to the grid by using three-phase designed inverter at the present
time, the inverter is admitted to be the foundation stone for the semiconductors and the smart electronics
technology industry, therefore, this study exposed the thermotical and simulation results for the selected
controlling method for active and reactive power utilizing a high-efficiency designed three phase inverter and
connect the whole system to the grid the simulation results and graphs has been carried out using dspace
microLabBoxc1202 and the software program (MATLAB/Simulink), the basic motivation in this study is
constructing a high performance system capable of controlling the active and reactive power in flexible method
and also producing clean and renewable energy without any harmful effects on the nature or the human being
also it can independently implement the injection of the active and reactive power into grid without exciting
for any distortion in the wave forms. The presented control strategy for the active and reactive power is
executed by using indirect power control. Where the function of the Proportional-Integral (P1) controller
includes the control of error signals which represent the difference between the measured current and
the source current, in order to reduce the error signal up to zero. The basic target of this study is
establishing a complete system has the flexibility to control the active and the reactive and proved
this effective work with accurate simulation using MATLAB to produce pure energy without distortion
signals.
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INTRODUCTION

Renewable energy comes into the foreground in
scientific researches for discovering continuous and
clean energy sources to meet the increasing demands of
human being to serve all the daily need for electricity,
(Kanchev et al., 2011; Suyata and Po-Ngam, 2015;
Ozbay et al., 2017; Suyata et al., 2014; Sarkar and Dalvi,
2017) solar energy solved lots of energy problems. In the
last decades, due to the rapid developing of the semi
Industrial technology and the appearance of smart
electronic devices like smart grids, three-phase inverter
and also software programming all this factors provided
the photovoltaic system with high performance and high
quality in order to produce clean energy instead of
permanent reliance on fossil fuels (Susheelaand Kumar,
2017; Blaabjerg et al., 2011; Magdy et al., 2019),

conversion and transferring the energy to the grid can be
applied using inverters to convert the energy form the DC
form to AC form and transfer it to the grid through the
DC-link, the power factor of the produced energy, the grid
synchronization and the method of selected modulation
are important considerations for the whole system to
achieve the perfect performance for implementation of
the proposed system, the three-phase designed inverter
could be controlled by three synchronized frames (d-q),
(o-p) and (a-b-c) (Blaabjerg et al., 2004), the park
transformation is the responsible for transform currents
and voltages of the three phase designed inverter into the
reference frame (d-q) which is synchronized according to
the voltage of the grid and that the reason for the
conversion of the variables of the three phase to the DC
forms, the selected method of modulation is the
(SVPWM) Space Vector Pulse Width Modulation which
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considers the most famous used technique for modulation
in most of researches for the renewable energy sources
(Carrascoetal., 2006; Ramonas and Adomavicius, 2013;
Meneses et al., 2012; Singh et al., 2011), the main
operation idea for the (SVPWM) is to control the vector
of the generated voltage for the inverter and supplies the
ideal switching in order to minimize the frequency and
losses of switching (Yan et al., 2011; Adzic et al., 2009;
Chung, 2000), the most practical features of the
(SVPWM) technique are the fixed frequency and low
level of harmonics, the inverter has the capability of
Improving the quality of the transferred energy into grid.
The dspace micro lab-box has an essential role in the
simulation obtained results procedure, it’s main
function is to compute the required calculation and also
improving the transferring of data and observing the
performance of the power controllers (Guo and Wu, 2013;
Moukhtar et al., 2018; Pastor and Dudrik, 2013) and
provide the results with actual simulation using
MATLAB, the variable factors and the generated values
for current and voltages are being detected and the
actual values and instant are simulated using
MATLAB/Simulink Programme and a comparison
are being made between the measured values and
source value to detect the error ratio and to
avoid losses and distortion in the final results to achieve
the optimum efficiency for the whole research, the
simulation results has been performed with high
accuracy.

In this study, the modulation technique of SVPWM
is presented. When harmonics are founded, the (q, d)
axisofgrid currents would impact performance of the grid
current, so in order to overcome this problem, the (d, q)
axis of currents which comprised decoupled fundamentals
factors of the current controller for the grid should be
changed with (d, q) axis of currents source of the grid
(Yao et al., 2015).

MATERIALS AND METHODS

Connection model of a three-phase inverter to the
grid: Designing of electrical circuit for the model of
connecting three-phase designed inverter of grid is
illustrated in Fig. 1. The three basic voltages of the
three-phase inverter are V,, V,, V,, in the same time the
basic voltages of the grid represented as follow: ¢,, e,, and
e, the output currents of the inverter are: i,-i, they are
being transmitted into grid.

The using of park implementation of reverse park
transformation is necessary to apply the two
phases in conversion and synchronization related to the
stationary frame as explained in details in following
Eq. 1:
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As proposed in Eq. 1, the transformation of the d-q
rotating reference is performed using parks method the
next functions can be obtained:
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Equation 13 could be calculated in the form of state
space as shown in Eq. 16. As a result, it could be easy to
evaluate the inverter output voltage in the d-q frame as

follow:
L
v, = e+l fi'j'td -oLi,+Ri, (15)
v, = eq+L%+mLid+Riq (16)

Functions 15 and 16 stand for the output voltage of
the inverter in the synchronous d-q reference frame as
seen in Fig. 2 and 3.

The PI controller technique for both active and
reactive power depending on high quality performance in
reacting with the V; and V,.

Proposed current controller prevalent: The most
prevalent controller is PWM because its a multi-featured
controller as it has dynamic reaction, optimum controlling
strategy, accurate implementation and capable of
providing sequence quantities of (ac) power, the
presidential task of the current controller (PWM) voltage
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Fig. 3: Inverter output voltage in g-axis

source inverters is to proposing a fundamental trajectory
for current vector which used for the three phase load, the
chosen technique for current controller has a great impact
on the system efficiency and the conversion accuracy,
implementation is one of the important stages for current
controller to compare the measured values of the
output currents of inverter with the source values to
produce the output voltage of inverter with the source
values to produce the output voltage of inverter, the
current controller handle with the errors as input
(Salem and Atia, 2014). The PI controller control the
fixed quantities of dc which result from the (d-q)
transformation. The Pl has the ability to detect the
error ratio by making comparison between both of
measured and source values and then the Pl works on
minimizing the failure value until it reach to zero there is
two constant gains related to the algorithmic
estimations; (k) the proportional gained and the (K;) the
integral gain:

V48, toli, = L%H?id = ud

(17)

So, the function of d-axis current circuit could be
gained using s-domain as shown in the following
functions:

ld(s) - 1
U, R+LS (18)
By mention Eq. 16:
. di .
v,-8,-0Li, = L—+Ri = ug (19)

dt
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Fig. 5: Swapped sectors for SVPWM

There for the function of g-axis current loop in
s-domain can be realized as following:
Iq(S) - 1
Uge R*LS

(20)

From the functions 18 and 20 it could be predicted
that the classification of the system is first order model.
As illustrated in Fig. 4 the scheme diagram of current
control has the ability to determine the value of source
current and therefore, it could control both of active and
reactive power (Lal and Singh, 2015). The fault signal
react as an input for the PI, it could be calculated by
making a comparing between the measured and the source
values of the inverter current in the (d-q) reference
frame, so, the transformation equation will be resulted
from both Eqg. 18 and 20 to give the following format
(1/(R+LS)).

SVPWM vectors locating: The (a-p) frame voltages and
the voltages of (d-c) are used in SVPWM, the generated
voltage of inverter vector as seen in Fig. 5, the source
voltage is the end product of o and B items and that
provide designating the sector of voltage vector and also
locating its related angle as shown in Fig. 5 the vectors
retard for each 60°, so, the followed technique to assign
a specific sectors for the vector of reference is by
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measuring vector’s angle, the inverter voltages rely on
twain of active Vectors, the (V,-V,) and twain of zero
Vectors (V,, V,).

System simulation prototype: The controlling strategy
which has been founded using interface programme
(MATLAB\Simulink) to operate the proposed chosen
technique for connecting three-phase inverter to the grid
and setup the whole system including the photovoltaic
array preparations as illustrated.

RESULTS AND DISCUSSION

The grid voltage and vector angel simulation are
presented clearly Fig. 7, (PLL) has the reliability of
creating an angle in synchronism with the grid
voltage but it requires almost half cycle in order to
obtain the value of required state for reaching the
accurate angle. Figure 8-13: the emulation results of the
six sectors of the grid vector for (SVPWM) switching
pattern (Fig. 6).

Current controller simulation results: The three-phase
inverter is known to be classified as first order and that
could be easily concluded from Eg. 18 and 20 and that
provide the PI controller has a complete ability to control
the generated inverter current in high efficiency method,
the (k) and (K;) are the PI controller related gains where
(k,) define as the proportional gain and (K;) define as the
integral gain the most appropriate method to choose the Pl
factors is the trial and error procedure (K; = 300 and
k, = 50) as seen in Fig. 14, 15 the resulted response of
current controller for the changing step, the step change
scale starts from 3A and end at 6A and occur in the case
of current source for the d-axis, in the same time the
current of the reference in the g-axis is set to equal zero as
shown in Fig. 14, on the other hand, the g-axis step
change in the case of reference current, the scale ranges
from (-5A to -2A) and the d-axis is prepared to reach zero
value as shown in Fig. 15, the PI is distinguishing
controller as it has special qualities like: rapid, stabilized
response as shown in Fig. 16 it can be clear to realize that
the simulation currents for three-phase inverter have been
carried out in concur with the (a-b-c) frame for the current
reference for d-axis.

Active and reactive power simulation results: The
photovoltaic system produces two type of power active
power and reactive power, both types are being simulated
through two durations the first period is the steady state
and the second is the transient period, the power factor
unit operating is explained in Fig. 17, it could be realized
that the active power is transferred into grid and the
reactive power is set to equal zero also the voltage
and the current related to phase (A) are on consensus in
phase on the contrary Fig. 9-18 describes the power factor
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Fig. 6: Proposed prototype system simulation
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operation when the active power prepared to equal zero Fig. 10: Space vector emulation results during the third
and the reactive power is transferred into grid the phase A sector for PWM switching (a) Sector, (b) Sa (c)
current lag behind the phase A voltage about 90° as seen Sb and (d) Sc

in Fig. 19 in the procedure of 0.7 lag for the power factor

it is clear that the phase A current lag behind the phase  the PI controller has the ability to achieve an accurate
(A) voltage about 45° and the reactive and active power injection process for both active and reactive power to the
are set to be equal, it could be clearly observed that  grid (Fig. 11-18).
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Active and reactive power stages during (step change): change step operation as seen in Fig. 22 the active power
As illustrated in Fig. 20 and 21 during the operation of  still constant and the difference before and after the step
step change for the active power, the reactive power keeps  change is that for the step change power factor value but
constant at zero value, in contrast the active power keeps  after the step change operation occurred it can be found
constant at zero value while the reactive power isundergo  that the active and the reactive power have the same
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value, so, the in injected current is lags behind about 45°
from the 0.7 lag voltage Fig. 23 explains that it could be
easily to achieve the steady state without the utilization of
over shooting and the required time to perform that is
about one millisecond, all this results leads to that the
proposed technique has the complete reliability to control
both of active and reactive power in steady and high
accurate performance.

CONCLUSION

This research proposed a complete system for a
photovoltaic structure connected to athree-phase inverter,
this system has a lots of advantages like high quality,
accuracy and also the generated power is clean and
renewable the selected model for the three phase inverter
has been designed and provided with the appropriate
software programming the basic electrical circuit has been
built to operate the optimal controlling system the
selected control is Pl it has many advantages such as
quick dynamic response, the ability of controlling the
active and reactive power in order to reach the desired
results.
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