Bulletin of Electrical Engineering and Informatics
Vol. 10, No. 6, December 2021, pp. 2943~2952
ISSN: 2302-9285, DOI: 10.11591/eei.v10i6.3126

2943

Modeling and analysis: power injection model approach for
high performance of electrical distribution networks
Baraa Jalil Abdulelah1, Yousif Ismail Mohammed Al-Mashhadany2, Sameer Algburi3, Gozde Ulutagay4
1,4Department
2Department

of Industrial Engineering, Gedik University, Turkey
of Electrical Engineering, College of Engineering, University of Anabr, Iraq
3College of Engineering Technology, Al-Kitab University, Iraq

Article Info

ABSTRACT

Article history:

The generation of electrical energy varies depending on the needs of the user,
initial requirements, capacity, intended use, waste generation, and economic
efficiency. In order to meet the challenges of the proposed overvoltage of the
presented system, it is possible to use the solar collectors and profit from them
economically through smart grid smart control systems. The mathematical
model with four main parts was created: simulation, correlation, and
evaluation according to the solar program set of photovoltaic solar modules,
maximum power point tracking (MPPT), an adaptive neuro-fuzzy inference
system (ANFIS) controller, and 600-volt electric network. Then in this phase,
the investigation of the effects on the network on the basis of the output power
with the coincidence of radiation and the effect of temperature in the network
is carried out. An analysis was carried out to evaluate the impact of these
fundamental limitations in practical application. In this section, the simulation
of the proposed system is discussed. The block diagram of the developed
system is presented in the last part. The proposed system was assessed from
the Matlab simulation tapes and graphs for each part of the system, and the
results of the overall system simulation were taken into account.

Received Jul 2, 2021
Revised Sep 5, 2021
Accepted Oct 12, 2021
Keywords:
Electrical distribution networks
Grid power injection
Intelligent controller
Mathematical model
Renewable energies

This is an open access article under the CC BY-SA license.

Corresponding Author:
Yousif Ismail Mohammed Al-Mashhadany
Department of Electrical Engineering
University of Anabr, Anbar, Iraq
Email: yousif.mohammed@uoanbar.edu.iq

1.

INTRODUCTION
The conveyance part of the electrical power framework is the part answerable for conveying
electrical vitality to end-clients in the wake of changing over them from high voltage to electrical voltage.
The lines having a place with this part are the medium voltage circuit. The dissemination framework, as a
rule, comprises various substations that comprise transformers that set up the voltage planning to the suitable
level for clients, which exit from the substation. Close to every client an end, that is, it very well may be
summed up by saying: The sub-circulation station gets an elevated level voltage and performs ventures down
and conveys to the helper circuit of the low voltage. Vitality quality is one of the materials generally
influenced by the presentation of photovoltaic (PV) cells into dispersion systems. Symphonious flows will be
produced because of the utilization of intensity transformers when PV is applied to control matrices.
Therefore, it will expand the complete consonant mutilation related to the flows and voltage in the contact
territory. Be that as it may, the sounds of the voltage are typically inside cutoff points if the network is
adequately perfect with less chain obstruction. Then again, the current sounds produce a current that may not
be sinusoidal. The state of the twisting rush of this current can be convoluted by the kind of burden and its
treatment of different pieces of the framework. This chapter presents the fundamental concepts for grid power
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injection through electrical distribution networks, literature review for three main parts of this subject,
problem statement, and objective from this work [1]-[3].
The power grid is a series of transformers and infrastructure that transmit electricity from the
production center to all consumers. These power grids are responsible for transmitting and distributing the
electricity generated by the power source to the end of the electricity consumption. For centuries, the distance
between the main production center and the end-user has been long. In terms of the characteristics of
consumers and renewable energy companies, the physical network is being modernized to make it more
convenient. The grid seems to be considering the ability to provide smart control. This chapter introduces the
latest of these new grid structures, called smart grids. A new power grid concept is emerging, which can
intelligently integrate the actions and measures of all relevant parties to ensure a safe, economical, and
sustainable power supply. There are many types of energy sources, and they are directly connected to the
transmission network. There are also some small distributed renewable resources, such as PV solar modules,
energy storage, small wind farms, which should be placed near the consumption points in the low-voltage
power distribution network to meet the efficiency and economic requirements. Therefore, the development of
small networks may be a way to solve these problems. Now, new electronic energy technologies and digital
control systems can create small, advanced networks that operate independently of the network and can
incorporate multiple distributed energy sources. Presents a fine grid overview, showing the concept of
positioning and the advantages and disadvantages of AC and DC allocation [4], [5].

2. RESEARCH METHOD
2.1. PV grid topology
In grid-connected PV networks, a significant thought in transformer plan and activity is the manner
by which to accomplish high effectiveness with the power yield of different power setups. Inverter
association necessities include most extreme power point, high proficiency, control power infused into the
organization, and low all-out harmonic distortion of the flows infused into the system. Along these lines, the
presentation of the network-associated transformer depends generally on the control methodology applied.
Power inverter topologies and control structures for grid-associated PV frameworks. The various
arrangements of grid-associated PV networks and power inverter geographies are portrayed as demonstrated
in Figure 1. A few arrangements are proposed to control the infused power into the organization and the
useful designs of every setup [6].

Figure 1. Proposed grid-connected PV inverter system based on SMC and flyback converter topology

2.2. PV grid generation model
There are difficulties in coordinating the PV power generation into the power system. An appropriate
model for the PV power generation is crucial for concentrate on how photoelectric control incorporates and
connects with these power system defiances. The PV power generation models needed for power network
researches can be delegated dynamic and stable models. The model ought to appropriately address the
different highlights of the PV power age like geography, control structure; and so on this talks about the
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particular engineering of a PV power generation, its segment displaying, and the subtleties of the control
calculation. Advancement of the proper powerful model for energy network considers. The model was
utilized for the situation study to test the effect of power generation of PV on the little sign solidness of the
power system. The consistent state models needed to contemplate the operational difficulties of a power
scheme, for example, consistent state voltage control [7], [8].
2.3. Grid system features
There is another power network framework, which can possibly satisfy the present requests in an
exceptionally sufficient manner. This power lattice is known as the keen framework. Savvy matrix
incorporates an extremely proficient thought which is dynamic distribution systems. The circulation network
which has countless dissemination generations like PV, WT, power device, and capacity framework is called
dynamic dispersion organizations [9]. This appropriated generation will make the lattice network a two-way
dissemination network, which implies that we can give dynamic and receptive capacity to the matrix
networks and take the dynamic and responsive power from the lattice network. In spite of the fact that having
circulated energy assets in our dissemination network has had numerous advantages for our framework [10].
For instance, getting better energy quality, lessening framework energy misfortune, and invigorating the
energy market. This DER will help the DSO in the zones of power quality, voltage appraisals, and overloaded
feeders. MG can work comparable to the framework or autonomously when a blackout happens, and MG can
supply electrical capacity to the town, production line, or local location and features topology for grid system
as shown in Figure 2 [11].

Figure 2. Proposed grid system features topology [11]
Moreover, MG can be exceptionally valuable for DSO to use as reinforcement power and helper
appropriated framework administrator at top burden time, which implies greatest power required and valley
point time, which implies least force required, this will build network proficiency [12]. In a dissemination
network when we experience voltage brutality out of the blue, we attempt to make up for it by adding more
capacitors to our framework through the capacitor bank, through this cycle, we increment the receptive power
in the network. The circulation of energy assets in our network likewise builds the dynamic force in our
framework which we can use to diminish the general misfortunes of the network [13]. The presence of
sustainable power in our framework implies that in our framework we utilize the variety of energizes to create
our force, which likewise goodly affects the climate. One of the elements that caused the old network
framework to endure is load change, which implies voltage variance, yet by coordinating DG into our
framework we can make up for this issue. Organizations administrators expect expanded investment of the
PV age in network uphold tasks. This is because of the hazardous development of PV producing units. The
normal organization upholds highlights of PV age have been portrayed in certain guidelines. These can be
partitioned into two fundamental classes, which are dynamic organization uphold highlights and consistent
state network uphold highlights [14].
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2.3.1. Dynamic grid parameters
This class of highlights incorporates the administrations that PV generation gives during network
aggravation occasions. The principal administrations expected in different organization codes are low voltage
ride, issue responsive current infusion, and frequency uphold as shown in Figure 3.

Figure 3. The dynamic configuration of the parameters of the distribution feed in an electrical network [15]

2.3.2. Dynamic voltage parameters
The more seasoned variant of the matrix tokens was required to detach the PV terminals from the
framework during the voltage drop. This can prompt generation misfortune on account of enormous PV
combination situations [16]. The low voltage ride across (LVRT) predicts that the PV power infusion will
proceed for a brief timeframe to maintain a strategic distance from the irritating stumbling of the PV plant.
This evades huge PV infusion misfortunes, accordingly staying away from additional framework breakdown.
The LVRT of the MV network is appeared in Figure 4 for instance [17].

Figure 4. Low voltage ride-through (LVRT) requirements of the connected time under abnormal conditions
and anti-islanding protection

3. MATHEMATICAL MODEL OF INTELLIGENT VOLTAGE CONTROL SYSTEM
3.1. DC/DC boost converter
The PV unit deemed in this search gives yield voltage esteems not exactly the specific organization
needed for DC [18]. In this way, the voltage level should be expanded and the transformer should work in
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help mode. The schematic chart shows the lift transformer with a left-to-right power stream, the fundamental
parts being the inductor L, the capacitor C in the output, the switch IGBT, and the diode used in the circuit,
and the load R [19]-[22]. Figure 5 explain the principle signs of a boost converter. PWM is the sign for the
control stage, the voltage and the current in the inductance compare to the force stage [23]. Figure 6 explain
the signals at boost converter, the period for time on and time off for converter operation is very clear in this
figure.

Figure 5. The circuit at boost converter [22]

Figure 6. The signals at boost converter [23]
It is feasible to track down a total numerical examination of the lift transformer, consequently, in this
segment; just the most significant equations are introduced.
vc =

t

1

1
∫t2 ic dt

c

(1)

It is determined on the grounds that the connection between and current through the inductor is:
iL =

1

t

1
∫ vL dt

L t2

(2)

Where vL is equal to v1 during Ton and vL = v1 − v0 during Toff
The connection between voltage shifts in the CCM of the lift transformer is:
v0 = vi

1
1−D

(3)

Given the mean qualities, the connection amidst the inductor current and yield current, continually action in the
CCM of the lift transformer is:
iL = i0

1
1−D

(4)

So amidst the external and the current internal, the relationship will be [23]-[26]:
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3.2. Structure of intelligent voltage control system
Solar energy is quite possibly the main sustainable power source and has acquired expanding
consideration as of late. Solar-based energy is plentifully contrasted with other fuel sources. The radiation of
the sun tumbling to the earth in a solitary day is adequate to supply the absolute energy of the world's energy
needs for one year. Solar energy is perfect and outflow-free as it doesn't create poisons or destructive side
effects of nature. Changing over solar energy into electrical energy has numerous application territories.
Private, vehicle, space, airplane, and marine applications are the primary solar energy spaces. A PV cell
converts sunlight into electricity (power), the actual cycle recognized as the photoelectric impact. The light,
which PV cell beams are likely to be reflected, assimilated, or went complete; however, just consumed light
creates power. The energy of the consumed light is moved to the electrons in the molecules of the PV cell as
shown in Figure 7. On account of their newfound energy, these electrons run away from their common areas
in the bits of the semiconducting PV material and become part of the electrical motion, or flow, of an
electrical circuit. An exceptional electrical feature of a photoelectric cell called a “built-in electrical domain,"
provides sufficient power or voltage to lead flow via an outer "load" such as a light bulb [26]-[32].

Figure 7. PV grid-connected system [31]

In a lattice-associated inverter, in the output stage, DC intersection voltage control and current
control are completed. The ordinary lift transformer control unit is controlled to follow up the voltage source
sign (vpv *) created by the MPPT calculation. The switch is constrained by an entryway sign of the current
regulator.

4.

SIMULATION RESULTS, ANALYSIS AND DISCUSSION
The overabundance sun based PV energy can be put away in the battery and used to oblige the night
load which can be named self-utilization or, as per the proposed system, it is feasible to infuse the abundance
energy into the distribution network from the excess force of the private homes that utilization sunlight based
boards and advantage from it economically by Intelligent control systems for smart grid.
The simulation of the proposed system will be discussed in this section. The block diagram of the
developed system is displayed in Figure 8. The input light for the system is converted to electrical power
inside this system. This power can be used to feed the main electricity grid with 600V of power. In addition to
the capability of using the power immediately to any load can be added to the system. The evaluation of the
proposed system got from the scopes and graphs of Matlab simulation of each part of the system. Also, the
simulation results of the aggregate system were considered.
Figure 9, shows the parameters and curves of the system within 10s time period. The curves of the
output power and irradiance are showed a high stability and perfect output. Also, the scopes gave a statistics
of power, since the max power of MPPT was 2.7 ∗ 104 .When the min power was7.4 ∗ 101 and the median
was 7.6 ∗ 103 .
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Figure 8. The overall block diagram of system design

The injected active power (P) and reactive power (Q) to the grid is shown in Figure 9. The output of
DC-AC simulation is shown in this figure. The measured time period is 10s in the figure we can see stability
in the output action power near of 1×10^5W at action power. In another hand, the reaction power is
continuing to be near of zero.

Figure 9. The overall simulation of intelligent voltage control for injection power system

Figure 10 shows the overall simulation of applied intelligent controller with grid power system. The
actual PV power distribution feed is modeled as a simulation of the entire system. Simulations show that the
proposed strategy for reactive power coordination is effective to minimize the number of taps, prevent
mismanagement and keep the feed voltage within specified limits. Consider the night reactive power support
from PV inverters. It has been shown that when the active output power of the PV system is zero, the bypass
operation can be minimized by using the reactive power capability of the PV inverter. Strategies when there
are PV generators. The proposed strategy is considered to be beneficial to distribution system operators. With
the help of strategies, various voltage regulator settings can be developed and the control of PV generators
can be configured in the daily operation of the distribution network.
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Figure 10. The overall simulation of applied intelligent controller with grid power system

5.

CONCLUSION
The main objective of this proposed system is to configure the power flow from the small power grid
to the main electrical networks by using the radiation of renewable energy influenced by temperature. This
process is carried out by an integrated system of electrical control devices, which consists of main parts, a
solar energy filter, a dc-dc boost voltage converter system, a voltage inverter and ANFAS logical control, and
a 600 utility grid. In this proposed system, each of these parts has been detailed, in addition to making
simulations through the Matlab program and analyzing the results to obtain the stability of the voltage and the
ractive power of the system.
We can take advantage of the voltage and reactive power generated from the system to feed personal
homes and share the main energy sources with reactive energy by injecting the surplus generated energy into
the main distribution networks, and our proposed system will be of great economic feasibility instead of
wasting energy at sufficiency hours and exporting the benefit to the national electricity. After compiling a
mathematical model vocabulary for all parts of the feeding system in the main network, and simulating all
parts of it, displaying the output signal, and identifying the changes in its elements
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