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1. INTRODUCTION

Nowadays, there are some limitations in extending the power systems' transmission and generation
grid to advance such systems. So, the optimization using the available capacity in the grid has been
inevitable. The flexible AC transmission systems (FACTS) as a new generation of power electronics
technology had provided a unique viewpoint to raise the bearing size, better control of the grid, and saving
costs and energy. FACTS with the permanent application in the market change into the optimized power grid
and optimal power flow, concertedly [1], [2]. The unified power flow controllers (UPFC) could command an
active power as well as compensate a reactive power component. Reducing the costs of electrical generation
and decreasing its losses in the grid is one of the benefits of UPFC [3]. UPFC is one of the FACTS
generations. It is very flexible, and it commands the power components in the power system. It can do all
compensations wherever it is needed. UPFC is a grouping of static synchronous compensator (STATCOM)
and static synchronous series compensator (SSSC) that were linked by a direct current voltage. This device

Journal homepage: http://ijece.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

Int J Elec & Comp Eng ISSN: 2088-8708 O 4699

could control various use parameters of the power grid synchronously. These parameters usually include a
line bus voltage, impedance, and phase angle. Controlling a power system is very complicated because it has
a power line impedance of the transmitted, received voltage domain and the phase of this voltage. Transmission
systems were designed with series or parallel reactive compensators or compensators accompanied by
electromagnetic switches with voltage regulators and phase shift transformers to adjust the line impedance, reduce
potential deviation and regulate the power grid. Power systems were designed concerning the extensive
stable range to return from unexpected work condition such as physical error and generator or line
disconnected [4].

The small way has many complexities and costly establishments. It is based on the direct relation
between distribution generation in the microgrids and the main grids. Using the remote method requires
having a good and safe communication system. The local way has two active and inactive modes. This
method is active mode because it recognizes the islanding mode by intentionally creating a system
disturbance according to system reaction. The constant trouble in the system is considered as the main
disadvantage of this method. The inactive mode is based on measurement. It measures the local parameters
such as voltage, frequency, total harmonic distortion, power frequency deviation rate, and power signal
deviation rate. These values should be compared to identify the islanding mode threshold [5].

One of the grid's essential voltage controllers is a tap changer transformer that can be converted into
an automatic potential controller. Thyristors are used for this purpose. D-UPFC is structurally different from
UPFC. Its components contain a parallel transformer that supplies the input current and a series transformer
that injects the chopper circuit's output voltage into the scheme. D-UPFC could control the voltage drop
provided by a short circuit or substantial power connection to the grid. UPFC can be installed at the back of a
power transformer or anywhere else in the grid [6].

The research presented in [7] examined the UPFC application as a limiter of error current. They
added the control function to UPFC at the time of the error. It controls the real and imaginary power
movement over the line in the regular operation of the grid. They are also used as the limiter of error flow in
a time of the short circuit. Research in [8] investigates the excellent performance of fuzzy controllers in
minimizing the fluctuations. After optimizing the fuzzy controllers designed by fuzzy c-means, clustering
oscillations were highly reduced following similar disturbances. The research examined the control of the
transmission line powers with the title of control analysis of transmission line power by UPFC [9].

Another study was conducted using a new method to control D-UPFC without delay in power grids.
The most benefits of this method are reducing the time delay as much as possible and omitting distortion
from the compensated voltage [10]. A study was presented in [11] to examine the angle and value of output
terminal voltage of some generators, which are considered as the main parameters of the power systems
stability, indicate that how much the transient stability of the grid is optimized after removing errors with
considering UPFC presence and without UPFC presence. Research to improve voltage stability by UPFC by
applying the algorithm of continuous power flow was performed. Simulation's findings will increase the
power systems stability in using UPFC [12], [13].

In 2016, research in [14] was performed to examine a specific way. The optimization of the solar
energy location is performed based on a grid with a similar cable cross-section. However, we investigate the
technical and economic effects of the cable cross-section, operation hours and power periods and the
opportunity of using several solar panels with multi parted grids. The source point, which corresponds to the
minimum total finance, is considered an optimized load distribution. It can be named optimized (OVC). The
research was performed in [15] presents an advanced element of FACTS named distributed power flow
regulator was adapted with UPFC conception. DFPC could be treated as a UPFC with an absent DC bus. A
significant number of series converters create redundancy that increases system stability. D-FACTS are
floating to the ground, and no separation with huge voltage among phases is not required. The MATLAB
environment examines the function of DPFC. Another research performed in [16] that the electrification to
rural areas is possible by reducing the transmission drop. The authors in [16] suggested the combining
FACTS controller with the transmission system. It can estimate the performance and function of the
transmission grid. The dynamic performance of the power grid could be investigated with and without UPFC.
The optimal allocation of UPFC for transmission network and enhancing the electrical network's dynamic
performance had been discussed using genetic algorithm in [17], [18].

The study's novelty resides in presenting a modified particle swarm optimization algorithm with the
N.R method for optimal allocation of unified power flow controller in an electrical network applied on IEEE
30 buses as a case study. This study focused on the functions and benefits of UPFC for the power system, the
corresponding effects on transient stability. MATLAB numerical simulation R2019b has been performed on
IEEE 30 buses.

The rest of this study is prepared as: the research method for modelling of UPFC was described in
section 2. Section 3 controls terminal voltage, UPFC compensation control, phase shift control, multi-
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function control, and control of the power flow in overloaded lines. The process for adopting UPFC has been
clarified in section 4. Newton-Raphson power flow results had been discussed in part 5. Results and
discussion prepared in section 6. Finally, dedications are shown in section 7.

2. RESEARCH METHOD

The principle of UPFC is working in the existence of VSC on both ends [19]. The UPFC can limit
the moment and the direction of power flow in the grid by the relation output voltage of VSC as magnitude
and phase angle Vs 28,z with AC voltage supply V520, as given in (1). So, the case of imaginary power can
also be adjusted by calibrating VCR relation concerning to V520 as shown in (2), where it can be generated
reactive power when V,p > Vs and it can be consumed when V,,, < Vs [20].

p = US%R gin SuR (1)
X1
2

Q = I)/(—Sl— VSX—VIURCOSSUR (2)

From the schematic diagram of the unified power flow controller in Figure 1, one can notice two
VSC labelled series, and parallel converter has functioned with a direct current bus. The DC-bus energy is
transformed to AC and linked to the transmission line through a shunt- transformer. In fact, the parallel
converter can work as the synchronous condenser to generate imaginary power to the AC network. Studying
mathematical model requires examining the relation between the electric system and UPFC in normal
condition. Figures 1 and 2 demonstrate a linear transmission diagram with resistance r, inductance x,a
UPFC, a voltage source of Vs the transmitter end and a voltage source of Vr the receiver is indicated in [21].
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Figure 1. The power circuit of UPFC Figure 2. Modelling of a UPFC

3. CONTROL OBJECTIVES
The primary purpose of this paper to achieve the following main functions given below:

CO:: Controlling UPFC terminal voltage: It can control the voltage with minimal steps like tap changing
transformers.

CO: Multi-function command of UPFC: It can control the crossing power with several methods
concurrently. Compensation is performed with terminal voltage control, series compensation of the line,
and adjusting the phase shift angle.

COs: Optimizing power flow in the electrical power system.

It should analyze the UPFC equivalent circuit and specify most of the related equations [22].
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3.1. Voltage level maintaining
The following equations illustrate voltage level maintenance:

Ei = Vi(cos 6i + jsindi) 3)
Eb = Vb (cos 6b + jsinéb) @)
Re{-E; I; +—E,I;}=0 (5)

The transfer admittance matrix could be written as in (6):

Vi
Ik]=[(Yb+ LORE M 1) _Yi] Vin ©)
I ) Yy Y, 01|[Ep

E;

The equation of active and reactive power in sending and receiving buses (k, m) are; [23]. At bus k:

Py = VEGyi + ViV [ G €050y — 6,,) + By sin(6y — 6:)1 + ViV [Gry cOs (6 — @)
Scr) + Bin sin(0y — 8,)] + Vi, Vi[G; cos (8, — 6;) + B; sin(8y — 5,)]

Qx = —Vi¢Bii + ViV [Giem 5Sin(6x — 61) — Bign €05 (B = 0)] + ViV [Gpemy sin(6) —  (8)
8p) — Brm cos(0y, — 6p)] + V. V;[G; sin(6y — ;) + B; cos(6;, — 6,)]

At bus m:

Pm = Vn%Gmm + Vka [Gmk COS(Hm - Gk) + Bmk Sin(gm - Hk)] + Vme [G‘mm COS(Qm - (9)
5b) + Bmm Sin(em - 6b)]

Qk = _Vn%Bmm + Vka [Gmk Sin(gm - ek) - Bmk COS(@m - ek)] + (10)
Vme [Gmm Sin(em - 5b) - Bmm COS(Hm - (Sb)]

3.2. Power flow in overloading lines
To diminish the total power in lines, it was recommended to compute the actual and reactive power
per line as in (11)-(12) [24].

Poi = Poi = Vi $42, V; [Gic cos(8 = §)) + By sin(6, = 6))] (b

Qi — Qpi = Vi 22, V; [Gk sin(8; — &;) + Bk cos(8; — &;)] (12)

3.3. Real and imaginary power losses

By selecting the appropriate variable from the UPFC that will be inserted in the grid, it can attain the
targets that will minimize the real and imaginary losses. The total actual and imaginary power loss can be
computed as in (13)-(14) [25];

P =Yk i [VE+ VA — 2V Vi cos(8y — 8)] (13)
QL = X1 B [ V2 + V2 — 2V, Vi sin(8y — 8] (14)

3.4. Construction of modified particle swarm optimization

Each bird's flying normalizes its position, giving a specific experiment, creating the best location
done by itself and its neighbouring birds [26], [27]. According to the fundamentals of particle swarm
optimization (PSO), one of its applications used for optimal allocation of UPFC conducting with the electrical
power system. This algorithm based on birds gets about round multidimensional space expecting an optimal result.
In fact, there are two significant best results. The first one so-called personal best, and the second one so-
called global best [28]. Three steps used to calculate the objective function are summarized as:
Step 1 : Present position and speed.
Step 2 : Distance between the present location and personal best.
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Step 3 : Distance between the present location and the global best.
Now, let us consider the particle's location, I, and speed s, could be modified (15) and (16).

sttt = Ws), + myrand * (pbest, — v}) + myrand * (gbest, — v}) (15)
I =1 + st (16)

Where my, m, are positive design constants, rand indicates to random number bounded [0,1]. W is defined
as wight inertia. The best location scenario's goal resides in minimizing the electrical system's global real and
imaginary power losses (13). The actual power loss index was given [29]:

Puossindex = (HL22522V2EC ) 000 (7

Pross ZWoUPFC

also,

Quossindex = ((2LomEE ) x 1000 (18)

QLoss ,WoUPFC

where Pp,gs wuprc 1 the actual power loss with UPFC, Py s wouprc 18 the actual power loss without UPFC,
QLoss,wuprc 18 the imaginary power loss with UPFC and Q45 wouprc 1S the imaginary power loss without
UPFC.
The modified particle swarm optimization algorithm for the optimal allocation of UPFC device on
IEEE 30 buses is given in the following steps:
Step 1 : Start the modified PSO algorithm and read bus data, line data and tolerance through N.R.
Step 2 : Run the program to generate an initial population of particles.
Step 3 : Compute actual power loss per particle
Step 4 : Set the current ig,;.
Step 5 : Set the global best current gjee;-
Step 6 : Bring up-to-date the velocity and position of each particle.
Step 7 :If i = maimume iteration and the time complete, stop modified PSO running and write the best
solution, else set new iteration, i =i + 1

4. PROCESS FOR ADOPTING UPFC
Insertion UPFC to the grid treated the most difficulties that are exposed to the electrical network. It
will be attained by selecting the best constraints of the UPFC, which can minimize the overload line and
make the voltage within the permissible range [30]. The following procedure is summarized in:
a.  Considering MATLAB programming R2019b to describe the lines and buses data of IEEE-30 buses
also the UPFC constraint and solve the system in Newton Raphson technique.

b.  Applied UPFC device in particle swarm optimization to restrict the overloaded lines.

c.  Assume the system enforced a rise in electrical load (7%, 14%, 21%).

d.  Electing the appropriate constraints of UPFC and optimal location.

e. It can reduce the overloaded lines, regulate real and imaginary power flow, and control the voltage in
each bus, dynamic composition.

f.  One of the critical issues in grids is the islanding phenomenon. Islanding is a condition that a part of a

grid contains a part of the load separated from the grid while it has electricity.

5. NEWTON-RAPHSON POWER FLOW RESULTS

Newton-Raphson method is a sequential calculation adopting a primary condition of the first-order
equation given by series extension. Figure 3 clarifies the power line diagram of IEEE-30 buses. N-R using
bus admittance matrix in either first or second-order has been evaluating as the optimal solution for reliability
evaluation. IEEE 30-buses network consists of:
Six generators.
Forty-one Transmission lines.
Four transformers.
Two parallel capacitors.
Twenty-one loads and thirty buses

o po oW

Int J Elec & Comp Eng, Vol. 11, No. 6, December 2021 : 4698 - 4707



Int J Elec & Comp Eng ISSN: 2088-8708 a 4703

The present research has simulated the mentioned processes adopting MATLAB environment R2019b
adopting IEEE 30 buses as a case study and performance evaluation obtained through analyses, simulation or
measurements.
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Figure 3. The arrangement of network case study

6. RESULTS AND DISCUSSION
6.1. Optimal allocation of UPFC

In this study, the first contribution is studying the effect of inserting UPFC into the transmission
system, considering the normal state, i.e., real and imaginary electrical load power. The second state tries to
augment the total load power in three steps, as listed in Table 1. In these cases, it can be computed total real
and imaginary power losses for transmission system taking into consideration insertion and without insertion
UPFC and try to discover how the insertion of UPFC could increase the loadability and minimize
overloading on the lines using particle swarm optimization technique as listed in Tables 1 and 2. The best
allocation and number of UPFC are selecting to sustain DC bus voltage within the permissible boundary,
falling the power in overloaded lines and decreasing the total losses. One can focus on Table 2 and observes
the line linked between buses 1 and 2 most visible to overload state where it seems in most cases with growth
in actual and reactive power losses.

The decrease in actual and imaginary losses with insertion UPFC between (2, 6) is clarified in
Figures 4 and 5. UPFC starts to insert real power to bus 2 to reimburse the power demand in power lines
linked between buses 1 and 2 and decrease from overloading and electrical stresses. On the other hands,
UPFC decreases the total actual and imaginary power loss index in most cases, as illustrated in Figure 6
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compared to and without UPFC. One UPFC could not diminish from overloading in power lines, so using 2
NUPFC in various locations enhanced loadability and reduced power losses.

Table 1. Optimization results using PSO

Cases Loading (MW)  Total Power Line Losses Overloading Lines
P (MW) Q (MVar)
Usual Case 177.778 5.464 10.524 Bus (1-2)
Load Increased by (7%) 190.225 5.846 11.261 Bus (1-2), Bus (6-8)
Load Increased by (14%) 202.667 6.229 11.997 Bus (1-2), bus (6-8) and bus (2-6)
Load Increased by (21%) 215.111 6.611 12.734 Bus (1-2), bus (2-6), Bus (4-6), and Bus (6-8)

Table 2. Optimization results with a unified power flow controller

Cases Number of UPFC Size Total Power Line Losses  Overloading
UPFC and Lines
Location P(MW) — Q (MVar)
Usual Case NUPFC =1 Vb =0.155, 8b =-0.022, 3.838 6.248 Nothing
Bus (2 - 6) Vi=0.004, 5i = 0.008
XL =0.003
Increased by (7%) NUPFC=1 Vb =0.0423, 5b=-0.0183 2914 4.632 Nothing
(2-6) Vi=0.0, i = 0.0, XL=0.003
Increased by (14%) NUPFC =2 Vbl1=0.0028, db1=-0.003 3.319 5.098 Nothing

Bus (6 -7) Vil=0.0, i1 = 0.0
Bus (4 - 3) Vb2=0.0089, 5b2 = - 0.0057
Vi2 = 0.0089, 8i2 = 0.0103
XL =0.003
Increased by (21%) NUPFC=2 Vb1=0.0014, 3bl=-0.0004  3.202 4.968 Nothing
Bus (6 - 7) Vil =0.0092, 8il = 0.0011
Bus (4 - 3) Vb2=0.0162, b2 = - 0.0163
Vi2 = 0.0096, 8i2 = 0.0015
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Figure 6. Real and Imaginary power loss index in the area between bus (1-2)
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6.2. Dynamic response for transient stability

If a three-phase disturbance has occurred, a circuit breaker and a UPFC unit are blocked between
bus (1-2). The given source of active power is changed to 6 p.u at 5 sec. UPFC is applied to the network at
2 sec. It is also entered at 7s to confirm the UPFC performance and achieve an accurate and imaginary
power-seeking electrical network. The simulation results showed that UPFC is cleared from (0-2) s, and it
will be coming into the system after the second 2. After the second 2, the UPFC is located at the circuit, the
voltage will be approached to its reference values, and it will keep the stability after applying the disturbance.
The disturbance and islanding mode effect can also be observed in the network's potential profile in time
interval [7], [12] sec., respectively. The power flow will approach its reference value and will keep stability
after applying the disturbance. Before the second 5, the reference power was six p.u, but the output power
could not track the reference power because of applying UPFC in the second 2. At seven sec., the applied
three-phase disturbance is well repulsed. One of the generators is out of the electrical network, and a massive
shock has been applied to the network at 12 s. Currently, a UPFC has been able to create smooth conduction
and stabilize the electrical network, as shown in Figure 7.

(b) (©)

Figure 7. The real power diagram during islanding mode; (a) real power for all system, (b) real power for
fault occurs, (c) real power for islanding mode

4. CONCLUSION

This paper presents a study on IEEE - 30 buses as a case study, based on controlling the function of
UPFC. UPFC uses voltage regulation and a power flow controller to make the power system efficient and
reliable. The case study results illustrate that the number of UPFC increased with load increased by (14% and
21%). One UPFC could not diminish from overloading in power lines, so using 2 NUPFC in various
locations enhanced loadability and reduced power losses. In conclusion, this study has two contributions. The
first contribution is specifying an optimal allocation of UPFC in the electrical power networks. The second
contribution is improving the transient stability of power systems adopting UPFC. At last, we conclude that
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conducting UPFC is better for improving transient stability and critical clearing times. In the future, a new
generation of FACTS should be analyzed, discussed and compared the obtained results with the current study.
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