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ABSTRACT

Now-a—days the Flexible AC Transmission Systems (FACTS) technology is very effective in
improving the power flow along the transmission lines and makes the power system more flexible
and controllable. This paper deals with the most robust type of FACTS devices; it’s a Unified
Power Flow Controller (UPFC). Many cases have been taken to study how the system behaves in
the presence and absence of the UPFC under normal and contingency conditions. The UPFC is a
device that can be used to improve the bus voltage, increasing the loadability of the line and reduce
the active and reactive power losses in the transmission lines, through controlling the flow of real
and reactive power. Both the magnitude and the phase angle of the voltage can be varied
independently. The steady state model of UPFC has been adopted on IEEE-30 bus test system and
simulated using MATLAB programming language. Newton Raphson (NR) numerical analysis
method has been used for solving the load flow of the system. The practical part has been solved
through Power System Simulation for Engineers (PSS\E) software Version 32.0. The Comparative
results between the experimental and practical parts obtained from adopting the UPFC where too
close and almost the same under different loading conditions, which are (5%, 10%, 15% and 20%)
of the total load.
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1. INTRODUCTION

In recent years, as our modern life evolves, this will lead to an increase in the rate of electricity
demand. In contrast to the absence of sufficient generation and reliable transmission lines, this has
become the operation of the power system under high stress conditions, loss of security and
reduction of supply quality. (Christa & Venkatesh, 2006), (Spana Khanchil, 2013), and
(Salman, 2015)

Traditional solutions of all these problem like building new power plant or expend new
transmission line became more difficult and complex because it has a lot of challenges like it
requires a lot of time and capitals, environmental constraint also limit in energy resource.
Therefore, optimal power flow (OPF)-based power flow redistribution methods are more
preferable in solving line overload issues using flexible ac transmission systems (FACTS) devices
(Pengcheng Song, 2017)

(Tuaimah & et, 2011)implemented number of reactive power controller compensators like SVC.
STATCOM and others on Iragi power networks.

FACT (Flexible Alternating Current Transmission) technology became use to make power system
more flexible and controllable without need to build new transmission line. FACT device also it
has a lot of advantages like can use as: (Gaurav Singh Yadav, 2015)

1. power flow control,

2. maximum transmission capability

3. voltage regulation

4. reactive power compensation, stability improvement

5. Power quality improvement

6. Power conditioning.

UPFC (Unified Power Flow Controller) is the most multilateral devise It can either simultaneously
or selectively control the active and reactive power flow through the lines and also bus voltages.
(Christa & Venkatesh, 2006)

UPFC consist from two voltage source convertor.one connected in series with line (represent the
static synchronous series compensator (SSSC)) through series transformer, and the other
connected in shunt with line (represent the static synchronous compensator (STATCOM)) through
shunt transformer. this two part is connected by dc link capacitor. with this arrangement can see
that the VSC connected to the shunt transformer can perform the function of a variable reactive
power source similar to that of shunt compensator. In addition, the VSC can charge the DC link
capacitor. In other hand the VSC that connected to the series transformer can operate as series or
phase angle compensation also can injecting a series voltage to the terminal bus. (Nitin pawar,
2015)and (Gyugyi, 2000)

In this paper UPFC set up to solve all problem resulting from overload in transmission line and
improve from the performance of system by minimums line power losses, control the flow of real
and reactive power by injection of a voltage in series with the transmission line.
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By implement this project on IEEE30 bus on MATLAB (Takkolu Kalyani and T. Ramesh
Kumar, 2016)And PSS\E (Chang, et al., 2005)can show the effect of UPFC device on load flow,
line losses, rate of generation and compare the MATLAB result with practical result obtain from
PSS\E under normal and contingency condition. To develop a novel UPFC-based line overload
control in different load line, the remaining of the paper organized as follows. The basic operating
principles of the UPFC are discussed in Section 2.in Section3, based on relationship between the
line load of a transmission line and the active power setting of the UPFC, the control law of the
line overload control is developed and represent in five section and explanation with the equations
listed. In Section 4.the simulation results in MATLAB and PSS\E programs listed in two table
with and without UPFC. Conclusions are presented in Section 5.

2. Unified Power Flow Controller (UPFC) Model

The basic principle of UPFC working that presence voltage source convertor (VSC) on sending
and receiving end. (Sarkar, 2013)

The UPFC can limited the moment and the direction of active power flow in the lines by relation
output voltage of VSC as magnitude and phase angle V,z 26,z with AC voltage supply V520 as
shown in Eq. (1). (Takkolu Kalyani and T. Ramesh Kumar, 2016)

So is the case of reactive power also can be control by controlling of relation V,z 28,z of VCR
with respect to V520 as shown in Eq. (2), where it can be generated Reactive power when V,z >
Vs, and can be consume when V,,, < Vs.

(Spana Khanchil, 2013)

P:VSXﬂsin SUR (1)
l

2
Q=‘;—Sl — VSX—VZ”R cos VR (2)

From schematic diagram of UPFC as illustrated in Fig. 1 can notice. The Unified Power Flow
Controller is consisting of two voltage sourced converters(VSC), labeled "series” and “shunt"
convertor in the figure are operated with a common dc link provided by a dc storage capacitor.
The main function of operation shunt convertor is to supply or absorb the real power demanded
by the series converter at the common dc link. The power of the dc link is converted back to ac
and coupled to the transmission line through a shunt-connected transformer. Also shunt convertor
can work as synchronous condenser, so it can generate reactive power to AC system.

On other hand the series convertor can injected voltage as controllable magnitude and phase angle
in series with transmission line through series transformer, also can control of active power flow
in transmission line and exchange reactive power with ac system which produced in series
converter.

3.PROBLEM FORMULATION
The main purpose of this paper is to achieve the three main functions given below:

e Minimizing the real and reactive power loss.
e Preserve the bus voltage within the limit.
e Control of the power flow in overloaded lines.

To investigate all these function must be analysis the UPFC equivalent circuit and limit all basic
equation. (Gyugyi, 2000)
3.1. Voltage Level:
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Based on the equivalent circuit shown in Fig. 2. The two voltage equation that will produce in
both series and shunt converter and constraint equation would be:
(Acha, 2004)

Evr = Vvr (cos §vR + j sin 6vR) 3)
Ecr = Ver (cos 8cR + jsindcR) (4)
Re{—Eyg lyg + —Ecg I} =0 )

transfer admittance equation can be written:

Vi
[Ik] — [(YCR + YUR) —I¢cR _YCR —IyRr Vm (6)
Im “IcR YcR YCR 0 ECR

EvR

The equation of active and reactive power in sending and receiving bus (k, m) respectively;
(Takkolu Kalyani and T. Ramesh Kumar, 2016)

At bus k:
P = V¢ Gy + ViVin [Gim €05 (B — 60) + By Sin(0x — 6,)] + VieVer [Gim cO5 (0 — Scr) +
Bkm Sin(ek - 6CR)] + VvaR [GUR COS(HR - 617R) + BvR Sin(ek - 61;R)] (7)
Qx = —ViBii + ViV Grem 5in(6 — ) — By €05 (B — Op)] + VieVer G Sin(6y — Scr) —
Bim c0s(0x — 6cr)] + ViVyr[Gyr sin(8 — 8yr) + By cos (0 — Syr)] )]
At bus m:
Pm = Vrrzszm + Vka[Gmk COS(Hm - Hk) + Bmk Siﬂ,(@ - gk)] cR [Gmm COS(Qm -
8¢r) + Brm Sin(6y, — 6cp)] €))
Qk - V2 mm +V Vk [Gmk Sin(gm - Hk) - Bmk COS(Q - gk)] cR [G mm Sin(gm -
8¢r) — Bmm €05 (6, — 6cr)] (10)
3.2 Overloaded Line s

In order to minimize the power flow in over load line must be calculated the active and
reactive power in each line: (Salman, 2015)

P; — =V, Zk 1 J [GK cos((S (Sj) + By sin(Si — (Sj)] (11)

Q¢i — Qm Z [GK sm(6 6]-) + By cos(6i - 6j)] (12)

3. 3 Active and Reactive Power Losses:

By choosing the suitable variable from the UPFC device that will be injected in the network and

can achieve the must goals that will reduce the active and reactive power losses of the transmission
system, this value can have calculated by: (Acha, 2004)

ZNL G;i [ V2 + V& — 2V Viy cos(8 — 8,)] (13)
QL = Yt B [ V2 + V2 — 2Vi Vi sin(8y — 8n)] (14)

3.4 Voltage Deviation (VD)
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In order to achieving a good voltage regulation to the load bus which the UPFC connected, the
voltage deviation must be as small as possible and can be represent as follows: (Salman & et,
2018)

Vp = X2V — 12 (15)

4. Treatment Procedure using UPFC:

In this paper adding UPFC to the network treated the must problems that are exposed the

transmission system. this will be chive by choosing the optimal parameters of UPFC device which

can be through it control of the power flow, reduce from overload line and make the voltage within

the limit. (Takkolu Kalyani and T. Ramesh Kumar, 2016)

This work building according to several point:

a. Using M-FILE coding in MATLAB programs in order to define the transmission lines data,
the number and types of buses, generation and load data of IEEE-30 buses also the UPFC
parameter and solve the system in Newton Raphson method The algorithm for solving a power
flow problem embedded with UPFC is represent as the flow chart shown in Fig.12. The power
flow constraint of the UPFC is included in the Jacobin. The inclusion of these variables
increases the dimension of the Jacobin. The power equations are mismatched until convergence
is achieved. A scalar multiplier is used to control the updating of variables to ensure that they
converge in an optimal way to the solution point

b. Implemented UPFC device in PSS\E programs and limited the overload line in all system

c. Suppose the system will be exposed to increase in load (MW) as a percentage (5%, 10%, 15%,
20%).

d. Choosing the suitable parameters and position of UPFC device which can be through it minimize
the overload line and total active and reactive power losses of all system, control of active and
reactive power flow, regulate the buses voltage, reactive power composition, and compare the
result between two programs.

5. SIMULATION RESULTS:

The implementation of UPFC in IEEE 30 bus as a test system. The system consists of 6 generators,
30 buses, 21 loads and 41 lines (Saadat, 1999). The configuration IEEE 30 buses electrical
network represent in PSS\E programs as shown in Fig.3.

In this paper in order to study the effect of add UPFC to the network were taken normal case
(actual active and reactive load power) as a first case. After that was increased the total active
load power at (5%,10%,15%,20%) in MW with keep the total reactive power constant (126.2
Mvar) for all system.

In all these cases were calculated total active and reactive losses for system at with and without
UPFC and find out how the addition of UPFC can maximize from the load ability and reduce from
overload line and compare the result between MATLAB and PSS\E programs as shown in Table.1
and 2.

The suitable size, location and the number of UPFC(NUPFC) device as shown in Table.2 are
choosing based on maintain bus voltage with in limit as shown in Fig.4 and 5, reducing the power
flow in overloaded lines and reduce total MW and Mvar losses.

Adding UPFC to transmission line will reduce from line current and regulate the system voltage
so this will reduce from line losses as shown in Table.2, at normal case the total losses are
(17.5MW ,67.6 Mvar) without UPFC. By adding one UPFC the rating of the total losses reduces
to (12.293MW,40.143Mvar). Can observe the rest of the cases as shown in the Table.1 and 2.
Fig.6 shows the loading of the lines before the addition of the UPFC device, by using contours in
PSS\E programs observed that when take the five case as example (at 20% increase in load) the
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four line are up to the maximum degrees of the overloading more than 100%. While Fig.7 shows
the loading of the same lines after the addition of UPFC device between bus (2) and (6).

As can see in Table.1. the line between bus (1-2) most exposed to overload state where it appears
in five cases with increase in active and reactive power losses.

as shown in Fig.8 and 9 decreases in active and reactive line losses when add one UPFC unit
between bus (2-6) .in this position UPFC start to inject power to bus (2) to compensate for rate
power demand in line between (1-2) buses and reduce from overload.

The addition of UPFC can also reduce from the rate of the total real power generation (Pg.) in MW
and reactive power generation(Qg) in Mvar in all cases as shown in Fig.10 and 11, In addition to
a decreasing the stress on the lines overloaded by the permissible limits.

5. CONCLUSION

This paper investigates one of the most promising FACTS devices, UPFC is used to achieve the
fundamentals (voltage regulation, reactive power and power flow controller) to make the system
more efficient and reliable.

Here, using randomly choosing to limiting the location and the size of UPFC taking into
consideration the voltage limits and reduce overload lines under thermal limit (100%).

From the IEEE30 bus result can show the number of UPFC is increase with increase load at (15%
and 20%) because one UPFC cannot reduce from overload in lines so by using tow unit of UPFC
device in different position can improve maximum load ability and minimum line losses.

Also can show the using Newton Raphson technique based on MATLAB m-file, and take its result
and applying this result in PSS\E programs that represent the practical part and to understand the
UPFC working and knowledge Extent of their impact on the network.
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NOMENCLATURE:

P =Active power, MW.

Q=Reactive power, Mvar.

Vs= Supply voltage, Volt.

V,,r= the shunt source voltage magnitude p.u.
V.g= the series source voltage magnitude p.u.
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dvR= the shunt source voltage angle rad.

dcR= the series source voltage angle rad.

X;= Inductive reactance of transmission line, p.u.
Evr= The UPFC shunt voltage sources

Ecr= The UPFC series voltage sources

I, =the current for bus k, Amp.

I,,,= the current for bus m, Amp.

Vn=the voltage for bus m, volt.

V.= the voltage for bus k, volt.

Y.g=the series admittance, pu.

Y, r=the shunt admittance, pu.

Bym=the sustenance for line between bus(k) and (m)
Grm= the conductance for line between bus(k) and (m)
P;;= the real power generation for (i=30) buses, MW.
Pp;= the real power demand at bus i buses, MW.

Q¢;= the reactive power generation at bus i buses, Mvar.

Qp;= the reactive power demand at bus i buses, Mvar.
P, = the total active power losses, MW.
Q= the total reactive power losses, Mvar.

Journal of Engineering

Table. 1 MATLAB and PSS\E result without UPFC.

MATLAB result PSS\E result
NO.OF LOADING TOTAL LINE LOSSES TOTAL LINE LOSSES OVERLOAD
CASES IN (MW) LINE
MW Mvar MW Mvar
Normal 283.4 17.5 67.6 175 67.6 (1-2)
case
'“(05'(';";56 297.6 19 77 19 75 (1-2), (6-8)
"(‘f(r)g/a?e 311.74 21.855 85.978 21.8 83.9 (1-2), (6-8)
0
”(‘fgg/a;e 325.91 24.1 94.6 24.2 92.9 (1-2), (6-8)(2-6)
Increase 340 |[26.86 105.6 26.7 102 (1-2), (2-6) (4-6),
(20%) (6-8)
Table. 2 MATLAB and PSS\E result with UPFC.
MATLAB result PSS\E result
NO. OF NUPFC\ UPFC TOTAL LINE TOTAL LINE OVER
CASES LOCATI SIZE LOSSES LOSSES LOAD
ON MW | Mvar MW | Mvar LINE
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Normal | NUPFC=1 | Vcr =0.995, &cr =-0.0349, 12.293 | 40.134 111 40.9 NONE
Case (2-6) Vvr =0.0266, dvr =0.0129
X=0.005
Increase | NUPFC=1 | Vcr =0.289, &cr =-0.0183 9.47 31.675 9.1 33.7 NONE
(5%) (2-6) Vvr =0.0, dvr =0.0, X=0.005
Increase | NUPFC=1 | Vcr=0.356, 6cr=-0.0559 13.934 | 45.052 13.0 45.4 NONE
(10%0) (2-6) Vvr=0.06, &vr=-0.0129
X=0.005
Increase | NUPFC=2 | Vcr1=0.6, dcr1=-0.0116 12.84 40.198 11.5 40.1 NONE
(15%0) (6-7) Vvr1=0.0, 8vr1=0.0
(4-3) Vcr2=0.07, &¢r2=-0.022
Vvr2=0.07, dvr2=0.04
X=0.005
Increase | NUPFC=2 | Vcr1=0.0117, &cr1=-0.0015 13.01 41.2 121 41.1 NONE
(20%0) (6-7) Vvrl=0.077, dvr1=0.0046
(4-3) Vcr2=0.1345, &cr2=-0.0664
Vvr2=0.0799, dvr2=0.006

Table. 3 IEEE-30 Bus Test System (Base MVA=100, Accuracy=0.001, matrix=100).

Bus Bus | Voltage | Angle Load Generation :\;J\f;tr
No. Code | Mag. Degree | MW | Mvar | MW Mvar | Qmin | Qmax
1 1 1.06 0 0.0 0.0 0.0 0.0 0 0 0
2 2 1.043 0 21.7 |12.7 |40.0 [0.0 -40 50 0
3 0 1.0 0 24 |12 0.0 0.0 0 0
4 0 1.06 0 76 |16 0.0 0.0 0 0
5 2 1.01 0 94.2 119.0 0.0 0.0 -40 40 0
6 0 1.0 0 0.0 |0.0 0.0 0.0 0 0
7 0 1.0 0 22.8 | 10.9 0.0 0.0 0 0
8 2 1.01 0 30.0 | 30.0 0.0 0.0 -10 40 0
9 0 1.0 0 0.0 |0.0 0.0 0.0 0 0
10 0 1.0 0 58 |20 0.0 0.0 0 19
11 2 1.082 0 0.0 0.0 0.0 0.0 -6 24 0
12 0 1.0 0 112 | 75 0.0 0.0 0 0 0
13 2 1.071 0 0.0 0.0 0.0 0.0 -6 24 0
14 0 1.0 0 6.2 1.6 0.0 0.0 0 0 0
15 0 1.0 0 8.2 2.5 0.0 0.0 0 0 0
16 0 1.0 0 3.5 1.8 0.0 0.0 0 0 0
17 0 1.0 0 9.0 5.8 0.0 0.0 0 0 0
18 0 1.0 0 3.2 0.9 0.0 0.0 0 0 0
19 0 1.0 0 9.5 34 0.0 0.0 0 0 0
20 0 1.0 0 2.2 0.7 0.0 0.0 0 0 0
21 0 1.0 0 175 | 11.2 0.0 0.0 0 0 0
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22 0 1.0 0 0.0 0.0 0.0 0.0 0 0
23 0 1.0 0 3.2 1.6 0.0 0.0 0 0
24 0 1.0 0 8.7 6.7 0.0 0.0 0 0 4.3
25 0 1.0 0 0.0 0.0 0.0 0.0 0 0 0
26 0 1.0 0 3.5 2.3 0.0 0.0 0 0 0
27 0 1.0 0 0.0 0.0 0.0 0.0 0 0 0
28 0 1.0 0 0.0 0.0 0.0 0.0 0 0 0
29 0 1.0 0 2.4 0.9 0.0 0.0 0 0 0
30 0 1.0 0 10.6 19 0.0 0.0 0 0 0
Table. 4 IEEE-30 Bus Line Data.
Tap setting

From Bus To Bus Rp.u Xp.u Y2 B p.u value

1 2 0.0192 0.0575 0.02640 1

1 3 0.0452 0.1852 0.02040 1

2 4 0.0570 0.1737 0.01840 1

3 4 0.0132 0.0379 0.00420 1

2 5 0.0472 0.1983 0.02090 1

2 6 0.0581 0.1763 0.01870 1

4 6 0.0119 0.0414 0.00450 1

5 7 0.0460 0.01160 0.01020 1

6 7 0.0120 0.0820 0.0085 1

6 8 0.0 0.0420 0.0045 1

6 9 0.0 0.2080 0.0 0.978

6 10 0.0 0.5560 0.0 0.969

9 11 0.0 0.2080 0.0 1

9 10 0.0 0.1100 0.0 1

4 12 0.0 0.2560 0.0 0.932

12 13 0.0 0.1400 0.0 1

12 14 0.1231 0.2559 0.0 1

12 15 0.0662 0.1304 0.0 1

12 16 0.0945 0.1987 0.0 1

14 15 0.2210 0.1997 0.0 1

16 17 0.0824 0.1923 0.0 1

15 18 0.1073 0.2185 0.0 1

18 19 0.0639 0.1292 0.0 1

19 20 0.0340 0.068 0.0 1

10 20 0.0936 0.2090 0.0 1

10 17 0.0324 0.0845 0.0 1

10 21 0.0348 0.0749 0.0 1

10 22 0.0727 0.1499 0.0 1

21 22 0.0116 0.0236 0.0 1
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15 23 0.1000 0.2020 0.0 1
22 24 0.115 0.1790 0.0 1
23 24 0.132 0.2700 0.0 1
24 25 0.1885 0.3292 0.0 1
25 26 0.2544 0.3800 0.0 1
25 27 0.1098 0.2087 0.0 1
28 27 0.0 0.3960 0.0 0.968
27 29 0.2198 0.4153 0.0 1
27 30 0.3202 0.6027 0.0 1
29 30 0.2399 0.4533 0.0 1
8 28 0.0636 0.2000 0.0214 1
6 28 0.0169 0.0599 0.65 1
Bus k Bus m
| @
V Vlh’
¢ Shunt Series T Lok
E(R .
E
]l VR +
n _ ) Figure 1. The
Schematic
T T T T diagram of
UPFC
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Figure. 2 equivalent circuit of UPFC model.

Figure. 3 The configuration IEEE 30 buses electrical network.
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Figure. 4 rate of voltages at per unit (p.u) in five cases
Without UPFC.
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Figure. 5 rate of voltages at per unit (p.u) in five cases
With UPFC.
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Figure. 7 the loading in IEEE 30bus transmission line with UPFC device.
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Figure. 8 active power losses between bus (1-2) with and without UPFC.
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Figure. 9 reactive power losses between bus (1-2) with and without UPFC.
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Figure. 10 Reduction in Pg. (MW) with and without UPFC.
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Figure. 11 Reduction in Qg. (Mvar) with and without UPFC.
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Form conventional Jacobian

Figure. 12 Flow Chart for load flow by N-R

with UPFC



