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1. Introduction

Nowadays, the problems related to the operation of the production, transmission
and distribution networks of electrical energy have taken a considerable magni-

tude. Like any productive sector, the production and transmission of energy are
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subject to the laws of a constantly growing market. In addition to the deregula-
tion of the development of interconnections and the fluctuations of fuel prices,
the economic aspect forces operators to manage the existing (generation sources,
transmission lines, etc.) in the most profitable way possible [1]. However, the
management of the power produced and transmitted through the network is not
the only concern of the operators. This is all the more true since, in addition to
the stochastic variations linked to non-linear and dynamic loads, severe faults
with devastating effects (short-circuit, overvoltage, loss of an important produc-
tion unit...etc.) can occur and plunge the network out of its stable operating re-
gime. In addition, improving quality and reducing operating costs while res-
pecting the constraints of the network, are considered as major issues of power
flow. Facing such remarkable requirements, the use of active lines is considered.
In the sense they can react almost instantaneously to a contingency and counte-
ract a potentially dangerous situation [2]. In order to respond favorably to this
problem, several research works have been carried out and have brought a consi-
derable push in the improvement of power transit and particularly the advance-
ment of the technology of flexible AC transmission systems and interphase power
regulators. However, FACTS devices present some malfunctions in the face of a
certain short circuit peak. The need to create new power flow controllers to over-
come the limitations of network operation caused by high short-circuit levels was
the main motivation that in 1997 led JACQUES BROCHU (3] to present a thesis
entitled “Interphase power controllers in steady state” in which he addresses the
issue of adapting IPR technology to certain network problems, through the de-
scription of three applications that, to date, have proven to be more promising
both technically and economically. The concern is to highlight the preponder-
ance of each technology over the other in various contexts of power line opera-

tion.

2. Materials and Methods
2.1. Materials
2.1.1. Hypothesis

To carry out our work, we made the following considerations: the generator and
switches of our converter on the one hand and the phase-shifting transformer on
the other hand will be assumed ideal, the line balanced, the voltage drops across
the line represented by the reactance X, the inductance of the line is represented

by L. The characteristics of the line are given in the Table 1.

Table 1. Characteristics of the studied line [3].

U (KV) F (HZ) L (km) R (ohm) X (ohm) P (MW) Q (MVAR)

500 60 200 14.77 69.72 1120 840
S (MVA) 1400
() 36.869
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2.1.2. Case of UPFC
The block diagram of the UPFC is given in Figure 1, which will be used to mod-
el this device in the matlab-simulink environment.

Applying Kirchhoff’s laws [4] to the meshes of the circuit in Figure 1 gives us
the mathematical equations governing our system as follows:
di

Vsa _Vca _Vra = risa +L—==
dt
Vo -V, V=i, + LT 1)
sb cb rb sb dt
S dig
Vsc _Vcc _Vrc =Tl + I-p dt

In order to minimize the computing time, we have switched from the three-
phase system to the two-phase system, Ze. from three-phase reference frames with
coordinates a, b and ¢, to two-phase reference frames with coordinates d and q.

The transformation matrix is the following (Park’s matrix) [5]:

cos wt cos(wt —Z—JJ cos(wt +%nj

K:\E sinwt sin(wt—ﬁj sin(wt+ﬁj 2)
3 3 3

N L
Z 7 %

So the system becomes:

i .
Vi —Veg ~Vig =iy + L%—wu

psd q
di 3
A S Ld—f{q+WLid
Using the matrix representation on the system we have:
il:'sd } _|L .|:Isd :|+£.|:Vsd —Va _Vrdi| )
dt Isq Yy __r Isq L VSq _ch _qu
L
P,0; PMQM. P;Qg.
Ys 4 Vi g Ve _‘iz I Vs Y
+ =5 (1) —C— + r 3 t
@ ~ o—
R
i P iP BQ 1B
+
lpl Ly
P

Figure 1. Physical representation of a UPFC converter connected to the network for mod-
eling purposes.
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The equation above corresponds to our model of serial converter. It will be
used to build, under Simulink, the block which represents the serial part of the
system. We also want to remind that the principle applied on the serial part will

be the same on the parallel part of our system.

2.1.3. Case of RPI1 30P15

The interphase power regulator uses a group of three-phase inductors and capa-
citors each installed in series between two networks or subnetworks. What dis-
tinguishes this new class of equipment from other series compensation equip-
ment is the way the series components are connected to the networks. For ex-
ample, the A-phase inductor and capacitor of the first network could be con-
nected to the B and C phases of the network. When all the components are ener-
gized, the magnitude and phase angle (8) of the current is set in one of the two
buses to which the controller is connected. The current control thus allows the
power carried by the controller to be adjusted, as well as the reactive power ab-
sorbed or generated at one of the buses. Inductors and capacitors are always
considered perfect without losses. The impedances of the series components are
then reduced to their imaginary part, ie. the reactance. In the context of the con-
troller where the series components are arranged in parallel to each other, the term
susceptance is used instead of reactance for practical reasons (B = -1/X) [6]. (Figure
2)

RPI technology has given rise to a wide range of devices that can take many dif-
ferent forms depending on the application. Before entering fully into the descrip-
tion of RPI, we felt it necessary to take a look at a few examples in order to high-
light the versatility of the technology as well as the need for the analytical means
presented later. Table 2 presents the main characteristics of the RPI topologies.
¢ Number of branches

The number of branches in an RPI is one of its most fundamental aspects. In
general, the single-phase. In general, the single-phase circuit of an RPI can have
n branches in parallel. In practice, however, this number is kept to a minimum
in order to limit the size and cost of the device. It is the angular range of the an-
gle J; across the device that defines the number of branches. [7]

e Types of interphase power regulators

Depending on the connection bar, there are two types of interphase power con-

trollers: synchronous interphase power controllers and asynchronous interphase

power controllers.

¥

&

/

41

>

Figure 2. Diagram RPI connected between two networks or subnets [7].
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To illustrate this, and at the same time justify the construction constraints that
we will use later, the configuration of RPI highlighted in our work is the one with a
phase-shifting transformer (PST) in parallel with a capacitor; it is the RPI 30P15.
This configuration is illustrated in Figure 3.

The model of our RPI connected to the network can be related to a quadru-
pole as shown in t Figure 4.

The power balance of this circuit leads to the following equations.

e Sign convention of the powers.

Table 2. Topological characteristics of the RPI [8].

A number Nature angle
Phase shift & Adjustment
Topology of of method O method
branches branches (degré)
240 Connexion 240
180 180
susceptance
120 transformation 120
30P1530M15 Simple 30
Synchronous 2 L
60 with 90° (Corl) ‘ ,
. 0a60  phase shift
injection
injection Ph. hift and
20with variable . ase st én
. 0420 transformation
injection .
ratio
3 branches 3 120
susceptance
4 branches 4 Double .
Asynchronous transformation
(Cand L)
4 branches and
. 4
shunting
Phase Shifting Transformer
| CTET T PEPEPET ET P PRI IR PTTEPEPE
I+ _ Lr | +v- B,
Pr

| | —= 0
_VSI_‘_ ______ - | v
C : |

Figure 3. RPI carried out by means of a transformer-phase-converter and of a condenser

[9].

Vs | Ssz Ssr Vv
«— . > '
— | S —_—
Is, Ss Ir, Sr

2 |
5 l Iys, Sys Ivs, Sle
Ys Yr

Figure 4. Quadrupole in 7 [10]
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The apparent powers S5 and S, are defined in the same direction as the cur-

rents.
While posing:
Vg =Vel (5)
V, =V,el% (6)
Ogy =0 —
{ Bl % )
O, =0 -0,

While for the powers S, and Ss of the shunt admittances we obtain:

Vg Velr o vZ

S — 2 8

s 7 7 (8)
V.V el 2

S — S I'* _ r* 9

Ty 9

These power equations are based on the following assumptions: The system is
symmetrical, so it is always possible to represent a three-phase element by a sin-
gle-phase equivalent; the frequencies of the S and R bars are essentially the same
(£, = £), so that it is possible to use the phasors for the equation; the series ele-

ments are linear (they do not produce harmonics).

While posing:
Z=R+JX (10)
Ys =G5+ B (11)
XI’ :GI’+JBT (12)

We can rewrite as am in trigonometric form

S, = %[VsVrRCOS(dsl)_ Xsin (551)_V52R]

+%[VSVrRsin(5Bl)+ X 005(551)—V52R] "
S, =%[vsercos(5Bz)— X sin(Jy,)-V/R ]
+%[VSVrRsin(5BZ)+ X 005(552)—V,2R] "
S, =V} (G-jB,)=-P+JQ, (15)
S, =V (G-jB,)=P+JQ (16)

The active power Pis positive when the power flow occurs from the S side to
the right side, the reactive power Qs and Q; are positive when the IPC generates
reactive power to the buses to which it is connected Since ds = —Jp the powers
P, Q,and Q; of the series element, formulas in terms of conductance and suscep-
tance, become in matrix form [11]:

—V,V, sin &, ViV, sin &g, 5 P

VZ -V cosS,,  VZ—V,V, cosd,, {Bl}: Q. (17)
VZ-VV, cosd, VZ-V\V.cosdy, |- 7 |Q
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P(ZVr -V cos&—«/§vS sin 5)—Q,Vr («/§cos6—sin 5)
B = 18
' JAV,V, (Vs — 2V, cos§) 1%

—P(ZVr -V cos5+\/§vS sin 5)—Qrvr («/§cos§+sin 5)

B, =
? JaV,V, (Vs — 2V, coss)

(19)

Equations two and three of (3.15) indicate that the reactive powers are coupled
to each other by the following simple Orelation:

Qs =(B,+B,)(VS -V )+Q, (20)
Figure 5 below illustrates the three-phase model of our RPI on a three-phase
network.
+ VBI IBl IrA
v 192085 a i
Qs sA sA Qr
o — Vi, Iy, -
- - —
<PL Vie—e y /}’IX Ve L
\Y PR,

Ll o't

+ |y -
A

Figure 5. three-phase model of the RPI30P15 connecting two regions of a network [12].

3. Methods
3.1. Case of UPFC

Theoretically, the UPFC should be treated as a multivariable system because the
two series and parallel converters are connected on one side to the transmission
line and on the other side to the DC circuit and therefore have two outputs each
[13]. Therefore, in order to facilitate the synthesis of the controllers, the processing
of the two converters will be done separately. There are several possible configu-
rations for controlling this compensator. But first we must determine the refer-
ences to control the device. There are several methods of identifying the refer-
ences (control quantities): Method based on the principle of active current, De-
coupled Watt-Var Method and the Method of real and imaginary instantaneous
power. In this work we have adopted the decoupled watt-var method [14]. The
idea of this method comes from the equations of the voltages obtained after the
Park transformation. The problem of non-linearity is avoided in this method by
considering only the fundamental quantities for the control of our system. (Figure
6)

The principle of this method is to transform the measured quantities of cur-
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rent and voltage of the three phases on the two d-q axes using the Park trans-
formation. Then the values of the active and reactive powers are imposed and
the reference currents are calculated from these values (desired powers) and the

values of the voltages measured by the two following equations:

_ 2 (p;\/sd - q;Vsq)
W =2""92 vz (21)
3 Vg +Vg
L% 2 ( p:Vsq + q:Vsd )
ISq _5 V2 +V2 (22)
sd sq

Figure 7 below illustrates the control circuit of the UPFC

3.2. Case of RPI

As part of our work, the choice was made on the control technique by variation
of phase shift. The choice made on this method was inspired by studies carried
out at CITEQ (Beauregard, Brochu, Morinet Pelletier, 1994) showing, however,
that the phase-shift variation approach is clearly more interesting both in terms
of performance and costs. Thyristor Controlled Phase Shift Transformer is a de-
vice based on phase shift and thyristor transformer technologies. PSTs are trans-
formers with a complex transformation ratio. These transformers as a power flow
controller, reduce transmission losses. With the advancement of power electronics
devices, mechanical tap changers are replaced by thyristors, increasing the speed
of phase shifters. The phase angle difference between the terminals of the TCPST
is absorbed by a series transformer (step-up transformer) with a transmission
line. The power budget of an RPI connected to the grid shows that it is possible
to regulate the transit of active and reactive power between two systems, either
by adjusting the amplitudes of the voltages or the angle of transport between the
lines. This is what the phase-shifting transformer does. According to these equa-
tions if the voltages V; and V; are of the same amplitude, the power transit be-

tween the two points can be ensured by a variation of the angle between the two

f

¥ Ci)_' Vcd N lsd

L-;;{; KOS | v | GO i,

Figure 6. Control circuit of the UPFC [8].

//\v/\v/\v/\v/\\ .
| —\cer

Controller @ ﬁ, VDC
_D0_> GBT

Figure 7. Principle of the PMW Sinus-Triangle command [15].
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points using a symmetrical phase-shifting transformer [16]. The equations be-

3]

X+XTD

come [17]:

— —sin(sta) (23)

3(|Vf|cos(5 ta) —|Vl2 |)
X+ X

Q= (24)
where Vi = V, Xppis the reactance of the phase-shifting transformer and a is the

phase shift introduced by the phase-shifting transformer.

4. Results and Discussion

This part constitutes the heart of our work insofar as it allows us to make a quan-
titative and qualitative study on the damage caused by any contingency as well as
the capacity of bypassing it by the protection device set up. In this work, two
types of faults have been studied: the short-circuit fault and the loss of a phase. It
is in this sense that we began by bringing out the complete model of our line in
the Matlab Simulink environment as represented in Figure 8.

This network will therefore be subjected to various tests and at the end of each
test a comparative study of the measured quantities will be made. We would also

like to remind you that the quantities measured in this work are voltages and

k
[

currents.

W T
gl i [ s =
= = =i
|;;m ol Trrww-ann Bro bar [T ; ) d
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]
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o et
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Figure 8. Network without controller.
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4.1. Simulation of the Undisturbed Network

During the pre-fault phase, the network is usually in a stable steady state. This
phase of network operation is characterized by synchronization of network pa-
rameters, such as harmonization of voltages and currents which equalize tan in
amplitude and in frequency and shifted by 120 degrees as shown in Figure 9.

As soon as a disturbance occurs, the network enters into fault conditions which
are very often characterized by a difference between the electrical power of the
line and the mechanical power, this difference will be felt on the size of the line
as we can see in Figure 10.

Figure 10 shows the short circuit that we administered at time t = 0 s and
which lasted 0.2 ms. We can notice here the difference of amplitude between the
phases of none tend to gain while others also lose, can we note that after the
phase of operation in the conditions of defect. The network remains unstable,
which may cause the opening of the protection devices, resulting in a service in-

terruption. Table 3 below shows the differences that appear on the network

Vabc (MV) 031 Tabc (KA)
I 402
0.5 \ 1 0.1F
0,
0
-0.1
-0.5
-0.2
-1F
-0.3
0.065 0.07 0.075 0.08 0.085 0.065 0.07 0.075 0.08 0.085
Figure 9. Voltage and current of the fault-free line.
4l n 4 Va| |
S Vb
-4 Ve
3r :
2r i q
1k ' 5 1 N ' I ' £ ] L . L 1
' ) i} < ' 5 1 5 1 i i 1 |
otAR S ‘ |
1R / !
. ' 1 L | ! &
al I FIPIFINIVIN I AL AL By AL R
2 _ ]
-3 h .
-4 U i
-5 i

1 1 1 1 1 1 1

0.05 0.1 0.15 0.2 0.25 0.3 0.35

Figure 10. Line voltage and current with fault without controller.
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in the presence of this contingency.

Although the system in this case is not severely disturbed, its stability is still
critical. In the absence of the control, the system underwent inadmissible oscilla-
tions of the transport angle (up to 75 degrees). In this case the network tends to
instability, the course of the various parameters of the network is undamped os-
cillatory (instability of several oscillations), and this is caused by the loss of the
equality production-consumption.

4.2. Simulation of the Defect in the Presence of the UPFC Controller

The network assembly plus UPFC is shown below: (Figure 11).

4.2.1. Single-Phase Short-Circuit in the Presence of the UPFC
The short-circuit administered at this level is a short-circuit between phase and
neutral, we administered it at the instant t = 0.05 ms and which lasted 0.2 ms, the
observed behavior is as follows: (Figure 12).
e Visualization of voltages and currents

A single-phase short circuit of 0.2 ms duration in the presence of the UPFC
controller gives rise to a transient of 0.12 ms duration with variations as shown
in Table 4.

Table 3. Summary of the network without regulator

FAULT NETWORK STATE WITHOUT CONTROLLER

Sizes Before  In the presence Td (ms) Before Relative Relat'ive
defect of the defect defect error error in %
@ 36.86 75 0 38.13 103.44
vV (MV) 500 265.54 0.2 0 234.46 46.892
I1(KA) 2.8 5.69 0 2.89 103.214

il =

=t

Figure 11. Faulty network in the presence of the UPFC controller.
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We notice in this table that a single-phase short-circuit in a network in the
presence of the UPFC controller is characterized by a strong increase of the cur-
rent which tends to exceed the nominal intensity of the line. On the other hand,
the opposite is true for the voltages, which forces us to say that the UPFC favors
a good maintenance of the voltage plan profile.

4.2.2. Two-Phase Short-Circuit in the Presence of the UPFC
The short-circuit administered at this level is a short-circuit between phase and
phase, we have always administered it at the same period t = 0.05 ms and for the

same 0.2 ms fault duration the observed behavior is as follows: (Figure 13).

A
; " I

Figure 12. Variation of voltages and currents of a single-phase short-circuited network with UPFC.

Table 4. Variation of single-phase short-circuit network quantities with UPFC.

STATE OF THE NETWORK AT FAULT WITH CONTROLLER

Nature of the defect Two-phase short-circuit
Type of . Before  In the presence Relative
controller Sizes defect of the defect Td (ms) Error error in %
V (KV) 500 450 50 10
UPEC 0.2
1(KA) 2.8 2.4 0.4 14.28
x10* Vabc (MV) Iabc (A) &
4 -
1500
3 -
2 1000
1l 500
0 0
-1 -500
2 !
-1000
3/
-1500
4l
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3

Figure 13. Variation of voltages and currents of a two-phase short-circuited network with UPFC.
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e Visualization of voltages and currents

A two-phase short-circuit lasting 0.2 ms in the presence of the UPFC control-
ler gives rise to a transient regime lasting 0.24 ms. Table 5 below provides in-
formation on the evolution of the network parameters in the presence of this
fault.

The observation remains the same as for the single-phase short circuit.

4.2.3. Rupture of a Phase in the Presence of UPFC
In this part, we have made the same considerations for the time of the beginning
of the fault as for its duration. The loss of one phase of the line in the presence of
a controller can generate the phenomena observed below: (Figure 14).
e Visualization of voltages and currents

We notice how the appearance of a fault in the presence of the UPFC makes
all the phases oscillate and some time later, the network finds a new regime of
stable functioning, the oscillations generated by the disturbance disappear with
an attenuated amplitude. This during in spite of the presence of the UPFC, the
peaks of intensity remain a concern in this network. Table 6 below shows the
evolution of the network parameters in the presence of this fault.

4.2.4. Simulation of Defect in the Presence of Controller RPI
In this section, we are only interested in the disturbed regime of the network in
the presence of the RPI controller while considering the results before, in the pres-

ence of the fault without unchanged controller. The network plus RPI controller

Table 5. variation of the two-phase short-circuit network quantities with UPFC.

STATE OF THE NETWORK AT FAULT WITH CONTROLLER

Nature of the defect Two-phase short-circuit
In the
T f Bef lati
ypeo Sizes etore presence of  Td (ms) Error Re at'lve
controller defect error in %
the defect
V (KV) 500 175 325 65
UPFC 0.2
1 (KA) 2.8 1.63 1.17 41.78
x10* __Vabc (MV) Iabc (A) &

4 | 1000
800
35 | 1 600
2 W n 400/
200~

1+ y i f / .

A VAT

0 v 200 MAN 1y \ ¥ \ M
-1 1 _400
2 i -600
J ' , U -800
3 -1000

0 0.05 0.1 0.15 0.2 0.25 03 0 005 01 0.5 02 025 03

Figure 14. Variation of voltages and currents in a network with a phase deficit with UPFC.
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set is represented as follows: (Figure 15).

4.2.5. Single-Phase Short-Circuit in the Presence of the RPI

The short-circuit administered at this level is a short-circuit between phase and
neutral, we administered it at the instant t = 0.05 ms and which lasted 0.2 ms,
the observed behavior is as follows: (Figure 16).

e Visualization of voltages and currents in the presence of an RPI

Table 6. Variation of network quantities in phase failure with UPFC.

STATE OF THE NETWORK AT FAULT WITH CONTROLLER

Nature of the defect Rupture of a phase

Type of X Before In the presence of Relative error
controller Sizes defect the defect Td (ms) Error in %
V (KV) 500 230 270 54
UPFC 0.2
I1(KA) 2.8 0.9 1.9 920
et o
E IJ_g: e
@@ &
=y LT T
o= u
= )
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Figure 15. faulty network in the presence of the RPI controller.
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Figure 16. Variation of voltages and currents of a single-phase short-circuited network with RPIL.
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A single-phase short circuit of 0.2 ms duration in the presence of the RPI con-
troller gives rise to a transient of 0.11 ms duration. Table 7 shows the evolution
of the network parameters in the presence of this fault.

We note in this table that a single-phase short-circuit in a network in the pres-
ence of the RPI controller causes current fluctuations with damped amplitudes

and increasingly lower than the rated current.

4.2.6. Two-Phase Short-Circuit in the Presence of the RPI
The short-circuit administered at this level is a short-circuit between phase and
phase, we have always administered it at the same period t = 0.05 ms and for the
same 0.2 ms fault duration the observed behavior is as follows: (Figure 17).
e Visualization of voltages and current in the presence of an RPI

A two-phase short-circuit lasting 0.2 ms in the presence of the RPI controller

gives rise to a transient regime lasting 0.125 ms. Table 8 provides information

Table 7. Variation of network quantities in single-phase short-circuit with RPL

STATE OF THE NETWORK AT FAULT WITH CONTROLLER

Nature of the defect Short-circuit single-phase current

Type of . Before  In the presence of Relative
controller Sizes defect the defect Td (ms)  Error error in %
V (KV) 500 350 150 30
RPI 30P15 0.2
1(KA) 2.8 0.26 2.54 90.71
x10* Vabc (MV) Iabc (A) &
I | soo}

] -
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e
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Figure 17. Variation of voltages and currents of a two-phase short-circuited network with UPFC.
Table 8. Variation of the two-phase short-circuit network quantities with RPI.
STATE OF THE NETWORK AT FAULT WITH CONTROLLER
Nature of the defect Two-phase short-circuit
Type of . Before In the presence of Relative
controller Sizes defect the defect Td (ms)  Error error in %
V (KV) 500 275 225 45
RPI 30P15 0.2
I1(KA) 2.8 0.658 2.142 76.5
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on the evolution of the network parameters in the presence of this fault.

4.2.7. Breaking of a Phase in the Presence of RPI
In this part, we have made the same considerations for the time of the beginning
of the fault as for its duration. The loss of one phase of the line in the presence of
a controller can generate the phenomena observed below: (Figure 18).
e Visualization of voltages and currents in the presence of an RPI

Once again we can appreciate the juicy contribution of the RPI controller in

improving network performance as shown in Table 9.

5. Comparative Study

In this part of the work, we will make a comparative study of the results obtained
with a view to highlighting the assets or area of therapeutic competence of each

technology. This analysis will be done in the form of a summary Table 10.

5.1. Short Circuit Fault

We notice in this table that a single-phase short-circuit in a network in the
presence of the UPFC controller is characterized by a strong increase of the cur-
rent which in certain cases, can go until exceeding the nominal current of the
line whereas in the presence of the RPI controller this current tends to become
increasingly lower than the nominal current. At the same time, at the level of the
voltages, we observe rather the opposite facts, forcing us to say that the UPFC

10 Vabc (MV) Tabe (A) &
e : : : : : : : :
soo%
3 W | 600
2 400/ 1
A 200l p | o 1 .
200 MMA
-1 i y ¥
-400 U .
-2 -600
3/ -800
4t 1-1000
. . | . . -1200 1 | | I I
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3

Figure 18. Variation of voltages and currents of a network with a phase deficit with RPL

Table 9. Variation of the quantities of the network in phase failure with RPI.

STATE OF THE NETWORK AT FAULT WITH CONTROLLER

Nature of the defect Two-phase short-circuit
Type of . Before In the presence of Relative
controller Sizes defect the defect Td (ms) Error error in %
V (KV) 500 306 194 38.8
RPI 30P15
I (KA) 2.8 0.66 0.2 2.14 76.42
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Table 10. Summary of the single-phase short-circuit network with regulator.

STATE OF THE NETWORK AT FAULT WITH CONTROLLER

Nature of the defect Short-circuit single-phase current Two-phase short-circuit
Type of Td  Inthe presence Relative Relative error In the presence Erreur relative
Siz Before defect E

controller 1268 etore detec (ms) of the defect error In % of the defect rror en %

V (KV) 500 450 50 10 175 325 65
UPEFC

1(KA) 2.8 2.4 0.4 14.28 1.63 1.17 41.78
V (KV) 500 0.2 350 150 30 275 225 45

RPI 30P15
1(KA) 2.8 0.26 2.54 90.71 0.658 2.142 76.5

Table 11. Network summary with break of a phase with regulator.

STATE OF THE NETWORK AT FAULT WITH CONTROLLER

Nature of the defect Rupture of a phase
Type of Sizes Before In the presence Td (ms) Relative  Relative error
controller defect of the defect error In %
V (KV) 500 230 270 54
UPFC
1(KA) 2.8 0.9 1.9 90
V (KV) 500 306 02 194 38.8
RPI 30P15
1(KA) 2.8 0.66 2.14 76.42

favors a good maintenance of the profile of the voltage plane rather than the
RPIL. We therefore have a voltage deficit of 10% for a network with UPFC rather
than 30% for the network with RPIL.

Also we notice in this table that a two-phase short circuit in a network in the
presence of the UPFC controller is characterized by two current transients while
the presence of the RPI controller gives rise to a single transient. We therefore
have a voltage deficit of 65% for a network with UPFC rather than 45% for the
network with RPL

5.2. Breaking a Phase

We can see here that the loss of one phase negatively impacts all three phases of
the network, both in the presence of a UPFC controller and an RPI controller.
During this period, small differences can be seen. The network with UPFC is
subtracted from 54% of its nominal voltage while the one with RPI is only de-
bited from 38.8% of its voltage which explains in a certain way the flexibility of
the RPI controller in the repair of the loads compared to the UPFC controller.
(Table 11)

6. Conclusion

The current state of operation of the electricity networks is marked by con-
straints due to overloading, voltage drops, and the situation is further aggravated

in the case of short circuits. The consequences are characterized by an insuffi-
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cient level of service quality and high operating costs, due to the use of thermal
generation and load shedding in case of incident. In order to optimize the opera-
tion of electrical transmission networks, we proposed to improve the operating
conditions of the networks by two optimal control devices, namely the UPFC con-
troller on the one hand and RPI on the other hand. In order to better understand
the problem and to reach our objective, we have first presented the two technol-
ogies highlighted in order to understand their specificity. Subsequently, the fea-
sibility and efficiency of the two controllers have been highlighted from a sample
of results, obtained by simulating the prototype of a two-source transmission
line, associated with a load. The results obtained show that the UPFC controller
is effective in maintaining the voltage of the network and in repairing the load
between the different phases. This last one presents weaknesses in front of a cer-
tain peak of the short-circuit fault, at this level the RPI30P15 controller showed
itself more dynamic and even more adapted to this type of contingency. The
UPEFC can be considered here as an excellent support for maintaining the voltage
of a disturbed network while the RPI can take the prize of excellent support for
maintaining the network current. For future work, since power is dynamic, it
will be appropriate to model an FPGA-driven RPI30P15 to better regulate power

in electrical networks.
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