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ABSTRACT 
 

The conduct of the electrical networks has known in recent year’s major changes induced mainly by the 
technological development of power electronics as well as the information systems and communication 
(Smart Grid), added to this is the integration of intermittent sources of production and competitive 
requirements advocating the power quality and the continuity of service as major objectives. That said it is 
understood that the electrical networks serve a set of vulnerabilities due to the intrinsic parameters 
including the'' topology'' of the network which requires the distribution of power that can migrate to 
unstable states face particular hazards. Before foregoing the present work is a participation in the 
development of a new concept of regulation of power systems based on the control of the topology 
provided to develop the network stability by a new field control which is not supported in patterns 
regulatory body.   
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1 INTRODUCTION 
 

Regulating electric networks reflects a desire to 
remain in stable conditions of service of electrical 
installations while providing the necessary 
adjustments to adapt to the fluctuations of the 
electrical parameters of the network because of 
internal and external request. 

This research fits as a continuation of the first 
phase [1, 2], which was allocated to study the 
impact of intrinsic parameters of the network and 
specially the reactance of electrical lines in all 
physical phenomena showing the vulnerability of 
networks provided to develop a new mode of 
regulation based on the control of the network 
topology in order to respond to any possible 
vulnerabilities [3]. 
 
2 PROBLEMATIC & OBJECTIVES  

 
As previously described the electrical network is 
 
 

facing a set of hazards [4] that affect its stability 
including: 

 
VOLTAGE COLLAPSE 

FREQUENCY COLLAPSE 

LOSS OF SYNCHRONISM 

CASCADE OF OVERLOAD 
 

The inability to control physical parameters of 
the system may encourage the development of these 
hazards and degenerate to unstable conditions that 
could lead to BLACKOUT [5] [6] . The present 
work, and as illustrated in Figure 1, serves to 
develop a new approach of regulation to ensure the 
stability of the distribution of powers in different 
nodes of the network. 

The approach lead to the optimization of the 
regulating means through a system enabling a 
change of the network topology as necessary. 
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Fig. 1. Power System Stability 
 

3 STATEMENT OF THE APPROACH 

ADOPTED  

 

3.1 Global View 
 

The calculation of load flow allows the 

determination of the electric state (current, voltage 

and power) at various nodes constituting the 

network. As illustrated in a simple case of Figure 2, 

the resolution of power assessments at each node 

allows to determine the complex voltages at each 

point and; thus, to infer the power flows in the 

network.  

 
 

The principle of this concept is to migrate to a 

new mode of regulation of the electricity network 

coordinated by the addition of a device FACTS [7] 

[8] (Flexible AC Transmission Systems) in the 

arteries of power lines (figure 3) to act on the 

equivalent reactance. These FACTS will be ordered 

from a centralized processing centre (Dispatching) 

according to algorithms and converging towards the 

following objectives:  

 

 
 
3.2 Means of Integration of the Facts 
 

The integration of FACTS series at nodes of 

electrical networks as detailed in Figure 4 will be 

carried out by adding FACTS series at the busbar of 

transfer to allow a flexible control that can affect all 

the power lines leading to the main busbar and to 

optimize the operating cost and the modification of 

the structure of the items making up the network. 

 

 

Fig. 4. Implementation of FACTS at a node of the 
electrical network 
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3.3 Control of Electrical Parameters 
 

The impact of the addition of FACTS on the 

performance of an electric line is demonstrated on 

several levels. 

 

 

Fig.  5. Equivalent Model Addition Fact series on the 
electrical line 
 

Through Figure 5, we can see that the equivalent 
reactance of the electrical line now depends 
certainly on the reactance of the line and also on the 
variation of the integrated TFACTST reactance. 

This option provides flexibility order to control 

the intrinsic electrical parameters [9] [10] of the 

network as shown in Figures 6 and 7 and in the 

impact of the variation of the reactance of FACTS 

on the curves of power and voltage. 

 

Voltage variation 

 

 
Fig. 6. Voltage variation 

 

Power variation 

 

 
Fig. 7. Power variation 

 

 

 

 

Synthesis 
 

It was evident to us to see from our review of the 

literature [11, 12,13, 14, 15] that the development 

of solutions based on FACTS devices at electrical 

networks are limited to some network parameters 

but without integrating all the network parameters 

which are interdependent; therefore, our approach 

aims at a coordinated regulation answering at best 

the various compromises imposed by the electrical 

network. 

 

3.4 Coordinated Regulation of the Sharing of 

Power 

 

3.4.1 Principle 
 

 
 

Fig. 8. Principal view 

 

Figure 8 shows our expected goal that consists in 

adapting the distribution of power to the electrical 

network by controlling the FACTS devices 

integrated into the network and according to 

algorithms migrating to a stable operating states. 

 

3.4.2 Control of the distribution of loads 
 

We formulate the following equations between 

the nodal voltages and injected current for a  
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network with n nodes: 
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In practice, the system is known by the apparent 

power injected. The n complex equations are 

divided into 2n real equations: 
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And, by expressing the tension in Cartesian form: 
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With: 

 
��, ��: the modulus and the phase of the voltage at  
node i 

��, �� : active and reactive power injected at node i 

��� + ����: the element  ��� of the complex matrix  

admittances   
��� = �� − ��: the phase difference between  

nodes i and j 

��, �� ∶ the real and imaginary parts of the voltage at 
node i 

 

Synthesis 
 

 
The variation of complex elements of the 

admittance matrix allows us to control the active 

and reactive power at different nodes of the 

network as shown in below formulas: 
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3.4.3 Classification of the constraints 

 

The constraints related to the conduct of electrical 

networks define the limits of normal operation of 

the equipment in terms of dielectric strength and 

thermal operating limit and  the maximum limit of 

transits and also the limits of stability that occur in 

terms of balance between production and 

consumption. We will list below the various 

constraints to be managed in the conduct of 

electrical networks. 

 

a. Constraints on balance between production 

and consumption: 
 

The equality between production and 

consumption directly impact the variation in 

frequency in the electrical generators network and 

provided to ensure the stability of the network 

frequency; these equations must be respected at all 

times: 

 

� ���
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��

���
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 ��: total active loss 
 ��: total reactive loss 
��: number of consumer nodes 
 ��: number of generation nodes 

 
b. Constraints on the voltage module: 
 

The voltage at the network is subject to 

continuous variations in view of the interdepend-

ence of the electrical parameters of the network. 

The operation of the network must ensure a range 

of variation according to the following limits: 
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-The maximum voltages by dielectric strength of 
the material and transformer saturation. 
 

-The minimum voltage by increasing losses and 
maintaining the stability of generators. 
 

��
��� < � < ��

���(i=1,…….n) 
 
with:        �� ∶ the module voltage of the node i 

��
��� : Minimum limits 

��
���: Maximum limits 

 
c. Constraints on transit capacity of the line: 
 

The maximum limit of transits of electricity 

formulated below must be respected at all times  

 

��� < ���
��� ���� ���  ����� � − � 

With: 

��� = (���
� + ���

� )
�

��  

���: the apparent power transited 

���
���: the maximum apparent power transited 

���: the active power transited 
���: the reactive power transited  
 

The resulting consequences of any excess at the 

power transmitted can have negative results in a 

line that should, in no case, exceed the maximum 

limit. 

 

d. Constraints on production 
 

The power produced by each group is bounded 

above by the maximum power it can supply and 

below by the minimum, which is determined by the 

performance of the group and the constraints on the 

turbine. For all nodes in production, active and 

reactive constraints are: 

��
�,���
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�

≤ ��
�,��� 

��
�,���

≤ ��
�

≤ ��
�,���

( i = 1,……, ��) 

 
 
 
 
 
 
 
 

3.4.4 Flow Chart of the Algorithm of Coordinated 
Regulation 

 

 

Fig. 9. Flow chart of the control algorithm 
 
 

4 PRELIMINARY RESULTS  

 
4.1 Network Study  

Our study was developed at the regional center of 
the 225 kV transmission network of Morocco item 
of Figure 10. 

the network consists of 24 nodes:6 nodes 
generation, the others are loads nodes (the data used 
in this study are from the year 2012) . 
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Fig. 10. Network studied 

 
4.2 Parametric Analysis of Network Studied 

Parametric analysis of the studied network has 
allowed us to identify areas of greatest 
vulnerabilities and which can escalate to blackout 
situation as illustrated at Figure 11 registered after 
successive trigger lines 22-8 and 22-19. 
 

 

Fig. 11. parametric analysis of situation of -BLACKOUT- 
 
4.3 Impact Assessment of the Approach 

Adopted 

According to Chart flow described above, a 
program was primarily developed in MATLAB to 
calculate the load distribution using the Newton-
Raphson method. The results are presented in Table 
1. 

Table 1: Results of POWER FLOW using MATLAB 

 
 
These results could be compared positively to the 

software calculations. 
Once they have identified the bus involved in the 

cascade of overload that induces blackout presented 
at Figure 11, we opted to act in the first phase on 
the reactance of the critical lines between 22-8 and 
22-19 by integrating a series FACTS in order to 
increase the static stability of the line and then we 
inserted a capacitor battery so as to raise the level 
of voltage at critical nodes. 
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Simulation results are presented after integration 
at Figure 12. 

 

 
Fig. 12. Simulation after integration FACT 

 

We note that this correction has allowed us to 
deal with a situation of BLACKOUT by action on 
the topology of the network and to improve 
network performance as shown in Table 2. 

 
Synthesis & Openings 

The results obtained have helped us appreciate 
the foundation of the approach adopted, in the later 
stages we complete the development of the decision 
help algorithm aroused and we will extend the 
analysis to other dimensions. 
 
ACKNOWLEDGMENTS 
 

Our deep gratitude goes to the research team 
Energy and Power Systems for their support. The 
Directors of System Operator of ONEE for their 
cooperation 

 

 

Table 2 : Results of POWER FLOW using MATLAB 
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