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Abstract: As a perspective to ensure the voltage and frequency electrical network stability, the load shedding constitutes a desirable 
action to maintain the network service quality and to control its vulnerability. In this paper, we propose a new intelligent load shedding 
strategy applying fuzzy control algorithms. This strategy is based on the estimate, in real time, of the load quantity to shed. Calculation 
algorithms containing fuzzy controllers generate command vectors ensuring the load shedding of a pre calculated proportion loads in 
order to reestablish the power balance and to lead the electrical network to a new stable condition. 
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1. Introduction
 
Various disturbances occur in electrical networks every year. 
They lead to blackouts. As the frequency and voltage 
represent two important parameters for the power system 
safety, it should have a continuous control of these 
parameters and this to ensure the best service quality. It's 
characterized by standards criterions related to the service 
continuity to the voltage profile, to the purity of injected 
frequency, to the network static and transient robustness 
opposite a set of possible exploitations and Different 
methods [1,., 9] was proposed in order to decide the place 
and the quantity of loads to be shed. In this context we de-
velop, in the present paper, a new load shedding strategy 
based on the fuzzy logic named intelligent load shedding. 
 
2. PUT IN Situation  
 
In disturbed mode, the direct and quadrature components of 
variables X (currents or voltage) at different buses will be 
affected by oscillation terms that we propose to identify 
[9]. Thus, we exploit two study reference frames: a 
positive synchronous reference frame (PSRF) moving with 
pulsation , or negative synchronous reference frame (NSRF) 
 (Fig. 1). 
 

 
Figure 1: Study Reference 

 
From fig-1. we can 
write, 

                               (1) 
Compared to positive synchronous reference frame (PSRF), 
we express the (d, q) axe components of an electric variable
X as follow: 

                        (2) 
Thus, during the appearance fault phase, any electric 
quantity will be considered as the sum of a continuous 
component X0 , which comes to superimpose a fluctuating 

component X2fwith double network frequency 2. f . It comes 

then: 

                                         (3) 
On the basis of the apparent power expression injected at bus j 
: 

                                              (4) 
Equation (4) is translated in the positive synchronous reference 
frame (PSRF) by:  

            (5) 
Where, 
V+jd & V-jd : direct and quadrature components of the 
voltage atbus j in the reference frame (PSRF)  
RYsh

jk & IYsh
jk : respectively real and imaginary parts of 

the shunt admittance of j-k line. 
The active and reactive injected powers at bus j express by:  

          (6) 

 
Taking into account of (6), the active and reactive power 
expressions (7) are put in the form: 

                                (7) 
 
Where, 
Po and Qo indicate functions of (d, q) axe components of 
current and voltage positive sequences (X+dp, X+qp) at the 
same bus. P2f and Q2f are functions of (d, q) axe 
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component of the current and voltage negative sequences 
(X+dp, X+qp) at the same bus. 
 
The fluctuations which appear in the injected powers at 
different buses show the possibility for serious difficulties 
with which clash the algorithms treating these variables to 
stabilize the power studied system. We develop a new load 
shedding strategy containing fuzzy controllers, aiming at 
stabilizing an electrical network during the fault 
appearance phase, taking into account the fluctuations of 
different electric variables.  
 

3. Intelligent Load Shedding Strategy  
 
Various service quality control strategies of electrical 
network were proposed, certain are qualified as preventive 
ones whereas others are qualified as curative  [4]. By 
mean of the equation system (7), we implemented a 
filtering technique ensuring the fluctuating component 
evaluation of the injected powers at different producing 
buses. 
 
Thus, we used cuts band filters centered on a double cut-off 
frequency of the studied network. This technique ensures 
the rejection of the fluctuating components contained in 
positive and negative sequences presented by Fig. 2. 
Consequently, we manage to reconstitute components 
similar to those of a balanced mode. 
 
 Nevertheless, this filtering technique does not guarantee the 
injected power amplitudes. For that reason, we estimated the 
fluctuating power amplitudes and added them to those 
continuous components (Fig. 2) in order to quantify the power 
quantity to shed. 
 
This control strategy consists on evaluating, in real time, the 
load quantity to be shed. This load shedding strategy was 
based on the fuzzy controller installation at each producing 
bus (fig-2). 

 
Figure 2: Adopted Load scheduling Strategy 

 
This controller treated two inputs (є, ∂є/∂t), ), the first input is 

materialized by the gap between the power generated 

amplitudes by the machine given by (8) and those of 
references required by the network Pei* i1,..., 

machines before and after the fault appearance phase i 

(Pei
* PeiN ) . The second input represents the variation of this 

gap compared to time. The make decision of the fuzzy 
controllers represents the load quantity to be shed at 
different buses according to their sensitivity degrees.  

                               (8) 
Where,  

Pi0 : represent the continuous power quantity, 

: represent the fluctuating power quantity amplitude,  
 
PiC : represent the consumption quantity at bus i,  

UC: represent the total load quantity to shed at different 

buses. Then: 

         (9) 
We must insist on the fact that the load quantities to be shed 
Pdj , at bus j , is indeed the resultant of the elementary 

command vectors U Ci j generated by the various fuzzy 

controllers, affected to different machines ( N-machines ) as 
follow: 

                     (10) 
The load quantities to be shed Pdj at bus j , is established in 

accordance with (11).  

                   (11) 
Where, 
Pei : constitute indicators of the sensitivity degree of machine  

Pj  

 i to the power injected at different buses of the network 
Pdj : load quantity to shed at each bus.  

 
In order to allow more precision to the action brought by the 
integrated fuzzy controllers and to take into account the 
maximum of states suitable to affect the different variables 
to be treated, we defined nine membership functions for the 
two input variables: NVL (Negative Very Large), NL 
(Negative Large), Nm (Negative Medium), NS (Negative 
Small), ZE(Zero), PS (Positive Small), PM (Positive 
Medium), PL (Positive Large) and PVL (Positive Very 
Large). Thus we formulated 81 fuzzy rules which manage 
the command vector (Table 1). 
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4. Study Criterion of the Studied Network 

Stability

Considering the electrical network is very complex and in 
order to study its dynamic stability, with our point of view, 
we will not be able to apply easily various criteria. This is 
why we had resorts to the Eigen value analysis of the 
studied system state model [10]. For our case, we 
considered 4 dynamic variables for each machine integrated 

in the network definite by[ i ,i , E 'qi , E 'di ] and two algebraic 

variables[Vi ,i ] ; what makes it possible to define a state 

vector [ X i ] of and a command vector characterized by: 

                     (12) 
The [ X i ] determination is possible only by means of the 

following system resolution: 

                          (13) 
Where, 
Fi ( X i ,Yi ) represent the dynamic model of the ith machine 

and H i ( X i ,Yi ) represent the energy balance. In other words, 

we have to make with the following system:  

           (14) 
 
The matrices,[ A1i ] ,[B1i ] , [ A2i ] and[B2i ] have respectively 

dimensions[4 4], [4 2] , [2 4] and [2 2] , their 
coefficients can be deduced without particular difficulty 
starting from the following partial derivative:  

            (15) 
By replacing the value of [Yi ] drawn from the second relation 

of equation systems in the first relation (14) of the same 
system, we find: 

                             (16) 
 

According to the signs of the Eigen value real partski , 

k1,...,4 of the matrix[ Ai ] , [4 4]dimensions, we come to a 

conclusion about the studied machine-network stability.  
 

5. Simulations and Results  
 
The study model is introduced by a typical system 
containing the IEEE test 14 buses network (Fig. 3). 

 
Figure 3: IEEE 14 bus test network 

 
Figure 4: Voltage level in the event of generator outage in 

the presence of the load shedding strategy 
 
In order to quantify the contribution of the implemented 
intelligent control strategy, we simulated a fault scenario. 
Simulations were carried out on MATLAB software. We 
simulated the studied system behaviour at the fault time 
characterized by the generator outage at t=65s. In absence of 
the adopted load shedding strategy, the voltage level at 
different buses undergoes a notable degradation  leading to a 
phenomenon of total voltage collapse (Fig. 4). 

 
Figure 4: Voltage level in the event of generator outage in 

the presence of the load shedding strategy 
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In the second phase of simulation, we simulated the studied 
system behaviour at the fault time characterized by the 
generator outage. By integration of the new control strategy, 
we gave the voltages at different buses in new steady states 
and this during the fault appearance phase. (Fig.-5) 

 
Figure 5: Voltage levels in the generator outage event in the 

presence of the load shedding strategy 
 

As for the frequential behaviours at different machines, it 
proves that these last keep a perfect synchronization with 
the connection network during the fault appearance phase 
owing to the fact that the amplitudes of their fluctuating 
frequencies f f limited by tolerable extremums, (Fig. 6). 

 

 
Figure 6: Frequency levels in the event of generator outage 

in the presence of the load shedding strategy 
 
The temporal evolutions of the real parts of the Eigen values 
of the state matrix [A2] , relating to the machine G2 , comes 
to more justify the potential performances of the adopted 
stabilization strategy in this fault case mentioned above to 
the generator outage Figure 7 

 
Figure 7: Temporal Evolution of the Eigen value real parts 

a machine (60MVA) cases of generator outage 
 
 
 

6. Conclusion
 
We proposed in this paper a strategy allowing ensuring 
network service continuity in the presence of situations 
described as vulnerable. This strategy founded on a perfect 
recognition of the variation of the powers delivered by the 
machines compared to values of reference evaluated in 
normal functioning mode. The treated fault proves the strategy 
potentiality. 
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