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Abstract 
With penetration growing of renewable energy sources which integrated into 
power system have caused problems on grid stability. Electric Vehicles (EV) 
are one of the renewable energy sources that can bring significant impacts to 
power system during their charging and discharging operations. This article 
established a model of single machine infinite bus (SMIB) power system con-
sidering EV as a case study of load disturbance for power system oscillation. 
The objective of this research is to enhance stability and overcome the draw-
backs of traditional control algorithms such as power system stabilizer (PSS), 
PID controller and fuzzy logic controller (FLC). The implementation’s effect 
of FLC parallel with PID controller (Fuzzy-PID) has been shown in this paper. 
The speed deviation (∆ω) and electrical power (Pe) are the important factors 
to be taken into consideration without EV (only change in mechanical tor-
que), EV with change in the mechanical torque and sudden plug-in EV. The 
obtained result by nonlinear simulation using Matlab/Simulink of a SMIB 
power system with EV has shown the effectiveness of using (Fuzzy-PID) 
against all disturbances. 
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1. Introduction 

Power system operation is characterized by the random variation of the load 
condition, continuous change in generation schedule and network interconnec-
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tion. Moreover, Power systems have usually more disturbances such as actions 
of different controllers, switching of lines or increasing loads in the system [1]. 
Electric Vehicles (EVs) have electric motor instead of engine which gained much 
concern as the next generation vehicles. Vehicle-to-Grid has two operating 
modes, a charging operation of EV absorbs power from the grid which caused 
frequency regulation down but discharging process power flow back to grid and 
caused frequency regulation up. Then, charging operation of EV uses as a load 
disturbance on power system [2] [3]. Such disturbances will lead to bringing low 
frequency oscillation in power system, which should be consequently endanger-
ing the overall stability of the system [4]. The stability of power systems is one of 
the most important subject which has challenged electrical engineering, there-
fore it is considered the first recognize as an important problem in power system 
operation since the 1920s [5].  

In the late 1950’s most of electric power systems used Automatic Voltage Reg-
ulators (AVR) for damping the power system oscillations and maintain the 
overall stability of the power system [4] [6]. Nowadays convention Power Sys-
tem Stabilizer (CPSS) is one of the most important controllers in modern electric 
power systems for enhancing system stability and damping the low frequency 
oscillations. Demello and Concordia [7] were the first to utilize the principle of 
phase compensation in the frequency domain to make a thorough analysis of a 
lead-lag compensator to give a supplemental signal in the machine excitation 
system. The conventional power system stabilizer (CPSS) mostly used to obtain 
damping to the system using speed deviation (Δω) [8] [10]. 

In a previous work, a conventional controller such as power system stabilizer 
(PSS) [11], different structures of proportional-integral-derivative controller 
(PID) and fuzzy logic controller [12] [13] and [14] have been employed for im-
proving the stability of a SMIB. To further enhance stability and overcome the 
drawbacks of convention controllers. However, considering electric vehicles 
(EV) as a case study of load disturbance beside the change in mechanical torque 
for power system oscillation. A coordinated Fuzzy-PID controller as power sys-
tem stabilizer have been used. 

Recently, fuzzy logic controller (FLC) showed up as robust tool in control of 
complex power system. However, it has more merits than other controllers such 
as simplicity, low cost and its robustness and effectiveness [15]. In this paper, 
our contribution has been developed of a new coordinated Fuzzy-PID controller 
for a SMIB power system with EV as load disturbance beside the change in me-
chanical torque. To show the robustness and effectiveness of this coordinate un-
der all disturbance cases than other convention controllers for all study cases. 

This paper is organized as follows. In Section (2) presents the system configu-
ration that consists of two subsections, which are driving the power system con-
sidering EV model and explains the conventional controller models (PSS and 
PID). Design of fuzzy-PID controller is considered in Section (3). Simulation 
results and analysis are presented in Section (4). Finally, the conclusion is given 
in Section (5). 
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2. System Configuration  
2.1. The Power System Model 

Figure 1 show the studied system which is a Single Machine Infinite Bus (SMIB) 
(Kundur 1993) [4]. The model used for representing the synchronous generator 
connected through transmission line to a very large power network approx-
imated by an infinite bus. The synchronous generator is driven by a turbine with 
a governor and excited by an external excitation system [13]. However, the 
plug-in EV has been considered as a load disturbance for power system oscilla-
tion and modeled as a first order system as shown in Figure 2 [16]. The Plug-in 
EV power control against deviation of frequency is shown in Figure 3 [2] [3], 
which V1G is the one-way charging power control from grid to vehicles. 

Parameters K1, K2, ···, K6 are the constant of linearized model of synchronous 
machine. From the blocks diagram shown in Figure 1 and Figure 2 the follow-
ing fifth order linearized single machine infinite bus system considering EV 
which can be given in state space form as follows: 

X AX BU= +


 
Y CX DU= +  

 

 
Figure 1. Block diagram of SMIB. 

 

 
Figure 2. EV model. 
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Figure 3. PEV power control against frequency deviation. 
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The speed deviation ω∆  is assumed to be measured as the output of the sys-
tem. The constants of the generation system and EV which are connected to 
power system used for study are given in Appendix I [4]. 

The damping coefficient (Damp) is included in the swing equation. The ei-
genvalues of the matrix A should lie in LHP in the S-plane for the system to be 
stable. It is to be noted that the elements of matrix A are depended on the oper-
ating condition. The values of K1, K2, ···, K6 in the matrix A are to be calculated 
according to the operating conditions of the generation system and connected 
power System [4]. Details of these constants are given in Appendix II.  

2.2. Conventional Controller Models 
2.2.1. Power System Stabilizer Model (PSS) 
PSS is widely used in the power system to improve the damping oscillations of 
the power system; sometime it is called the damping controller. The PSS is con-
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sidered as comprising two cascade connected blocks, commonly lead-lag struc-
ture [1]. The PSS structure is illustrated in Figure 4. 

The gain determine the amount of damping and it is chosen by trial and error 
method and The washout stage is used to prevent a steady-state voltage shift, 
then the washout time constant IT  is chosen in between 0 to 20 sec.; 2T , 3T , 

4T  and 5T  are time constants of the lead-lag type [10]. 

2.2.2. PID Controller 
The proportional integral and derivative (PID) controller is a one of the earliest 
industrial controllers. It has many advantages: Its cost is economic, simple easy 
to be tuned and robust [17] [18] [19]. The practical PID structure is illustrated in 
Figure 5. 

In the parallel form of the PID controller, there are three simple gains PK , 

IK  and DK  are used in the decoupled branches of the PID controller which 
tuned by using PID tuner in Simulink model. The term ( )( )1 1sτ +  acts as an 
effective low-pass filter on the D regulator to attenuate noise in the derivative 
block [18]. 
 

 
Figure 4. Structure of PSS. 

 

 
Figure 5. Structure of PID. 

3. Design of Fuzzy-PID Controller 

The proposed coordinated of Fuzzy-PID controller block diagram is given in 
Figure 6. Speed deviation and acceleration have been selected as controller in-
puts, and the output of the coordination (Fuzzy-PID) is injected into voltage 
summing point. 

All inputs and output variable of (FLC) are seven linguistic fuzzy which are 
defined as NB, NM, NS, ZO, PS, PM and PB means Negative Big, Negative Me-
dium, Negative Small, Zero, Positive Small, Positive Medium and Positive Big 
[20]. The performance of FLC depends on the membership fuctions which are 
triangular is this paper. 
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Figure 6. Structure of Fuzzy-PID. 

 
Inputs and output values which are speed deviation, acceleration inputs and 

reference voltage output lies between [−1:1] and we adjust inputs factors Ku1, 
Ku2 to normalize inputs and then we change Ku3 to obtain optimal result [20]. 

Designing the coordinated of (Fuzzy-PID) depends on designing FLC and 
PID, tuning PID controller by using PID tuner in Matlab/Simulink model. 
However, FLC needs the definition of control rules, we have used the algorithm 
[20] developed to generate them. The speed deviation and acceleration results in 
49 rules for this model, these rules shows in Table 1. 

 
Table 1. Fuzzy rule bases. 

UFuzzy 
( )d

dt
ω∆  

NB NM NS ZO PS PM PB 

ω∆  

NB NB NB NB NB NM NS ZO 

NM NB NM NM NM NS ZO PS 

NS NB NM NS NS ZO PS PM 

ZO NB NM NS ZO PS PM PB 

PS NM NS ZO PS PS PM PB 

PM NS ZO PS PM PM PM PB 

PB ZO PS PS PB PB PB PB 

4. Simulation Results and Analysis 

The dynamic performance of SMIB considering EV has been analyzed with the 
proposed coordinated (Fuzzy-PID) controller, PSS and PID. The speed deviation 
(∆ω) and electrical power (Pe) are studied for three cases are considered:  

Case 1: in this case, nominal parameters of the system are considered and the 
system is examined in the absence of EV disturbance as shown in Figure 7 and 
Figure 8. From figures, it is clear that, the coordinated Fuzzy-PID obtain a ro-
bustness performance which given the least value of overshoot than others con-
trollers and it reaches to steady state at small time. 
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Case 2: in this case, plug-in electric vehicles as a load disturbance integrated to 
SMIB. Figure 9 and Figure 10 show the dynamic responses for speed deviation, 
and electric power for (Fuzzy-PID, PSS, and PID) controllers. From these fig-
ures, it notices that the effect of plug-in EVs absorb power and make undershoot 
in the first cycle. However, the proposed coordinated give a good result under 
studying of this case 

Case 3: in this case, suddenly plug-in electric vehicles as a load disturbance 
integrated to SMIB from (4:7) sec. Figure 11 show the dynamic responses for 
speed deviation for (Fuzzy-PID, PSS, and PID) controllers which the effect of 
plug- in EVs appears at 4 secs and making undershoot. However, the proposed 
coordinate (Fuzzy-PID) given effectiveness performance and produces smaller 
overshoot than other. It is cleared that from simulation result as shown in Fig-
ure 12, EVs absorb power when plugged into SMIB at 4 secs and the steady state 
power become 0.8 Pu which the proposed coordinate reach to it throw 1.3 sec. 
(Fuzzy-PID) coordination produce some undershoot than other but it has a 
good performance. 
 

 
Figure 7. Dynamic responses of speed deviation. 
 

 
Figure 8. Dynamic responses of electric power. 
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Figure 9. Dynamic responses of speed deviation at plugging EV. 
 

 
Figure 10. Dynamic responses of electric powerat plugging EV. 
 

 
Figure 11. Dynamic responses of speed deviationat plugging EV from (4 - 7) sec. 
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Figure 12. Dynamic responses of electric powerat plugging EV from (4 - 7) sec. 

4.1. Conclusion  

In this study, the coordination (Fuzzy-PID) controller is applied to SMIB power 
system considering EVs which used as a case study as load disturbance for stability 
enhancement. A comparison study of the proposed coordinated (Fuzzy-PID) is 
carried out with conventional controllers such as PID and PSS. The result ob-
served by simulation showed that the coordination (Fuzzy-PID) obtained a 
robustness performance for all the cases study. 
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Appendix I 

• Generator parameters: 

4.63,  4.4,  7.67,  377.0,
0.973 ,    0.19 ,   0.55 .

do B

d d q

H Damp T
X pu X pu X pu

ω′= = = =
′= = =

 

Exciter parameters:  

50.0eK = , 0.05eT =  

• The K’s: 

1 0.5758K = , 2 0.9738K = , 3 0.6584K = , 4 0.5266K = , 5 0.0494K = − , 

6 0.8450K = .  

• Transmission line: 

0.0eR = , 0.997eX pu= .   

• Operating point: 

0.015eQ pu= , 0 1.05tV pu= , 1.0ep pu= . 

• Electric Vehicles 
• TEV = 0.1, PEV = 0.2 Pu 
• PSS Parameter 

K = 50, T1 = 10, T2 = 0.25, T3 = 0.03, T4 = 0.05, T5 = 0.15 
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