Determination of Stable Zones of LFC for a Power System Considering Communication Delay
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ABSTRACT: In the present paper, stable and unstable regions of fractional based load frequency control(LFC) for a two area system have been estimated. The communication delay due to measurements and other reasons is also considered in the present system. A graphical technique has been utilized to find the locus of fractional controller parameters. The system with controller is examined in MATLAB environment by considering various controller parameter values from different regions. The simulation results show that fractional controller has wide range of stabilty regions as compared to simple PI controller.
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1. Introduction	
In an electrical power system network, frequency is very important control parameter along with voltage control. This is because of several apparatures are operating at specified frequency range.  Hence the frequency fluctuation need to be kept at predefined range. Active power is directly proportional to the frequency. Therefore, frequency fluctuations can be controlled by controlling the active power. [1-3]. In literature [4-5], different linear models of power system are considered for LFC issues. But in power system, delay in communication causes many problems. Therefore, communication delay need to be included in LFC problem. This delay may happen in two ways. The first one is due to measurement of frequency and active power. The second delay happens between control center and generator units [6-10]. This delay is defined by (here Tdis called approximated delay). 
In the literature[11-12],different LFC methods are present for minimizing frequency and tie line power deviations. In the present paper, concept of fractional based LFC has been used due to its merits such as wide range of stability, design flexibility, etc.[13-15].A system said to be a stable if only it has the capability to attain its original state after clearance of any unwanted disturbance. Therefore, the controller parameters need to be selected very carefully in order to protect the power system entering into unstable zones.This work gives the unstable and stable areas of power system for various α value. From Fig.1.,  is defined asarea1 communication delay, is defined as area2 delay,  are the governor time constant and turbine time constant, governor moment of inertia, governor damping factor, frequency bias factor, governor speed regulation of area1 and area2 respectively. From Fig. 1, and  are the area1 power system gain and time constant respectively.  is the frequency devition in area1, is the frequency deviation in area2, and are thearea1 and area2 tie-line power deviations respectively. ACE1 is the area1 control error and ACE2 is thearea2 control error. The two area system parameters are considered from [8].


Fig.1: Two area LFC/AGC system.

2. Stable and unstable areas of fractional LFC parameters



The characteristics of LFC including,&, can determined from Fig. 1. The following assumptions are considered while determining the characteristic equation.
1. Deviation of tie line power is assumed to be nill.
2. Both areas are having same communication delay.






3. Both system parameters are identical i.e., ,,,,&
From Fig. 1., characteristic equation of LFC system can be obtained as (1).
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After simplification of (1),

		                (2)                     
Here,
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Substitute=and = 			(3)

Real part of =0 is

						(4)

Imaginary part of=0

					(5)
Simplifying equations (4)and (5), we get (6) & (7)

										         (6)

											     (7)
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3. Results & discussion






Fig.2. shows various stable and unstable areas forat distinct values. Dynamic response analysis is carried out to investigate the controller behavior considering a point (,) in regions R1, R2, R3and R4 for distinctvalues. AGC is absolutely stable in the zone for larger values.

[image: ]
Fig.2: stable and unstable zones of fractional PI-controller forTd=2.28sec.





Table: 1 Parameters of fractional calculus based controller 

	


	
Region (R1)
	
Region (R2)
	
Region (R3)
	
Region (R4)

	
	
Kp

	
Ki
	
Kp
	
Ki
	
Kp
	
Ki
	
Kp
	
Ki

	1
	0.4
	0.2
	0.6
	-0.5
	1
	1
	1.5
	3

	1.1
	0.2
	0.5
	0.4
	-1
	1
	2
	1.5
	3.5

	1.2
	0.8
	0.2
	0.7
	-0.2
	1
	3.55
	1.1
	3.85

	1.3
	1
	0.5
	0.5
	-0.5
	1
	4
	1.5
	4.5

	1.4
	1.1
	0.65
	-0.5
	-2
	1.5
	2
	2
	6

	1.5
	1
	0.5
	0.5
	-5
	1
	5
	1.5
	7




Case1:When α = 1
It can be noticed from Fig. 3(a), Fig. 4(a) and Fig. 5(a) that AGC is absolutely stable in R1. Also it is clear from Fig. 3(b), Fig. 4(b) and Fig. 5(b) that power system is unstable in R2
[image: ][image: ]




(a)&(Region R1)  (b)&(Region R2)
Fig.3:Frequency deviations of area1(A1)
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      (a)&(Region R1)           (b) &(Region R2)
Fig.4:Frequency deviations of area2(A2)
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        (a)&(Region R1)           (b) &(Region R2)
Fig.5: Tie line power deviations 
Case2: When α = 1.3
It can be noticed from Fig. 6(a), Fig. 7(a) and Fig. 8(a) that AGC is stable in R1. Also it is clear from Fig. 6(b), Fig. 7(b) and Fig. 8(b) that power system is unstable in R2.
[image: ][image: ]




(a)&(Region R1)           (b) &(Region R2)
Fig.6:Frequency deviations of area1(A1)
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(a)&(Region R1)           (b) &(Region R2)
Fig.7:Frequency deviations of area2(A2)
Case 3: When α = 1.5
It can be noticed from Fig. 9(a), Fig. 10(a) and Fig. 11(a) that AGC is absolutely stable in R1. Also it is clear from Fig. 9(b), Fig. 10(b) and Fig. 11(b) that power system is unstable in R2.
[image: ][image: ]




(a)&(Region R1)           (b) &(Region R2)
Fig.8: Tie line power deviations
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(a)&(Region R1)           (b) &(Region R2)
Fig.9:Frequency deviations of area1(A1)
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    (a)&(Region R1)           (b) &(Region R2)
Fig. 10:Frequency deviations of area2(A2)
[image: ][image: ]




    (a)&(Region R1)           (b) &(Region R2)
Fig.11: Tie line power deviations
4. Conclusion
[bookmark: _GoBack]In the present work, the stable and unstable regions of controller parameters are determined by employing a simple graphical method. It is noticed from MATLAB simulations that the fractional controller has wide range of stable areas. Therefore, the fractional based controller can have more choices of controller gains in order to maintain the stability of the power system.
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