Determination of Stable Zones of LFC for a Power System Considering Communication Delay
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ABSTRACT: 
In this research, fractional based load frequency control (LFC) stable and unstable zones for a two area system have been estimated. In the current approach, the transmission latency caused by measurements and other factors is also taken into account. The location of the fractional controller settings has been determined using a graphical technique. By taking into account various controller parameter values from various locations, the system with a controller is studied in the MATLAB environment. The simulation findings demonstrate that a fractional controller has a wider range of stability zones than a standard PI controller.
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1. Introduction	
Frequency, along with voltage control, is a crucial control parameter in an electrical power system network. This is due to the fact that numerous devices are using the same frequency spectrum.  Therefore, it is necessary to maintain frequency fluctuation within a certain range. The relationship between frequency and active power is straightforward. As a result, adjusting the active power can be used to manage frequency fluctuations. [1-3]. Various power system linear models are taken into consideration for LFC problems in the literature [4-5]. But communication lag in the power system leads to a lot of issues. Delay in communication must therefore be considered while analyzing the LFC issue. One of two things could cause this delay. The first is the result of measuring frequency and active power. Between the generator units and the control center, there is a second delay [6–10]. This delay is defined by (here Td is called approximated delay). 
Different LFC techniques are described in the literature[11–12] for reducing frequency and tie line power variations. Due to its advantages, such as a broad range of stability and design flexibility, the fractional based LFC concept has been utilized in the current paper[13–15].When a system is capable of returning to its initial state following the removal of any undesirable disruption, it is considered to be stable. In order to protect the power system when it enters unstable zones, the controller parameters must be properly chosen.The unstable and stable power system zones are provided in this work for various values. 
[bookmark: _GoBack]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 deviation in area1, is the frequency deviation in area2, and are the area1 and area2 tie-line power deviations respectively. ACE1 is the area1 control error and ACE2 is the area2 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



Fig. 1 can be used to determine the features of LFC, such as ,&. The characteristic equation is developed while taking into account the following presumptions.
1. The deviation of the tie line power is taken to be zero.
2. There is the same communication latency in both areas.
3. The system settings are the same for both.






 i.e., ,,,,&
From Fig. 1., characteristic equation of LFC system can be obtained as (1).
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After simplification of (1),
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Here,
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Substitute=and = 			(3)

Real part of =0 is
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Imaginary part of=0

					(5)
Simplifying equations (4)and (5), we get (6) & (7)
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3. Results & discussion




Various stable and unstable zones for a range of values are depicted in Figure 2. To examine the behaviour of the controller taking into account a point (,) in regions R1, R2, R3and R4 for distinctvalues. AGC is absolutely stable in the zone for larger values, dynamic response analysis is used.


[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)
[image: ][image: ]




      (a)&(Region R1)           (b) &(Region R2)
Fig.4:Frequency deviations of area2(A2)
[image: ][image: ]




        (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)
[image: ][image: ]




(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
[image: ][image: ]




(a)&(Region R1)           (b) &(Region R2)
Fig.9:Frequency deviations of area1(A1)

[image: ][image: ]




    (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
	The stable and unstable regions of the controller parameters are identified in the current work by using a straightforward graphical method. MATLAB simulations show that the fractional controller has a wide range of stable zones. As a result, the fractional based controller can choose from a wider range of controller gains in order to keep the power system stable.
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