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                                                      ABSTRACT
A new and comprehensive load flow model for the Thyristor Controlled Series Compensator (TCSC) is presented in this paper. In this model the state variable is the TCSC's firing angle, which is combined with the nodal voltage magnitudes and angles of the entire network in a single frame-of-reference for a unified iterative solution through a Newton-Raphson method. Unlike TCSC models available in the open literature, this model takes account of the loop current that exists in the TCSC under both partial and full conduction operating modes. Also, the model takes proper care of the resonant points exhibited by the TCSC fundamental frequency impedance. The Newton-Raphson algorithm exhibits quadratic or near-quadratic convergence characteristics, regardless of the size of the network and the number of TCSC devices.

The system study and programming has been done using MATLAB 7. 
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Chapter 1

INTRODUCTION

1.1
Introduction

Electric utilities are operating in an increasingly competitive market where economic and environmental pressures limit their scope to expand transmission facilities. The optimization of transmission corridors for power transfer has become at great importance. In this scenario, the FACTS technology is an attractive option for increasing system operation flexibility, new developments in high-current, high-power electronics are making it possible to control electronically the power flows on the high voltage side of the network during both steady state and transient operation .One important FACTS component is the TCSC, which allows rapid and continuous changes of the transmission line impedance Z. Active power flows along the compensated transmission line can be maintained at a specified value under a range of operating conditions. 

                    [image: image2.png]



                                            Fig 1.TCSC Model. 

                                                 Fig. 1 is a schematic representation of a TCSC module [Z], which consists of a series capacitor bank in parallel, with a Thyristor Controlled Reactor (TCR). The controlling element is the thyristor controller, shown as a bi-directional Thyristor valve. In load flow studies the TCSC can be represented in several forms. For instance, the model to be presented is based on the concept of a variable Series Compensator whose changing reactance adjusts it in order to constrain the power flow across the branch to a specified value. The changing reactance represents the fundamental frequency, equivalent reactance of the TCSC module. This will be a new TCSC power flow model, which circumvents the additional iterative process required to calculate the firing angle.  The linearized TCSC power flow equations, with respect to the firing angle, are incorporated into Newton-Raphson load flow algorithm. In common with all other controllable plant component models available in our load flow, the TCSC firing angle is combined with the nodal voltage magnitudes and angles inside the Jacobian leading to very robust iterative.

                                                  This paper presents a new TCSC power flow model, which circumvents the additional iterative process required to calculate the firing angle. Moreover, since explicit information of the TCSC impedance-firing angle characteristic is available, good initial conditions are easily selected, hence, preventing the load flow iterative process from taking place in non-operative regions owing to the presence of resonant impedance bands. The model takes full account of the loop current present in the TCSC under both partial and full conduction operating modes [Z]. Harmonic studies carried out for the TCSC have shown that, apart from the third harmonic, all other harmonic currents are of small magnitude and, hence, are cause of no concern. In this work it is assumed that filters are available to cancel out third harmonic currents and any other troublesome harmonic currents. In this way, the TCSC is adequately represented by its fundamental frequency impedance. The linearized TCSC power flow equations, with respect to the firing angle, are incorporated into an existing Newton-Raphson load flow algorithm. In common with all other controllable plant component models available in my load flow program, the TCSC firing angle is combined with the nodal voltage magnitudes and angles inside the Jacobian and mismatch equations, leading to very robust iterative solutions.

1.2 TCSC FUNDAMENTAL IMPEDANCE

We start the derivation by examining the voltages and currents in the TCSC circuit under the full range operating conditions. The basic equation is,

ZTCSC =RTCSC+ j XTCSC       =   VTCSC/Iline  ………………………………………..1

Where (bold type indicates complex quantities). VTCSC is the fundamental frequency voltage across the TCSC module, is Iline the fundamental frequency line current and ZTCSC is the TCSC impedance. The voltage VTCSC is equal to the voltage across theTCSC capacitor and ( 1 ) can be written as, The voltage VTCSC is equal to the voltage across theTCSC capacitor and ( 1 ) can be written as,

ZTCSC =- j XC / Iline………………………………………………………………….2

If the external power network is represented by an idealized current source, as seen from the TCSC terminals, this current source is equal to the sum of the currents flowing through the TCSC capacitor and inductor. The TCSC impedance can then be expressed as,

ZTCSC =- j XC(Iline- ITCR) / Iline……………………………………3

Substituting the expression for  ITCR and assuming Iline = 1cos wt , leads to the fundamental frequency TCSC equivalent reactance, as a function of the TCSC firing angle, α         

XTCSC = -XLC + C1{2(∏-α) + sin2(∏-α)} – C2 cos2(∏-α)(ω tan(ω(∏-α))-tan(∏-        α))….4
Where

           XLC = XL XC /XC -XL…………………………………………………………………………………..5

           C1 = XC +XLC/ Π………………………………………………………… 6

           C2 = X 2LC /XL Π…………………………………………………………..7

It should he noted that previous, hut incorrect attempts have been made to incorporate the TCSC impedance into a load flow algorithm. For instance, (8) was given in 161 to represent the overall TCSC fundamental impedance,

                                XTCR//C = (XL XC /XL -XC)/Π{2(∏-α) + sin(2α)}………….8

The problem with (8) is that the harmonic analysis has only been conducted for the TCR while the capacitive reactance of the TCSC has been neglected. The total impedance has been obtained by paralleling the TCR equivalent impedance at    the

fundamental frequency and the fixed capacitive reactance. This makes (8) only valid for the first cycle of the current. The reason is that after the first cycle has elapsed, the capacitor stores charge, where leading to higher steady state voltages. Compared to cases when the capacitor charging effect is neglected [3].
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Fig 2. Comparison of TCSC equivalent reactance according to eqn4.
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          Fig 3.Comparison of TCSC equivalent reactance according to eqn 8..

                                    Equation (8) underestimates the overall steady state TCSC impedance, since it neglects the capacitor “stored charge” effects. As shown in Fig. 2, representing these effects correctly become more important when the TCSC operates in the neighborhood of a resonant frequency. An intrinsic characteristic of the TCSC module shown in Fig. 1 is that a loop current exists under both partial and full conduction operating modes. The reason is that the Thyristor turn-on produces a voltage across the inductor which is of equal magnitude and phase to the capacitor voltage .This voltage, in turn, drives a current through the inductor, which has opposite polarity to the capacitor current. This effect produces the loop current, which has a distorting effect on the voltage waveform across the TCSC terminals.

     Fig. 2 compares the TCSC equivalent reactances as a function of the firing angle, as given by (4) and (8). The TCSC inductive and capacitive reactances were taken to be 2.6 and 15Ω, respectively, at a base frequency of 60 Hz. These parameters correspond to the Kayenta scheme [2]-[4]. This result shows that neglecting the loop current under TCSC’s partial conduction mode gives an erroneous value of the firing angle that is needed in order to obtain a required level of compensation. 

1.3 TCSC POWER FLOW MODEL

The admittance matrix of the TCSC module shown in Fig. 1
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Bkk=Bmm=BTCSC=   -1/XTCSC

Bkm=Bmk=BTCSC=   -1/XTCSC……………………………………………..10

The TCSC power equations at node k are

Pk=-VkVmBTCSC sin(Өk- Өm)……………………………………………...11

Qk=Vk2BTCSC + VkVmBTCSC cos(Өk- Өm)………………………………….12

The TCSC linearized power equations with respect to the firing angle are,
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For the equations at node m exchange the subscripts k and m in  (11)-(14).

When the TCSC module is controlling the active power flowing from nodes k to m, at a specified value, the set of linearized power flow equations is,
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Where superscript i indicates iteration, ΔPkm=Pkmα,reg -Pkmα  is the active power flow mismatch for the TCSC module , Δα=αi+1-α is the incremental change in the TCSC's firing angle and Pkmα =Pk  .                      

 1.4 TCSC IMPEDANCE AS A FUNCTION OP THE FIRING ANGLE

As expected, the behavior of the TCSC power flow model is influenced greatly by the number of resonant points in the TCSC impedance-firing angle characteristic, in the range of 90-180°. Equation (18) may be used to determine the number of resonant points (poles) in a TCSC :

                             α=Π/2(2-(2n-1)ω
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Fig 4. Comparison of TCSC equivalent dBXtcsc  with α
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Fig 5 Comparison of TCSC equivalent dXtcsc  with α

Figs. 4 and 5 show the fundamental frequency TCSC reactance and susceptance profiles, as function of the firing angle, respectively. The partial derivatives of these parameters with respect to the firing angle are also shown in these figures. The TCSC reactance parameter values are those given in Section 11. As shown in Fig. 3, a resonant point exists at αr = 141.810. This pole defines the transition from the inductive to the capacitive regions. It should be noted that near the resonant point, small variations of the firing angle will induce large changes in both XTCSC and dXTCSC(i)/dα. This, in turn, may lead to ill conditioned TCSC power equations and Jacobian terms. On the other hand, it can he observed from Fig. 4 that the BTCSC (1) and dBTCSC (1)/dα  profiles do not present discontinuities. Both curves vary in a continuous, smooth fashion in both operative regions.

1.5
Literature Survey
IEEE Definititions. IEEE has given standard definitions of terms for Thyristor Control Series Compensator

X.R.Chen[1] has discussed A novel method for the design of output feedback controllers for Thyristor controlled series compensators (TCSC’s) in a meshed power system is developed in the paper. The selection of the output feedback gains for theTCSC controllers is formulated as anatomization problem and the simulated annealing (SA) algorithms is used to find the solution.

Dongxia hang[2] has discussed The Thyristor Controlled Series Compensator(TCSC),composed of capacitor in parallel with Thyristor controlled reactor (TCR), is a variant topology circuit. For such circuits there is no universal method to build the analytical mathematical model. The paper focuses on building an analytical model by the method of ‘topology’ to describe the dynamic behavior of TCSC.Based on the model the steady-state model is derived and the dynamic characteristics are discussed. The model is verified by the digital simulation and the method can be extended to the similar devices and be used for optimizing the control systems.

Tzong-Yih Guo(M) Jiann-Tyng Lin[3] has discussed Power transfer capability between the northern area and the central area of the

Taiwan power system is severely limited by the fact that the power

flows over the two parallel corridors connecting the two areas are

rather disproportionate to their thermal limits due to different

conductor sizes. Placing series capacitors on the corridor, which is already close to its thermal limit.

Y. Tanaka [4] has discussed some new methods are proposed to control and protect a Thyristor-controlled series compensator (TCSC). A TCSC miniature model is developed and the effectiveness of the control methods is confirmed by experiments using the TCSC miniature model for an analogue simulator and EMTP simulations. This paper focuses on the following two methods in addition to

the fundamental control methods.

K.L.Lo, Y.J.LinandW.H.Siew[5] has discussed a new approach using fuzzy logic to adjust variable parameters so as to meet constraints during load-flow study. Parameters to be adjusted include transmission-line impedance, phase angle and transformer tap position, and the constraints are transmission-line power flow and bus-voltage magnitude. Versatile apparatus that are used to tune these parameters include the Thyristor-controlled series compensator, Thyristor-controlled phase shifter, unified power-flow controller and on-load tap changer. The proposed approach is particularly aimed at assisting convergence in load flow programs. The parameters to be adjusted are decoupled from the main body of the load-flow formulation. The methodology for parameter adjustment is conducted by using fuzzy logic.

T. Venegas and C.R. Fuerte-Esquivel[6] addressed and discussed The goal of this paper is to develop a steady-state mathematical model of the new generation of power electronic-based plant components presently emerging as a result of the newly developed concept of Flexible AC Transmission Systems (FACTS), namely Thyristor Controlled Series Compensator (TCSC). The modelling is carried out in the phase domain considering the TCSC physical structure. A polyphase power flow program based on Newton Algorithm is developed in order to implement the proposed model. Analysis of the TCSC performance is carried out in both balanced and unbalanced power network operating conditions. This kind of analysis will allow quantifying the many economical and technical benefits this technology promises, as well as examining the applicability and functional specifications of the controller.

K.S. Verma, S.N. Singh and H.O. Gupta[7] addressed and discussed : In deregulated power systems, total transfer capability (TTC) analysis is presently a critical issue either in the operating or planning because of increased area interchanges among utilities. FACTS devices can be an alternative to reduce the flows in heavily loaded lines, resulting in an increased transfer capability, low system loss, improved stability of the network, reduced cost of production and fid tilled contractual requirement by controlling the power flows in the network. It is important to ascertain the location for placement of these devices because of their considerable costs. A method to determine the suitable locations of Thyristor controlled series compensators (TCSC) and Thyristor controlled phase angle regulators (TCPAR) based on the real power flow performance index sensitivity has been suggested, in the paper, for enhancing the total transfer capability of the interconnected power system. A conceptually reasonable and computationally feasible approach has been developed and is illustrated by an example.

Arindam Ghosh , SA41EEE, Avinash Joshi and Mahesh K. Mishra, Student Member IEEE [8] are the first to present A new method of derivation of the fundamental impedance characteristics of a thyristor controlled series compensator (TCSC) is discussed in this paper. This derivation uses the state space model of a fixed capacitor-thyristor controlled reactor (FC-TCR) circuit. It is assumed that the FC-TCR circuit is supplied by a constant ac current source. The fundamental TCSC characteristics are then derived by the step-by-step solution of state equation. In this derivation we present two methods  one assuming that the TCR reactor has infinite Q-factor and the other assuming that it has finite Q-factor. The derived fundamental characteristics are verified through digital computer simulation studies and some experimental results are also presented.

D.Z. Fang, Y. Xiaodong, S. Wennan and H.F. Wang[9] addressed and discussed An oscillation transient energy function (OTEF) is proposed for the analysis and damping of power system area-mode oscillations. The OTEF interprets an area-mode oscillation as the conversion between oscillation kinetic energy and potential energy. Based on this interpretation, an OTEF descent method has been developed to design a supplementary fuzzy-logic Thyristor controlled series compensator (TCSC) controller to damp the area-mode oscillation. Since the proposed method guarantees the continuous descent of oscillation energy, the fuzzy-logic TCSC damping controller designed is robust to the variations of power system operating conditions. A 4-generator 2-area interconnected power system is presented to demonstrate the effectiveness and robustness of the TCSC fuzzy logic-damping controller installed in the power system. 

Balarko Chaudhuri, Student Member, IEEE, Rajat Majumder, Student Member, IEEE, and Bikash C. Pal, Senior Member, IEEE, [10] addressed and discussed This paper demonstrates the application of multiple model adaptive control (MMAC) strategy for robust damping of low-frequency electromechanical oscillation in an interconnected power system. The control algorithm uses a model-based approach to account for the variability and uncertainty involved in the post disturbance dynamics of the system. Conventional proportional-integral-derivative (PID) controllers are tuned to achieve the desired performance for each of these models. Using a Bayesian approach, the probability of each model representing the actual power system response is computed in each iteration. The resultant control action is derived as a probability-weighted average of the individual control moves of the controllers. This strategy has been used to design and test a damping controller for a Thyristor controlled series compensator (TCSC) device installed in a prototype power system. The control scheme worked satisfactorily following possible disturbances without any prior knowledge about the specific post disturbance dynamics.

Arindam Ghosh, D. Chatterjee, P. Bhandiwad and M. A. Pai[11]addressed and discussed This paper discusses the use of trajectory sensitivity analysis (TSA) in determining the stable operating range of a Thyristor controlled series compensator (TCSC) compensated power system. The TCSC is modeled by a variable capacitor, the value of which changes with the firing angle. The trajectory sensitivity analysis is applied to two different systems - an SMIB system and a 3-machine, 9-bus system. It is shown that the lumped parameter TCSC model is sufficient to predict the operation of the systems. The predicted behavior using the TSA is validated using PSCAD/EMTDC simulation. Furthermore, it is

shown that the TSA can be used in the determination of the optimal location for the placement of the TCSC in the 9-bus system.

Rajat Majumder, Student Member, IEEE, Balarko Chaudhuri, Student Member, IEEE, and Bikash C. Pal, Senior Member, IEEE, [12] addressed and discussed This paper demonstrates an adaptive control strategy for damping interarea oscillations in a large power system model, employing a probabilistic approach to model-based control. The scheme accounts for the uncertain nature of the post-disturbance dynamics of the system for computing the control moves.Anumber of linearized plant models are considered to represent the system dynamics following the probable contingencies. Conventional observerbased state feedback controllers are designed to achieve the desired performance for each of these models. This strategy has been used to design and test a damping controller for a Thyristor controlled series compensator (TCSC) device installed in a 16-machine, 68-bus system model. The control scheme worked satisfactorily following possible disturbances without any prior knowledge about the specific post-disturbance dynamics.

Chapter 2
TCSC PRACTICAL MODEL CONSIDERATIONS 

2.1   Firing Angle Initial Condition

"Ist-chosen'' starting conditions are often responsible for the Newton-Raphson load flow solution diverging or arriving at some anomalous value. In order to avoid ill conditioned Jacobians. If the customary zero voltage angle initialization is used, the

TCSC's is represented as a fixed reactance in the first iteration. In subsequent iterations, a small voltage angle difference at the TCSC terminals takes place and the firing angle TCSC model is used. The initial condition for the TCSC's firing angle is selected within the range of (+)(-) 80 from the resonant point.

2.2   Truncated Adjustments

When solving TCSC-upgraded networks, large mismatch values in 
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, may take place in the early stages of the iterative process, resulting in poor convergence. The problem is aggravated if the level of compensation required maintains a specified active power flow is near to a resonant point. In this case, large increments in the TCSC firing angle produce changes from the capacitive to the inductive regions, and vice versa, causing the solution process to oscillate. In order to reduce unwanted numerical problems, the computed adjustments are replaced by truncated adjustments, if they exceed a specified limit. The size of correction of the firing angle adjustment has been limited during the backward substitution to 5(. The truncated adjustment effect is propagated throughout the remaining of the backward substitution.

2.3   Limits Revision

The power mismatch equations are used to activate limits revision in all the controllable elements. The TCSC revision criterion is based on its active power mismatch equation,
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where i varies from I to the number of TCSC's.The limit revision is activated when (19) satisfies a predefined tolerance, in our program it is0.0001. If a limit violation takes place then the firing angle is fixed at that limit and the regulated active power flow is freed. In this situation no further attempts are made to control this active power for the remaining of the Iterative process.

CHAPTER 3

TESTCASE

3.1. LOAD FLOW MODEL

A MATLAB program has been written for the TCSC firing angle-de-pendant model and incorporated in our load flow program. The program has been applied to the solution of power networks of different sizes. The example below corresponds to a real-life power network consisting of 2172 buses, 2294 transmission lines, and 768 transformers. This network has enough complexity to show the robustness of the new TCSC model towards the convergence. The relevant part of the network is shown in Fig. 6
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Fig.6 Section of load flow network

Mechanically switched series capacitors are used to compensate the line linking nodes 30 and 32 at 40%, when the system is operating on maximum demand. A Static Vars Compensator (SVC) is installed at node 32 to regulate voltage magnitude. This line is of slightly different design and when operated without compensation, the active power flows injected into node 32 through line L1 is 476. For the purpose of this paper, the mechanically switched series capacitors are replaced by TCSC’s and used to control active power flow. The TCSC’s are set to control, at the bus bar 32 ends, the active power flow through transmission line at 540 MW. The TCSC electric parameters are those given in Chapter 1.2. The power mismatch tolerance was set at 10-8 The firing angles of both TCSC’s were initialized at 140( and convergence was obtained in 5iterations. 
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	-0.0298

	3
	0.084
	148.00
	-0.0232

	4
	0.00001
	148.04
	-0.0237

	5
	0.00000001
	148.04
	-0.0237


Table –I Power mismatch and TCSC Parameter value.
Table I shows the maximum absolute power mismatches at node 32. The firing angle and the fundamental frequency TCSC equivalent impedance are also shown in this table. These values are given in degrees and p.u. respectively. In order to validate these results, the same case was simulated with the variable series compensator model. Convergence was obtained in 5 iterations. The same fundamental frequency, TCSC equivalent reactances as those shown in Table I were arrived al. It should be noted that when this model is used, the firing angles are calculated after the load flow has converged by resorting to an additional iterative process.

3.2. MULTIPLE RESONANT POINTS

 TCSC’s are carefully designed to exhibit a single resonant point. However, changes in the original parameters may take place due to, among other things, the ageing of capacitors. It is not unlikely then that TCSC’s may exhibit more than one resonant point. This has provided the motivation for analyzing the behavior of the load flow algorithm when solving systems that contain TCSC’s with more than one resonant point For example, values of XC = 16 n and XL = 7 give rise to a TCSC which exhibits two resonant points, i.e. at α1  = 1350 and α2 = 1480.In cases when the fundamental frequency TCSC reactance presents multiple resonance points, different values of firing angle give the compensation levels required to achieve a specific active power flow. The network given in Chapter 3 is solved below but now the TCSC uses the parameter values given in this section so that the TCSC has two resonant points. The active power flow through each transmission line is set at 540 MW. Firing angle initial conditions α0 are used for TCSC. Table I shows results for the four possible combinations. The number of iterations required to obtain convergence is 7 for Cases 1,2, and 3 and 6 iterations for Case 4. 
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	160
	159.12
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	4
	160
	159.12
	-0.0237


Table II –TCSC Firing Angles and Reactances

It can he observed from Table II that the power flows of 540 MW in transmission lines LI can be met with more than one firing angle value, i.e. in this test case the same compensation level in each TCSC is achieved with two different firing angles. For the case of transmission line L1, when α0 is specified at 1150, the firing angle solution αfinal = 134.5l0,is quite near the resonant point, i.e. 1350 the algorithm shows to be very robust towards the convergence. Similarly, when the TCSC firing angle is initialized at 1600 the firing angle solution settles at 159.12' as opposed to 134.5l0  .To show some of the potential problems incurred when the iterative solution takes place near a resonant point and the correction step is not truncated during the backward substitution, the numeric examples presented above was also solved with full adjustments. 
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Table  III Maximum, Absolute Power Mismatches and TCSC Firing Angles with Full adjustments
. These results clearly show the benefits of using truncated adjustments in the backward substitution. 
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Table III Maximum, Absolute Power Mismatches and TCSC Firing Angles with Truncated adjustments

By way of example, the maximum power mismatches for Case 3 are shown in Tables IIInd IV The results in Table III correspond to full adjustments and in Table IVcorresponds truncated adjustments. The firing angle values, in electrical degrees, are also shown. The TCSC power regulating capabilities were activated in the second iteration. In simulations the TCSC’s changed from the inductive to the capacitive regions. Moreover, when the increment size was not truncated, large changes in the firing angle of TCSC are observed during the first little iteration. Such large perturbations are responsible for the slow down in convergence.

CHAPTER 4

CONCLUSION AND FUTURE SCOPE OF STUDY

5.1 Conclusion

A new TCSC power flow model bas been presented in the paper. The TCR's firing angle is taken to he the state variable, which is regulated in order obtain the level of compensation required to achieve a specified active power flow. It has been shown that neglecting the TCSC loop current during partial conduction gives erroneous values of firing angle. This model has been included in a Newton-Raphson load flow algorithm, which is capable of solving large power networks very reliably. The algorithm retains Newton's quadratic convergence and its efficiency has been illustrated by numeric examples. Identical results were obtained with the firing angle TCSC model presented in this paper and with the TCSC power flow model presented in [4]. The impact of limiting the tiring angle's size of correction during the iterative (AR) solution has been illustrated by numeric examples. This issue is particularly important when the solution is taking place in the vicinity of a TCSC resonant point.

5.2 Future Scope of Research Work

1. Two-area system can be extended to multi-area system study in deregulated power system in which some of the areas not participating in the AGC function and some are following the control signals. The result from such a study will help in determining the minimum number percentage of generators that should compulsorily participate in AGC function to get acceptable response of the system.

2. Other different types of supplementary controllers may be studied where optimum controller parameters estimation may be based on genetic algorithm or artificial neural network (ANN).
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 APPENDIX A

NOMINAL SYSTEM PARAMETERS FOR TWO  EQUAL AREA NON-REHEAT THERMAL SYSTEM IN REGULATED POWER SYSTEM

f = 60 Hz.

Pr1 = Pr2 = 2000MW.

δ12 = δ1 – δ2 = 30 degrees.

R1 = R2 = 2.4 Hz/pu MW.

Ptiemax = 200 MW.

a12 = -Pr1/Pr2 = -1.0

D1 = D2 = 8.33 x 10-3 pu MW/Hz.

H1 = H2 = 5secs.

Tg1 = Tg2 = 0.08secs.

Tt1 = Tt2 = 0.3 secs.

B1 = B2 = b = 0.425 pu MW/Hz.

Kp1 = Kp2 = 120 Hz/pu MW

Tp1 = Tp2 = 20 secs.

T12 = 0.086 pu MW/rad.

C = 2*3.141*T12 = 0.545 pu MW

APPENDIX 2.2
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APPENDIX 3.1

NOMINAL SYSTEM PARAMETERS FOR TWO  EQUAL AREA NON-REHEAT THERMAL SYSTEM IN DEREGULATED POWER SYSTEM

f = 60 Hz.

Pr1 = Pr2 = 2000MW.

δ12 = δ1 – δ2 = 30 degrees.

R1 = R2 = R3 = R4 = 2.4 Hz/pu MW.

Ptiemax = 200 MW.

a12 = -Pr1/Pr2 = -1.0

D1 = D2 = 8.33 x 10-3 pu MW/Hz.

H1 = H2 = 5secs.

Tg1 = Tg2 = Tg3 = Tg4 = 0.08secs.

Tt1 = Tt2 = Tt3 = Tt4 = 0.3 secs.

B1 = B2 = b = 0.425 pu MW/Hz.

Kp1 = Kp2 = 120 Hz/pu MW

Tp1 = Tp2 = 20 secs.

T12 = 0.086 pu MW/rad.

C = 2*3.141*T12 = 0.545 pu MW
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