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Abstract –  Load flow problems and stabilityare the most 

important and essential issues to investigate problems in 

power system operating and planning. The specified 

generating and transmission network structure, load flow 

analysis solves the steady and transient operation states with 

node voltages and branch power flow.Here load flow in 

power system, bus classification, improving stability of power 

system, flexible ac system and advantages of using TCSC as 

series compensation is described.TCSC gives fair idea of 

advantages on use of reactive power compensators.The 

effectiveness and modelling is tested with five bus system 

with simple Newton Raphson method and usingTCSC.The 

mathematic model of load flow problem is a nonlinear 

algebraic equation system without differential equations. 

Power system dynamic analysis investigates system stability 

under some given disturbances. Its mathematic model 

includes differential equations. The analysis is based on load 

flow analysis and the algorithm of load flow analysis also the 

base for dynamic analysis methods. Therefore, familiarity 

with the theory and algorithms of load flow analysis is 

essential to understanding the methodology of modern power 

system analysis. 

 

Keywords – TCSC (Thyristor Controlled Series 

Compensator), FACTS. 

 

INTRODUCTION 
 

In a three phase ac power system active and reactive 

power flows from the generating station to the load 

through different networks buses and branches. The flow 

of active and reactive power is called power flow or load 

flow. Power flow studies provide a systematic 

mathematical approach for determination of various bus 

voltages, there phase angle active and reactive power 

flows through different branches, generators and loads 

under steady state condition.Power flow analysis is used to 

determine the steady state operating condition of a power 

system. Power flow analysis is widely used by power 

distribution professional during the planning and operation 

of power distribution system.The objective of power flow 

study is to determine the voltage and its angle at each bus, 

real and reactive power flow in each line and line losses in 

the power system for specified bus or terminal conditions. 

Power flow analysis is very important in planning stages 

of new networks or addition to existing ones like adding 

new generator sites, meeting increase load demand and 

locating new transmission sites. 

There are three methods for power flow study 

1. Gauss Siedel method 

2. Newton Raphson method 

3. Fast decoupled method. 

Here the Newton Raphson method is used to converge 

the load flow problem, this is an efficient method for the 

analysis of the power loss calculation and mismatching 

calculation with in the defined power system network. 

This is an effective tool for the modelling and solving of 

nonlinear equations, because to solve such type of 

equations, it is so effective by using other existing 

methods. 

Newton-Raphson Method: 
In the Newton-Raphson method, the root is not 

bracketed.  In fact, only one initial guess of the root is 

needed to get the iterative process started to find the root 

of an equation.  The method hence falls in the category of 

open methods.  Convergence in open methods is not 

guaranteed but if the method does converge, it does so 

much faster than the bracketing methods. 

Let the initial guess of the root of 0)( xf  is at ix , then 

if one draws the tangent to the curve )( ixf , the point 
1ix  

where the tangent crosses the x -axis is an improved 

estimate of the root using the definition of the slope of a 

function, at 
ixx    θ = xf i tan

 
or  
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,  (1) So starting with an initial 

guess, ix , one can find the next guess, 1ix , by using 

Equation (1).  One can repeat this process until one finds 

the root within a desirable tolerance. 

Algorithm 
The steps of the Newton-Raphson method to find the root 

of an equation   0xf   are 

1. Evaluate  xf   symbolically 

2. Use an initial guess of the root, ix , to estimate the new 

value of the root, 1ix , as 

 

 
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i
ii

xf

xf
 = xx


1

 

3. Find the absolute relative approximate error 

1 ii xxx  as 

4. Compare the absolute relative approximate error with 

the pre-specified relative error tolerance, 
s .  If x >

s , 

then go to Step 2, else stop the algorithm.  Also, check if 

the number of iterations has exceeded the maximum 

number of iterations allowed.  If so, one needs to terminate 

the algorithm and notify the user. 

The load flow solution gives the nodal voltages and 

phase angles and hence the power injection at all the buses 

and power flows through interconnecting power channels. 

It determines the voltage of the buses. The voltage level at 

the certain buses must be kept within the closed tolerances 
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and system transmission loss minimizes. There are 3 types 

of busses defined mainly in power system. 

PV Buses: For type PV buses, we know Pi and |Vi | but 

not Qi or i.  These buses fall under the category of 

voltage-controlled buses because of the ability to specify 

(and therefore to know) the voltage magnitude of this bus. 

Most generator buses fall into this category, independent 

of whether it also has load. 

PQ Buses: For type PQ buses, we know Pi and Qi but 

not |Vi | or i.  All load buses fall into this category, 

including buses that have not either load or generation.  

The third type of bus is referred to as the swing bus. 

Two other common terms for this bus are slack bus and 

reference bus. There is only one swing bus, and it can be 

designated by the engineer to be any generator bus in the 

system. 

Let the 
i i j jV and V   are the voltages of two buses i 

and jwith phase angle 
i jand   respectively, as the power 

flows from i to j end. The line impedence between these 

two buses is Yijand the phase angle is
ij . Now the real and 

reactive power flow equations can be written as 

 

 

 

1

1

cos( )

sin( )

N

k i j ij i ij j

j

N

k i j ij i ij j
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The Jacobian matrix is formed as  
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At each iteration we have to form a Jacobian matrix and 

solve for the corrections from an equation given above. 

For the load flow problem, this equation is of the 
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where J is the Jacobian matrix   
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II. LOAD FLOW ALGORITHM USING TCSC 
 

The Newton-Raphson procedure with TCSC is as follows:  

Step-1: Choose the initial values of the voltage 

magnitudes |V| 
(0)

 of all npload buses and n − 1 angles δ
 

(0)
of the voltages of all the buses except the slack bus.  

Step-2: Implementthe TCSC as controlled variable 

reactance XTCSC. 

Step-3: Use the estimated |V|
(0)

 and δ
 (0)

 to calculate a total 

n − 1 number of injected real power Pcalc
(0)

and equal 

number of real power mismatch ΔP 
(0)

 .  

Step-4: Use the estimated |V| 
(0)

 and δ
 (0)

 to calculate a 

total np number of injected reactive power Qcalc
(0)

 and 

equal number of reactive power mismatch ΔQ 
(0)

 .  

Step-5: Use the estimated |V| 
(0)

 and δ
 (0)

 to formulate the 

Jacobian matrix J
 (0)

.  

Step-6: Solve for Δδ
 (0)

 and Δ |V| 
(0

.  
(1) (0) (0)

    (4) 

(1) (0) (0)
V V V                  (5) 

Step-7: Obtain the updates from  

Step-8: Check if all the mismatches are below a small 

number. Terminate the process if yes. Otherwise go back 

to step-1 with the updation of XTCSC ( 1

TCSC TCSC

i iX X X   ) to 

start the next iteration with the updates given by 

equations5 and 6. 

Thyristor Controlled Series Capacitor (TCSC) is a series 

FACTS device which allows rapid and continuous changes 

of the transmission line impedance. It has great application 

potential in accurately regulating the power flow on a 

transmission line, damping inter-area power oscillations, 

mitigating sub-synchronous resonance (SSR) and 

improving transient stability [3].The FACTS devices are 

located in the order to enhance the system security. 

 

 
Fig.1. TCSC model adjusted between two buses 
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III. TCSC MODELLING 
 

TCSC consists of three components: capacitor banks C, 

bypass inductor L and bidirectional thyristors T1 and T2. 

The firing angles of the thyristors are controlled to adjust 

the TCSC reactance in accordance with a system control 

algorithm, normally in response to some system parameter 

variations. According to the operating principle of the 

TCSC, it can control the active power flow for the line l 

(between bus- iand bus- j where the TCSC is installed). 

 
Fig 2. Equivalent Circuit of TCSC 

 

The real power TCSC

iinjP and reactive power TCSC

iinjQ
 
injected 

at bus I can be expressed as 
2 ( cos sin )TCSC

iinj ii i ij ij ij ij i jP G V G B VV   
 

2 ( sin cos )TCSC

iinj ii i ij ij ij ij i jQ B V G B VV      

where 

2 2G = r / (r +(X - X ) )cij ij ij ij  

2 2B = X - X / (r +(X - X ) )c cij ij ij ij
 

Here, the only difference between normal line power 

flow equation and the TCSC line power flow equation is 

the controllable reactance xc where TCSC acts as the 

capacitive or inductive compensation respectively. In this 

study, the reactance of the transmission line is adjusted by 

TCSC directly. The rating of TCSC depends on the 

reactance of the transmission line where the TCSC is 

located. 

 X = x + xtcscij line
  

 x = r .xtcsc tcsc line
 

Where, xline is the reactance of the transmission line and 

rtcsc is the coefficient which represents the degree of 

compensation by TCSC. To avoid overcompensation, the 

working range of the TCSC is chosen between (-0.015 X 

line and 0.015 X line). By optimizing the reactance values 

between these ranges optimal settings of reactance values 

can be achieved. 

(1) Equality constraints 
The equality constraints of the OPF reflect the physics 

of the Power System as well as the desired voltage set 

points throughout the system. The physics of the Power 

System are enforced through the power flow equations 

which require that the net injection of real and reactive 

power at each bus sum to zero. 

 

cos( ) 0
1

n
P P V V Y

i j ij ij i jDiGi j
      

  

n
Q - Q + V V Y sin(θ - δ + δ ) = 0

i j ij ij i jDiGi j=1
  

where GiP
 and GiQ

are the real and reactive power outputs 

injected at bus- i respectively, the load demand at the 

same bus is represented by DiP
and DiQ , and elements of 

the bus Admittance matrix are represented by ijY
and ij

. 

 

(2) Inequality constraints 
The inequality constraints of the OPF reflect the limits on 

physical devices in the Power System as well as the limits 

created to ensure system security. This section will lay out 

all the necessary inequality constraints needed for the OPF 

(optimal power flow). 

Generators real and reactive power outputs  

GGiGiGi NiPPP ,,1,maxmin 
 

GGiGiGi NiQQQ ,,1,maxmin 
 

Voltage magnitudes at each bus in the network  

Liii NiVVV ,,1,maxmin 
  

TCSC constraints: Reactance constraint of TCSC 

TCSCiTCSCiTCSCiTCSC niXXX ,...,2,1maxmin   

where 

TCSCiX
= Reactance of TCSC at line  

min

TCSCiX
= Minimum reactance of TCSC at line  

max

TCSCiX
= Maximum reactance of TCSC at line i 

NTCSC= number of TCSC’s 

 

 
Fig.3. Relationship Between Firing Angle ( α ) and 

XTCSC 

 

Working and implementation is completely described by 

the flow chart shown below. 
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Fig. 4.Load Flow Algorithm using TCSC 

 

III. LINE AND BUS DATA STANDARDISATION 
 

 
Fig.5. IEEE 5-bus system 

 

Figure 2.1 shows a single line diagram of a 5 bus system 

with two generating units, seven lines. Per-unit 

transmission line series impedances and shunt 

susceptances are given in p.u. in Table1. Real power 

generation, real and reactive power loads in p.u. are given 

in Table 2. 

With Bus 1is a slack bus, obtain a load flow solution by 

using Newton-Raphson method with tolerance of 0.002p.u 

for the real and reactive bus powers. 

Table 1 

Bus code 

From – to 

Impedance 

R +jX 

Line Charging 

B/2 

1 - 2 0.02+j0.06 0.0+j0.030 

1 -3 0.08 + j 0.24 0.0 + j0.025 

2-3 0.06 + j0.18 0.0 + j0.02 

2-4 0.06 + j0.18 0.0 + j0.02 

2-5 0.04 + j0.12 0.0 + j 0.015 

3-4 0.01 + j0.03 0.0 + j0.010 

4-5 0.08 + j0.24 0.0 + j0.025 

 

Table 2 
Bus 

No 

Bus 

Voltages 

Generation 

MW 

Generation 

MVAR 

Load 

MW 

Load 

MVAR 

1 1.06+j0.0 0 0 0 0 

2 1.00+j0.0 40 30 20 10 

3 1.00+j0.0 0 0 45 15 

4 1.00+j0.0 0 0 40 5 

5 1.00+j0.0 0 0 60 10 

 

IV. RESULT AND DISCUSSION 
 

The proposed algorithm isimplementation using 

MATLAB and analysed for its perfectness. The TCSC is 

implemented between bus 1 and bus 2, the 5 bus system 

stability improves because of the reactive power 

compensated by TCSC within the system. The TCSC 

reactance variation according to step by step updation with 

respect to iteration is shown below. The maximum and 

minimum limit of reactance is allowed to vary is 0.050 

p.u. and -0.050 p.u.  

 

 
Fig.6. TCSC reactance variation according to Reactive 

Power compensation requirement 
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Here the reactance is varying with the requirement of -

0.015 p.u at first iteration while it increases significantly 

iteration by iteration and adjusted significantly. 

 
Fig.7. TCSC reactance variation with respect to the load 

angle (delta) 

 

Here the TCSC is introducing capacitive reactance with 

the change in delta as per the reactive power compensation 

demand. From the figure (7) it is very clear that TCSC is 

introducing capacitive reactance. 

 
Fig.8. Updation of load angle (VA) with iteration with 

TCSC 

 

The power angle for different buses updated precisely 

iteration by iteration, TCSC is implemented between bus 1 

(slack bus) and load bus 2. 

 
Fig.9. Updation of busesVoltage  (MV) with iteration with 

TCSC 

 

In the buses the voltage magnitude updated and 

compensated with the updation of bus parameters and 

TCSC parameters. The magnitude of voltage is maintained 

at 1.000065 p.uin bus 2.  

The reactive power with the TCSC implementation is 

very low which is negligible. 

 
Fig.10. Reactive Power mismatch 

 

Now the load angle stability response is shown in the 

figure 11, here it is very clear the load angle stabilized 

more in the 5-bus system than the Newton Raphson based 

optimisation only. 

 
Fig.11. Power angle (δ) stabilization with TCSC and 

without TCSC 

 

Comparison of buses voltage stabilization is shown 

below in figure 12, here variation in bus 2 is more with the 

TCSC implementation as compared to Newton Raphson 

based optimisation. 

 
Fig.12. Bus Voltage (δ) stabilization with TCSC and 

without TCSC 

 

Here the bus voltage stabilization with TCSC and the 

bus voltage stabilization without TCSC i.e. Newton 

Raphson only. 
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V. CONCLUSION 
 

This paper addresses the TCSC power flow model. This 

model is implemented in Matlab using the Newton-

Raphson load flow algorithm, which is capable of solving 

large power networks very reliably. The algorithm with 

TCSC retains Newton’s quadratic convergence and its 

efficiency is illustrated by some power flow solutions of 

the power transmission systems. The calculations of the 

conventional power flow indicate some suggestions 

relating to the locations of TCSC. Two case studies for 

applying the variable series impedance power flow model 

of TCSC are clear evidences with respect to modelling and 

using TCSC to control power flows on the power system. 

The computation results show that suitable allocation of 

TCSC can improve the transfer capability. 

 

REFERENCES 
 

[1]  Medhi, B.K., Bhuyan, S. “Performance analysis of some FACTS 

devices using Newton Raphson Load Flow algorithm” First 
IEEE Conference on Automation, Control, Energy and Systems 

(ACES), 1-2 Feb. 2014. 

[2]  Srivastava, L., Dixit, S; Agnihotri, G. “Optimal location and size 
of TCSC for voltage stability enhancement using PSO-TVAC” 

IEEE Power and Energy Systems Conference: Towards 

Sustainable Energy, 13-15 March 2014. 
[3]  Chang, Y.-C. Cheng Shiu Univ., Kaohsiung, Taiwan “Multi-

objective optimal thyristor controlled series compensator 

installation strategy for transmission system loadability 
enhancement” Generation, Transmission & Distribution, IET  

(Volume:8 ,  Issue: 3 ), March 2014. 

[4]  Ken Kuroda, Hideki Magori,TomiyasuIchimura and Ryuichi 
Yokoyama “A hybrid multi-objective optimization method 

considering optimization problems in power distribution 

systems” J. Mod. Power Syst. Clean Energy (2015) 3(1):41–50 
[5]  Dr Sunil Kumar J, MilkiasBerhanuTuka, Dr. Sultan F. Meko, 

Shalini J and DawitLeykuen “Line Losses in the 14-Bus Power 

System Network using UPFC” ACEEE Int. J. on Electrical and 
Power Engineering , Vol. 5, No. 1, February 2014. 

[6]  Alberto D. Del Rosso, Claudio A. Canizares and Victor M. Dona 

“A Study of TCSC Controller Design for Power System Stability 
Improvement” IEEE Trans. Power Systems, February 2003. 

[7]  P. SrinivasaVarma& V. Sankar “Comparison of Transmission 

Loss Allocation Methods in Deregulated Power System” 

International Journal on Advanced Electrical and Electronics 

Engineering, (IJAEEE), ISSN (Print): 2278-8948, Volume-1, 
Issue-1, 2012. 

[8]  Abdel-Moamen M. A. “Newton-Raphson TCSC Model for 

Power Flow Solution with Different Types of Load Models” 
14th International Middle East Power Systems Conference 

(MEPCON’10), Cairo University, Egypt, December 19-21, 

2010. 
[9]  A. K. Sahoo., S. S. Dash and T. Thyagarajan “Power Flow Study 

Using FACTS Devices” Journal of applied science, 2010, ISSN-

18125654 
[10]  M. N. Moschakis, E. A. Leonidaki, N. D. Hatziargyriou 

“Considerations for the Application of Thyristor Controlled 

Series Capacitors to Radial Power Distribution Circuits” IEEE 
Bologna Power Tech Conference, June 23th-26th, 2003 Bologna, 

Italy 

[11]  Vandai Le, Xinran Li, Caoquyen Le, Honghu Zhou “A Fuzzy 

Logic based Adaptive Control of TCSC for Power Oscillations 

Damping” International Journal of Engineering and Advanced 

Technology (IJEAT) ISSN: 2249 – 8958, Volume-4 Issue-4, 
April 2015. 

[12]  M. A. Abido “Genetic-Based TCSC Damping Controller Design 

for Power System Stability Enhancement” IEEE Power Tech'99 
Conference, Budapest, Hungary, Aug 29 - Sep 2, 1999. 

[13]  Mohamed Zellagui and AbdelazizChaghi “Impact of Series 

FACTS Devices (GCSC, TCSC and TCSR) on Distance 
Protection Setting Zones in 400 kV Transmission Line” An 

Update on Power Quality, Zellagui and Chaghi, licensee InTech, 

2013. 
[14]  Ghamgeen I. Rashed and Yuanzhang Sun, H. I. Shaheen 

“Optimal Location and Parameter Setting of TCSC for Loss 

Minimization Based on Differential Evolution and Genetic 
Algorithm” ELSVIER International Conference on Medical 

Physics and Biomedical Engineering, 2012. 

[15]  DebasishMondal “PSO Based H∞ TCSC Controller with 
Comparison to its LMI Based Design in Mitigating Small Signal 

Stability Problem” International Journal of Electrical, 

Electronics and Computer Engineering Michael Faraday IET 
India Summit-2012, MFIIS-12. 

[16]   AbouzarSamimi, PeymanNaderi “A New Method for Optimal 

Placement of TCSC Based on Sensitivity Analysis for 
Congestion Management” SciRP journal Smart Grid and 

Renewable Energy, 2012, 3, 10-16. SciRP journal 

[17]  Gilberto E. Urroz “Solution of non-linear equations” September 
2004. 

[18]  Nguyen Tuan Anh, Dirk Van Hertem and Johan Driesen “A 

TCSC Model for the Power Flow Solution of the Power 
Transmission System of Vietnam”   

[19]  A. O. Anele, J. T. Agee and A. A. Jimoh “Investigating the 

Steady State Behaviour of Thyristor Controlled Series 
Capacitor” The Arabian Journal for Science and Engineering, 

vol. 34, 2011. 
[20]  N.Hingorani, Laszlo Gyugyi, “Understanding FACTS”, IEEE 

Press 2000. 


