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Abstract:
This work is aimed at revealing the operational characteristics of thyristor switched capacitor in electric power network. The FACTS device is modeled to show the various parameters that compose the equipment and whose availability in the device immensely constitutes the proficiency of the system component for power system capacitive and inductive compensation. The steady state functional condition of the Facts controller is considered, examining the behavior of the device when the thyristors are switched on and current assumed to flow into the component with the device terminals connected to source. The capacitor voltage is discovered in this state to be a direct function of the product of ac source voltage and ratio of its impedance to difference of its own potential difference and the connected reactor’s impedance. The dynamism in its functionality is technically evaluated with attention on the effect of the off state of its thyristor component on the capacitor at zero crossing point of power quantity. At this point, the full capacity charged capacitor is discussed, taking a look at the zero to peak varying ac voltage on the thyristor switches. There are enough theoretically self-explanatory graphical illustrations that sufficiently give some narrative explications within the brim capacity of this work. A thorough discussion of transient effect as generated by the TSC in the system through the combined operation of the capacitor, limiting reactor and the component damper is reflected in this work        
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                                                SECTION I
1.0 Introduction:
Thyristor switched capacitor is among the family members of a Static var compensators that are characteristically shunt connected in electric power system, just as obtained with its thyristor controlled and thyristor switched reactor counterparts (TCR and TSR). The sucestance of  TSC obeys a step manner variation or zero conduction operation of the normal thyristor switches. In this case, thyistors  as  ac dependent switches are being used to operate the TSC device in order to switch the shunt capacitor on and off ; without the usual dynamic manner of switching obtained with thyristor firing angle control model. As such, a seemingly step change in reactive power  provision is realizable. It is very important, however, to emphasize on the high degree of inflexibility  associated with reactive power regulation using this device due to inability of continuous switching mechanism , unlike in  thyristor controlled  reactor (TCR).
1.11 Work Format:
There are many sections that make up this work, starting from section i which offers an open door for the beginning of the thesis discussion. Introduction of this work is located in this section to give a better room for adequate initiation of the functional reviewing model of the TSC equipment to create a position for the readers’ comprehensive understanding of what to come across about the device in the thesis. Section ii makes an impressive prolongation of the work as it hypothetically extends the thesis to build a firm connection to section i with a sound circuit analytical exertion that gives a comprehensive knowledge of the switching mechanism of the FACTS device. It is in section iii that the power capacity of the TSC device for a given network is discussed and a consideration made of the dynamic operation of the device in respect to reactive power requirement of the power system  attaching much importance on inclusion of a TSR branch for reactive power control .The operational principles of thyristor switched capacitor is the basis of the entire discussion of section iv to look into the way the device works  in relation to other components of the system to feature its reactive power compensation characteristics in the face of unpredictable situations that usually engage the network.       
1.2 Thyristor Switched Capacitor Modeling: 
A TSC device consists of two parallel connected thyristors, positioned in opposite direction to each other and in series with a capacitor and an inductor element. The reactor is functionally connected to limit the possible surge current that may endanger the thyristor valve during abnormal system situations in which the capacitor could be wrongly energized; especially ,at a time when transient free switching  conditions are not met.
   




Fig .1.0
Diagram showing the TSC circuit and the various waveforms across the components
Not only this, a resonance with the ac system impedance can be omitted with the availability of the small inductor element  at a certain system frequency. 
Considering a TSC equipment under a steady state condition when the thyristor valve is switched on, with the terminals connected to ac voltage, v = Vsinωt , we can derive the current that  flows through its length and the voltage amplitude across the capacitor as a function of the capacitive and inductive reactance of the equipment .Thus, 
         i(ωt) =   [ Vn2 / (n2-1)] ωcosωt……………………………….…….….(1)
            Vc =     Vn2 / (n2-1)…………………………………………………………(2)
              n =  , (ie n =[ ω2LC]-1/2   )
Dividing both the numerator and denominator by ω1/2 c1/2, the factor n  can be expressed  thus,
             n =   ( ) /)
          n =  ( ) /),for ω1/2 c1/2 =        =    ,     =    
           n = (   / )
                n =  (   / ), but   XL =   and
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    Then,     
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          n  =  ………………………………………………………………..(3)
Substituting n =    , into equation (26) and (27), the current and voltage magnitude can be further simplified as
       =  [ () / (] Vωcosωt
                = [  ] Vωcosωt
                 = [( /] Vωcosωt
                   = () Vωcosωt …………………………….………….(4)
On the same hand, the expression for the voltage amplitude across the capacitor can be written thus, 
                = ………………………………………..……….(5)
Where,
  = The capacitive reacance of the TSC device
   = The inductive reactive of the TSC reactor 
  = The amplitude of the voltage across the TSC capacitor 
    = Amplitude of the applied voltage 
 ω   = The angular regularly of the system 

                                                  SECTION II
1.3 Switching mechanism: 
The thyristor switch capacitor can be momentarily switched out of function at current zero crossing moment, if  the pulse at the thyristor gate is removed before this time. The current zero crossing marks the period of peak growth of the voltage across the capacitor; and if the capacitor remains switched out, it will continue remaining charged at the peak level, thus causing the voltage across the non conducting thyristor switch to vary between zero and peak value of the applied ac voltage . See the diagram below
The constancy of the switched out capacitor voltage can necessitate switching in of the TSC at the peak of the applied ac voltage in absence of transient signal as shown in the diagram below. 
However, the capacitor bank is usually freed from  charges after being switched out, and so, allowing switching back at   capacitor residual voltage which exists between zero and Vc. The possibility of this is 
       fig.1.0
Diagram showing the
TSC switching in absence
Of transient quantities with
Capacitor,Vc Charging fully
at current zero crossing
within a least transient disturbance, if switching on of the thysristor can be done within such a time in which the residual voltage from the capacitor and the applied ac voltage are of the same magnitude.


              Fig.1.2
Diagram showing the
 switching manner of
a TSC in transient free
condition with capacitor,
Vc fully charged throughout the
period a full cycle                                                   
1.4 Transit Development in Thysristor Switched Capacitor: 
Transient signal in a TSC device is due to the  development of non-zero  ac components that results a sudden current surge in the capacitor at the moment of circuit switching .This is an instantaneous value of a steady state capacitor current experienced by the device at the time of switching .The effect of the functional relationship between the capacitor and the current limiting reactor element in conjunction with a damper (ie a small resistor element) results the oscillatory transient obtained in the current and voltage waveforms.
               

                                   

Fig.1.3                                                                                                        (s
Diagram showing the transient                                                (b)       
Waveforms accompanying the                                               
TSC switching as the device is
fully switched on in (b) and partly                                                              
Switched on as demonstrated in (a)                                        (a)  
                                                                                    
Following the problematic nature of transient in power system, a safe period of switching the device to avoid any possible danger to power system is remarkably important. The highest obtainable switching delay period for the capacitor is a full cycle duration, meaning a periodic space of one positive or negative peak, to the next. This stands that the energization of the capacitor must be within any convenient instant of a cycle in which little or no transient is available in the TSC device .With such a time-able and predictable mode of switching, it is obviously certain that a strict application of thysristor firing angle control may not be out- rightly plausible. As a result, the TSC equipment only makes a step-wise change in the reactive current that flows through it which  varies linearly with the ac voltage in a habit of the inherent admittance, BC of the capacitor. See the Diagram [image: pict4.jpg]below 
                       fig.1.4
Diagram showing the V-I character-
istics of a TSC device
  
          Conditions for capacitor transient free switching.
1.	The capacitor switching can be preferable at the time when the instantaneous ac voltage is equal to the capacitor voltage. At this point, the peak ac voltage, V must be higher than the l capacitor residual voltage ,Vc.
2.	The switching can also take place at the peak of the ac voltage in which the thyristor voltage is least. In this case, the capacitor residual voltage must be equator or higher than the peak ac voltage.
                                                 SECTION III
1.5 Thysristor Switched Capacitor, Thysristor Controlled Reactor (TSC-TCR):
The aim of reducing losses and accomplishing flexibility in dynamic compensation of power transmission system can be reached in proper arrangement of the two or more SVC devices in parallel configuration as shown below. For a certain level of capacitive reactive power output in the power system, a given number of TSC devices say M, can be shunted with one TCR device engaged for output control. The number, M of the TSC devices can be practically determined, taking note of the operation rating of such quantities as voltage magnitude, 
[image: pict1.jpg]          
          Fig.1.5
Diagram showing the basic
Structure of a TSC – TCR device

maximum Var output, current rating of thysristor switches and the cost of system bus installation. 
Similarly, the number of the branches can be expanded to increase the level of  reactive power (inductive) as required by the system .
                                               SECTION IV
1.6 Operational Mechanism: 
 The total outputs power is put into mi-divisions, corresponding to  m- intervals, each of which a unit TCS component is assigned. For the first interval of the m- divisions, the Var output of the device is controlled from zero to Qcmax/m range, with Qcmax being the total value of  reactive power provided by all the TSC branches put together. At this stage, one capacitor bank in the set of TSC group can be switched on through its  associated thyristor valve (eg. SW1). A simultaneous switching  of a TCR is done using  a properly determined firing angle in order that the sum of the reactive power of the TSC and that due to TCR will supply the required amount of reactive power (output) in the system. 
For the 2nd, 3rd through to m- intervals, the controlled reactive power output of the system can be  illustrated as shown:
Qcmax/m ___ 2 Qcmax/m
2Qcmax/m ___ 3 Qcmax/m
3Qcmax/m ___ 4 Qcmax/m
4Qcmax/m ___ 5 Qcmax/m
(m-1) Qcmax/m __ Qcmax
This is carried out by sequential triggering of the thysristors of the 1st capacitor , 2nd, 3rd, 4th, 5th up to m capacitors of the corresponding TSCs and simultaneously applying the TCR to absorb the excess capacitive reactive power. Owing to the fact that the capacitor banks is subject to switching in and out within one cycle of the ac voltage, the surplus capacitive  power in the system, out of the total reactive power  output in question should be confined within the limit  of one capacitor bank capacity. This necessitates the need for installing equal capacity rating of the connected TCR with the TSC, to enable proper account of the surplus Var on the system. In reality, the TCR device is designed to be lager in capacity than the TSC so as to provide sufficient overlap for the two possible switching conditions.
1.7 Var demand versus Var output Characteristics:
From the graph below, a stepwise change of the capacitive  reactive power, Qc is initiated by the thyristor switched capacitor,  almost   equal to the amount of reactive power demand, Qd  in the power circuit , with net excess capacitive Var and relatively small inductive reactive power output of the TCR. The inductive reactive power, QL is applied for cancellation of excess capacitive reactive power .With this, the arrangement can be  akin to a peculiar type of fixed capacitor thyristor controlled reactor, in which case, the inductor rates very small and the capacitor charges in discrete-step-like manner to allow [image: pict0.jpg]the TCR operate in a tolerable control range.  

          fig.1.6
Diagram showing the graph 
 of Var demand and Var out-
put of a TSC – TCR device



Conclusion: 
High Engineering expertise for maneuvering reactive power equipments for reactive power provision to electric power system in application of thyristor switched capacitor operational concept is without a doubt among the modern day system engineers. Obviously, the component composition of the device is a necessary tool-factor for possiblility of this. That the TSC equipment is composed of many number of several lines of capacitor banks each connected through a parallel and opposite installed thyristors to effect capacitor switching at any required time is a potential arrangement very promising in accomplishing adequate network compensation. Of course , the addition of TCR is a good maneuvering component attachment whose capability is rooted on regulatory behavior of the overall TSC circuit to determine the position of the power network with respect to the degree and level of reactive power delivery into and withdrawal out of the system as when required in the system.   
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Figure 5.22 Basic TSC-TCR type static var generator and its var demand versus
var output characteristic.

should have the same var rating as the TSC. However, to ensure that the switching
conditions.at the endpoints of the intervals are not indeterminate, the var rating of
e TR hae to be somewhat lareer in practice than that of one TSC in order to
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Figure 5.22 Basic TSC-TCR type static var generator and its var demand versus
var output characteristic.

#hould have the same var rating as the TSC. However, to ensure that the switching
silitions. at the endpoints of the intervals are not indeterminate, the var rating of
the TCR has to be somewhat larger in practice than that of one TSC in order to
pnvide enough overlap (hysteresis) between the “switching in1” and “switching out”
vai levels. : : : _

The var demand versus var output characteristic of the TSC-TCR type var
gencrator is shown in Figure 5.22(b). As seen, the capacitive var output, Qc, is chaqggd
i a step-like manner by the TSCs to approximate the var demand with a net capacitive
var surplus, and the rela.ti.vely small inductive var output of the TCR, 0\, is used to
vancel the surplus capacitive vars. )

In a way, this scheme could be considered as a special fixed capacitor, thyristor-
_wontrolled reactor arrangement, in which the rating of the reactor is kept relatively
sl (1/7 times the maximum capacitive output), and the rating of the capacitor is
¢hanged in discrete steps so as to keep the operation of the TCR within its normal
control range.

A functional control scheme for the TSC-TCR type var generator is shown in
Vigure 5.23. It provides three major functions:

» L ]
; ; .
\L : . .
g 111 . ~——=TSC,"on" reques
t 1 k'3 f -
¥ v / v =
ol dF ol B
P . L TSC, .
. i l b ’ e -
chemand vt OLdemand [RNN B OWOﬁJ o
1 . .
Required ;i jvontro
- d -
Q . z, capacitor P TSC,
SRR reagtor [ |
; 2 current
[ £3 computation TCR
A £ 0 : .
AR HERONG | fiing o
; 1 delay
£ 2 ) angle =
$S control
e} — o)

Figure 5.23 Functional conrrol scheme for the TSC-TH

{¢ of the current that a TSC branch would draw at
voltage. The result, rounded to the next higher integ
banks needed. The difference in magnitude between t
currents, 2, and the reference current. Ipres, gives th
tal reactor current required.
The basic logic for the second function (swil
detailed in Figure 5.24. This follows the two simple ru
summarized in Figure 5.16. That is, either switch the
across the thyristor valve becomes zero or when th
minimum. (The first condition can be met if the capa
the peak ac voltage and the larzar condition is satisfiec
which has the same polarity as the residual voltage of
pulse generation for the thyristors in the TSC valv
TCR with the exception that a continuous gate drive
continuity in conduction whaa the current is transt
carrying current of one polarity (e.g., positive) to the
opposite polarity (e.g., negative).
The hird function (TCR &ring delay angle cor
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