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ABSTRACT

The objective of this paper is to keep the powstey to remain in voltage stable condition whesxjieriences a
load change and contingency, also deals with theulstion of various FACTS controllers using simidat with
PSIM simple circuit model of SVC Control Strategygstem was simulated. This paper explains abousitnelation and
implementation of thyristor controlled reactor ahgristor switched capacitor of SVC. An SVC can ttohthe voltage
magnitude at the end of power transmission linesutide conditions of load changing at the end arfismission line and
changing in voltage magnitude at the voltage soatcthe other end of the line. The SVC system nsukited using
PSIM and the simulation results are presented graliya The power and control circuits are simutht€he current drawn

by the SVC varies with the variation in the firiaggle. The experimental results are given withsihmilation results.
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INTRODUCTION

The load is always changing and is normally unkeddrin a distribution system. System unbalanceindliease
losses and may cause adverse effects on industaehines and generators. Unlike traditional sheattive elements,
a static var compensator (SVC) is able to rapidig amoothly supply or absorb reactive power by mdlitig the firing
delay angles of thyristors. They have been usddaimsmission and distribution systems for voltagd eeactive power
control [1],[2]. When the power system operatesaurtteavy loading conditions, the voltage dropseatain buses could
involve voltage instability[3]. This instability caresult in generation tripping which also caussteay breakdown.
The voltage stability problem may become more amdenfrequent in the deregulated electricity mankbere power
needs to flow in directions opposite to those feeesat the design stage [4, 8]. To obtain secuegatipg conditions,
sufficient reactive powers have to be foreseenasibus buses, controlling reactive powers accordingoltage stability
criteria[10, 7]. Recently, power electronics deyef@nt and nonlinear control theory have involveslrgal application of

structural control of power systems. FACTS devisesh as Static Var.

Compensators, unified power flow controllers, thior series capacitors etc, are used to dynamiediyst the
network configuration to enhance steady state pedace as well as system stability. FACTS contrsligan be easily
driven and inherently have no inertia hence, spdembntrol is their potential performance advantafjge application of
FACTS technology can counteract voltage instabiligfiowing system capability to increase signifittgn thus
maintaining bus bar voltages around their nomirales [5, 6, 9]. In this paper, a new control sggtof SVC for

increasing voltage stability in power distributisystem is introduced. For this purpose, a practigstem is described and
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the solution method is proposed at the end. Thega®ed control method of SVC is simulated on prattystem with
PSIM software.

Static VAR Compensator (SVC)

Static VAR systems are applied by utilities in samssion applications for several purposes. Thmagmy purpose
is usually for rapid control of voltage at weak msiin a network. Installations may be at the midpof transmission
interconnections or at the line ends. Static VARMPensators are shunting connected static generaaisorbers whose
outputs are varied so as to control voltage ofdleetric power systems [11]. In its simple form, GV connected as
Fixed Capacitor-Thyristor Controlled. The SVC iswnected to a coupling transformer that is connedtegttly to the ac
bus whose voltage is to be regulated. The basic Sttiemes are: Thyristor controlled reactor anddfirapacitor,
TCR/FC, Thyristor switched capacitor, TSC, Thynistontrolled reactor/Thyristor switched capacib@R/TSC.

The SVC regulates voltage at its terminals by ailivig the amount of reactive power injected intoabsorbed
from the power system. When system voltage is kb, SVC generates reactive power (SVC capacithiéjen system
voltage is high, it absorbs reactive power (SVCuiit/e). SVC principle is supplying a varying amowf leading or
lagging VAR to the lagging or leading system. Taaator power of SVC is:

_ E!(Xc[2m—atsin2al-nX)
svc —

ey

nXcXL

Generally, by changing the firing angl€ the fundamental reactance ¥f the reactor is changed. Conventional
thyristor controlled compensator, the SVC, presemsable reactive impedance to, and thus actsently on, the
transmission network. The SVC functions as a cdlettoshunt reactive admittance that produces tljeired reactive
compensating current. Thus, the attainable reactorpensating current is a function of the premgilline voltage.

It has been considered that the SVC is composdC& and TSC. Both TCR and TSC are controllable @tacees, and

can therefore be applied as static compensatorshéwn in Figure 1, the instantaneous curr@ftTCR is given by:

\/fxi(cosa—coswt) a<wt<a+o
. L
=30 a+to<wt<a+ll @)

Where V is the rms voltagg; = wL is the fundamental frequency reactance of the oeast= 2I1f, anda is the
gating delay angle. The time origin is chosen tin@de with a positive-going zero-crossing of theltage [33].

The fundamental component is found by Fourier aislgnd is given by:

is =T E 3)
Where
E =2 E sinwt (4)

o is the conduction angle, relatedatdy the equation
a+i=1 ®)

We can write equation (3) as:
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i = BL(0)E (6)
Frequency suceptance controlled by the conductigfesaccording to the law:

o—sin (o) (7)

B,(0) = X,

In TSC, as shown in Figure 2, for preventing imputuirrents a little series inductance is addediricuit.

The voltage equation in terms of Laplace transfm
E(s) = [Ls + Ci] i(s) + 22 8)
The supply voltage is given by:

E = E sin(wet + @) 9)

Time is measured from the first instant when aithgr is gated, corresponding to the anglen the voltage

wave. By straightforward transform manipulation ameerse transformation we get the instantaneougctl
2 o
i(t) = V2l .cos(wet + a) — nB, [Eco - #Esina] sin(wpt) —V2I,.cosa cos(wyt) (10)

Wherew,, is the natural frequency of the system

1 Xc
Wn = 7= = Nwo n—\/X:L (11)

n is the per-unit natural frequency. The currerst @ddundamental componeipt. Which leads the supply voltage

byg radians. Its amplitudg,.is given by:

s (12)

nz-1

B¢

The necessary conditions for transient-free swilglare:

cosa = 0 (ie sina = £1) (13)
~ 2 A
Ey = *E n;l_1 = +Xclac (14)

With conditions (13),(14)i(t) from (10) is:
i(t) =i, cos(wot + @) (15)
Thus the total suceptance of SVC is:

2
Bsyc = Brsc — Brer = Bc% — B, (o) (16)

OPERATION OF SYSTEM DESIGN

From the schematic the operation is explained basetbllowing conditions. When both source and l@ad
constant the bus voltage remains constant. Wherceas changed and load is constant, the bus biageoremains
constant. When source is constant and load is euhitige bus bar voltage remains constant. VSENté§gel Censor) takes

the error signal from the output point it multigievith rms value through the gain (k) and it setwlshe amplifier.
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Based on the two capacitor connections the busvbliage is balanced. This operation comes under d8€h loop
control. Another type of control is TCR closed loopntrol which is based on control circuit-4. Thkiscuit is used to
control the firing angles for the operation of T@&sed on this TCR operation the bus bar voltapalsnced. The signal
received from the sensor is given to the four a@rtircuits. The power circuit, compensated cirauid control circuits

are given below:
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Figure 1: The Power Circuit
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Figure 2: The Compensated Circuit

Open Loop Control
Control Circuit-1

The signal is sent to inverting amplifierl, whichdompared with the input assigned by the user.oliyeut of
the amplifier-1 is the difference between the assibinput and the signal received from the semsaielay circuit is used
to transfer the constant output into variable outfhis output is connected to OR-Gate 1 as finput. The 2 input for
OR-Gate 1 is connected from the actual input thinoilng operational amplifier-2 with compensated gaime purpose of

this amplifier-2 is to differentiate the assignaegut and signal sent.

Finally, OR Gate 1 received one input from amptifiethrough delay circuit and other input from aifigi-2
through compensated gain. So these two inputsampared. From the two inputs of OR Gate, if any impait is 1, the
output becomes 1 based on the truth table 1 of @R.®ased on the output (signal) from OR Gateciived the D flip
flop will be operated. The purpose of D-flip flop transfer the data without any change: When ciadke is 0, no date
will be transferred and When the clock pulse ithg,input received by D-flip flop (i.e. 0 or 1) Wie fully transferred to
the OR Gate-2. The input for D-flip flop through NGGate. The purpose of NOT Gate is, the outputivedeby
amplifier-2 is 0, it transfers as 1 and if it isiLiransfers as 0. The final output of D-flip flap given as one output to
OR Gate-2.

| Articles can be sent teeditor@impactjournals.us




| Voltage Profile Enhancement in a Power System Basesh SVC Control Strategy Using PSIM Software 217 |

E Al

I
O

EEn 1o 4 T,
, j;} -
11E+1) 1

o1
rD~._ Amp2 MG
Lo

Figure 3: Control Circuit-1
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Control Circuit-2

The actual output signal from the sensor is giwethé amplifier-3. The output received from amplif2 and the
differential output from amplifier-3 are given aputs to the AND Gate. The two inputs of AND Gateré 1, the output
will be 1. If anyone input is 0, the output beconfesThis will be analyzed based on truth table &fDAGate. The first
input for OR Gate-3 is received from amplifier-2da® through the delay circuit based on AND Gatee $bcond input is
received from the differential output of amplifiérthrough the compensated gain. The input for dmp# is from actual
output signal from the sensor and the input sigsaigned by the user. From the two inputs of OR@atf any one input
is 1, the output becomes 1 based on the truth talbleOR Gate. Based on the output (signal) from @dRe-3 received,
the D flip flop will be operated. The purpose offlip-flop is transfer the data without any changéhen clock pulse is 0,
no date will be transferred and When the clock @u$s1, the input received by D-flip flop (i.e. ® d) will be fully
transferred to the OR Gate-2 and 4. The input féliflop is through NOT Gate. The purpose of NGate is, the output
received by amplifier-4 is 0, it transfers as 1 é@nitis 1, it transfers as 0. The final output Dfflip flop is given as one

output to OR Gate-2 and 4.
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Figure 4: Control Circuit-2

Control Circuit-3

The actual output signal from the censor is givethe amplifier-3. The output received from amplifR and the
differential output from amplifier-3 are given amputs to the AND Gate. The two inputs of AND Gateré 1, the output
will be 1. If anyone input is 0, the output becontsThis will be analyzed based on truth table DA Gate.
The first input for OR Gate-5 is received from aifigi-4 and 5 through the delay circuit based onDABate operation.
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The second input is received from the amplifierrdl & through the compensated gain based on AND Qaeation.
The inputs for amplifier-4, 5, 6 and 7 is from thetual output signal from the sensor and the ismnal assigned by the
user on his requirement. From the two inputs of @&e-5, if any one input is 1, the output becomésded on the truth
table 1 of OR Gate. Based on the output (signahfOR Gate-5 received, the D flip flop will be optd. The purpose of
D-flip flop is transfer the data without any chanti¢hen clock pulse is 0, no date will be transféramd When the clock
pulse is 1, the input received by D-flip flop (i@.or 1) will be fully transferred to the OR Gateadd 4. The input for
D-flip flop is through NOT Gate. The purpose of N@hte is, the output received by amplifier-6 anthrbugh AND
Gate is 0, it transfers as 1 and if it is 1, ins&ers as 0. The final output of D-flip flop is givas one output to OR
Gate-2 and 4.

Based on the outputs of OR Gate-2 and 4 and ONGIFE switches (two) in the schematic are operated.
The switch-1 operation is based on OR Gate-2 aadwitch-2 operation is based on OR Gate-4. Ttad tointrol of the
switch-1 is based on the control circuit- 1 andhébtigh OR Gate-2. The control of switch-2 is baeadthe control
circuit-1, 2 and 3 through OR Gate-4. This switcis-Lsed to connect the capacitor (C1) with theesgs And switch-2 is
used to connect the capacitor (C2) with the systBased on these two capacitor connections the bus/ditage is
balanced. This operation comes under TSC opendonfyol. Another type of control is TCR closed loamtrol which is
based on control circuit-4. This circuit is useddwntrol the firing angles for the operation of TCRased on this

TCR operation the bus bar voltage is balanced.
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Figure 5: Control Circuit-3

Closed Loop Control
Control Circuit-4

The actual output signal from the sensor is giverome input to the amplifier-8 and 9 through thenser-1.
The purpose of summer-1 is comparing the actuglutgignal from sensor and the input assigned bwser. The outputs
of the amplifier-8 and amplifier-9 are based on thputs given. The outputs of amplifier-8 and 9 agreen to the
summer-2 through the required compensated gainse ®btput of summer-2 is given to the summer-3.
Summer-3 compares this signal with the input agsldwy the user. The output of summer-3 is givesutomer-4 through
a limiter. The purpose of this limiter is kerp thetput of summer-3 within the limits. The outputsofmmer-4 is compared
with the input assigned by the user and given pbalkontroller-2. The input of the alpha controlleis received from the
limiter. The other input sources of alpha contisllare commonly received from square and dc. Thegutsiof the alpha
controllers are given to the gate terminals presetite TCR device. Based on these alpha conteoller TCR is operated

and the bus bar voltage is balanced.
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Figure 6: Control Circuit-4

RESULTS AND DISCUSSIONS

The designed system with SVC control that is sitedawith psim software. The simulation results lmete
conditions are considered. The simulation resdltsus bar voltage and firing angle of TCR and oroffrstates of two

capacitors are shown below:
e V=1puandRload =1 pu
e V=0.9167 pu and Rload =1 pu
e V=1puand Rload =

In case (a), as shown in Figure 7 & 8, the busvodtage (E,), reaches to the desired value of 1pu, and the

capacitor C1 is on and C2 is off, and the firinglan() is about148°.

Figure 7: Bus Bar Voltage (a)
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Figure 8: Firing Angle a in Degrees (a)
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In case (b), as shown in Figure 9 & 10, the busviidtage (E,), reaches to the 1pu very slowly, compared with
the case (a), and both C1, C2 are on, and firiggeasiowly reaches to the value of abdRg°.
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Figure 9: Bus Bar Voltage (b)
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Figure 10: Firing Angle a in Degrees (b)

In case (c), as shown in Figure 11 & 12, the bus/blage reaches to 1pu and both capacitors CBr€dff and
firing angle slowly reaches to the valueldf°.
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Figure 12: Firing Angle a in Degrees(c)
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Observation Results:The following results are obtained from the systisign based on the three conditions:

Table 1: Observation Results

Sl. Results Source Voltage | Load (R) Bus Bar Firing Capacitor Capacitor
No. (Vgin pu in pu Voltage(E,) | Angle(e) | Voltage(Vcy) | Voltage(Veo)
1 Case (a): Source and 1 1 Desired value| 148 1pu 0
load are constant 1lpu
Case (b): Changing of
2 source and constant loatl 0.9167 1 Nearly 1 pu 185 1pu 1pu
3 Case (c): Changing of 1 0 Equal to 1 pu 176 0 0
load and constant sourcg

CONCLUSIONS

In designed system only one voltage sensor (PT)bkeas used, and that is sufficient for maintainioifage

stability in the bus bar. As the simulations shdls new control strategy is operating effectiveBimulation of the

system with PSIM software shows that this contrethnd for the limits of 0.81pu<V<1.14pu an@&®6pu, is operating

effectively and maintain E very close to the value of 1 pu. Low costing aimdplicity are the advantages of this control

method in practice. The design system is operadgsddon four control strategies. In this three robstrategies (1, 2 & 3)

are operated as open loop control and the founttralostrategy is operated as closed loop coniroé control strategies

involve the combination of components like logictega flip flops, delay circuits, compensated gaiasg op-amps.

Based on these control strategies the bus bargeoitabalanced.
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