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ABSTRACT

AC-AC conversion isabtained with thehelp of Cyclo-converters, DC Link convertersand AC Voltage
Contrallers.AC voltagecontrollersarealsoreferred toasvoltageregulators. Main issueconcer ned to
theseconverter sisthat they generatehar monicsduetoperiodicvariablestructuresystem. Thegener ated
harmonicscreatedistur bancesand degradetheperformance of converter. Thepower factor of supply

sideisaffected duetotheseharmonics.

Thispaper focuseson sour cesidepower factor of ac voltage contr oller sunder nonsinusoidal conditions.
In order toobservethe power factor, measurement tool of power factor and smulation mode of acvoltage
controller isalsodeveloped in MATL AB software.

KeyWords: AC VoltageControllers, Bidirectional, Har monics, Power Factor under Nonsinusoidal

Conditions.

1 INTRODUCTION

wer electronic converters are widely used in

ariousindustrial applications. The development

of new power electronic devices such as GTOs,

IGCTs, MCTs, MOSFETSs, IGBTs etc. further widen the
application of these converters.

Nowadays, power electronic converter based loads such
as energy savers, uninterruptible power supplies, light
dimmers, fluorescent lamps, induction heating equipment,
arc furnaces, etc. utilized by the power system network
consumers. [1-3]. Due to switching operations of power
electronic converters they contain nonlinearities and
generate harmonics. The generation of harmonicsnot only
affects the performance of converters but the quality of
power system isbadly affected when these convertersare
connected with electrical networks. The most common
effects of harmonics include overloading of neutral
conductor, transformers and power factor improving

capacitors, distortion in supply voltage, supply side power
factor, and errorsinenergy meters. [1-2,4]. To minimize
these effects, power electronic researchers are devoting
in the further improvement of converter topologies. In
this work, source side power factor of bidirectional ac
voltage controller under nonsinusoidal conditions has
been analyzed through simulation.

2. THE BIDIRECTIONAL
VOLTAGE CONTROLLER

AC

AC voltage controllers have found various applications
due to their advantages such as, simplicity, low cost and
high efficiency. These controllers are commonly used in
light dimmer circuits, industrial heating, speed control of
ac motors, etc. The fixed supply voltage of ac voltage
regulatorsisvaried by using On-Off control, PWM (Pulse
Width Modulation) and PAC (Phase Angle Control)
methods.
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Thecircuit diagram of bidirectional ac voltage controller
isshownin Fig. 1. It consists two anti-parallel thyristors
TH l1and TH_2, load and ac source Vs.

3. SIMULATION MODEL OF
BIDIRECTIONAL AC VOLTAGE
CONTROLLER

Thecontroller isdesigned and simulated using SIMUL INK
and SIM Power Systemstool boxesof MATLAB software.
MATLAB hasastrong capability to model, simulate, and
analyze linear and nonlinear systems. SIMULINK has
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FIG 1.CIRCUIT DIAGRAM OF BIDIRECTIONAL AC VOLTAGE
CONTROLLER
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complete library and user can access of linear and
nonlinear blocks, sink and source components, and
various connectors. The users can also design and
simulate the models of power systems by using libraries
of SIM Power System Blockset. Thislibrary includesac
and dc machines, solid state components, dc and ac power
sources FACTS (Flexible AC Transmission Systems)
devices and measuring tools.

The simulation model of bidirectional ac voltage controller
consists of two anti-parallel thyristorsasshowninFig. 2.
The output voltage is controlled by varying triggering
angle of two anti-parallel thyristors by using pulse
generator Blocks (1 and 2). THD (Total Harmonic
Distortion) to signal block isused for the measurement of
THD in source current. For the measurement of power
factor, apower and power factor model is also devel oped
which is under masked in the simulation model. The
simulation model wastriggered at variousfiring anglesin
order to get the values of THD and power factor.
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FIG. 2. SMULATION MODEL OF BIDIRECTIONAL AC VOLTAGE CONTROLLER CONSSTS WITH TWO ANTI-PARALLEL THYRISTORS
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Thecurrent and voltage waveforms of simulated model at
resistive load are illustrated in Figs. 3-4. It is seen from
Figs.3-4 that the supply and load currentsand |oad voltage
becomes non-sinusoidal due to harmonics. The different
values of THD plotted against firing angles at different
loads are shownin Fig. 5.
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FIG 4. LOAD CURRENT AND VOLTAGE WAVEFORMS
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FIG. 5. THD AGAINST FIRING ANGLE AT DIFFERENT
LOADS OF SUPPLY CURRENT

4. POWER FACTORANALYS SOFAC
VOLTAGE CONTROLLERS

AC voltage controllers with phase control techniquesare
extensively used in many ac power control applications.
These converters are variable structure systems and
contain nonlinearities which generate harmonic currents
[1,2,5-9]. The power factor of supply sideis affected due
to these harmonics.

41 Power Factor of Snusoidal Circuits

Power Factor of Sinusoidal Circuitsisasfollows:
Power Factor PF=P/S @)

WherePisV |_cosp, SisV ]V is rmsinput voltage, and
I _isrmsinput current.

If sinusoidal current and voltage has phase difference of
angle ¢ then power factor is also egual to cosp. Power
factor isalwaysequal to or lessthan unity. Power factor of
sinusoidal circuits can be made unity by connecting energy
storage compensator such as capacitor [5-6].

4.2 Power Factor Measurement of AC
Voltage Controller under Non-
Sinusoidal Conditions

The non sinusoidal situation in a circuit can occur when
[5,7-8]:

0] Linear circuit consists of non-sinusoidal supply
voltage.
(i) Circuit consists of nonlinear impedance but

supply voltage is sinusoidal.

(iii) Circuit consists of nonlinear impedance but
supply voltage is non-sinusoidal.

The power factor of bidirectional ac voltage controller
was analyzed by using developed power factor
measurement tool of simulation model as shown in
Fig. 2. The simulation model issupplied from sinusoidal
voltage at its input but its supply current is non-
sinusoidal (Fig. 3). Therefore, power factor of the supply
side is the product of displacement factor and current
ratio which isgiven by Equation (2)
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Power Factor, P.= Cosp,x (/1)) ¥)

Where ¢, is angle between current and voltage of
fundamental component (supply), I_ is Current of
fundamental componentinrms, and | istotal load current
(fundamental + harmonics) inrms

Fig. 6 illustrates the power factor variation of supply side
against firing anglesat resistiveand RL loads. At resistive
load, the power factor islessthan unity when firing angle
isother than zero. Thisisbecause of harmonicsin supply
current. Thislow power factor increasesthe KVA loading
on the source. Furthermore, the current in electrical
networksisincreased. Asaresult thelossesareincreased
whichlimit thecapacity of electrica networks. Furthermore,
if ac voltage controllers are connected at the premises of
industrial consumers, they are charged with low power
factor penalty if the harmonicsare not controlled. By using
capacitors, the overall power factor of non-sinusoidal
circuits can not be compensated but only displacement
factor, cos ¢, can be made unity.

5. CONCLUSIONS

In thiswork, source side power factor of bidirectional ac
voltage controller under nonsinusoidal conditions has
been analyzed through simulation. The simulation model
of such converter issuccessfully developedin MATLAB/
Simulink.

From the results obtained from the simulation model it is
concluded that at pure resistive load, the power factor is
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FIG 6. POWER FACTOR VARIATION OF SUPPLY SDE
AGAINST FIRING ANGLE AT DIFFERENT LOADS

lessthan unity when firing angleisother than zero. Thisis
because of harmonics in the supply current. By using
only capacitors, the overall power factor of non-sinusoidal
circuits can not be compensated but only displacement
factor, Cosp, can be made unity.
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