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Abstract

Demand of electricity is increasing day by day. With this rising demand some problems are
arising in the current system. The major issue is the stability of voltage level in the system. As
load is increased or sudden surge is occurred, a dip or overshoot is occurred in the voltage of
the system. This has become a serious problem for domestic and especially for industrial
user, as the sensitive equipment need a constant level of voltage to work. To make it happen,
voltage regulators are required. Previously, techniques that were used for this problem were
not efficient as they require much time to stabilize the output and have a distortion in output.
So, a novel technique is proposed to counter this problem particularly for heavy industrial
loads.
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1. Introduction

There are many techniques to stabilize a voltage to a constant level. The most common
method is by using a relay or a servo motor to change the tapings of transformer [1]. But a
new design has substituted this technique which uses an electronic kit for the above
purpose. This technique uses switching devices with a push pull topology. Previously
MOSFETs were used in the circuit. These were feasible for low loads (under 8 amps) and
have a range of 170 volt to 260 volts [2]. If MOSFETSs are connected in parallel to increase the
capacity of stabilizer for heavy loads, a miss matching was occurred [3].

Therefore, to meet the industrial demands of heavy loads, MOSFETs were replaced by
IGBTs (STGES50NC60WD). These IGBTs have capability to bear a load of 50 amps (approx).
Pulses of pulse width modulation (PWM) generated by the help of microcontroller (PIC) are
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voltage to make it a constant level of 220 volt [2]. These IGBTs are not only favorable for heavy
loads but are also advantageous because of negligible distortion and high switching speed.
Beside high switching speed it also results in a pure sine wave at the output side of the
stabilizer. The range of the stabilizer is set to 170 volts to 260 volts for prototyping, are not only
favorable for heavy loads but are also advantageous because of negligible but it could be
further increased just by a little change in the circuit configuration.

2. Background

In the previous work MOSFET IRF840 were used to buck or boost the unregulated voltage to a
constant level [2]. A PWM inverter was used by using push-pull topology [4]. To increase the
capabilities of the stabilizer, parallel MOSFETs were connected, but due to some properties and
fabrication procedure of different producer, a mismatching was occurred. This mismatching
results in serious problems of unbalancing, time delay during transition from DC to AC and even
effects inverter’s technical performance due to the burning of MOSFETS.

3. Design Topology

AC voltage Stabilizer is responsible for two main functions i-e buck or boost of voltage. These
two functions are responsible to stabilize the output voltage. In this novel design, there is no
mechanical moving part or MOSFETs as used in previous design. That is why this design
compensates the voltage more rapidly than the old design. IGBTs (STGE50NC60WD) are used
in this design [5]. This technique could bear heavy loads (approx 50 amp) than of MOSFETSs.
Following features make IGBT favorable for the said problem [6], [7]:

High current capability

High frequency operation

Low CRES/CIES ratio (no cross-conduction susceptibility)

Very soft ultra fast recovery anti-parallel diode

YV VY

So, by using IGBTSs this proposed design comprises on two parts:
» Control Design
» Buck/Boost Design

3.1. Control Design

This part of the circuit consists of three major portions.
# Analog Signal
# PIC Microcontroller
# Pulse Width Modulation

First AC signal ranging 170 volts to 260 volts is scaled and converted into analog signal. This
analog is than fed to PIC Microcontroller (PIC16F877A). This microcontroller converts this
analog data into digital.

PIC is also favorable in this case as it can tolerate noise created by the analog signal of the
input alternating current(ac supply), has built in analog to digital convertor(A/D convertor) and
most importantly it has built in PWM (Pulse Width Modulation) module [8].

46



Journal of Faculty of Engineering & Technology, Vol. 22, No. 2, 2015

After the analog signal is digitalized, PIC16F877A produces pulse width modulation (PWM) on
pin 16 & 17 [9]. This PWM is generated according to the input analog data and responsible to
either buck or boost the input voltage. Magnitude of this voltage is dependent on the width of the
pulses as depicted in figure 1. This PWM has approximately a frequency of 4.00 Khz.

At 170 Voltage At 220 Voitage At 259 Voltage

Yellow, Blue = Pulse Width Modulation Train

Red = Input Ac Voltage

Green = Output

Pulses that are produced from the microcontroller according to the input, are then fed to a
current booster circuit, where these pulses are amplified enough to drive the IGBTs [10].

Bignal A/
AL : Comverter § P IC

ricrocontroller

P A

Synchronization of
Cratput with Input

Figure 2: Control Section of Stabilizer
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3.2. Buck/Boost Design

In the previous work, pulses from PIC were fed to MOSFETs (IRF840). But to increase the
capabilities of stabilizer, IGBTs are introduced. Pulses are feed on the gate of the IGBTs [10]
which are switched alternatively to produce an AC voltage which should be compensated from
main voltages in order to stabilize the output. AC compensating voltages are generated by using
push-pull topology. These IGBTs switches the rectified sine wave coming through the bridge
rectifier to produce unfiltered sinusoidal wave as shown in figure 3 [11].

On

Figure 3: Push-Pull topology

Compensating voltages are generated on the secondary side of the transformer which is to be
serially added in the main input voltage in order to stabilize the output. In the boost mode an in
phase to the input voltage is generated of the magnitude to be added while in buck mode out
phase voltage is generated to regulate the actual voltages.

A capacitor produces a link between the compensating voltages and original voltages which are
to be stabilized. Another capacitor is attached at the primary side if the transformer. This is to
smooth the output wave by removing the ripples as shown in figure 5.

c

1GBT
Drive Circuit

V)
Stabilized Output

Figure 4: Buck/Boost Section of Stabilizer
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Figure 5: Unsynchronized output wave form

To synchronize this output waveform, pin 30 of PIC16F877A is used. This pin is attached with
the input analog signal by a variable resistor. This variable resistor is used to synchronize the
output waveform with input (as shown in figure 6).
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Figure 6: Synchronized output wave form

4. Conclusions

This advanced and novel technique is very much effective and reliable for heavy loads but
uneconomical for domestic purposes. This design has negligible distortion with less response
time, and produces a fine sinusoidal wave as output. Due to fast switching time, it can stabilize
the output voltage in no time with a precision of 98% (approx). Last but not the least, this
stabilizer need insignificant maintenance as no wear and tear occurs due to no involvement
mechanical movement.
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In future, this design may be modified another new design can be bring in for the three phase
systems.
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