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ABSTRACT

Voltage sag is an important power quality problem. It may
affect domestic, industrial and commercial customers. Voltage
sags may either be decreasing or increasing due to faults or
change in loads. In this paper a switch mode AC to AC
regulator is investigated to maintain constant voltage across the
domestic appliance during the voltage deviation from the rated
value. Such deviation may occur due to change in load or
change in input voltage due to voltage sag of the system itself.
The proposed system incorporates insulated gate bipolar
transistor (IGBT) with high frequency switching technology.
The Pulse Width Modulation (PWM) controls the ON/OFF
time (Duty cycle) of switching devices (IGBTs) of this
regulator. By regulating duty cycle of the control signal, output
voltage can be maintained almost constant for wide range of
input voltage variation. Simulation results show constant
voltage can be achieved in either cases of increasing or
decreasing input voltage as long as it is within specified limit.
The Total harmonic distortion (THD) analysis for different
waveforms, THD calculation and comparison for input currents
have been presented in this paper.

l. INTRODUCTION

Power lines experience voltage sags due to switching
lines/loads and faults somewhere in the system. Short time
voltage sags may also occur because of nearby momentary
periodic loads like welding and operation of building
construction equipment. Voltage sags are much more common
since they can be associated with faults remote from the
customer. Power quality describes the quality of voltage and
current [1] and is one of the important considerations in
domestic, industrial and commercial applications. Power
quality faced by industrial operations includes transients, sags,
surges, outages, harmonics and impulses. Equipment used in
modern industrial plants is becoming more sensitive to voltage
sags. Both momentary and continuous voltage sags are
undesirable in complex process controls and household
appliances as they use precision electronic and computerized
control. Major problems associated with the unregulated long-
term voltage sags include equipment failure, overheating and
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complete shutdown. Tap changing transformers with Silicon
Controlled Rectifier (SCR) switching are usually used as a
solution to continuous voltage sags [2]. They require a
transformer with many SCRs to control the voltage at the load
which lacks the facility of adjusting to momentary changes.
Some solutions have been suggested in the past to encounter
voltage sag [3-4]. AC to AC voltage regulation system based
on the Cuk converter have been developed by different
topologies and methods [5-6].
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Figure 1: AC to AC Buck converter schematic

In an AC Buck converter as reported in [1], normally, a
reduction of input voltage causes a decrease in output voltage.
Output voltage is increased to desired value by adding a
suitable voltage, which is induced in the transformer secondary
as shown in Fig.1. If the input voltage is increased then output
is increased. But it is necessary to decrease the output voltage
to the desired value by subtracting the secondary induced
voltage from input voltage. It is not possible to achieve this by
buck arrangement. This limitation can be overcome by using
reported AC Buck-Boost configuration [7], where output
voltage is remained constant for either case of increasing or
decreasing input voltage. The AC Buck-Boost configuration by
using IGBT switches with manual control circuit is shown in
Fig. 2.

The input-output simulation results of uncontrolled AC Buck-
Boost voltage regulator for input voltage 250V, 300V and
400V (all are peak values) are shown in Fig. 3(a), (b) and (c)
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Figure 2: AC Buck-Boost converter configuration by using IGBT

switches with manual control circuit

respectively. The output voltage can be remained constant
when the input voltage level changes from a lower than actual
input voltage level to higher than the actual input voltage

level by using PWM technique.

These feature have been also established by an automatic
feedback control circuit for AC buck-boost voltage regulator
[7] as shown in Fig. 4. It has been observed that although
output always maintains constant voltage in spite of change
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Figure 3: Input- Output waveforms (Buck-Boost manual controlled)
when input Voltage: (a) 250V (b) 300V (c) 400V and output always
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www.ijert.org

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 9, September - 2013

R12 ca
1 60u

2

Urass
3

A—p——— §
qc¥o

RO = C5
2 2meg

=, vee vref
1 E Fy
T T

v2 svaLJ:

vi=1ov = 15vdc =,

V2 =-10v 1 1

D=0
R = 490us
F = 4900
PW = 105 1
PER = 1ms

Figure 4: AC Buck-Boost converter with automatic feedback control circuit

TEBNE VNV Y T O IRT DY T L I, IR Y. Y
........ LT P LA IO LR AT e A RS
R P L TR PR PR
T
\! | f |‘f ] I| L 1 ’ [ h "
[ | ‘ NI |
IR L) L] AEEEENNR RN RN
T A T T
uuuuu O L L (A AR AT A A 1 B R L AR A
U U T T O U e G e ]
N S LEUBURTED NN US| R
i N R M|l
...... | g LT i
‘ RN
i T i ;\|, I 1
17 1 i N }
T T T T )
U010 0 0 T T O S W
ARTHIN (RN T T2 RN (VIR | Mt
P Ty e Y Ty R g T
UL UL LU LRI
. (b)
I D D e
|,|:wfl" TW‘III-,"&‘]“ |}II[\I“IFI?|\Irl\lll'lll‘l"\'Irm\rIl‘l"llmr
O e
|1 ; i |1 O ‘~ R ‘l 1 ‘n i |
L e
il | NN | I
1| ‘L'.*T"‘! I .".".-"“‘ PR RN RN TN R AR A
L b I L G P UL A R A AL R L L
o L e A A L L A
(©

Figure 5: Input- Output waveforms (Buck-Boost feedback controlled)
when input Voltage: (a) 250V (b) 300V (c) 400V and output
always maintain =300V
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in input voltage, the output voltage contains significant
ripple when automatic feedback control circuit is used. The
simulation results for controlled AC to AC Buck-Boost
regulator for input voltage 250V, 300V and 400V (all are R i I T L
peak values) are shown in Fig. 5(a), (b) and (c) respectively. B T T ) B/
Furthermore, it have been seen that input current is very high 1R ‘ !
with more harmonics and the output current waveform which -
contain significant ripple also. So, it is important to further P
investigate removing the ripple from output voltage, output ' R
current and reduce input current and its associated
harmonics. This present work is a continuation of previous e v
research to develop a switch mode AC to AC voltage @
regulator to overcome above drawbacks with improved
performance by using COk converter topology.

II.  AC-AC CUK CONVERTER TOPOLOGY

Clk converter is similar to the Buck-Boost converter
with some rearrangement. COk converter provides an output
voltage which is less than or greater than the input voltage,
but the output voltage polarity is opposite to that of the input
voltage [8]. In Clk converter, the capacitor C, is the medium
for transferring energy from the source to the load. The
implementation of AC C0k converter by two switches is (b)
shown in Fig. 6 where output capacitor (C, acts as a filter. -
The circuit operation has been explained in positive and e
negative cycle as follows. d ‘

During positive half cycle of input voltage when IGBT- T
1(Z,) is ON and IGBT-2 (Z,) is OFF, the current through W
inductor L, rises and at the same time capacitor C; T I
discharges its energy to the circuit formed by C, IGBT- o i i ;
1(Z1), C2, the load, L2 . When IGBT-1(Z;) is OFF and ". (S T P U O 1 O O O 1
IGBT-2(Z,) is ON, the capacitor C; is charged from the input T L A L LY 4
supply and the energy stored in the inductor L, is transferred -
to the load. :

The operation of negative half cycle for AC input voltage

©
Figure 7: Input- Output waveforms (AC Cik manual
controlled) when input Voltage: (a) 250V (b) 300V (c)
400V and output always maintain =300V

is the same like positive half cycle but direction is opposite.
So in both cycles we get the output voltage across the load.

It is assumed that the relation between input and output
voltage is the same as the DC to DC Cik converter in ideal

case. So, the voltage gain of Clk converter [9] is given by,
o VO B D )
Vp 1-D’ M
g and current gain is given by,
” I, 1-D
LoD @
in

A Cudk converter can be obtained by the cascade
connection of the two basic converters: the step down (Buck)
converter and the step up (Boost) converter. In steady state,

Figure 6: AC Cik converter configuration by using IGBT
switches with manual control circuit
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the output to input voltage conversion ratio is the product of
the conversion ratios of the two converters in cascade.
To calculate the value of filter capacitor (C,), the following

formula [10] is given by:

V,(1-D
2= 80L(f2AV) ' ®
2 c2

The input-output simulation results of above uncontrolled
AC Cik converter for input voltage 250V, 300V and 400V
(all are peak values) are shown in Fig. 7(a), (b) and (c)
respectively. In uncontrolled AC Cak converter, the pulse

width of switching pulses (PWM) are changed manually to
maintain the constant output voltage when the input voltage
level changes from a lower than actual input voltage level to
higher than the actual input voltage level.

In Fig.8 shows the controlled AC Clk converter. It is the
combination of AC C0k arrangement with automatic
feedback control circuit to make proper PWM signal as per
requirement. In controlled AC Cilk converter arrangement,
the same feedback control circuit used as of AC Buck-Boost
converter [7]. Let consider the switching frequency is 1Khz.
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Figure 8: AC Cak converter configuration with automatic feedback control circuit
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I11. RESULTS OF CONTROLLED AC-AC CUK
CONVERTER

By considering same cicuit parameter values that are
already used in uncontrolled AC CUk converter the input- TETRTTR - ‘ ATTTAT TR
output simulation results for input voltage 250V, 300V and i M RN [ T
325V (all are peak values) have been observed. It is seen that - = HE R Ran f '
output voltage is constant and always maintained 800V- BRI | - | |
peak value and better ripple free output than Controlled AC R TEN | [T . | | ‘
Buck-Boost (simulation results are not included in paper due RUREN IS0 “ | } 1 L
to page limitation). To achieve the output voltage always - Lialid ' '
300V-peak value (even the input decrease or increase from b ' Pt b
its actual value) and overcome the simulation difficulties W
some circuit parameter values have been changed randomly.
After making these arrangement of parameters value the
results are shown in Fig. 9(a), (b) and (c) for the input
voltage 250V, 300V and 325V respectively and output LI S S L T T T

always 300V-peak value in every cases. e

(@)

IV. COMPARISON OF RESULTS :BUCK-BOOST
WITH COK CONVERTER

(A) Comparison based on input-output waveforms: ]

The circuits have been simulated by OrCAD (version
16.1). By comparing Fig. 3(a), (b) and (c) with Fig. 7(a), (b) el [ : ‘ : | T .
and (c) respectively (for manual controlled converter-in case N | NI EER [l L]
of AC Buck-Boost and CUK converter), it has been seen that Pl | Pl i il | |
output always maintains constant (300V-peak) by using L ‘ | | | | Rl ]
PWM technique in both arrangements. .

On the other hand, by comparing Fig. 5(a), (b) and (c)
with Fig. 9(a), (b) and (c) respectively (for feedback
controlled converter- for both cases), it has been seen that L L y S ~ R B M
output always maintains constant (300V-peak) in both cases. R . o T
It is observed that, in case of AC COk converter output have (b)
maintained better ripple free waveforms than AC Buck- i
Boost converter output.

(B) Comparison based on THD analysis:

To calculate the THD values the following formula [11] is I A R il | b

given by : | R A NI

ISR RIS BRI [ R R
THZP (Mp)2 " 'R U I N A I R
THD % = =" x 100 BB itwn it s i - _ :

1

Where Mh is the magnitude of either voltage or current i
harmonic component and M1 is the magnitude of the
fundamental component of either voltage or current. Fig.10 AR i :
shows the simulated waveforms of input current, output 0

current and output voltage of AC Buck-Boost converter (for . - . p. e P
input 325V-peak) and Fig. 11 shows the spectrums of e ©

corresponding waveform of Fig 10. Moreover, Fig.12 shows

the simulated waveforms of input current, output current and Figure 9: Input- Output waveforms (AC Cak feedback controlled)

output voltage of proposed AC Cuk converter (for input when input Voltage: (a) 250V (b) 300V (c) 325V and respective
325V-peak) and Fig. 13 shows the spectrums of output (300V)

corresponding waveform of Fig 12.
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Figure 10. Input current, output current and output voltage
waveform (from the top) of AC Buck-Boost Converter for input

Tine

Figure 12. Input current, output current and output voltage
waveform (from the top) of AC CUk Converter for input
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Figure 11. Spectrums of input current, output current and
output voltage (from the top) of AC Buck-Boost Converter for
input voltage 325V corresponding to Fig 10.
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Figure 13. Spectrums of input current, output current and
output voltage (from the top) of AC COK Converter for input
voltage 325V corresponding to Fig 12.
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Comparing the waveforms of Fig. 10 and 12, it have
been seen that the input current contains less harmonics
(spikes), the output current and output voltage waveforms
contain less ripples (mostly sinusoidal) in case of AC Clk
configuration compare to the AC Buck-Boost arrangement.

Furthermore, based on spectrum analysis, according to
Fig. 11 and 13, it is also observed that input current contains
less harmonics (spikes), output current and output voltage
waveforms contain almost no harmonics components in AC
CUk converter.

Finally, total harmonic distortion (THD) have been
calculated based on spectrum analysis according to Fig. 11
and 13 by using formula in equation (4).

The calculated THD values are:

2 2 2 2 7
THD % = V(4.10)%+(2.98) +(51.11:) +(0.63)*+(1.06)2

100 = 104.28% (For AC Buck-Boost Converter)

J(21.21)2+(22.62)2
35.92

THD % =
COk Converter)

*100 = 86.32% (For AC

So, according to waveforms as well as THD values, the
performance of proposed Clk converter is better than AC
Buck-Boost converter.

V. CONCLUSION

The simulation results provided in this paper shows
feasibility of the AC-AC switching voltage converter for
voltage sag correction by using COk converter topology with
better performance. To get better output and performance
further investigation and more research and development are
needed for this arrangement. Some future works are
recommended: designing output and input filter properly to
minimize ripple and harmonics, formula (procedure)
considering the right choice of passive elements (instead of
random choice), developing feedback control circuit properly
as per output requirements, proper selection of switching
frequency, considering variety of loads (resistive, inductive,
capacitive or any combination), performance analysis and
comparison of efficiency as per duty cycle, development
needed for total harmonics distortion (THD) to meet the
standards like IEEE-519 and IEC 1000-3.
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