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ABSTRACT: The ac voltage controllers with thyristor technology can be replaced by pulse width modulated (PWM)
ac chopper, which has important advantages. A dual-tap chopping stabilizer with a compensating transformer, with a
pulse width-modulation frequency of about 5 kHz and a new soft-switching technique is presented in this paper. It is
based on the zero-current switch-off attainable several times in a half cycle under any combination of the current and
voltage signs in the main taps. Consequently, the circuit combines high speed & low switching losses. The need for
detecting the current zero crossing is eliminated in this project by applying a specific switch activation schedule for
each combination of the current and voltage signs of the main taps. The new method reduces the electrical stress in the
switches and the electromagnetic emission.
KEYWORDS: chopper, on-load tap changer (OLTC),pulse width-modulation, voltage controller
I.

INTRODUCTION

AC voltage controllers are the devices which convert fixed alternating voltage into variable alternating voltage without
change in supply frequency. It is also called as ac voltage regulator.AC voltage controllers using thyristors are quite
common. The load voltage is controlled by controlling the firing angle of the thyristors. Single phase ac controllers
operate with single phase ac supply voltage of 230V RMS at 50Hz in our country. Three phase ac controllers operate
with 3 phase ac supply of 400V RMS at 50Hz supply frequency. The appearance of the power semiconductors in the
fifties and the steadily increasing rates and speed since then led to the replacement of mechanical switches by solidstate counterparts, eliminating the need for frequent and costly maintenance revisions and allowing faster operation.
Nowadays, most OLTCs for low-voltage stabilization in the range of 300 VA–300 kVA 230 V single-phase. Thyristorbased OLTCs are also applied to phase regulation in long high-voltage electric lines. In dual-tap chopping solutions, it
is important to achieve low commutation losses, since the usual switching pattern frequency is in the range of 1–10
kHz.
II. CONVENTIONAL METHOD-DUAL TAP CHOPPING STABILIZER WITH COMPENSATING
TRANSFORMER
In conventional method, a dual- tap chopping stabilizer with a compensating transformer ,with a pulse widthmodulation frequency of about 5KHz and a new soft switching technique achieved by two auxiliary small power
branches [1]. Unlike other super cyclic ac soft switching solutions ,the new commutating method allows zero current
turn off, several times in a half cycle, for any sign combination of voltages and current, thus reducing the electric stress
and the electromagnetic emission. In conventional method the need of detecting the current zero crossing is eliminated
by applying a specific switch activation schedule for each combination of the current and voltage signs of the main taps
[2]. Power circuit topology of dual tap chopping stabilizer with compensating transformer is shown in fig 1.
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Fig1: Dual-Tap chopping stabilizer with compensating transformer

The compensating transformer add to or subtracts from the output of the main transformer V AC=V1 (nT1+nT2), a voltage
VchnCT obtained by chopping the voltage at the secondary of the main transformer with the main switches S1 and S2 [4].
The capacitors Ci1 and Ci2 between taps are used to limit voltage variations in the secondary of the main transformer
due to the effect of the commutation on its leakage inductance.The drawbacks in conventional methods are Free
wheeling path cannot be provided and Output voltage is reduced due to compensating transformer. The above
disadvantages are overridden by the new proposed topology, the dual tap chopping stabilizer with sub cyclic ac soft
switching [3].
III.

PRPOSED METHOD-DUAL- TAP CHOPPING STABILIZER WITH SUBCYCLIC AC SOFT
SWITCHING

The circuit for dual tap chopping stabilizer with subcyclic ac soft switching can be divded into two circuits as power
circuit and control circuit. The block diagram of proposed method is as shown in fig 2

Fig 2 Block diagram of proposed method

The description of block diagram components is given below
A. Power MOSFET
The IRF-840 provides fast switching, ruggedized device design, low on-resistance and cost effectiveness. The TO-660
package is universally preferred for all commercial-industrial applications at power dissipation levels to approximately
50 watts. The low thermal resistance and low package cost of the TO-660 contribute to its wide acceptance throughout
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the industry.Features are Ultra Low On-Resistance, 175°C Operating Temperature, Fully Avalanche Rated, 8A, 500V,
rDS(ON) = 0.850W,Single Pulse Avalanche Energy Rated.
B. Opto Isolator (MCT6E)
An opto isolator, also known as an optical coupler or opto coupler, is a semiconductor device that allows signals to
be transferred between circuits or systems, while keeping those circuits or systems electrically isolated from each other
[9]. The opto-isolator is simply a package that contains both an infrared light-emitting diode (LED) and a photo
detector such as a photosensitive silicon diode, transistor Darlington pair. The MCT6/ MCTE family is an Industry
Standard Single Channel Phototransistor [5]. Each opto coupler consists of gallium arsenide infrared LED and a silicon
NPN phototransistor. These couplers are Underwriters Laboratories (UL) listed to comply with a 5300 VRMS isolation
test voltage. SO9001 quality program results in the highest isolation performance available for a commercial plastic
phototransistor opto coupler [6-7]. The functional diagram of opto coupler is shown in fig 3.The devices are available
in lead formed configuration suitable for surface mounting and are available either on tape or reel, or in standard tube
shipping containers.

Fig 3Functional diagram of opto coupler

Voltage Regulator
A voltage regulator is an electrical regulator designed to automatically maintain a constant voltage level. It may use an
electromechanical mechanism, or passive or active electronic components. Depending on the design, it may be used to
regulate one or more AC or DC voltages [8]. With the exception of shunt regulators, all voltage regulators operate by
comparing the actual output voltage to some internal fixed reference voltage. Any difference is amplified and used to
control the regulation element. This
forms a negative feedback servo control loop. If the output voltage is too low,
the regulation element is commanded to produce a higher voltage. If the output voltage is too high, the regulation
element is commanded to produce a lower voltage.
C.

D. Current Buffer
A buffer amplifier (sometimes simply called a buffer) is one that provides electrical impedance transformation from
one circuit to another. Two main types of buffer exist, the voltage buffer and the current buffer [10]. Typically a current
buffer amplifier is used to transfer a current from a first circuit, having a low output impedance level, to a second
circuit with a high input impedance level. The interposed buffer amplifier prevents the second circuit from loading the
first circuit unacceptably and interfering with its desired operation.
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IV. MODES OF OPERATION
A .Mode 1: Positive Mode (First Tap)
In the positive mode of first tap change M1 conducts along with the diodes on the opposite legs i.e. D1 & D4 [11].
Simultaneously D9 & D12 conducts in the chopper unit along with M3.After reaching near the load the current
branches and flow through C1 and R1.Here the current flow is from the source to the load. This mode of operation is
shown in fig 4

Fig 4. Positive Mode (First Tap)

B. Mode 2: Negative Mode (First Tap)
In the negative mode of first tap M1 conducts along with the diodes on the opposite legs i.e. D2 & D3. Simultaneously
D10 & D11 conducts in the chopper unit along with M3. After reaching near the load the current branches and flow
through C1 and R1 in the opposite direction to that of the positive mode
Here the current flow is from the load to the source [12]. This mode diagrammatic representation is shown in fig 5

Fig 5 Negative Mode (First Tap)

C. Mode 3: Positive Mode (Second Tap)
In the second tap there is the reduction in the voltage level. With the reduced voltage the conduction of the switches
takes place. In the positive mode of the second tap the second tap changer is switched on where M2 conducts along
with the diodes in the opposite legs i.e. D5 & D8. Whereas M3 along with the respective diodes D9 & D12 starts
conducting in the chopper unit [13]. Here also the current flow takes place from the source to the load as in case of the
first tap.The mode 3 operation is shown in fig 6
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Fig 6 Positive Mode (Second Tap)

D. Mode 4: Negative Mode (Second Tap)
In the negative mode of operation of the second tap D6 & D7 conducts along with the switch M2 and also M3 conducts
with the respective diodes D10 & D11. Current flow is from the load to the source. The fig 7 describes mode 4
operation.

Fig 7 Negative Mode (Second Tap)

Free wheeling paths are provided to prevent the sudden switching changes when the circuit changes over from one tap
to other or from one mode to other. The free wheeling path provides the continuity in the power flow in the load. The
same free wheeling path works for both the tap settings. When there is change over of the switch from one mode to
other the is small disturbance in the power flow across the load [14]. This disturbance across the load is compensated
by the free wheeling circuit. The free wheeling circuit circulates the energy stored in the load there by the small
disturbance is eliminated.
V. SIMULATION RESULTS
The simulation of proposed circuit diagram has been done by using PSPICE. It allows various types of analysis. Each
analysis is invoked by including its command statement. The simulation waveform for compensative transformer
control chopper is shown in fig 8.
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Fig 8 output waveform of chopper with compensative transformer

The simulation circuit and output waveform of dual tap chopping stabilizer with sub cyclic ac soft switching is shown
in fig 9 and 10 respectively.
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Fig 9: Simulation circuit of dual tap chopping stabilizer

Copyright to IJAREEIE

DOI: 10.15662/IJAREEIE.2015.0409123

7785

ISSN (Print) : 2320 – 3765
ISSN (Online): 2278 – 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)

Vol. 4, Issue 9, September 2015
300V

200V

100V

0V

-100V

-200V

-300V
0s
V(D3:1,0)

2ms
V(TX1:4,0)

4ms

6ms

8ms

10ms

12ms

14ms

16ms

18ms

20ms

Time

Fig 10 output waveform of dual tap chopping stabilizer with sucyclic AC soft switching

VI.

CONCLUSION

In this paper dual-tap chopping stabilizer, with a pulse width-modulation frequency of about 5 kHz and a new softswitching technique is presented. The circuit combines high speed & low switching losses. Experimental results show
that the proposed topologies give good performance for AC choppers .The AC chopper has sinusoidal current
waveforms, better power factor, faster dynamics, and smaller input/output filter. This new method reduces the electrical
stress in the switches and the electromagnetic emission. The simulation output of the designed circuit and the output of
the hardware circuit are the same and hence verified.
VII. FUTURE SCOPE
The scope of this system can be extended to further areas with simultaneous advancement in its performance by further
improving the power factor hence the performance of regulators and drives will also be improved. A technical study
and an evaluation of the power of the required components are done on the commutation techniques that extend the
application field of tap changers to the reduction of the fast perturbations of the mains as flicker, voltage harmonics,
voltage oscillations, etc. Experimental results with insulated-gate bipolar transistor switches are obtained in a 1 kVA
prototype. Further this circuit can be modified such that this circuit can be used for the house hold requirements at
various taps according to the requirements. We hope that this system will be definitely useful to many people involved
in various fields. With commercialization of this system it can be made more affordable
REFERENCES
1.
2.
3.
4.
5.

6.
7.

8.
9.

H. J. Ryoo, J. S. Kim, G. H. Rim, and D. S. Kim, ―A study on the series compensated AC voltage regulator using AC chopper wit h auxiliary
transformer,‖ in Proc. 29th IEEE IECON, Roanoke, VA, 2003, pp. 2628–2633.
Babu T.A., Sharmila V., "Cefotaxime-induced near-fatal anaphylaxis in a neonate: A case report and review of literature", Indian Journal of
Pharmacology, ISSN : 0253-7613, 43(5) (2011) pp.611-612.
F. Q. Yousef-Zai and D. O’Kelly, ―Solid-state on-load transformer tap changer,‖ Proc. Inst. Elect. Eng.—Elect. Power Appl., vol. 143, no. 6, pp.
481–491, Nov. 2000.
F. Barrero, S. Martinez, F. Yeves, and P. M. Martinez, ―Active power filters for line conditioning: A critical evaluation,‖ I EEE Trans. Power
Del., vol. 15, no. 1, pp. 319–325, Jan. 2000.
Valiathan G.M., Thenumgal S.J., Jayaraman B., Palaniyandi A., Ramkumar H., Jayakumar K., Bhaskaran S., Ramanathan A., "Common docking
domain mutation e322k of the erk2 gene is infrequent in oral squamous cell carcinomas", Asia n Pacific Journal of Cancer Prevention, ISSN :
1513-7368, 13(12) (2012) pp.6155-6157.
J. K. Kang, H. Hara, E. Yamamoto, M. Swamy, and T. J. Kume, ―Output voltage distortion in matrix converter by commutation of bi-directional
switches,‖ in Proc. IEMDC, Madison, WI, 2003, pp. 55–59
Mani Sundar N., Krishnan V., Krishnaraj S., Hemalatha V.T., Alam M.N., 'Comparison of the salivary and the serum nitric oxide levels in
chronic and aggressive periodontitis: A biochemical study", Journal of Clinical and Diagnostic Research, ISSN : ISSN - 0973 - 709X, 7(6) (2013)
pp.1223-1227.
R. Irvani and D. Maratukulam, ―Review of semiconductor-controlled (static)phase shifter for power systems application,‖ IEEE Trans. Power
Syst.,vol. 9, no. 4, pp. 1833–1839, Nov. 1994.
Thirunavukkarasu A.B., Chandrasekaran V., 'Efficacy of anti-scorpion venom serum over prazosin in severe scorpion envenomation: Is the
current evidence enough", Journal of Postgraduate Medicine, ISSN : 0022-3859, 57(1) (2011) pp.83-84

Copyright to IJAREEIE

DOI: 10.15662/IJAREEIE.2015.0409123

7786

ISSN (Print) : 2320 – 3765
ISSN (Online): 2278 – 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)

Vol. 4, Issue 9, September 2015
10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.

G. Güth, G. R. Baker, and P. Eglin, ―Static thyristor-controlled regulatingtransformer for AC transmission,‖ in Proc. IEE Int. Conf.
ThyristorVariable Static Equipment AC, DC Transmission, London, U.K.,Nov./Dec. 1981, pp. 862–869.
P. Wood, V. Bapat, and R. P. Putkovich, ―Study of improved load-tapchanging for transformers and phase-angle regulators,‖ EPRI, Palo
Alto,CA, p. 148, Nov. 1988.
Subbaraj G.K., Kulanthaivel L., Rajendran R., Veerabathiran R., "Ethanolic extract of Carum carvi (EECC) prevents N -nitrosodiethylamine
induced phenobarbital promoted hepatocarcinogenesis by modulating antioxidant enzymes", International Journal of Pharmacy and
Pharmaceutical Sciences, ISSN : 0975 - 1491, 5(S1) (2013) pp.195-199.
J. C. Campo, J. Vaquero, M. A. Perez, and S. Martinez, ―Dual-tap chopping stabilizer with mixed seminatural switching. Analysis and
synthesis,‖ IEEE Trans. Power Del., vol. 20, no. 3, pp. 2315–2326, Jul. 2005.
J. Vaquero, J. C. Campo, S. Monteso, S. Martinez, and M. A. Perez,―Analysis of fast onload multitap-changing clamped-hard-switching AC
stabilizers,‖ IEEE Trans. Power Del., vol. 21, no. 2, pp. 852–861,
B Karthik, S Rajeswari, Design and Analysis of a Transceiver on a Chip for Novel IR-UWB Pulses, Middle-East Journal of Scientific Research
19 (6), PP 817-820, 2014.
Shriram, Revati; Sundhararajan, M; Daimiwal, Nivedita; , Application of High & Low Brightness LEDs to Human Tissue to Capture
Photoplethysmogram at a Finger TipRed, V-620,PP 700.
Muralibabu, K; Sundhararajan, M; , PAPR performance improvement in OFDM system using DCT based on adjacent symbol groupingTrans
Tech Publ, Applied Mechanics and Materials, V-550,PP 204-209, 2014.
sivaperumal, s; sundhararajan, m; , advance feature extraction of mri brain image and detection using local segmentation meth od with watershed.
MURALIBABU, K; SUNDHARARAJAN, M; , PAPR reduction using DCT based sub carrier grouping with Companding Technique in OFDM
system.
Kanniga, E; Srikanth, SMK; Sundhararajan, M; , Optimization Solution of Equal Dimension Boxes in Container Loading Problem us ing a
Permutation Block AlgorithmIndian Journal of Science and Technology, V-7, I-S5,PP 22-26, 2014

Copyright to IJAREEIE

DOI: 10.15662/IJAREEIE.2015.0409123

7787

