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Abstract- We propose here a new boost converter with an active snubber cell is proposed. The active snubber cell provides main
switch to turn ON with zero-voltage transition (ZVT) and to turn OFF with zero-current transition (ZCT). The proposed
converter incorporating this snubber cell can operate with soft switching at high frequencies. Also, in this converter all
semiconductor devices operate with soft switching. There is no additional voltage stress across the main and auxiliary
components. The converter has a simple structure, minimum number of components, and ease of control as well. The operation
principle and detailed steady-state analysis of the novel ZVT-ZCT-PWM boost converter are given. The presented theoretical
analysis is verified exactly by a prototype of 100 kHz and 1 kW converter. Also, the overall efficiency of the new converter has
reached a value of 97.8% at nominal output power.

Index Terms— Snubber Cell, ZCT,ZVT, PWM.

L. INTRODUCTION

The ever-increasing energy consumption, fossil fuels’ soaring costs and exhaustible nature, and worsening global environment have
created a booming interest in renewable energy generation systems, one of which is photovoltaic. Such a system generates
electricity by converting the Sun’s energy directly into electricity. Photovoltaic-generated energy can be delivered to power system
networks through grid-connected inverters. A single-phase grid-connected inverter is usually used for residential or low-power
applications of power ranges that are less than 10 kW [1]. Types of single-phase grid-connected inverters have been investigated [2].
A common topology of this inverter is full-bridge three-level.

The three-level inverter can satisfy specifications through its very high switching, but it could also unfortunately increase switching
losses, acoustic noise, and level of interference to other equipment. Improving its output waveform reduces its harmonic content
and, hence, also the size of the filter used and the level of electromagnetic interference (EMI) generated by the inverter’s switching
operation [3]. Multilevel inverters are promising; they have nearly sinusoidal output-voltage waveforms, output current with better
harmonic profile, less stressing of electronic components owing to decreased voltages, switching losses that are lower than those of
conventional two-level inverters, a smaller filter size, and lower EMI, all of which make them cheaper, lighter, and more compact
[3], [4]. Various topologies for multilevel inverters have been proposed over the years. Common ones are diode-clamped [5]- [10],
flying capacitor or multi cell [11]-[17], cascaded H-bridge [18]-[24], and modified H-bridge multilevel [25]-[29]. This paper
recounts the development of a novel modified H-bridge single-phase multilevel inverter that has two diode embedded bidirectional
switches and a novel pulse width modulated (PWM) technique. The topology was applied to a grid-connected photovoltaic system
with considerations for a maximum-power-point tracker MPPT) and a current-control algorithm.

Il. PWM MODULATION

A. Introduction about PWM Modulation Techniques

A novel PWM modulation technique was introduced to generate the PWM switching signals. Three reference signals (Vrefl, Vref2,
and Vref3) were compared with a carrier signal (Vcarrier). The reference signals had the same frequency and amplitude and were in
phase with an offset value that was equivalent to the amplitude of the carrier signal. The reference signals were each compared with
the carrier signal. If Vrefl had exceeded the peak amplitude of Vcarrier, Vref2 was compared with Vcarrier until it had exceeded the
peak amplitude of Vcarrier. Then, onward, Vref3 would take charge and would be compared with Vcarrier until it reached zero.
Once Vref3 had reached zero, Vref2 would be compared until it reached zero. Then, onward, Vrefl would be compared with
Vcarrier.

B. Control System
The control system comprises a MPPT algorithm, a dc-bus voltage controller, reference-current generation, and a current controller.
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The two main tasks of the control system are maximization of the energy transferred from the PV arrays to the grid, and generation
of a sinusoidal current with minimum harmonic distortion, also under the presence of grid voltage harmonics. The proposed inverter
utilizes the perturb-and-observe (P&O) algorithm for its wide usage in MPPT owing to its simple structure and requirement of only
a few measured parameters. It periodically perturbs (i.e., increment or decrement) the array terminal voltage and compares the PV
output power with that of the previous perturbation cycle. If the power was increasing, the perturbation would continue in the same
direction in the next cycle; otherwise, the direction would be reversed. This means that the array terminal voltage is perturbed every
MPPT cycle; therefore, when the MPP is reached, the P&O algorithm will oscillate around it.
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11l. WORKING OPERATION
A. Introduction about Design Procedure
In order to design the proposed ZVT-ZCT-PWM boost converter, the characteristic curves are obtained by simulations and given in
Figs. 4-7. The component values used in snubber cell can be determined from these curves
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Fig 3.1Variation of VC sO with Ls for different Cs values.
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Fig.3.2 Variation of the tZVT with Ls for different Cs values.
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Fig.3.3 Variation of tZCT with Ls for different Cs values.

The characteristic curves are obtained depending on Ls and Cs at nominal output power. From Fig. 4, it is seen that the maximum
value of the main switch current 1ISImax decreases when the value of Ls snubber inductance increases. It decreases slightly when the
value of Cs snubber capacitance increases. In Fig. 5, the initial voltage of the snubber capacitor decreases with increasing Cs , and
increases with increasing Ls . In Fig. 6, the ZVT duration of the main switch is shown depending on Ls and Cs . From the figure, it
is seen that the ZVT interval decreases when Ls and Cs increases. In Fig. 7, the variation of the ZCT duration of the main switch is
given. The ZCT duration increases when Cs and Ls increases. The ZCT duration strongly depends on the resonance between Ls and
Cs . The smallest values of Ls and Cs components are preferred from the characteristic curves. If the selected component values are
high, the sum of the transient intervals and conduction losses increase. We have to take into account that current stress of the main
switch should remain at reasonable level.

IV. OUTPUT
A. Simulation Diagram

©IJRASET: All Rights are Reserved 91



Www.ijraset.com Volume 4 Issue VI, June 2016

IC Value: 13.98 ISSN: 2321-9653
International Journal for Research in Applied Science & Engineering
Technology (IJRASET)
P4 ZVT_ZCT With Increased_Voktage * o @ s
Q
s
L [
’—1“ |

= E-E RYIETEIEIE] swau

B. Input Waveforms

Input Voltage

Fig.4.1.Input AC Voltage- 200Vac
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C. Corresponding Improvement In Voltage And Current
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Fig.4.2.0utput AC Voltage- 400Vac

V. CONCLUSION

The proposed converter, all semiconductor devices are switched under soft switching. In the ZVT and ZCT processes, the auxiliary
switch is turned ON under ZCS and is turned OFF with ZCT and near ZCS, respectively. There is no additional voltage stress across
the main and auxiliary switches. The main diode is not subjected to any additional voltage and current stresses. The operation
principles and steady-state analysis of the proposed converter are presented. In order to verify the theoretical analysis, a prototype of
the proposed circuit is realized in the laboratory. The novel ZVT-ZCT-PWM boost converter using the proposed snubber cell has
desired features of the ZVT and ZCT converters. At nominal output power, the converter efficiency reaches approximately to
97.8%.The modifications done from the phase 1 is the ripples from the Converter Outputs is reduced by using filter circuit.The
corresponding Voltage is increased by 493V dc output from the converter.The Diode ripple voltage is reduced and the Output from
the inverter is increased by 30% up to 400V ac.The Harmonics is maintained at 10%.

VI. ACKNOWLEDGEMENT
We thank Mrs. B.Gowdhami M.E,HOD (Department of Electrical and Electronics Engineering) to help us for creating this
paper with her sincere guidance and Technical Expertise in the field of communication. The help of our HOD Mrs. B.Gowdhami
M.E, Department of EEE, PRIST University, is really immense and once again we thank her for her great motivation. We thank
PRIST University Thanjavur, Chennai Campus to provide us such a standard educational environment so that we are able to
understand the minute concepts in the field of Engineering.

REFERENCES
[1] M. Calaisand V. G. Agelidis, “Multilevel converters for single-phase grid connected photovoltaic systems—An overview,” in Proc. IEEE Int. Symp.
[2] S. B. Kjaer, J. K. Pedersen, and F. Blaabjerg, “A review of single-phase grid connected inverters for photovoltaic modules,” IEEE Trans. Ind. Appl., vol. 41,
no. 5, pp. 1292-1306, Sep./Oct. 2005.
[3] P. K. Hinga, T. Ohnishi, and T. Suzuki, “A new PWM inverter for photovoltaic power generation system,” in Conf. Rec. IEEE Power Electron. Spec. Conf.,
1994, pp. 391-395.

©IJRASET: All Rights are Reserved 03



Www.ijraset.com Volume 4 Issue VI, June 2016
IC Value: 13.98 ISSN: 2321-9653

[4]
[5]
[6]
[’
(8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]
[22]

[23]
[24]

[25]

International Journal for Research in Applied Science & Engineering
Technology (IJRASET)

Y. Cheng, C. Qian, M. L. Crow, S. Pekarek, and S. Atcitty, “A comparison of diode-clamped and cascaded multilevel converters for a STATCOM with energy
storage,” IEEE Trans. Ind. Electron., vol. 53, no. 5, pp. 1512— 1521, Oct. 2006.

M. Saeedifard, R. Iravani, and J. Pou, “A space vector modulation strategy for a back-to-back five-level HVDC converter system,” IEEE Trans. Ind. Electron.,
vol. 56, no. 2, pp. 452-466, Feb. 2009.

S. Alepuz, S. Busquets-Monge, J. Bordonau, J. A. M. Velasco, C. A. Silva, J. Pontt, and J. Rodriguez, “Control strategies based on symmetrical components for
grid-connected converters under voltage dips,” IEEE Trans. Ind. Electron., vol. 56, no. 6, pp. 2162-2173,Jun. 2009.

J. Rodriguez, J. S. Lai, and F. Z. Peng, “Multilevel inverters: A survey of topologies, controls, and applications,” IEEE Trans. Ind. Electron., vol. 49, no. 4, pp.
724-738, Aug. 2002.

J. Rodriguez, S. Bernet, B. Wu, J. O. Pontt, and S. Kouro, “Multilevel voltage-source-converter topologies for industrial medium-voltage drives,” IEEE Trans.
Ind. Electron., vol. 54, no. 6, pp. 2930-2945, Dec. 2007.

M. M. Renge and H. M. Suryawanshi, “Five-level diode clamped inverter to eliminate common mode voltage and reduce dv/dt in medium voltage rating
induction motor drives,” IEEE Trans. Power Electron., vol. 23, no. 4, pp. 1598-1160, Jul. 2008.

E. Ozdemir, S. Ozdemir, and L. M. Tolbert, “Fundamental-frequencymodulated six-level diode-clamped multilevel inverter for three-phase stand-alone
photovoltaic system,” IEEE Trans. Ind. Electron., vol. 56, no. 11, pp. 4407-4415, Nov. 2009.

T. W. Kim, H. S. Kim, and H. W. Ahn, “An improved ZVT PWM boost converter,” inProc. 31th Power Electron. Spec. Conf.,vol.2,Galway, Ireland, 2000, pp.
615-619.

H. Bodur and A. F. Bakan, “A new ZVT-PWM DC-DC converter,”IEEE Trans. Power Electron., vol. 17, no. 1, pp. 40-47, Jan. 2002.

H. Yu, B. M. Song, and J. S. Lai, “Design of a novel ZVT soft-switching chopper,”IEEE Trans. Power Electron., vol. 17, no. 1, pp. 101-108, Jan. 2002.

D.Y. Lee, M. K. Lee, D. S. Hyun, and I. Choy, “New zero-currenttransition PWM DC/DC converters without current stres,” IEEE Trans.Power Electron., vol.
18, no. 1, pp. 95-104, Jan. 2003.

H. Bodur and A. F. Bakan, “A new ZVT-ZCT-PWM DC-DC converter,” IEEE Trans. Power Electron., vol. 19, no. 3, pp. 676-684, May 2004.

A. F. Bakan, H. Bodur, and I. Aksoy, “A novel ZVT-ZCT PWM DC-DC converter,” inProc. 11th Eur. Conf. Power Electron. Appl., Sep. 2005, pp. 1-8.

C. M. Wang, “Novel zero-voltage-transition PWM DC-DC converters,” IEEE Trans. Ind. Electron., vol. 53, no. 1, pp. 254-262, Feb. 2006.

W. Huang and G. Moschopoulos, “A new family of zero-voltage-transition PWM converters with dual active auxiliary circuits,”IEEE Trans. Power Electron.,
vol. 21, no. 2, pp. 370-379, Mar. 2006.

P. Das and G. Moschopoulos, “A comparative study of zero-currenttransition PWM converters,” IEEE Trans. Ind. Electron., vol. 54, no. 3,pp. 1319-1328, Jun.
2007.

H. Wannian, G. Xing, S. Bassan, and G. Moschopoulos, “Novel dual auxiliary circuits for ZVT-PWM converters,” Can. J. Electr. Comput. Eng., vol. 33, pp.
153-160, Summer-Fall 2008.

I. Aksoy, H. Bodur, and A. F. Bakan, “A new ZVT-ZCT-PWM DC-DC converter,”IEEE Trans. Power Electron., vol. 25, no. 8, pp. 2093-2105, Aug. 2010.

E. Adib and H. Farzanehfard, “Family of zero-voltage transition pulse width modulation converters with low auxiliary switch voltage stress,” IET Power
Electron., vol. 4, pp. 447-453, Apr. 2011.

W. Li, Y. Zhao, Y. Deng, and X. He, “Interleaved converter with voltage multiplier cell for high step-up and high-efficiency conversion,”|EEE Trans. Power
Electron., vol. 25, no. 9, pp. 2397-2408, Sep. 2010.

Y. Zhao, W. Li, Y. Deng, and X. He, “Analysis, design, and experimentation of an isolated ZVT boost converter with coupled inductors,”|[EEE Trans. Power
Electron., vol. 26, no. 2, pp. 541-550, Feb. 2011.

W. Li, W. Li, and X. He, “Zero-voltage transition interleaved high step-up converter with built-in transformer,”IET Power Electron., vol. 4, pp. 523- 531, May
2011

Mrs. B.Gowdhami M.E, HOD Department of Electrical and Electronics Engineering, PRIST University,Chennai. She has several
years of experience. She published many papers in international journals and conference. Her area of interest is Power Electronics
and Drives.

Mr.P.Jeyakumar currently pursues his M.Tech from PRIST University, Chennai from the stream of Power
Electronics and Drives. His area of interest is Converters, Boosters latest Power Electronic Innovations.

©IJRASET: All Rights are Reserved 94



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




