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Abstract: - The paper starts with analysis of PWM schemes for 

the 3 phase isolated buck matrix type rectifier. An optimal six-

segment PWM scheme (“Type A”) is proposed.  “Type A” 

PWM scheme has lower duty-cycle loss, maximum output 

inductor current ripple and minimum switching loss 

comparing to other PWM schemes when the MOSFET devices 

are employed. The steady state analysis of duty-cycle loss, 

inductor current ripple and THD are all compared and 

verified by the experimental results for “Type A” PWM and 

eight-segment PWM (“Type E”).  

 

These terms are using in the PWM scheme – Zero voltage 

switching (ZVS), phase-shifted full-bridge (FB-PS), space vector 

modulation (SVM). 
 

1. INTRODUCTION: 

 A direct matrix type rectifier that directly converts the 

mains-frequency AC voltage into a high-frequency AC 

voltage .Compared with MOSFETs, the IGBT is slower 

devices and cannot operate at higher switching frequency 

and the IGBT has greater conduction loss for medium-

power. A zero-voltage switched (ZVS) three-phase isolated 

buck PWM rectifier using MOSFET. Low switching losses  

is achieved due to the ZVS operation with high switching 

frequency. 

 

 
 

                   Fig.1.1 Block Diagram 

 

MOSFET such   that,   the converter can operate at 

higher switching frequency. A six-segment PWM 

scheme is proposed in this paper to overcome the 

aforementioned drawbacks of large duty cycle loss and 

large output inductor current ripple with eight-segment 

PWM. The merit of ZVS operation to use MOSFETs 

is still maintained in the proposed six-segment PWM.  

 
2. PWM SCHEMES : 

The three Phase Buck matrix type rectifiers are similar 

to the current source rectifier (CRS), but all the 

switches are bidirectional. The space vector 

modulation is used as to 

 
Fig.2.1.PWM Rectifier 

this  converter for CSR. Each active vector there are two 

possible switching states depending on the direction of the 

current in the primary side of transformer .Ix+, Ix- are the 

switching vectors Ix and Iy+, Iy- are the switching vectors 

of Iy. When    ip  > 0, ip < 0 with equal dwell time. 

2.1 Review of PWM Scheme:  

In this analysis I ref is at 0º<θ<30º. During this time the VL 

(Line Voltage) VAB=VA-VB is lower than VAC= VA-Vc  

in this analysis switching patterns for six segment eight 

segment accurse, But six segment PWM with HTL pattern is 

effective. The switching loss corresponds to the transition 

from zero vectors to active vector and from active vector to 

zero vectors must not exhibit signification difference with 

other switching patterns. 
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2.1.1 Switching Transitions: 

There are so many switching transitions such as HTL, LTH, 

Hybrid pattern with Six Segment and eight segments. Here 

six segments with HTL pattern is used because it has so 

many merits than others. There are two turn-on actions and 

one turn off action related to this transition turn on action is 

ZVS or Non-ZVS. The Non-ZVS switch is very low 

because the MOSFET is turned on with Zero current and 

very low drain source voltage, the turn off loss of MOSFET 

is low due to very small overlapping of the voltage and 

current during this transition. The turn off action occurs at 

low voltage transition. Turn On losses due to the hard 

switching and due to reverse recovery produces large.  

 

2.1.2 PWM:     

Pulse width modulation has so many types TYPE-A, TYPE-

B, TYPE-C, TYPE-D and TYPE-E Generally Type – A and 

Type – E are preferred in these type of sections. 

2.1.3 Duty Cycle Loss Analysis: 

Type –A and Type –E are compared to analysis the duty 

cycle loss. The major Problem of operating at higher 

switching frequency and is duty cycle loss. The Selection of 

transformer turns ratio, modulation index depends on the 

switching frequency. The O/P Voltage contains low 

frequency harmonics to eliminate the effects the secondary 

duty cycle has to be calculated. 

 Dsx (θ) = - ma (Ib (θ) / Im)  ------ (1) 

Dsy (θ) = - ma (Ic (θ) / Im)   ------ (2) 

Compared with “Type-A” PWM the “Type-E” has two 

additional duty cycle loss Δ Dy. The total duty cycle loss of 

Type-A & Type-E PWM schemes is compared at different 

angle θ. 

Type-A PWM can achieve ZVS with high load range by 

using large value of LIR. Hence it reduces the turn on 

switching losses at lighter load. 

3. The Effect of PWM for MOSFET Devices: 

The transformer of primary voltage waveforms with 

different PWM schemes. Type-A is preferred because Type-

B always maintains LTH Switching Pattern, Type-D PWM 

Pattern is rarely used because of the drawback of 

asymmetrical voltage pulses across the transformer primary 

winding. Type-A is the optimal scheme for the MOSFET 

devices used in Three Phase isolator buck matrix type 

rectifier. HTL transition exhibits lower switching losses 

compares to transition of LTH if MOSFET employed in the 

converter. Hence the “Type-A” PWM is employed for the 

six segment PWM to eliminate the turn on loss with ZVS 

Implementation. 

4.  Operation Principle of Type-A: 

During the interval of -30º<θ<30º the time voltages 

VAB=VA-VB, VAC= VA-Vc are positive and they attain 

their maximum in this interval. In each 60 º interval the 

phase legs of high (or) Low voltage potential is shown by 

the “Bridge X” and “Bridge Y”.  

 
Fig.3.1Three Phase Converter 

When the Switches of “Bridge X” are turned on with the 

time Tx/2 creating a positive voltage pulse VP=VAB and a 

current pulse from Phase A into Phase B with magnitude IP. 

The given Ma the duty cycle of current Pulses for each 

phase is proportional to the current. 

The Modulation index, which is in the range of 0≤ Ma≤1. 

The Ma is used to adjust the three phase current magnitude 

without affecting this sinusoidal shape. 

4.1 Switching State and commutation: 

MOSFET’s are employed in the main converter some of the 

switching functions as synchronous rectification to reduce 

the conduction loss switching states and space vector in 

sector I. During the interval of -30º<θ<0º, Voltage potential 

VA>VC >VB, the bridges X is kept on at all time since the 

diodes are forward biased. 

 
                     

                       Fig.4.1Switching States 

Some of the constraints needed to be applied in bridge Y to 

prevent short circuit between VB and VC. The Switching 

states of active and synchronous rectification. 

Switching losses has been compared for Type A and Type E 

in which turn off action with high voltage and low voltage 
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differs each other. During the comparison it results Type E 

has noticeable turn off actions are switched at high voltage 

transition. So Type A is Preferred. 
 

5. RESULTS: 

5.1 Duty Cycle loss: 

 The reduction of duty cycle losses also enables the 

operation of the converter at higher Ma and reduces the 

power losses caused by the circulating current in primary 

side switches. 

 
Fig.5.1Simulation Result 

 

5.2 Inductor Current Ripple: 

The output inductor current ripple of Type -A and Type-E 

PWM’s varying with phase angle θ due to the variable off-

time of Vd. In the summary the minimum current ripple in 

the Type-A PWM  θ=0º is higher than Type-E PWM by two 

times whenever the maximum current ripple in Type-A 

PWM at θ=±30º is smaller than that of Type-E PWM. The 

frequency across the transformer with Type-E is double of 

the Type-A PWM..The lower core loss and smaller core of 

the transformer can be expected with Type-E PWM. At the 

time of θ=±30º, one of the two active vectors attained its 

maximum magnitude and other is minimum. As a result 

both attains it maximum flux density but the transformer 

operating frequency of TYPE-A. 

5.3 Switching loss comparison: 

Switching losses can be analyzed for the turn-on and 

turn-off actions within a switching cycle. Switching 

loss is also a function of the voltage transition across 

the switching device since the voltage transition 

between two joint active vectors is only the difference 

between of two line voltages the turn off losses. 

 

6.  CONCLUSION: 

Type-A PWM Feature has lower switching Loss Lower duty 

cycle loss and lower maximum output inductor current 

ripple a low THD can be also achieved with duty cycle 

compensation. The three-phase isolated Buck matrix type 

rectifier using MOSFETs is used in AC-DC applications 

such as front-end power converters for high voltage direct 

current (HVDC) and telecommunication. PWM schemes 

used for this topology are investigated and an optimal six-

segment. 
      

7.  REFERENCE: 
[1] J.Rodriguez, “High performance dc motor drive using PWM 

Rectifier with power transistor,”IEEE proceedings B (Electic 

power applications),vol. 134, no. 1, p. 9, Jan, 1987. 

[2] D.G. Holmes and  Lipo,  “Implementation of a controlled 

rectifier using AC to AC matrix converter theory,“IEEE trans. 

Power Electronics, vol. 7,no. 1, pp.240-250,Jan, 1992. 

[3] R.Metidij, B.Metidji, and B.Mendil, “Design and 

implementation of unity power factor fuzzy battery charger 

using ultra sparse matrix rectifier,”IEEE  trans.Power 

Electronics, vol. 28, no. 5, pp. 2269-2276, May,2013. 

[4] Takei, M., Naito, T. and Ueno, K. (2003). The reverse 

blocking  IGBT for matrix converter with ultra-thin wafer 

technology, Power Semiconductor Devices and ICs, 2003. 

Proceedings. ISPSD '03. 2003 IEEE 15th International 

Symposium on, pp. 156 - 159.    

[5] Wheeler, P., Clare, J., Katsis, D., Empringham, L., Bland, M. 

and Podlesak, T. (2004). Design and construction of a 150 

KVA matrix converter induction motor drive, Second 

International Conference on(Conf.Publ.No. 498)Power 

Electronics, Machines and Drives, 2004. (PEMD 2004)., Vol. 

2, pp. 719-72 

[6] Mohite, S. and Gujarathi, P. (2010). A design and 

implementation of a novel multimode single phase matrix 

converter, International Symposium on Power Electronics 

Electrical Drives Automation and Motion (SPEEDAM), 

2010, pp. 1227-1230.   

[7] Kang, J.-K., Hara, H., Yamamoto, E., Swamy, M. and Kume, 

T. (2003). Output voltage distortion in matrix converter by 

commutation of bi-directional switches, IEEE International 

Electric Machines and Drives Conference, 2003. 

IEMDC'03., Vol. 1, pp. 55-59. 

[8] Saengseethong, A. and Sangwongwanich, S. (2010). A new 

modulation strategy for capacitor voltage balancing in three-

level npc inverters based on matrix converter 

theory, International Power Electronics Conference (IPEC), 

2010, pp. 2358-2365.  

[9] Adamek, J., Hofmann, W. and Ziegler, M. (2003). Fast 

commutation process and demand of bidirectional switches in 

matrix converters, IEEE 34th Annual Power Electronics 

Specialist Conference, 2003. PESC '03., Vol. 3, pp. 1281-

1286.  

[10] Adelson, L. and Farr, H. (1985). Polypropylene-film 

capacitors for military and industrial a-c applications. 

Application notes, Dearborn Electronics, Inc.  
[11] Ali, A. Nazar. "Cascaded Multilevel Inverters for Reduce 

Harmonic Distortions in Solar PV Applications." Asian 

Journal of Research in Social Sciences and Humanities 

6.Issue : 11 (2016): 703-715.  

[12] Ali, A. Nazar. "A Single phase Five level Inverter for Grid 

Connected Photovoltaic System by employing PID 

Controller." African journal of Research 6.1 (2011): 306-315.  

 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181

Published by, www.ijert.org

ICONNECT - 2k18 Conference Proceedings

Volume 6, Issue 07

Special Issue - 2018

3



[13] ali, A.Nazar. "A SINGLE PHASE HIGH EFFICIENT 

RANSFORMERLESSINVERTER FOR PV GRID 

CONNECTED POWER SYSTEM USING ISPWM 

TECHNIQUE." International Journal of Applied Engineering 

Research 10.ISSN 0973-4562 (2015): 7489-7496.  

[14] Ali, A. Nazar. "Performance Enhancement of Hybrid 

Wind/Photo Voltaic System Using Z Source Inverter with 

Cuk-sepic Fused Converter." Research Journal of Applied 

Sciences, Engineering and Technology 7.ISSN: 2040-7459; 

(2014): 3964-3970. 

[15] Ali, A. Nazar. "Ride through Strategy for a Three-Level Dual 

Z-Source Inverter Using TRIAC." Scientific Research 

publication 7.ISSN Online: 2153-1293 (2016): 3911-3921. 

[16] Ali, A. Nazar. "An ANFIS Based Advanced MPPT Control of 

a Wind-Solar Hybrid Power Generation System." 

International Review on Modelling and Simulations 7.ISSN 

1974-9821 (2014): 638-643. 

[17] Nazar Ali, A. "Performance Analysis of Switched Capacitor 

Multilevel DC/AC Inverter using Solar PV Cells." 

International Journal for Modern Trends in Science and 

Technology 3.05 (2017): 104-109. 

[18] Ali, A.Nazar. "FPGA UTILISATION FOR HIGH 

LEVELPOWER CONSUMPTION DRIVES 

BASEDONTHREE PHASE SINUSOIDAL PWM -VVVF 

CONTROLLER." International Journal of Communications 

and Engineering 4.Issue: 02 (2012): 25-30. 

[19] ali, A.Nazar. "A SINGLE PHASE HIGH EFFICIENT 

TRANSFORMERLESS INVERTER FOR PV GRID 

CONNECTED POWER SYSTEM USING ISPWM 

TECHNIQUE." International Journal of Applied Engineering 

Research 10.ISSN 0973-4562 (2015): 7489-7496. 

[20] JAIGANESH, R. "Smart Grid System for Water Pumping and 

Domestic Application using Arduino Controller." 

International Journal of Engineering Research & Technology 

(IJERT) 5.13 (2017): 583-588. 

[21] Pau1l, M. Mano Raja, R. Mahalakshmi, M. 

Karuppasamypandiyan, A. Bhuvanesh, and R. Jai 

Ganesh."Classification and Detection of Faults in Grid 

Connected Photovoltaic System." 

[22] Ganesh, Rajendran Jai, et al. "Fault Identification and 

Islanding in DC Grid Connected PV System." Scientific 

Research Publishing 7.Circuits and Systems, 7, 2904-2915. 

(2016): 2904-2915. 

[23] Jaiganesh, R., et al. "Smart Grid System for Water Pumping 

and Domestic Application Using Arduino Controller." 

International Journal for Modern Trends in Science and 

Technology 3.05 (2017): 385-390. 

[24] Kalavalli,C., et al. “Single Phase Bidirectional PWM 

Converter for Microgrid System.” International Journal of 

Engineering and Technology (IJET) ISSN : 0975-4024 Vol 5 

No 3 Jun-Jul 2013. 

[25] Lilly Renuka, R., et al. “Power Quality Enhancement Using 

VSI Based STATCOM for SEIG Feeding Non Linear Loads. 

” International Journal of Engineering and Applied Sciences 

(IJEAS) ISSN: 2394-3661, Volume-2, Issue-5, May 2015. 

[26] Karthikeyan,B. JEBASALMA. “RESONANT PWM ZVZCS 

DC TO DC CONVERTERS FOR RENEWABLE ENERGY 

APPLICATIONS .“International Journal of Power Control 

and Computation(IJPCSC)Vol 6. No.2 – Jan-March 2014 Pp. 

82-89©gopalax Journals, Singaporeavailable at 

:www.ijcns.comISSN: 0976-268X. 

[27] Gowri,N, et al. “Power Factor Correction Based 

BridgelessSingle Switch SEPIC Converter Fed BLDC 

[28] Motor.”ADVANCES in NATURAL and APPLIED 

SCIENCES. ISSN: 1995-0772 AENSI PublicationEISSN: 

1998-1090 http://www.aensiweb.com/ANAS2016 March 

10(3): pages 190-197. 

[29] Ramkumar,R., et al.” A Novel Low Cost Three Arm Ac 

AutomaticVoltage Regulator” ADVANCES in NATURAL 

and APPLIED SCIENCESISSN: 1995-0772 AENSI 

PublicationEISSN: 1998-1090 

http://www.aensiweb.com/ANAS2016 March 10(3): pages 

142-151. 

[30] Kodeeswaran, S., T. Ramkumar, and R. Jai Ganesh. "Precise 

temperature control using reverse seebeck effect." In Power 

and Embedded Drive Control (ICPEDC), 2017 International 

Conference on, pp. 398-404. IEEE, 2017. 

[31] Subramanian, AT Sankara, P. Sabarish, and R. Jai Ganesh. 

"An Improved Voltage follower Canonical Switching Cell 

Converter with PFC for VSI Fed BLDC Motor." Journal of 

Science and Technology (JST) 2, no. 10 (2017): 01-11. 

[32] Murugesan.S, R. Senthilkumar."DESIGN OF SINGLE 

PHASE SEVEN LEVEL PV INVERTER USING 

FPGA."International Journal of Emerging Technology in 

Computer Science & Electronics, 2016, Vol.20, No.2, pp.207-

2012. 

[33] S. Murugesan, C. Kalavalli, " FPGA Based Multilevel 

Inverter With Reduce Number of Switches For Photovoltaic 

System", International Journal of Scientific Research in 

Science, Engineering and Technology(IJSRSET), Print ISSN : 

2395-1990, Online ISSN : 2394-4099, Volume 3 Issue 6, 

pp.628-634, September-October 2017. 

[34] Vikram, A. Arun, R. Navaneeth, M. Naresh Kumar, and R. 

Vinoth. "Solar PV Array Fed BLDC Motor Using Zeta 

Converter For Water Pumping Applications." Journal of 

Science and Technology (JST) 2, no. 11 (2017): 09-20. 

[35] Nagarajan, L. Star Delta Starter using Soft Switch for Low 

Power Three Phase Induction Motors. Australian Journal of 

Basic and Applied Sciences, 9(21), 175-178. 

[36] Vinusha, S., & Nagarajan, L. (2015). CURRENT SOURCE 

INVERTER FED INDUCTION MOTOR DRIVE USING 

MULTICELL CONVERTER WITH ANFIS CONTROL. 

[37] Nagarajan, L., & Nandhini, S. (2015). AN EFFICIENT 

SOLAR/WIND/BATTERY HYBRID SYSTEM WITH HIGH 

POWER CONVERTER USING PSO. 

[38] Subramanian, AT Sankara, P. Sabarish, and R. Jai Ganesh. 

"An Improved Voltage follower Canonical Switching Cell 

Converter with PFC for VSI Fed BLDC Motor." Journal of 

Science and Technology (JST) 2.10 (2017): 01-11. 

[39] Compensator, D. S. (2015). AN ADAPTIVE CONTROL 

AND IMPROVEMENT OF POWER QUALITY IN GRID 

CONNECTED SYSTEM USING POWER ELECTRONIC 

CONVERTERS. 

[40] Sabarish, P., Sneha, R., Vijayalakshmi, G., & Nikethan, D. 

(2017). Performance Analysis of PV-Based Boost Converter 

using PI Controller with PSO Algorithm. Journal of Science 

and Technology (JST), 2(10), 17-24. 

 

 

 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181

Published by, www.ijert.org

ICONNECT - 2k18 Conference Proceedings

Volume 6, Issue 07

Special Issue - 2018

4


