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The Wind Energy System is capable of producing the Green Power and the Power Conversion System plays an important role in 

improving the efficiency of the entire system. Thus the 
can account for the efficient power conversion of wind energy systems
here. Different types of matrix converters wit
Converter in the AC/AC Conversion system can be used for improving the efficiency of Wind Energy Systems and reduced complexi
due to less number of switches used.  
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INTRODUCTION 

 
The Photovoltaic and the Wind Energy Systems 

are the two most popular known types of renewable 
energy systems. As the power obtained from the 
Wind Energy System is in the form of AC source the 
efficient Power Conversion is inevitable. There are 
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Fig. 1: (a) Conventional Direct Matrix Converter 
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ABSTRACT 

The Wind Energy System is capable of producing the Green Power and the Power Conversion System plays an important role in 
improving the efficiency of the entire system. Thus the number of Power Electronic Converters such as AC to DC, AC/DC/AC systems 
can account for the efficient power conversion of wind energy systems. Matrix converter with distinct configurations also been presented 

Different types of matrix converters with reduced number of switches and diodes are being discussed.  The Proposed type of Matrix 
Converter in the AC/AC Conversion system can be used for improving the efficiency of Wind Energy Systems and reduced complexi

Indirect Matrix Converter, Ultra Sparse Matrix Converter.  

The Photovoltaic and the Wind Energy Systems 
are the two most popular known types of renewable 
energy systems. As the power obtained from the 
Wind Energy System is in the form of AC source the 
efficient Power Conversion is inevitable. There are 

numerous power conversion systems such as the 
AC/AC, AC/DC/AC, AC/DC. Matrix conversion 
systems are of two types, Direct Matrix and Indirect 
matrix Converters. As in the case of the Voltage 
Source Inverters, there is the need of the bulky DC
Link Capacitors used for the power conversion as 
well as it acts as the storage element.

(a)                                                          (b) 

Conventional Direct Matrix Converter (b) Direct Matrix Type Converter. 
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Matrix type AC-DC-AC conversion systems do 
not need a storage element. Another advantage of the 
matrix converters is the no extra components for 
Diode rectifier, filters and charge-up circuits are 
required.    

The Direct Type Matrix Converter performs the 
Voltage and Current conversion in the Single Stage. 
However, in the case of Indirect Matrix Converters, 
the VSI type power conversion takes place without 
the use of the extra capacitor bank. 

Thus, the system needs no intermediate storage 
element. The matrix converters has numerous 
applications including variable speed drives due to 
the reduction of power semiconductors used, the cost 
of the overall system is reduced. Fig. 1(a) shows the 
Direct Matrix Converter Topology with single stage 
of Power Conversion. [10]. 

Conventional Matrix Converter (CMC) and 
Indirect Matrix Converter (IMC), both compared for 
the High Frequency Link Offshore Wind Energy 
Conversion Systems. The CMC with low rating 
IGBT switches in series as well as the parallel 
connections has been proved efficient compared to 
the IMC in CSR and VSI configurations [12]. The 
dual- bridge matrix converter topologies can be used 
to reduce the number of switches from 18 to 9 for the 
unidirectional power flow applications [13].  Both 
the Vertical and the Horizontal Axis Wind Turbine 
have similar to each other in terms of wind 
technology. The VAWT has the advantage of 
elimination of heavy nacelle or yaw system [24]. The 
maximum amount of kinetic energy that can be 
extracted is 59.3% in accordance to the betz 
limitations while converting the mechanical input to 
the usable kinetic energy [25]. Several closed loop 
control techniques can also be implemented using 
power semiconductors, for reducing the cost of 
energy and it improves the overall system efficiency. 
[26] 

 

II. Sparse Matrix Converter 
Thus sparse matrix converter consists of the 

reduced number of switches, low-complexity 
modulation index. The different topologies of matrix 
converter includes:  

1. Sparse Matrix Converter (SMC). 
2. Very Sparse Matrix Converter (VSMC). 
3. Ultra Sparse Matrix Converter (USMC). 
 

A. Sparse Matrix Converter (SMC) 
Sparse Matrix Converter also known as direct 

matrix converter consists of the 15 transistor 
switches and 18 diodes. Thus compared to the Direct 
Matrix converter, the Indirect Matrix Converter 
consists of the reduced number of switches and 
reduced complexity in the control operation. Fig 1.b 
shows the Indirect or Sparse Matrix topology that 
consists of the Power conversion through a VSI with 
no Storage element.  [10]. 

 
B. Very Sparse Matrix Converter (VSMC) 

The Very Sparse matrix Converter consists of 
the twelve transistor switches, thirty Diodes. It 
consists of the reduced number of transistor switches 
compared to the sparse or indirect matrix converter. 
However, there are high conduction losses in the 
Very Sparse matrix compared to the sparse matrix 
due to the increased number of the diodes used in 
this topology compared to the sparse matrix. 

 
C. Ultra-Sparse Matrix Converter (USMC) 

The Ultra-Sparse Matrix Converter consists of 
nine Transistor switches, eighteen Diodes, while 
there is presence of a diode between rectifier and 
inverter side. Ultra Sparse Matrix converter consists 
of the same number of Diodes as that of the Sparse 
Matrix Converter, but number of transistors used are 
less. The Figure 2 and 3 shows the circuit 
configurations of the very sparse and ultra-sparse 
matrix topologies. 

 

 
 
Fig. 2: Very Sparse Matrix Converter 
 
The characteristics of the Sparse Matrix Converter 
are 

 
1. No need of the extra storage elements like dc 

link capacitors. 

2. Input current is in phase with the mains voltage, 
by using the suitable space-vector modulation 
technique. 

3. Consists of low modulation complexity and high 
reliability for the efficient power conversion. 
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4. Low complexity in power circuit due to the less 
number of transistor switches used. 

5. The maximum displacement between the input 
voltage and the input current is limited to 30 
degrees.

 

 
 

Fig. 3: Ultra Sparse Matrix Converter 
 

D. Switching Technique used in Ultra Sparse Matrix 
Converter: 

This rectifier consists of control of converter 
based on the space vector rectification and space 
vector inversion. Here the front leg receives the input 
sinusoidal current and controls the input 
displacement angle. Thus at unity input power factor, 
the input current vector is aligned with the input 
phase voltage. The input pulses to the two switches 
in the sparse matrix topology merged using the logic 

gates such as the OR gate and given to the switch. 
One end of the switch is connected to the upper leg 
section, while another terminal is connected to the 
lower leg section. The fig.4 represents the structure 
of ultra-sparse matrix converter in comparison with 
the sparse matrix topology. Fig.4 (a) represents the 
circuit configuration of the sparse matrix topology 
and fig.4 (b) represents the circuit configuration of 
ultra-sparse matrix topology. 

 
 

 
Fig. 4:                                                           (a)                                  (b) 

 
Thus, the Sap represents the switching signals at 

the positive rail of the Phase A leg, while the San 
represents the switching signals of the switch in the 
negative rail of the phase A of the fig. 4(a). Thus in 
the case of ultra-sparse matrix the both the negative 
and positive signals are combined using logic gates. 
Here the OR gate is used for the merging of the two 
different signals. Thus the combined Switching 
Signals are represented by the term, SR (a,b,c). Thus the 
Switches used here are reduced to three from the six 

used in the case of the Very Sparse Matrix and 
fifteen in the case of the sparse matrix configuration. 
Here in the switching of the vectors, out of the eight 
vectors, (011), (010) and (101) are active vectors and 
(000), (001), (010), and (100) are known as the non-
active vectors. Thus, ‘0’ represents the turn off and 
‘1’ represents the turn off condition of the switches 
[2]. The fig, 5 represents the space vector 
configuration of the output voltage of an ultra-sparse 
matrix configuration..  
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Fig. 5: Output voltage space vectors 

 
III. Existing Matrix Converter System: 
A. Existing System with DC output: 

Thus the existing matrix converter system 
consists of the Three Phase AC source which is 
connected to the three legs of the sparse matrix 
converter, thus the number of switches used here is 
twelve [1]. The high frequency transformer is used in 

order to obtain the DC power output, thus the input 
filter is used in order to reduce the oscillations and to 
get the sinusoidal output voltage. Thus the dc-dc 
conversion takes place in the output side of the ultra-
sparse converter. Thus the load voltage can be 
denoted as Vo, and the Co is connected across the 
load.

   

 
Fig. 6: Sparse matrix based AC-DC System 

 
Thus the Fig.6 shows the sparse matrix based 

AC-DC conversion system and the diode bridges are 
connected to the secondary of the transformer. Thus 
the here the novel modulation scheme of the 
Switched Rectifier Inverter (SRI) is used in order to 
convert the three phase supply into the DC. Thus it is 
also known as the (3x1) configuration. This kind of 
configuration is used for the aircraft applications. 
Thus the Isolation transformer and the diode rectifier 
is used for the purpose. Here the zero current 
switching (ZCS) is used for the switching devices. 
Thus the switching losses are reduced and thus there 
is no need for the bulky DC Link Capacitor. The 
output voltage is shown to have less than 5% of 
Harmonic content. The previously used matrix 
converter systems consists of the (3x3) 
configurations which uses the more number of 
switches compared to the (3x1) type configurations.  

Thus in existing system, the ultra-sparse matrix 
is used for the AC to DC conversion and thus for the 

inversion process the six switches are used. Thus Z-
Source is introduced in between the rectifier and the 
inverter configurations. Thus the types of z-source 
configurations used here is cascaded and the series z-
source configurations. Thus the proposed ultra-sparse 
matrix for the AC/AC type configurations are 
compared with both type of z-source converters. 
Thus it is proved that the series z source dc link 
configurations are suitable for the voltage boosting 
configurations.  

The shoot-through capability produced by the z-
source configuration helps to achieve the voltage 
boosting. Thus the series z-source configurations are 
characterise by reduced switching losses and the 
reduced inrush current at the start up due to the 
reduced capacitor voltage of the z-source and 
improved voltage boost capability compared to the 
cascaded type configurations. The fig. 7 and 8 shows 
the configuration of the cascaded and series z-source 
based AC/DC/AC configurations [2]. 
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Fig. 7: Cascaded z-source based AC/DC/AC System 
 
Thus the wind energy systems with the series z-

source based Very Sparse Matrix Converter (VSMC) 
can be used for reduce number of switches as well as 
the reduced capacitor voltage and the maximum 
voltage transfer ratio beyond the value of 0.86 can be 
obtained [3]. Thus by using such a configuration the 

voltage transfer ratio of 0.97 has been obtained. Here 
first the Very Sparse Matrix Converter is used to 
operate in the normal and in the reverse conduction 
modes. Then it is implemented using z-source based 
VSMC configuration. 

 
 

 
 
Fig. 8: Cascaded z source based AC/DC/AC System 

 
The back to back connection can be used for 

connecting the different types of generators to the 
wind energy conversion system [4]. The switched 
inductor z-source type matrix converter consists of 
the switched z-source connected between the Inverter 
and the rectifier sections of the AC/AC system. Thus 
this type of systems are used for the unidirectional 
power flow applications and this can be used for 
bidirectional power flow by adding three more 
switches to the rectifier side of the system and thus 
the ultra-sparse can be converted into the sparse type 
of matrix. Thus here RL load is used and thus the 
converter is set to the modulation index of 0.7. In 
contrast to the diode bridge bidirectional switch cell, 
the common emitter back-to-back and the common 
collector back-to-back configurations could be used, 
where the number of diodes and the IGBTs used are 
two in number compared to the conventional diode 
bridge which consists of the one IGBT switch and 
the four Diodes [14].   

The converter boosts the 30 Volts into 230 Volts 
and is proved to have a very low distortion in the 
output voltage [5]. The same type of VSMC could be 
applied for other type of z-source configurations such 
as Extended Switched inductor type, quasi z source 
type configurations. The Inverting link Matrix 
Converter can be used for the voltage step down 
operation. But the voltage based Ultra Sparse Matrix 
converter can be used for the step up and step down 
operation with reduced power conduction losses. 

Thus there are two different types of configurations 
available in this type, Voltage dc Link Back-to-Back 
PWM converter (V-BBC) and the Current dc-link 
Back-to-Back PWM converter (I-BBC). Thus the 
power loss in the V-BBC and I-BBC is low 
compared to the conventional indirect matrix 
converter topologies [6]. 

The static converters are used in the locomotive 
applications such as the aircraft applications. Thus 
the matrix converters can also be used for the 
conversion of the conversion process due to the case 
that the harmonic content is low in the matrix 
converters compared to the static converters [7]. 
Thus the conventional static converters uses 36 
switches compared to the 9 bidirectional switches in 
the case of matrix converters. The six transistor 
switch topology can be used for the unidirectional 
power flow applications. In the case of the 
conventional matrix converter topologies, the dual 
bridge is used and the 15- switches are used for the 
conventional sparse matrix topology. But the number 
of diodes used in this topology are of 24 in number 
[8]. Thus the features of the six transistor topology 
includes, reduction in the number of transistor switch 
count, yields high quality input and output current, it 
can also operates at the unity power factor for any 
type of load. Thus the simple clamp circuit is used in 
the six switch topology where only one diode and 
one transistor switch is used for a single leg.  
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The AC-Link based soft switching dc-dc Buck 
boost converters uses the zero-voltage turn on and 
turn off for all the switches. Thus this consists of the 
ac-link between the two transistor legs [9]. Thus the 
various topologies such as the step-up dc link ac to 
ac converter and the soft switching based ac-link dc-
dc converter with galvanic isolation is possible in 
which the isolation transformer is used for the 
separation of the input side to the output side. Thus 
the conventional direct matrix topology uses the 
more number of switches compared to the indirect 
matrix converter which uses only 15 switches. Thus 
the realization effort could be further reduced by 
using the suitable space vector modulation with the 
Ultra sparse matrix type of converter [11].  

Thus the diode used in the ultra-sparse matrix 
converter is also less, 18 diodes compared to the 
conventional very sparse matrix converter which 
uses 30 diodes. Thus there are number of indirect 
matrix converter topologies available which includes, 
sparse matrix, Inverting link, very sparse matrix and 
ultra-sparse matrix topologies. One disadvantage of 
the matrix converter is the output voltage range is 
less than the input voltage. The lowered inrush 
current and better shoot-through could be achieved 
by using the z-source at the dc-side of the ultra-
sparse matrix converters.  

The ultra-sparse matrix converter can be 
redesigned to get the dual three phase outputs with a 
single input. Thus the output side uses nine-switch 
VSI for this purpose. The total number of switches 
used here are reduced to 12 in number [15]. The 
fuzzy logic controller can be used in order to reduce 
the harmonics at the input voltage or current. Thus 
the harmonics can be eliminated from all the output 
frequencies of 10 Hz to 100 Hz [16]. Single Sided 
Matrix Converter (SSMC) drive with BLDC motor 
can be used for the aerospace applications such as 
electro-hydrostatic actuator system. Thus the single 
band and dual band configurations could be used for 
the SSMC control of driving the BLDC motor. Thus 
by using  SSMC based BLDC in aerospace 
applications, high efficiency as well as the compact 
structure can be obtained [17].  

The Direct Three Level Matrix Converter 
topology can also be used in order to reduce the 
number of switches and to improve the power factor 

of the entire system in comparison to the 
Conventional Matrix Converters. For this type of 
matrix based multilevel inverters the Constant Pulse 
Width Modulation strategy could be used [18]. The 
PMSG based wind turbine could be connected to the 
proposed system such that it has the following 
advantages, no need for dc link, capable of operating 
at wide voltage range, high efficiency and lower 
Harmonic content [19].  In order to get the neutral 
from the Primary AC side, the four leg inverter can 
be used instead of split dc link [20].  

Moreover, the matrix converters are able to 
produce the direct AC-to-AC Power, thus direct 
power control is possible in the case of the matrix 
converters [21]. It is possible to control the Active 
and the Reactive Power directly using the Matrix 
Converters. The Matrix Converter when connected in 
parallel to the grid such that it can act as the power 
distortion compensator, which can control the 
reactive power, input current and voltage harmonics, 
and instantaneous interruptions by using the rectifier 
and the inverter based PWM controller [22]. 
Adaptive nonlinear control can be used along with 
the matrix converters in order to obtain the maximum 
power from the wind energy conversion systems 
[23].  

 
III. Ultra Sparse Matrix Converter Topology For 
Wind Energy Applications: 

The AC-AC type ultra-sparse matrix converter 
topology can be used for the conversion of power as 
well as for the efficient switching with Capacitor 
between the rectifier and the inverter stages. Thus the 
number of switching devices can also be reduced by 
using the AC-AC conversion techniques, thus only 
nine switches are used and three switches can be 
used for Ultra-Sparse Matrix Rectifier side, while six 
switch inverter can be used in the other side. The fig. 
9 shows the block diagram of the proposed power 
circuit for the power conversion of wind energy 
system. Thus the complexity of the conventional 
system using six transistor switches can also be 
simplified by using three transistor switches. Thus 
the conventional system uses the very sparse matrix 
topology.. The main aim of using the z-source is to 
achieve low inrush current. 

  
 

 
 
Fig. 9: Proposed system with the Ultra-Sparse Matrix Converter 
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This type of AC-AC converters with Capacitor 
between the rectifier and inverter side are ideal for 
the wind energy conversion systems, where there are 
varying output voltages present. Thus the series z-
source could also be used for boosting the output 
voltage. Here the LC filter is used at the input side in 
order to reduce the harmonic content at the input side 
as well as to obtain the sinusoidal waveform.   

Thus the Z-Source is followed by DC Link 
Capacitor and the Six Switch Inverter and finally to 
the Load. The rectifier and the inverter switches can 
be controlled using the Sinusoidal and Space Vector 
Pulse width Modulation techniques.  

 
Conclusions: 

The proposed type of converter system not only 
uses the less number of switching devices but also 
reduces the complexity in control of the power 
conversion system due to the simple switching 
operation. The proposed converter system could be 
verified by connecting output side with the Resistive 
loads. The efficiency of power conversion for the 
proposed system could be verified using suitable 
switching techniques and simulation tools such as 
Matlab/Simulink software. 
 
References 

 
1. Amit K Singh, Student Member, IEEE, Pritam 

Das, Senior Member, IEEE, S.K. Panda, 
2015.“A Novel Matrix Based Isolated Three 
Phase AC-DC Converter with Reduced 
Switching Losses”, Applied Power Electronics 
Conference and Exposition (APEC), 2015 IEEE, 
pp: 1875-1880. 

2. Ekrem Karaman, Mehdi Farasat and Andrzej M. 
Trzynadlowski, 2012. “Matrix Converter with a 
Series Z-Source”, IECON 2012 - 38th Annual 
Conference on IEEE Industrial Electronics 
Society, pp: 6093-6098. 

3. Catherine Nasr El-Khoury, Hadi Y. Kanaan, 
Imad Mougharbel and Kamal Al-Haddad, 2015. 
“A Comparative Study of Four Bidirectional 
Sparse Matrix Converter Topologies for Wind 
Power Applications”, 2015 IEEE International 
Conference on Industrial Technology (ICIT), pp: 
2552-2558. 

4. Remus Teodorescu, Marco Liserre, Pedro 
Rodriguez, 2011. Grid Converters for 
Photovoltaic and Wind Power Systems. West 
Sussex, United Kingdom: John Wiley & Sons, 
Ltd. 

5. Ekrem Karaman, Fen Niu, and Andrzej M. 
Trzynadlowski, 2012. “Three-Phase Switched-
Inductor Z-Source Matrix Converter”, Applied 
Power Electronics Conference and Exposition 
(APEC), 2012 Twenty-Seventh Annual IEEE, 
pp: 1449-1454. 

6. Thiago B. Soeiro and Marcelo L. Heldwein, 
2013. “High Efficiency Indirect Matrix 

Converter Topologies”, Industrial Electronics 
Society, IECON 2013 - 39th Annual Conference 
of the IEEE, pp: 4856-4861. 

7. Harish, S., T. Ramasastry, L. Dinesh, 2014. 
“Comprehensive Analysis Of Static Converter 
And Matrix Converter”, 2014 International 
Conference on Advances in Energy Conversion 
Technologies (ICAECT), pp: 146-151. 

8. Sajjad Hossain Rafin, S.M., Thomas A. Lipo, 
Byung-il Kwon, 2014. “Novel Matrix Converter 
Topologies with Reduced Transistor Count”, 
Energy Conversion Congress and Exposition 
(ECCE), pp: 1078-1085. 

9. Tao Wang, Soumik Sen, Mahshid Amirabadi, 
2015. “Soft Switching High Frequency AC-Link 
DC-DC Buck-Boost Converters”, Applied 
Power Electronics Conference and Exposition 
(APEC), pp: 57-64. 

10. Kolar, J.W., M. Baumann, F. Stögerer, F. 
Schafmeister, H. Ertl, 2002. “Novel Three-Phase 
AC-DC-AC Sparse Matrix Converter, Part I - 
Derivation, Basic Principle of Operation, Space 
Vector Modulation, Dimensioning, in 
Proceedings of the 17th IEEE APEC’02, Dallas, 
USA, 2: 777-791. 

11. Kolar, J.W., F. Schafmeister, S.D. Roundand H. 
Ertl, 2007. “Novel Three-Phase AC-AC Sparse 
Matrix Converters“, Transactions Power 
Electronics, 22(5): 1649-1661. 

12. Nathalie Holtsmark, Marta Molinas, 2011. 
“Matrix Converter Efficiency in a High 
Frequency Link Offshore WECS”, IECON 2011 
- 37th Annual Conference on IEEE Industrial 
Electronics Society, pp: 1420-1425. 

13. Wei, L., T.A. Lipo, H. Chan, 2002. “Matrix 
Converter Topologies with Reduced Number of 
Switches“, in Proceedings of the VPEC’02, 
Blacksburg, USA, pp: 125-130. 

14. Wheeler, P., J. Rodriguez, J. Clare, L. 
Empringham, A. Weinstein, 2002. “Matrix 
converters: A technology review”, IEEE 
Transactions on Industrial Electronics, 49(2): 
276-288. 

15. Xiong Liu, Peng Wang, Poh Chiang Loh, Frede 
Blaabjerg, 2012. “A Compact Three-Phase 
Single-Input/Dual-Output Matrix Converter”, 
IEEE Transactions on Industrial Electronics, 
59(1): 6-16. 

16. Hulusi Karaca, Ramazan Akkaya, 2011. 
“Modelling and simulation of matrix converter 
under distorted input voltage conditions”, 
Simulation Modelling Practice and Theory, 
19(2): 673-684. 

17. Xiaoyan Huang, Andrew Goodman, Chris 
Gerada, Youtong Fang, Qinfen Lu, 2012. “A 
Single Sided Matrix Converter Drive for a 
Brushless DC Motor in Aerospace 
Applications”, IEEE Transactions on Industrial 
Electronics, 59(9): 3542-3552. 



311              V.Arulalan and Dr.R.Dhanasekaran, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages: 304-311 

 

18. Siddharth Raju, Lakshmi Narayanan Srivatchan, 
Visweshwar Chandrasekaran, Ned Mohan, 2012. 
“Constant pulse width modulation strategy for 
direct three-level matrix converter”, 2012 IEEE 
International Conference on Power Electronics, 
Drives and Energy Systems, pp. 1-5, 
December,16-19, 2012, Bengaluru, India. 

19. Guoliang Yang, A., B. Huiguang Li, 2010. 
“Application of A Matrix Converter for PMSG 
Wind Turbine Generation System”, 2nd IEEE 
International Symposium on Power Electronics 
for Distributed Generation Systems (PEDG), pp: 
185-189, Hefei, China. 

20. Roberto Cárdenas, Rubén Peña, Patrick 
Wheeler, Jon Clare, Carlos Juri, 2012. “Control 
of a matrix converter for the operation of 
autonomous systems”, Renewable Energy 
Journal, Elsevier, 43: 343-353. 

21. Toshihiko Noguchi, Somei Nakatomi, 2010. 
“Direct-power-control-based matrix converter 
and its operation characteristics”, Electrical 
Engineering in Japan, 170(2): 53-59. 

22. Shunsuke Tamada, Jun-Ichi Itoh, 2010. “A 
Proposal of a Power Distortion Compensator 

Using a Matrix Converter”, Electrical 
Engineering in Japan, 171(4): 37-44. 

23. Majid Pahlevaninezhad, Alireza Safaee, Suzan 
Eren Alireza Bakhshai, Praveen Jain, 2009. 
“Adaptive Nonlinear Maximum Power Point 
Tracker for a WECS Based on Permanent 
Magnet Synchronous Generator Fed by a Matrix 
Converter”, Energy Conversion Congress and 
Exposition, ECCE, pp: 2578-2583. 

24. Aravind, C.V., G.P. Ramesh, 2013. “Design 
Aspects of Blade Shape and Position for the 
Vertical Axis Wind Turbine”, International 
Journal Of Technology And Engineering 
Science, IJTES, 1(6): 1001-1007. 

25. Ramesh, G.P., C.V. Aravind, 2015. “Design 
Aspects of Blade Shape and Position for the 
MAGLEV Vertical Axis Wind Turbine”, Power 
Electronics and Renewable Energy Systems, 
Vol. 326, Lecture Notes in Electrical 
Engineering, Springer India, pp: 933-940. 

26. Ramesh, G.P., A. Jaffar Sadiq Ali, 2014. 
“Comparison of Boost and Interleaved Boost 
Converters for Wind Energy System”, 
International Journal of Scientific & Engineering 
Research, 5(4): 83-86. 

 


