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ARTICLE INFO ABSTRACT
Article history: Background: This Paper presents hardware model of the ultresepmatrix based
Received 10 December 2015 converter system for AC/AC conversion system. Haee shoot through capability is
Accepted 28 January 2016 implemented using z-source inverter for improviraitage boost at the dc output side
Available online 10 February 2016 of Matrix Converter. The inrush current and capacioltage stress is reduced and is

verified using the hardware model. The output atbe RL load is presented. Here the
Keywords: Pulse input to the switches are achieved usingrBnogable Interface Controller. The
SVPWM, PIC16F87XA Photo coupler based gate driver is used for gangrttie pulses for the Sparse rectifier
Microcontroller, Photo coupler. bridge.

INTRODUCTION

Sparse matrix converters eliminate the use of pleltep commutation procedure used in the conwesti
matrix converter systems. Ultra Sparse Matrix Cotere consists of the less number of switches hedriver
potentials compared to the very sparse and thesmpaatrix converters (Ekrem Karamabal, 2012). Thus the
complexity in generating the input pulses are reducThe Sinusoidal Pulse Width Modulation Technitue
implemented in the rectifier stage while the Spdeetor Pulse Width Modulation is used in the ingerside.
Here the AC/DC/AC system is used, which consistd¢hef DC link capacitor fed from the series Z-source
inverter circuits. The DC link is not present ir ttase of Direct AC/AC Conversion Systems (Ekremalten,
Fen Niu, and Andrzej M. Trzynadlowski, 2012).

The Closed Loop Control System can be implemerntedhie proposed type of Ultra-Sparse Matrix based
Wind Energy Converter system (Santoshkumar, M., gaai Hiren H Patel, 2015). Thus the LC Filter sed
in the Wind Energy System in order to reduce thenleaic content at the input of the system. The irequent
of high frequency DC to DC Transformers or Lineaarisformers can be eliminated in this type of AC-BC
conversion Systems (Amit, K Singét, al, 2015).

The Ultra-Sparse Matrix based Converter can alsadeel for the Induction Heating applications withou
any energy storage elements (Haseena Banu, H.aRdHhg 2015). The six switch topology uses the &mp
clamp circuit with a single diode and a single siator (Schonberger, Jegt al, 2007). The Clarke
Transformation can be used for the three phasetitjeaninto two phase quantities (Park, InversekPard
Clarke,). The SVPWM uses the three phase inpupdatied by 120° with each other.

Block Diagram Of Proposed Matrix Based Wind Energy Conversion System:

Thus the Block Diagram consists of the Ultra-Spavksrix based Rectifier and the Six-Switch based
inverter side that uses the Sinusoidal and Spaato¥®ulse width Modulation techniques respectivélge
Series Z-Source Inverter is used to improve theoshbrough capability of the inverter system. The
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Programmable Interface Controller is used in thedWare for the generation of the pulses and giwethé
rectifier switches. The “RL” type of Load is conted to the output of the System. The proposed typdatrix
Converter topology uses only nine transistors dghteen diodes (http://www.diodes.com). The Vettikais
Wind Turbine is better in comparison to the HoritabrAxis Wind Turbine due to the case that it agoitle
requirement of yaw system (Sajjad Hossain RafiM.SThomas A. Lipo, Byung-il Kwon, 2014). The desig
aspects such as the blade shape and positiontalysole in the efficient operation of wind engrgonversion
system. The kinetic energy input to the Wind tuebig converted to the mechanical input to the pearand is
used to drive the generator for the extractionledteical energy and the betz limit governs the imasn power
output from the wind energy conversion system (&rdyC.V and G.P. Ramesh, 2013). Power Semiconducto
devices improves the power conversion efficiencyrdgucing the cost and number of devices used darep
conversion (Ramesh, G.P. and C.V. Aravind, 2015).

ULTRA [ >
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SYSTEM = FILTER = MATRIX SOURCE | == INVERTER >-| PHASE
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Fig. 1: Proposed Ultra Sparse Matrix Converter based \WWimergy Conversion System

Hardware Components Used:
Components used in the Proposed System:

Table 1: Components used in the proposed type of Matrixv€dar System

S.NO Components Quantity
1 Ac socket 1
2 lamp Bridge rectifier 1
3 470mf 25v capacitor 1
4 7805 regulator 1
5 10mf 25v capacitor 1
6 330 ohm resister 1
7 LED 1
8 0.1 capacitor 2
9 22pf capacitor 2
10 10MHZ crystal oscillator 1
11 40 pin IC Base 1
12 100 ohm resister 1
13 Micro switch 1
14 PIC16f874A IC 1

Driver boards:

Table 2: Driver components used
S.NO Components Quantity
TLP 250
IN4007N Diode
1000mf capacitor
1Kk resistor

100 ohm resistor
8 PINIC

OO B|W|IN -

AN RN

The table 1 and table 2 shows the components usthe iproposed type of matrix converter systemthad
driver used respectively. Thus the detail aboutRth@ Microcontroller and other components usedkdained
below.

PIC Micro Controller Details:
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The PIC Controller used here is the PIC16f874As H 40-Pin IC and has the several units includiimpyt
/ Output Ports, Control Pins including reset, pagwetack, Processor (CPU), Memory (RAM, ROM, EEPRQM)
Serial and parallel ports, Timers, Analog-to-dig{&/D) and digital-to-analog (D/A) converters.Has several
Serial communication interfaces including USART),SPC, CAN. It comes with the several types of kages
including DIP, PLCC, SOIC, QFP. Thus the PIC miaontcoller used consists of the analog inputs. Rig.
shows the Pin Configuration of the PIC Microcontgobnd the input signals and clock signals andefgmused
(http:/toshiba.semicon- storage.com/info/docgp®pid=TLP250&lang=en&type=datasheet).

40-Pin PDIP
MCLR/NVPP —= [ 1 \_/ s01-— rRe7/PGD
RAQ/ANO =[] 2 39 [] == RB&/PGC
RAT/ANT =[] 3 38 []=—+ RB5
RA2/AN2N/REF-/CVREF - [] 4 37 [ == RB4
RA3/AN3/VREF+ - =[] 5 36 [ == RB3/PGM
RA4/TOCKIC10UT = =[] 6 35 ] = = RB2
RA5/AN4/SS/C20UT =—»= ] 7 = 34 7 RB1
REO/RD/ANS =[] 8 ~ 33 [J =—= RBO/INT
RE1AVR/ANG =[] 9 £ :2O-—vo
RE2/CS/AN7 =[] 10 < 31 ] = Vss
VDD ——» [ 11 o 30 [1=—+ RD7/PSP7
Vss 12 L 29[1=—» RDE&/PSPS
OSC1/CLKI — =[] 13 - 28 [J == RDS5/PSP5
OSC2/CLKO O 14 g 27 [] == RD4/PSP4
RCO/T10SO/T1CKI = =[] 15 26 [] == RC7/RX/DT
RC1/T10SI/CCP2 = =[] 16 25 [] == RCB/TX/CK
RC2/CCP1 = [1 17 24 [ == RCE/SDO
RC3/SCK/SCL =[] 18 23 [] == RC4/SDI/SDA
RDO/PSPO =[] 19 22 [ == RD3/PSP3
RD1/PSP1 =[] 20 21 [J == RD2/PSP2

Fig. 2: Pin Configuration of the PIC16F87A Micro Contralle

Diode:

The Diode used in the rectifier side consists eflti4007. The diodes ranging from the IN4000 to ONA
are one amp rated and are low speed rectifier diotige IN4007 diode is rated at 1 Ampere and 100s\and
has a long reverse recovery time. It has the adgast including High Current Capability, Low Forward
Voltage drop, Peak Surge Voltage rating of 30A, Lewerse leakage current and it is a lead fresHirFig.3
represents the diagrammatic representation oNH@07 Diode used in the rectifier section.

— —

Fig. 3: IN4A007 Diode

Gate Driver Circuit:

10 s

2 [] 7
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Fig. 4: Pin Configuration of TLP250 Gate driving circugead.

Fig 4 represents the Pin Configuration of the TI5R Bate driving circuit. TLP250 gate drive is shleafor
Power MOSFET and IGBT switches. It consists of &AlBa light emitting diode and an integrated photo
detector. Here the pin 1 and 4 are No Connection2@nd 3 are anode and cathode respectivelyewil 5 is
Ground while pin 6 and 7 is Output Voltage Vo arnd ® is Vcc. TLP250 consists of a photo couplethat
input of the Gate drive circuit.

Gate Driver (TLP250) parameters.
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Input threshold Current If = 5mA(max)

Supply Current Icc = 11mA (max)
Supply Voltage Vce =10 - 35V
Output Current lo = 1.5A (max)
Switching time (tpLH/tpHL) = £1.5us(max.)
Isolation Voltage = 2500 Vrms

Maximum Operating Insulation Voltage = 890 Vpk.

The Gate Driver is based on the Photo Coupler wherensists of a GaAlAs based light emitting diode
and an integrated photo detector (TLP250 TOSHIBA).

Hardware | mplementation:
Hardware Configuration:

Fig. 5: Proposed Model of the Ultra-Sparse Matrix basedd¥inergy Conversion System

The Fig.5 represents the entire setup of the Pezp8ystem. Permanent Magnet Synchronous Genesator i
used in the Wind Energy System. The PMSG usedempthposed system is 400 Watts Three Phase Generato

Fig. 6: Entire setup of the Proposed Matrix based Conv&ystem.

The Fig.6 represents the Entire setup of the Pexpd@onverter system consisting of the Rectifier and
Inverter section. The Pulses are generated usi@gd®htroller and given to the driver circuit andjigen to the
three switches of the Matrix Converter Section.
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Fig. 8: TLP250 Gate Driver.

Fig. 9: Rectifier and Inverter used for the Proposed 3yste

Fig. 10: RL Load connected across the output side of thpqwed systen'1



503 V.Arulalan and Dr.R. Dhanasekaran, 2016
Australian Journal of Basic and Applied Sciences,d(1) January 2016, Pages: 498-504

Fig. 12: Output Voltage Waveform across the RL Load

Transformer used here is 12 Volt Step Down tramsésr The output is divided into two outputs. One is
+5V supplied to the PIC microcontroller and +12\pglied to the TLP250 gate driver circuit. Outputlddge is
obtained at 90 Volts. Fig.7 represents the PIC1648Wicrocontroller used for the generation of thése. The
Fig.8 represents the TLP250 Gate Driver. Fig 9 tise8ridge inverter and the sparse matrix conveRig. 10
represents the RL load connected across the osifeit Thus the Resistive load of 1K ohm and powtng of
10 Waitts is used. The Fig. 11 represents the TRhase AC waveform given to the input side and ige ®2
represents the Output Voltage waveform across thdoRd of the inverter Section. The Proposed type o
converter system can also be improved by usingltsed loop configuration using a specific typeoftroller

Conclusion:

The Series Z-Source based Ultra-Sparse Matrix Gtewvis implemented for the Wind Energy Conversion
System. The inrush current across the DC link Cégrais limited compared to the existing topologmsusing
the effective shoot through capability of SeriesSaiirce Network Configuration. The Proposed System i
implemented in hardware and the output shows trebikity of the Proposed Converter system and @pgibns
of the proposed type of converter system included line application for low harmonic output andeth
renewable energy applications. The advantageseoptbposed type of converter system includes tHaced
complexity in the pulse generation, reduced switgHbsses, low harmonic content, reduced cost aséd ef
implementation.
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