








































































































































































































































































































































































Systems." Under review with the Wind Engineering Journal , 2010 

I\1d . M,T, Iqbal, J.E. Quaicoe. "Performance Comparison 

of Grid Connected Small Wind EDergy COD version SyStems," Wind 

Engincering, vol. 33, no. 1,pp. 1- 18, 2009. 

:>Old . ArlfuJJa man, M,T, Iqbal, lE. Quaicoc, "Analysis of COMersion 

Losses in Grid Connected Small Wind Turbine Systems," The Open 

Renewable Energy Journal, ISSN vol. 2, pp_ 59---69, 2009 

1\-ld. Arifujj aman, M.T. Iqbal. J,E, Quaicoc. "Emutation of a Small Wind 

Turbine System with a Separately·Excited DC Machine," Journal of 

Eicctrical and Eh,>(;tronic Engincc";ng, lstaobul University. vol ,1 , lssue 

lS,no. l.pp,569- 579.2oo8 

Md. Arifujj aman, M.T. Iqbal, J.E. Quaieoc, "Testing of Grid Connected 

Small Wind Energy Conversion Systems," Submi((cd 10 me IEEE 

Electrical Power aJ1d Energy. (EPEC). Halifax. Nova Scotia, Canada. 

August23 - 25.20 10 

,\ 1<1 , ArifuJJs man. M,T, Iqbal, J, E, Quaieoc, "A Comparative Study of 

Conversion Losses in Grid Connected Small Wind Turbine Sy'tems." 

Canadian Wind Energy Association (CanWEA), Vancouver, BC, Canada, 

October 19---22,2008 

1\ld. Ar ifujj ama n, M.T. Iqbal, lE. Quaicoc, "Loss Calculalion in Grid 

Connected PMG based Small Wind Turbine Systems," The 18" IEEE 



Newfoundland Electrical and Computer Engineering Conference 

(NECEC), S1. John~, NL. Canada, November 8, 2008 

Md. Arlfujj aman, M,T, Iqbal. lE. Quaicoe, "Conversion LO'l,es in 

Uti lity Interfaced Small Wind Turbine Systems," Aldrich Conference, S1. 

John·s. NL. Canada,February 8- 10, 2008 

o The usc of temperature as a covariate to cakulate the reliability of thc power 

clcctronic components is not new. What has be<:n done in this rescarch, howcv cr, 

fonns a contribution, as a use of the reaction rate equation was related to the 

power electronic component reliability evaluation and used to calculate the 

reliability of the power conditioning sySlem of the I'MG and WR1G·based system. 

Thc analyticai mooci ofthcrcliabi iitycanbcus.cdtocalculatethcreliabilityof 

any power condit ioning systcm as long as the configuralion is known in ad vance 

Such a tool is also a contribution. Furthermore, the rel iability was quanti lied for 

both power conditioning systems and considered an innovative approach in the 

wind encrgy arca forcakulating reliability ofpowcrciectronics. 

The following publications arosc from the contributions describcd above' 

Md. Arifnjj aman, M.T. Iqbal, J.E. Quaicoc. "Rc1iability Analysis of Grid 

Connected Small Wind Turbine Power Electronics." Applied Energy 

Joumal. vol. 86, Issue 9, pp. 1617- 1623.2009. 

Md. ArifuJJaman. M.T. Iqbal, lE. Quaicoc, 'A Comparative Study of 

Power Electronics Reliability in Grid Connected Small Wind Turbine 



Sy.tcms," IEEE Canadian Conference on Electrical and Computer 

Engineering (CCECE). S1. John's, J\'L. Canada, May 3-6. 2009. 

In addition to the major comribution~ described above, related and complementary 

investigation ofth. analysis of the grid connected small windturbincsystcm~rcsulted in 

thefollowingpublicalions 

Md. Arifujj.m.n, M.T. Iqbal, lE. Quaicoe. 'Vector Control of a DFIG 

based Wind Turbine." Journal of Electrical and Electronic Engineering. 

Istanbul Uni\'crsity, vol. 9. Issue 18,no.2.pp. 1057-1066,2009 

Md. Arifujj.mHn, M,T, Iqbal . J,E , Quaicoe, "Simulation and Control ofa 

DlFG based Wind Turbine." The 17'" IEEE Newfoundland Electrical and 

Computer Engineering Conference (NECEC). S1. Johns. NL. Canada, 

November 8. 2007 

7.3 Recommendations for Future Research 

It is important to understand thi,smdy not a,onc which has produced final results, but 

rather as 3 starting point for further investigations, Based on this work, the following 

hJ\'ebecn idcntifiedas key considerations for any discussions on thed ircctionoffuturc 

o The power loss calculation for the PMO·bascd system may be improved by 

investigating ways to include diffe""nt modulation sckme~. While this may not 

yield significant improvement in power los •. it may lead to an optimized 

modulation scheme that result in minimal power loss. Such an effort i. 



wonhwhilc as valuable infonnation on a preferred modulation scheme can be 

identified; 

o Some work maybe done on generalizing a condusion rcacbed by thi,resc arcboo 

that the conc lusion remains valid for other grid conne<;ted small wind turbine 

sYStCtns, One attempt that must ceMainly be made is to use other rower 

conditioning systems for both PMG and WR1G-bascd systenlS and recalculate the 

power lo«es and subsC<juently, evaluate the perfonnancesofboth ,ystc ms; 

o The collection ofrcli.bilityficlddataov'-"Tacmainp<.-riodoftimc fordi /Terent 

components of the power conditioning sys tem of the PMG and WRIG-based 

systcm is an important cndcavor becausc in such a scenario, it would be possible 

10 eompare thccxpcctcd rcsults with thc.ctual. Moreovcr, incius;onofdiITcrent 

power condi tioning systCtns for both lbe PMG and WRIG-based systems wil l 

produce different rel iabil ity values. A comparison ofthesc will cCMainly be an 

inter.SlingandwOMhwhi]eventurc 
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Appendix A 

Wind Turbine Technical Specifications 

This appendix provides the technical spccifications for the wind turbine used during 

.imulation studies throughout the proposal. 

Tyll<' 

Cut_lnWlndSpe<:>d 

Ra tedWlnd Spted 

Cu t-Q ut Wind Sp'-'I'd 

~'ur1ingWlnd Spred 

O,-uspccdProttttiOlI 

3 Blade Upwirn! 



Cearbo~ 

Tcmpcnture R. nge 

lndUC1ionGcncra10r(WRIG) 

OUll'UlForm 

ControI S)'".m 

Nonc, Dircc(Drivc 

-40 (0+60 Dcg. C 

Pennanen1 Magnet Generator (PMG), Wound Rotor 

(]ridConnccted 

Personnel Computer (PC}-bascd 



Appendix B 

Parameters of the IGBT-Module 

This appendix provides the parameter specifIcations for the lGIlT·Module EUPEC 

FPI5RI2W 1T4_B3uscdduring sirnulstionS1Udicsthroughoutthcthesis 

lIousingType 

v ... IVI 

£o.~ l mJ I 

£or.l mJ I 

v .. [VI 



Oiod~ It,, ~ [KlWj 

IGBTIt" .. [KIWI 



Appendix C 

Nameplate Information of the DC 

Motor 

This aprcndix provides the name pblc inform"tion for the SCI"lrdtcly·cxcilc'<l DC molor 

uscd forlhc wind turbine emulator 

Type 

Full Load Amp •. 

Fidd Amp •. 



Ambi.nl ' C 

·C Ri.e 

Company 

Country 



Appendix D 

Nameplate Information of the 

Permanent Magnet Generator (PMG) 

Thili appcndix provides the name plalc infonnation for the pcnnancnt magnet generator 

used to implement PMG-bascd small wind turbine system 
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Ambiellr "c 

Com pany 

Counrr)' 



Appendix E 

Nameplate Information of the Wound 

Rotor Induction Generator (WRIG) 

Thi, "ppcndi~ provides the name plale infurma!ion ror the wound rotor induction 

gencrntor used to implemenT the WRIG·basc..J small wind turbine system 

Type 

AmI\! · 



Rotor Amp •. 

Ambient ' C 

' CHise 

Conlpan y 

Country 

CanronLimited 



Appendix F 

Component List 

This appendix provides the component lis\ for the Permanent Magnet Generator (PMG) 

and Wound Rotor Induction GcncmlOr (WRlG)-bascc.l small wind lurbine system 

Coml!on~n' List for Ihe l'MG-b .. ed Sn' all Wind Tu r hlne Snfem 

3-l'hase Orldge Rectif1er 

Power harmoni cs Analy,cr 

CompOD' ", US! for lhe "'RIG· b.sed Sm a ll Wind Turbine Snlem 

3-phase llrldge Rect lner 



1::~lcrn a l Variable Resis tance 

Power harmonics Analyze r 
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