






























































































































































































































































































































































































































































































































































Newfoundland Electrical and Computer Engineering Conference

(NECEC), St. Johns, NL, Canada, November 8, 2008.

M. Arifujjaman, M.T. Igbal, J.E. Quaicoe, “Conversion Losses in
Utility Interfaced Small Wind Turbine Systems,” Aldrich Conference, St.
John’s, NL, Canada, February 8-10, 2008.

03 The use of temperature as a covariate to calculate the reliability of the power
electronic components is not new. What has been done in this rescarch, however,
forms 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 system of the PMG and WRIG-based system.
The analytical model of the reliability can be used to calculate the reliability of
any power conditioning system as long as the configuration is known in advance.
Such a tool s also a contribution. Furthermore, the refiability was quantified for
both power conditioning systems and considered an innovative approach in the
wind energy area for calculating reliability of power electronics.

The following publications arose from the contributions deseribed above:
Journals:

« Md. Arifujjaman, M.T. Igbal, L.E

Quaicoe, “Reliability Analysis of Grid
Connected Small Wind Turbine Power Electronics,” Applied Energy
Journal, vol. 86, Issue 9, pp. 1617-1623, 2009.

Conferences:

+ Md. A

jjaman, M.T. Igbal, 1E. Quaicoe, “A Comparative Study of

Power Electronics Reliability in Grid Connected Small Wind Turbine
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Systems,” IEEE Canadian Conference on Electrical and Computer

Engineering (CCECE), St. John’s, NL, Canada, May 3-6, 2009.
In addition to the major contributions described above, related and complementary
investigation of the analysis of the grid connected small wind turbine systems resulted in
the following publications
Journals:
+ Md. Arifujjaman, M.T. Igbal, J.E. Quaicoe, “Vector Control of a DFIG
based Wind Turbine,” Journal of Electrical and Electronic Engineering,
Istanbul University, vol. 9, Issue 18, no. 2, pp. 1057-1066, 2009
Conferences:
+ Md. Arifujjaman, M.T. Igbal, J.E. Quaicoc, “Simulation and Control of a
DIFG based Wind Turbine,” The 17" IEEE Newfoundland Electrical and
Computer Enginecring Conference (NECEC), St. Johns, NL, Canada,
November 8, 2007.
7.3 Recommendations for Future Research
It is important to understand this study not as one which has produced final results, but
rather as a starting point for further investigations. Based on this work, the following
have been identified as key considerations for any discussions on the direction of future
research efforts in this area.
O The power loss calculation for the PMG-based system may be improved by
investigating ways to include different modulation schemes. While this may not
yield significant improvement in power loss, it may lead to an optimized

modulation scheme that result in minimal power loss. Such an effort is
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worthwhile as valuable information on a preferred modulation scheme can be

identified;

3 Some work may be done on generalizing a conclusion reached by this research so
that the conclusion remains valid for other grid connected small wind turbine
systems. One atiempt that must ceriainly be made is to use other power
conditioning systems for both PMG and WRIG-based systems and recalculate the
power losses and subscquently, evaluate the performances of both systems;

0O The collection of reliability field data over a certain period of time for different
components of the power conditioning system of the PMG and WRIG-based
System is an important endeavor because in such a scenario, it would be possible
to compare the expected results with the actual. Moreover, inclusion of different
power conditioning systems for both the PMG and WRIG-based systems will
produce different reliability values. A comparison of these will certainly be an

interesting and worthwhile venture.
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Appendix A

Wind Turbine Technical Specifications

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

simulation studies throughout the proposal.

Type

Rated Power

Rotor Diameter
Cut-in Wind Speed
Rated Wind Speed
Cut-Out Wind Speed
Furling Wind Speed
Blade Pitch Control

Over speed Protection

3 Blade Upwind
1500 Watts
24m

2mis

13ms

17mis

13mis

None

Furl



Gearbox

Temperature Range
Generator

Induction Generator (WRIG)
Output Form

Control System

None, Direct Drive

-40 10460 Deg. C

Permancnt Magnet Generator (PMG), Wound Rotor

Grid Connected

Personnel Computer (PC)-based
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Appendix B

Parameters of the IGBT-Module

‘This appendix provides the parameter specifications for the IGBT-Module EUPEC
FP15RI12W1T4_B3 used during simulation studies throughout the thesis

Housing Type EASY PIMIB
Tenom [A] 15

Vew V] 215

re (9] 0.0833

Eox [mJ] 175

Eorr [mJ] 120

Vi VI 0.7

ra ] 0.07

Esw [mJ] 0.68
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Diode Ry [K/W]
IGBT Ry [K/W]



Appendix C

Nameplate Information of the DC

Motor

‘This appendix provides the name plate information for the separately-excited DC motor

used for the wind turbine emulator

Model No| M253AS-DBZ
Serial No 370-117-301
Type M-1670
Enclosure OPEN

Rated Power 2kW

Full Load RPM 1750

Full Load Amps. 16

Volts 125

Field Amps. 085
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Field Volts

Ambient "C
°C Rise
Company

Country

60
Canron Limited

Canada
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Appendix D

Nameplate

Information  of  the

Permanent Magnet Generator (PMG)

‘This appendix provides the name plate information for the permanent magnet generator
used to implement PMG-based small wind turbine system

Serial No
Type
Enclosure
Rated Power
RPM

Amps.
Phase
Volis

Hertz

260-007-302
PMG-1480
OPEN
L6 kW
1800
55

3
120/208

60



Ambient 'C

°C Rise
Company

Country

40

60

Canron Limited

Canada
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Appendix E

‘ Nameplate Information of the Wound

Rotor Induction Generator (WRIG)

This appendix provides the name plate information for the wound rotor induction

generator used to implement the WRIG-based small wind turbine system

Model No 215-DBWD
Serial No 322-093-210
Type WR-1066-A
Enclosure D.P.

Rated Power L8 kW
RPM 1725

Amps. 19

Phase 3
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Volts
Hertz

Rotor Volts

Rotor Amps.

Ambient "C
°C Rise
Company

Country

1207208
60
105

Canron Limited

Canada
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Appendix F

Component List

‘This appendix provides the component st for the Permanent Magnet Generator (PMG)
and Wound Rotor Induction Generator (WRIG)-based small wind turbine system

Component List for the ased Sma d Turbine System
3-phase Bridge Rectifier PVI-7200
Ammeter M-52-0055-6
BCI unit PVI-3600-OUTD-US-F-W
Circuit Breaker CATEB3015
Diversion Load 5P00041-2767
Power harmonics Analyzer FLUKE-41B
Voltmeter M-3800

omponent List for the ased Small Wind Turbine System

3-phase Bridge Rectifier 26MT40
AC/DC Current Probe 80i-110s
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‘ Ammeter M-52-0055-6
Circuit Breaker CAT EB3015
External Variable Resistance  EC-609-65
Power harmonics Analyzer FLUKE-41B

Voltmeter M-3800
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