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John M. Miller
2011 General Chair

Jodl . il

It gives us great pleasure to be able to welcome you to Phoenix for the 3rd Annual
IEEE Energy Conversion Congress & Exposition®. This conference is the merging of the
PELS Power Electronics Specialist Conference and the Industrial Power Conversion
Systems Department sessions of the IAS Annual Meetings. ECCE 2011 continues to in-
tegrate the successful IEEE Energy 2030 conference that was initiated to foster energy
conversion technology, policy and economic framework directed at the creation of a
sustainable, global, energy infrastructure by 2030.

ECCE 2011 is replete with distinguished plenary speakers, tutorials given by experts
from industry and academia, panels of experts in rap session, and ample opportunity
to network and make new acquaintances in the energy conversion field. The approxi-
mately 600 high-quality technical papers to be presented in oral and poster sessions
will take you into the practical and theoretical underpinnings of all aspects of energy
conversion technology.

We hope you will take away a deeper appreciation for emerging systems and applica-
tions having electric power processing at their core, efficiency and sustainability as
their goal, and mandate to tackle energy sustainability head-on through conservation,
overall carbon emissions reductions, and with environmental and policy changes to
anchorto. Itis our hope that we can all be proud of ECCE, as it strives to be the preemi-
nent conference in energy conversion technologies. ECCE is also the place to renew
old acquaintances and make new ones, network with colleagues and enjoy the good
company of your colleagues from around the world. It won't be all work and no play at
ECCE 2011 ©.

We would also like to welcome everyone to America’s sunniest metropolis, Phoenix,
Arizona. Phoenix is the gateway to the Grand Canyon, and its history is a testament to
the spirit of puebloans, ranchers, miners and visionaries. High tech, aerospace and
service industries make up the major portion of the economic base of Phoenix. Phoenix
is recognized as a preferred location for high-tech institutes. Projected against the
rich backdrop is a panorama of urban sophistication: resorts and spas that drop jaws,
stadiums and arenas worthy of the world’s biggest sports spectacles, restaurants with
inspired cuisine, and golf courses that beckon players the year round. We hope you
enjoy your time here in Phoenix.

Finally, we would like to thank all the members of the organizing committee, the pro-
gram chairs and vice chairs, the program committee, and the authors for their efforts
in putting together this event. We would also like to thank Opal-RT Technologies Inc.,
General Atomics Electromagnetics, Power-One, United Technologies Research, GE
Global Research and Nexteer Automotive for their support of ECCE 2011. We hope that
you enjoy this important technical meeting in a most timely and exciting field!

Uday Deshpande
2011 Co-General Chair
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Schedule-at-a-Glance

SATURDAY, SEPTEMBER 17, 2011

3:00 pm — 5:00 pm

Registration Open

Atrium Lobby

SUNDAY, SEPTEMBER 18, 2011

7:00 am — 7:00 pm

T1-1 Practical Aspects in
Modern Design Process of
Electric Motors

12:00 pm — 1:00 pm

Registration Open

Atrium Lobby

Tutorials Group 1 ¢ 8:30 am — 12:00 pm
Ellis East

T1-4 Reliability of IGBT Modules
in Energy Conversion

Ellis West Cowhoy Artists

T1-2 Understanding of Electrical T1-3 Carrier Based PWM
Concepts in Wind Turbines and Methods For AC-DC-AC and AC-
Photovoltaic Arrays AC Power Conversion Systems

Cassidy

Lunch on Own

T1-5 Ultra-Capacitors in Power
Conversion: Analysis, Modeling
and Design in Theory and Practice

Curtis

T1-6 Inductive Wireless Power
Transmission

Tutorials Group 2 ¢ 1:00 pm — 5:00 pm

T2-1 Design and Modeling

of Dual Fed Async
Generators: Applicati

Ellis West Cowbhoy Artists Ellis East

T2-2 Design Considerations for T2-3 Artificial Intelligence
Photovoltaic Systems Installed Techniques in Power Electronics

Cassidy

T2-4 Practical Design and
hronous Challenges of Traction Inverter

on to Wind

Power Generation

4:30 pm — 5:00 pm
5:00 pm — 7:00 pm

T2-5 Designing with Lithium-
lon Batteries: An Engineering

Curtis

T2-6 Multilevel Converters:
Recent Development of

on Curved Surfaces and Motor Drives for Electrified Vehicles Perspective Topologies and PWM Control
Methods
New to ECCE/PELS/IAS Reception (for those new to the organizations) Atrium
ti Atrium

Opening R

P

MONDAY, SEPTEMBER 19, 2011

7:00 am — 7:00 pm
8:00 am — 10:00 am
10:00 am - 10:20 am

Registration Open Atrium Lobby
Plenary S Regency ABCD
AM Break Atrium Lobby

Breakout Sessions © 10:20 am — 12:00 pm

Ellis West Curtis Cassidy Ellis East Remington  Cowboy Artists Russell Sundance Borein Phoenix Regency ABCD
S1:Solar PV S2: Power Semi- S3:Model-Based  S4: Distributed S5:DC-DC S6: Induction S7: Multilevel S8: MPPT S9: Indirect AC- S10: SP1: Wind
Technology conductors: Sensorless Utility Voltage Converters: Machines Converters | Algorithms AC Converters|  Transportation Energy
Thermal Control Regulation Topologies | for Solar PV Applications: Conversion
Management Systems General

12:00 pm — 1:20 pm

Lunch on Own

Breakout Sessions  1:20 pm - 3:00 pm
Ellis West Curtis Cassidy Ellis East Remington  Cowboy Artists Russell Sundance Borein Regency CD Regency AB
S11: Wind S12: Power S13: Direct S14: Distributed S15:DC-DC S16: Thermal S17: Voltage S18:DC-DC S19: Indirect AC- S20: SP2: Power
Energy: Semiconductors:  Torque Control Grid Controls Converters: Analysis and  Source Inverters Converters AC Converters Il Transportation ~ Supply on Chip
Generators and Packaging Controls | Losses | for Solar PV Applications:
Drives Systems | Voltage Converters
3:00 pm — 3:20 pm PM Break Atrium Lobby

Breakout Sessions ¢ 3:20 pm - 5:00 pm

Ellis West Curtis Cassidy Ellis East Remington  Cowhoy Artists Russell Sundance Borein Regency CD Regency AB
S21: Wind S22: Magnetic ~ S23: Sensorless  S24: Microgrid §25:DC-DC $26: Thermal S27: Inverter S28:DC-DC S29: Modeling S30: SP3: PEV

Energy: Power Component Control Issues Controls Converters: Analysis and Control Converters and Control Transportation  Infrastruture and
Electronic Design & Modeling Losses Il Techniques for Solar PV of AC-AC Applications: Technologies
Converters Applications Systems Il Converters Infrastructures

5:00 pm — 7:00 pm
5:00 pm — 10:00 pm
8:00 pm — 10:00 pm

Expo Open/Expo Reception Supported in part by Opal-RT Technologies, Inc.

Student Demonstrations

Industry Student Dinner Supported by GE Global Research and Nexteer Automotive (ticketed function)

TUESDAY, SEPTEMBER 20, 2011

7:00 am — 6:00 pm
9:00 am — 6:00 pm
9:00 am — 6:00 pm
9:20 am — 9:40 am
9:30 am — 10:00 am
10:00 am - 10:30 am
10:30 am — 12:00 pm
12:00 pm — 1:20 pm
1:30 pm — 2:00 pm
2:00 pm — 2:30 pm
2:30 pm - 3:00 pm
3:00 pm — 3:30 pm
3:30 pm — 5:00 pm
5:00 pm — 6:00 pm

Registration Open
Exhibit Hall Open
Student Demonstrations
AM Break

GE Industrial Seminar

Ford Motor Company Industrial Seminar
Poster S |
Lunch in the Exhibit Hall

Magnetics Industrial Seminar

Opal-RT Technologies Industrial Seminar.

Freescale Semiconductors Industrial Seminar
PM Break

Poster S

]
JMAG Industrial Seminar and Cocktail Reception Supported in part by JSOL Corporation and Powersys, Inc

Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1

Phoenix Convention Center, West Hall 1

Phoenix Convention Center, West Hall Prefunction

Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1
Phoenix Convention Center, West Hall 1

Phoenix Convention Center, West Hall 1
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TUESDAY, SEPTEMBER 20, 2011 (Continued)

R1 Mission Impossible? A 100% R ble Energy S

Remington

organized by Dan M. lonel

WEDNESDAY, SEPTEMBER 21,

\ 2

2011

Rap Sessions ® 7:30 pm — 9:00 pm

iety R2 Vehicle Electrification Technologies, Today and Tomorrow,

organized by Chris Mi

R3 Plug-in Electric Vehicles and the Electric Power Grid:

Colliding Industries, organized by Jin Wang

7:00 am — 7:00 pm Registration Open Atrium Lobby
Breakout Sessions ® 8:00 am - 9:40 am
Ellis West Regency C Cassidy Ellis East Remington  Cowhoy Artists Russell Sundance Borein Regency D Regency AB
S31: Wind S32: Magnetics S33: Drive S34: Transient S35: Resonant  S36: Fractional ~ S37:Z-Source S38: LED S39: AC-DC S40: SP4: Power
Energy: Grid Issues | Behavior in Grid DC-DC Slot Machines Inverters Drivers | Rectifiers: Transporation Magnetics for
Connection Connected and Converters | Design and Applications: Smart Grid
and System Stand Alone Analysis Electric Applications
Integration Systems Drivetrain
9:40 am - 10:00am AM Break Atrium Lobby
Breakout Sessions © 10:00 am - 11:40 am
Ellis West Regency C Cassidy Ellis East Remington  Cowhoy Artists Russell Sundance Borein Regency D Regency AB
S41: Wind S42: Power S43: PM S44: Grid S45: DC-DC S46: Faults and  S47: Modeling S48: LED S49: High S50: SP5: Super-
Energy: Semiconductors: Machine Interactive Solar Converters: Diagnostics and Control of Drivers || Performance Transportation Conducting
Generators and High Controls PV Systems | Topologies Il Single-Phase Power Factor Applications: Machines
Controls Temperature Inverters Correction Battery Modeling
Devices and Charging

11:40 am-1:30 pm  Lunch on Own

Breakout Sessions ¢ 1:30 pm - 3:10 pm

Ellis West Regency C Cassidy Ellis East Remington  Cowhoy Artists Russell Sundance Borein Regency D Regency A
S51: Wind S52: Power S53: Sensorless S54: Grid S55: Resonant S56: Electric S57: Modeling S58: Lighting S59: AC-DC  S60: Transportation ~ S61: DC-DC
Energy: Control  Semiconductors: Control | Interactive Solar DC-DC Traction and Control of Applications Rectifier Applications: Converters:
Techniques Wide Bandgap PV Systems || Converters |1 Machines Three-Phase Control | Batteries, Digital Control
Devices Inverters Ultracapacitors,
and Fuel Cells
3:10pm-330pm  PM Break Atrium Lobby
Breakout Sessions ® 3:30 pm - 5:10 pm
Ellis West Regency C Cassidy Ellis East Remington  Cowboy Artists Russell Sundance Borein Regency D Regency A
S62: Energy S63: Power S64: Sensorless S65: Impact S66: Resonant ~ S67: Advanced  S68: High Power S69: S70: Single S71: Rail, S72: Integrated
Storage | Devices: Parallel Control Il of Renewable DC-DC Electric Machine Inverters Uninterruptible Phase AC-DC  Aerospace, and DC-DC
and Series Energy Systems  Converters Il Design | Power Supplies Rectifier: Control Marine Converters
Operation on Utility Grid and Analysis

7:00pm-9:30pm  ECCE Banquet

THURSDAY, SEPTEMBER 22, 2011

7:00am-3:00pm R

Ellis West Curtis A Cassidy Ellis East
S73: Energy S74: Electric ~ S75: Modulation S76: DC-DC S77:DC-DC S78: Advanced  S79: Multilevel
Storage Il Machine Techniques Converters for Converter Electric Machine  Conve
Modeling Renewable Controls Il Design Il
Energy Systems

Phoenix Convention Center, North 120 B-D

egistration Open

Breakout Sessions © 8:00 am - 9:40 am

rters |1 Voltage

Atrium Lobby

Remington  Cowboy Artists Russell Sundance Borein Curtis B Phoenix
S80: Medium S81: Single S82: Contactless  S83: Inverter

Phase AC- Power Transfer Applications
Industrial Drives ~ DC Rectifier:

Topology

9:40 am - 10:00am AM Break Atrium Lobby
Breakout Sessions © 10:00 am - 11:40 am
Ellis West Curtis A Cassidy Ellis East Remington  Cowhoy Artists Russell Sundance Borein Curtis B Phoenix
S84: Energy S85: Switched S86: Drive S87: Solar PV S88: DC-DC S89: Permanent S90: Inverter S91: STATCOM S92: AC-DC S93: DC-DC S94: General
Storage: Reluctance Control System Design Converter Magnet Machine PWM Controls Rectifier Converters: Passive Inverter
Bateries Machines and Architecture Controls Il Optimization Techniques Control Il Components Technologies
11:45am-1:40 pm  Awards Lunch Regency ABCD

Breakout Sessions ® 1:40 pm - 3:20 pm

Ellis West Curtis A Cassidy Ellis East Remington Cowhoy Artists Russell Sundance Borein Phoenix
S95: Ocean and S96: Power S97: Drive Issues Il S98: Grid S99: DC-DC S100: Special S101: Modular ~ S102: Active Filters S103: Three-Phase S104: Soft-
Wave Energy Devices: Interactive Converters: Application Multilevel Applications AC-DC Rectifiers Switching
Harvesting | Measurement and Renewable Energy ~ Topologies IlI Machines Converters Inverters
Characterisation Systems
3:20pm-3:40pm  PM Break Atrium Lobby

Ellis West

S105: Ocean and Wave
Energy Harvesting Il

Curtis A
S106: IGBT Modules

Breakout Session

Ellis East
S107: DC Microgrids

Remington

$108: Multiphase DC-DC
Converters

s  3:40 pm - 5:00 pm

Cowboy Artists

S109: Synchornous
Reluctance Machines

Russell
S110: Boost Inverters

Sundance
S111: Utility Applications



O
=
=
@
I
©
(7]
=
o
'©
vt
©
(=]

e 2011 IEEE Energy Conversion Congress & Exposition®

walsAg SEMENI]
Jajsuell JaMOd  XUIB|A J984IpU| uonoalu)
8]91ysp 911993 ue Buisn walsAs 8]9Ag JusWwaaueyul $91U0J198|3 selg piemio4
S$Sa[319e1U0Y 82.unog Abuaug Swoa)sAg Jejos NEMNEINIT) Aing a|qeyasjes Aujgels SaALI] 4010\ 1amod Jo Buisn s|j@9 Jejos
spasp 10} 8inonag Hod-9a1yj e A\d 10} [013U0) [ELEIRIINY SI010|\ e ]e Uofe[aouey abeyjo) Joy uonanpuj o Burjoog 10811q uoreIUaIU0Y
juawdojanaq 8109 M3N Yum 10} suonIpuoy 1ddIA paseg papease) uononpuj paads  ajddiy uaiing  lun uoneIBUBL  UOReWwNsT 81elS 10} 81M2NAS A-11] Jo Buiaby
ABojouyoa) puipy  Jawlojsues) uoneladQ juaLINg peo’ ul Ja||013u09 ybiy jo sishleuy  yum JapaAuog paInNqgLISIQ 4O 10y SI9)|I4 UBWIEY  [BUUBYDIO0IDIN |ewJay]
uo andadsiagd Wbispn-ybp  Aouaroig ybiH jo  jo uonenjea Buioueieg anbhio] pue Jamod uoneaon pue pajuaasun pajesBaju| paleJa|ad9y J0}
|B19JaWWOoY \f 9zIS-||ewS uonebnsanu| uy pue Apng -abe}op Ma Y SSOT dluowley paneajaiu| azIS [ewndq 100y alenbsg uoibay yuQ youagisalyy  we QL] — We GpigL
suonealddy lojelauan Jamod  (zJ7IAl) Jeu8Au0) 1ue|009)
uoneoNyII8(3 alejjonojoyd |ana| N 191114197 SOlUOWIBH |e1a|\ pinbi]
3|91Yya ul -0wJay] a|qerod paduwe|) Ue YNAA J8HBAUL  plald Japig-piiyl e Buisp dooq UoISIaAU0Y
1a1JaAu0Y uonIpuo) e Joj Buyoes) SELETITIT sal|ddng payosuuo)-pugy  yum Buneladg Buijoog aainag 1amod 0}
swoaisAg abeyjjop a|qerep  abeyjoy 8aunog 1Ul0d Jamod V-0 8y} jo |epiosnuig aseyd-aaly] JanlssqQ paadg $91U0J198|3 suoneal|duw|
auigJn] puipn 10} poyiap paouelequp wnwixel [exbiq uonenpoy YIPIML - YNM Saulydely  J8MaAu0) 9d-Jd e Jojsabejop  euopaseganlg  Ausuaglamod  pue saljewoan
10} S181IBAUOY  UONEN[BAT paseg Japuf) J8UBAUOY UM JBHBAUO) as|nd J0}98),  uonaINpu|jo Jojoy >oegAj{-piemio4  plig o BWAYIS  JOJOJ\ UonINpu| ybiy e jo a|npoy
$91U0J198|3 aj9Ag aALg B JO  XUIB| J981IpU| 90-90 SOIND aoedg paseg pue.olelg ayr  SAZ o4 sishjeuy piemiojpaay aseydinpy uolezijeay 91e3|0A0J0Yd
J1amod juawdojanaqg J0 Uone|NPoI\ pajesbaju| -10109/\-|eNUIA ul sassoq Aeng pue ubisaq N4 v $S8|10SUBS pue Apmg 1B[J-UON [9AON  We Gf:QL — We 0zZ:0l
|e1auag yuawabeuepy
:suoneaijddy swajshg pd iejos | saifiojodog uone|nhiay |o1u09 Jeunay ]
U0ISI3AUO0Y uoneyodsuer) | S1aMaAu0Y) 10} suwuob|y | slayaAu0) saulyaep :S1I8JaAU0) abejjop Annn SSa|I0Suag :$10)2Npuod ABojouyaa)
ABiaug puipa :1dS ‘0LS JV-JV 308.1pu| 6S 1ddIN :8S 13naBINA :LS uonanpuj :9§ J0-20 'sS panquasiq:yS  Paseg-|9pPojN:ES  -lwag Jamod ZS Ad 1e[0S ‘LS
@99y Aauabay Xiuaoyd ujalog aauepung l18ssny s)siuy Aogmoy uo)fuiwiay )se3 sij13 Apissey sung 1S9p SN

wd gp:Z] — We zZ:0L « SUOISSAS JN0YeaIg

Aqqo7 wniyy jealg Ny we z:0l — we 0p:0L
aogy Aouabay 1ssag Aleuald  we Q0L — Wwe 008
Aqqo7 wniy uadg uonensiboy  wd gp:z — we go:L

LLOZ ‘61 43GINILdIS 'AVANOIN

q

) y Buuadg

wd gg:z — wd go:5
wd gp:g — wd og:p

wnyy

(suoneziuebiio ayy 03 mau asoyy Joj) uondasay SyI/S13d/3993 03 MaN

wnyy

uonesauan
1amod puipp 03 uoneaijddy
'$10)e13U3Y snouolyduhsy paj
leng jo buijapoiy pue ubisaq L-z1

|18ssny

annoadsiagd
funaauifug uy :sauapeg uoj
-wniyy yum Gulubisag 6-z1L

S3|21Yap payinaLlg
10} Japanu| uonael) jo sabuajjeyy
pue ubisaq [eanaeld p-z1

sanl( J0Jo\ pue
$21U01)03]3 JaMod ul sanbiuyaa)
aauabijjajuj [eroyniy e-z1

sisiy Aogmoy

saaeng paning
uo pajjeisuj swajsig aiejjonojoyq
10} suonesapisuoy ubisaq z-z1L

IS8 stii3

SpPoyIa|Al [ou0] WM
pue saifiojodo] jo Juawdojanag
U323y :S13MAAU0Y [AA3NININ 9-Z1

siung Apissesy

isegsiig
wd go:G — wd gg:L e Z dnoiy sjeroIng

umg uo youny  wd gp:p — wd gp:zL

swa)sAg uoisianuoy
1amod Jy-JV pue Jy-3a-Jv 104
SPoyIBINl INMd paseq 1alie] g-|1

sisiuy Aogmo)

sheury a1ejjonojoyd
pue sauiqn] puipq ui sydasuog
1ea1}93|3 jo Buipuejsiapup z-11

1S9 stii3

aanoeid pue Aoay) ur ubisaq pue
‘Buijapoyy ‘sishjeuy :uoisianuo?
13mogd ui sioyoedeg-en|n G-11

uojsianuo? Abraug
ur sanpojy 189 jo Aijiqerjay p-LL

Isegsiji3

SI0JOJ\ 914)23]7 J0 SSad014 ubisag
wiapoy ui syoadsy jeanaeid -1

uoissiwsuel|
13MO0{ SSa|alI\| AAONPU| 9-1 |

siung Apissen J18ssny

wd gp:zL — we gg:g o | dnoiy sjenioyn]

uadg uonensibay wd gg:Z — we go:L

LL0Z 8L 439INFLd3S ‘AVANNS

uadg uonexnsibay

Aqqo7 wniyy

wd gg:g — wd go:g

LL0Z ‘L1 43GINILdIS ‘AVAUNLYS

Aqqo7 wnuyy

TN, .. e

A A .



2011 IEEE Energy Conversion Congress & Exposition® e

=
-
=
-]
i —
(%]
(]
=
o
'
-
-]
(=]

SEN|
a318ull4o
diyg-ajBuis
Buidojanag

SuolelapIsu0)
Buumoejnuepy
pue sjonpoid
:SI9HBAUO)
1aMmod
diyg a|buis

diyg uo

Ajddng 1amod :zds

gy Aouabiay

peayy
suonnjog pue
sanunuoddQ
‘sabuajeyn
- uo01398uu0)
pugiueld
1amod puipn

uonelauag

18MO0d PUIpA Ul

abelolg ABiau3
wJaj] uoys

U0ISI1aAU0Y

AB1au3 puip :1dS
aogy Aouabay

$S9.1S
abeyjop Jonoedes
paanpay yum
Jananuo) 9Q
-0@ paduwe)
-loyoede)
lenpoy
|ana|nn|A
Buip-ajgnog v

J181laAu0)
20-2Q Joudede)
-payoums
lenpoy
|ana|i Ny Jo
ubisaq jewndg

S19)JaAU0Y)
afiejjop
:suopealjddy
uopepodsuely
‘0zs

@9 Aouabay

salbojodo)
J0-JV pugjuoly
o uosuedwoy
pue uonen|eaj
:siabiey)
3[2IYsA 911198[3
pugAH ui-bnid ui
Aauaion3 Abiaug

uoneoiddy
Jayle1g-10jeulal|y
-}]ag aAnowoiny
10} 3ALIQ J01O|\|
uonanpu|
40 |0.Qu0Y
1Ue18|0] -} ne4

|e1auag

:suonealjddy

uonepodsues)
‘01S

Xiuaoyq

ST
aseyd aaiy] 0}
a|buig se Jayng
aAloYy/ pue
Jaddoyg 1soog
Jo uosuedwoy

S19HaAU0)
1amod 9y
-Jv 1alig

10} Jaqgnug
JV 2y

11 S1apaAu0Y 9y
-JV 10211pu :6LS

ualog

Jauanu0)
XLJe|\ 891n0S-7
104 |013u09)
INMd PHAAH

HomiaN Aujnn
0] $891n0say
ABiau3 snouep
ajelbaju| 0y
SEMEN)
PEINEIRENENY
1oedwo)

| s1apanuo?)

JV-JV 12311pu] 6

ulalog

ABojodoy
JueUOSaY
Sauag yul|
Aouanbai4-ybiy
paje|os| abeig
-91buig Buisn
JEMENIEITN]
91B}|0A0IOYd

uoneziialoeleyy
alweuAq

:Buroepiaiu)
SwalsAs Ad
10} J8UBAUOY
yong abpug

-|in4 dielpeng
pa4-1ualing

| swaisAg Ad ejos
10} S1319AU0Y
30-2a-8Ls

aguepung

uopipuoy
peo-1ybrye
Aaualoiy3 ayy
anoidwj 0}
J8LIBAU|-0JOIIA
91e3|0A0}0Ud
pajoauuo)
-pug 1o}
poylal |043u0g
[ewndg uy

lojewnsy
1ua1Ing INaIY
-Hoys Azzn4 e Aq
poyial\ uaLing
HNUIY-HOYS
LddIAl panoudul|

swa)sAg \d iejos
10} swyynobjy
1ddIN -8S

aauepung

U uonelauag
peinqiasiqg
papue|s| ue

0 uone|nbay
abejjop paseg

-8AJIpaid [8POIA

oney Jaiueg
a|diiL-uoN Mo
yum pajesadq

SEWEINT o]

821nog abeyjopn

aseld aaly|
10} Buineajiaiu|

aseyd-1au|

S1aJanu| 391n0g
abieljop :/1S

|18ssny

suoneulweT
aulyae Ul
$85507 8109
|euonejoy
aInseay\ 0}
aInixi4 1sa)

|ano e jo ubisag

saulyoep
[eanaa(g bunsa)
10} Ja)aWI0[RY
pasuejeg e jo
sisAjeuy [eway |

| sasso7
pue sishjeuy
leuuay] :9is

s)siuy Aogmo9

yoeouddy

uonoun4
Buiquasaq ug
paseg |0J1u0)
apo|A Jua.LN)
abelany 1oy
[apol [eubig

[ews v

SI8MBAUOY 3ang
10} 99UBWIONAY
asuodsay
juaisuel|
Buipeojun
anoidw| 0y
ABajens |01ju09
|eanaeld v

| sjouo)
FEVENTITG)
30-20 '61S

uo)buiway

wd go:¢ - wd z:| e SUOISSAS JNONE3IY

SYEMWEN
[2A3[INIA
paduwiejy-apoig
ul uonanpay sso
JO UONEBIYLIBA
|eluawiIadxy

Buisuag abejjop
nding ybnoayy
uonewnsy
abeljop 2@
J1auanu| abpug-H
apeose)

| S18paAu0Y
I2A3NINIAL :LS

(panupuo)) wd gp:zL — We Z:0L e SUCISSAS oY ealg

saulyoey
uonanpu|
piepuelg aben

|a11nbg pamayg Jo

sanbio] oluowsey
pue suopes|ng
Xn4 y1eal ayy
J0 uoneNojE)

10§ S|3pOIA

|eauawnp pue

|eanAjeuy usnoid
Juswainses|y

SJ0}0[\] UoIRINpU|
paadg ybiy ui
$108443 8inso|oug
10§ J03j0Y
Jo Bujapopy
pue sisAjeuy

saulyoep
uononpu| 9§

s)siuy Aogmon

|euonoalig-1g
[ELCINER]

uonejuawa|duw|
pue Apmis

slaqqnus
anIssed pue
aANdY JO
suoneuIquo)
YUM SI81I8AU0Y
abpuig-|n4
paje|os|
|euonsalig-lg
Jo uostiedwo)

| saifojodo}
'S1aJaAU0Y
20-20:6S

uo)buray

s8]e1g paun
ay} pue adoun3
ui ssaiboid pue
salbojouyoa)
pug-uews

lalaAu|
pa1osuu0y-pug
adA]-107 40}
Jan1asqQ 81e1s
YHM Juawaoe|d
0137 pue a|od
paziwndg

s|ouog puy
panquIsia p1S

Isegsiji3

|[9aymA|4

Buisn peoi-asing

Bunesuadwo?

104 yoeolddy

uoneuIpI00)
-awl] v

uone|nbay
afieyjop Aynn
painqisiq S

Isegsiji3

Meq

1013u09 11o11dx3 sdwei-q3]

ay1 Jo sisAjeuy |euoisuauwiq

pue uoieAla( -aauy] Buiug uonelthaju|
‘JoJu0g) 104 sQIN-ag ABiau3 puipy 10}

anbuoj 19a11q uo SIaBAU0Y abeiolg Abiaug

aAIoIpald |8poJy  Jamod jo ubisaq  Jonoedeosadng  wd gp:z — wd Gp:)

sabeyoed
$91U0J398[3 Jamod
suonedlddy ur suoIsInax3y walsAg
aulyaey aunjesadwa] abie] uonesauag
Buiysepn anuqg Jo uonebnsanu| 13MOd PUIAA
138liq Joj jolu0) Aujgerjay 9SINd paseg
anbuo] pue xn|4 ERINETREIN Japianu|
10941 SS8|l0sSuas -oway ] aounog z-isenp  wd gy — wd gz:L
buibexoeq sanuQ
Jonuog) 'SI0JONPUODIWAS  pUE SI0)BI3UIY
anbioj J0a1q €1S 1amod :Z1S :AB1au3 puipy :LLS
Apisseg sy 1s9pA il

umg uo yauny wd gz:p — wd po:zL

SaALIQ J0IOJ\

aouejonjay (QLLA)
snouolyouAs  diygisa) |ewuay]  swalsAg Jamoyd
1o} uoneydepy pue |eal1a8|3 91B]|0A0IOYd
80Ue)SISaY YUM [ea1LIBA B JO u1 sabeyjop
1aAI8sqQ UONISO4 UONEeZIBIRIEY)  8POJA UOWWOY
e Jo ubisag |ealna8|g pue Jo uonebuipy
pue sisAjeuy juawdojanaq pue sishAjeuy  wd gp:gL — we GgiLL
sheny
91e]|0A0J0Yd
1e|og ul syne4
Buidwes 4)A3 SI19BAU0) aur-aun
yoegq J0j0\ 1amod JaAe|yn|\l  Japun saslna(
Buiddeis pugAH 1INS 30edwo) uon9930id
aseyd-om| Jo Jo uawabeuepy JUBLINJIBAQ
sajunuoddQ ay) |ewuayy o}sabuajeyy  wegGgpp—we QLipL
Juawabeuepy
|o1uo0) |eunay
$S3|I0SUag :$10)9Npu0d ABojouyaay
paseg-|apojN :€S  -1Wag Jamod :Z§ Ad 18[0S 3L
Apissey siuny 1SaM stiia

(panuiuog) L10Z ‘6L HIGINILdIS 'AVANOIN

I /I L 1 %

y

AT AN AR Y Y

e,



O
S
=
@
I
©
(7]
=
o
'©
vt
®
(=]

e 2011 IEEE Energy Conversion Congress & Exposition®

Buibieyy Areneg
A3 |euondalig-1g
loy saifojouyoa)

$9|91Y8/\ 211198|3
Jo Buibieyn
|euoiaalipiun
IEERITVELS
uoie|nbay pugo
-0}-9]91ya/\ pue
sjjauag 1sog

walsAg Jajsuel|

3INpPoAl JV
91B}{0A00Y 10}
|0J3U07 DIUOWIBH BPOJA UOIINPUOY

8A103]3S YIM Asepunog

Hupn Jamod uryoegAi4
punoig paseq -paneajlaiu| jo
18UBAUOY XLIBY  udwng inding

sbano4 v uo yaJeasay

$8IN30811Y2Y

ueld
SIaUaAU0) @seyd  91B}|OA0}OYd
-831Y] O [pOI\| painqlisiqg
b-p |eJoineyag a|eag abieq oy
-leuiwa) JUBWISSASSY
Aauanbai{-mo7 ABojodo)

‘pajeulwial-un  JauaAuo) 9g-9d

11 swajsAg
EIEITEY Ad 1ej0S
V-9V Jo [01u09 10} s13l9AU0Y)
pue Buijapo :6zS 20-20:82S
ujaiog aauepung

SI8UBAUOY
$99.In0saYy $89In0S
ABiaug pa4-anuq a|gemauay
painquisiqg doo1-paso|) 1aM0d M0 0}
pajjonuo) doosq 1oy poylay paiddy |N9Q ut
10} poyia |\ Bunonuopy 18}JaAu0) Y137
uonezIuoJyduAg |ewJay | e Jo Bulapoyy
pLY BAISNIUIUON Y/ alweuAq
saulyoe|y
|B911398]|7 J0}
uoijeledag ssoq
8107 J0 poyIs|Al
poys i\ Map e Buipnjou|
si0Seyd olweuAq s|euale
Buisn Jauanu Joy  anaubeyy jo 18148AU0)
jos3u09 doou( jo Bulapoly pue 90-20 18po
sishjeuy Ayjigelg  Bunsa) pasueapy S1S MaN v
sanbiuyoay 11 sasso0q Buijapopy
|o1uo0) pue siskjeuy 'S1IaU3Au0Y
1apanu 3/zS |eunay] ‘9zs J0-20 ‘5zs
l1assny s)siuy Aogmon uo)buiway

wd gp:G - wd pZ:g « SUOISSAS JN0YRAIG

suonealddy
pubosoiy
S143J 104

suonelnbyuo)
J13]|043u0)

18JJanu| \d JO
uosuedwo?

sabeiolg Abiaug
yum spubouoipy
00-2V PUgAH
Ul SI81I8ALO0Y
Bupjuipau|
J0 |043U09
snowouoiny

s|onuo)
pubosoiy :bzs

Iseg siig

uonewnsy
uoiIsod
Buisuag-y8s
paseg-uonaalu|
wouy Buiynsay
SauIyae
1oubepy
Jusuewlad

90B4ING U| S8SS07

1aube pue
uoJ| Jo sisAjeuy

Saulyoe\ INdI
ui Buisuas-jjag
paseq-uonoalu|
Aauanbaiy-ybiy
Yl $3sS07
anisisay
Aepuooag

sanssj |0Au09
SSB|10SUAS £7S

Apisseg

ubiisaq Juauoduwios

saulginy puipn
ab.ieq 03 paiddy

JSA-3dN-1€
199139ed-ssaid

© 0 Uoi3oIpald

awnsy
SI1aUaAu0) 9@ paseg-buijahg
-9Q lamod -ybiy alnjesadwa]
10} anaubepy uopauNp 40y
pajelbaju| 8109 Buljapoly
1133 [8A0N lewsay]-0n09]7  wd oLy — wd Gpig
SwalsAg
UOISIBAUOY)
ABiau3 puipn
uoneziwndg 9SINd nemeba
pue ubisag abejjop
Jawlojsuel| wnipajy paseq
FEMENNI) 18148AU07) 15009
JueUOSaY |ana7-8a.y ] wd gp:¢ — wd gz:g
uoneaijddy pue $13)49AU0Y

21U01)93|3 Jamog
:AB1au3 puipp :1zS

1S9 shiig

anaubely :zzs
s1ung

sabuajjeyy 1aMod aAaNpu|
aInjonselju| Aempeoy ui
Buibieyy A3 pue  syoeu| [BUOIIBS
108f01d AF 8YL jo Apms v
aimanJsequ|
saibiojouyaa) neaijddy
pue aimnysespu| uonepodsues)
A3d ‘€dS ‘0€S
gy Aouabay a9 Aouabiay
Agqqo7 wnLyy
suoneolddy
diyg-ug Joj
SI18UaAU0) 9@
-9(@ Jouoede)
pPaydums

a|qe|eag abeyjop

aJnjonJisedju|
Buibieyg 9a
A3/A3Hd 10}
S18LI8AU0Y) 9(

-0 |euondalg

sonaubepy wj4 -1g paje|os|
-J21yL 8|qejeds Jamod ybIH
painjonisouep 10 Malnay
S1aJaAu09
abeyjop
:suoneaijddy
diyg uo Ajddng uoneyodsues)
1amod :ZdS 028
ay Aauabiay a9 Aouabiay

SI8UBAUO0Y
XU3e|\ Jo abuey
10309 a3y} Ul

juawanoidw|
aALI(] J0J0\ |
SNOUOIYOUAS Nd  Jamod aAnay
10§ S18118AUOY ue yum
XL1e|\ 8seyd J81BAU|-03IN|
-9aJy] 0} @seyd adA1-yoeqAl4
-a|6uig 4o |0.0u09 104-9a1y ]|
| swajsAg pd 1ejos
11 S1auaAu0) 9y 10} S1aUAAUOY
-JV J0311pu| 6LS J0-2081S
ulalog aauepung

SI8UBAUOY
82.n0g abejjop umopyealg NIERERILE
104 saauepdauw| uonensu| abeyjop Bunes|ng

|ENLIA pappaquy paie|nuwy Bundopy
YuM sawayas UM aulyaep| SI8LBAUO0Y

(399) jouoy  uonanpuj ue 0} 20-9a nduj

doo7-paso|) paiddy Bunsa)  -8ajgnoq abpug
pazijelauag abung auljug |eaLBWwWAsY
uonelauas ||a9

-Jan{ pajoauuoy
-pHY e jo pug

-Ju0.4 e Se pas

sisAjeuy uawa|3 Jaidiyniy abeyop
SEMEI 8)iUl{ U] S8SSOT  Y}M JaHBAUDY

palesadQ-|ajjeled
Joj soluowey
abejjop jo
uonanpay

1s00g aseydn|y
papeo7-ybin
10} poyIa|\|

|043U07 [3AON W

uoJ|juaLng
App3 N
10J1UN0992Y 0}
poya|y ajdwis v/

| sassoq | S|onu0)
S13JJaAu| 32In0g pue sishjeuy :S19anu0)
abejop :/1S leuuay) ;gis 30-2a SIS
l19ssny s)siuy Aogmon uo)buiway

(panunuoy) wd gp:g - wd g:| e SUOISSAG JN0)RAIG

swalsAg
aseyd-a|buig ui
jos3u09 doouq
10} 101 [N2[RY
1amod paaueyul

s|oiuoy) puy
pamnqiisiq LS

Iseg siig

SHWIT usLINg
pue abeyjop 1e
BunesadQ si0lo
SNoOU0JYIUAg
N J01181u] 10}
|0J3u0g xni4
pue anbuop
19811Q-1eagpeaq

waisAg
aAlI] JaBAU0)
JdNV [8A87-8A4
e J0 |0J]u0)
anblo] 30a.1Q
aAndIpald [3poN

Jonuo)
anbioj 10011(Q :€LS

Apisse

yeargNd  wd gz:g — wd go:g
sisAjeuy
$10}9NpUOIWag wn3o9dg
18MO0d BAIIDY  Juaiing Jojelg eIA
Ajjearnoa|g ui saulgIny puipn
uleJ}S puogalipy anlI(g-198l1q

Jo jusawainses|p
nis-ul

10} uonoaIaQ

}ne4 bunieag wd gp:g — wd gg:z

S8|NPOJA 1amod

718 ainjesadwa) sules1anuQ
-ybiy 4o} aulqn] puipy
a.njonig paadg a|qetiep ul
Buibeyoed uonanpay ssang
PUGAH |anoN v/ [ERIEITRETA wd ¢z — wd g):2
Buibexyoed sanuq
'SI0JONPUODIWAS U SI0)eIdUN
1amod :zZ1LS :AB1au3 puipp i1 LS
siun) 1S9 shiig

(panunuog) L10Z ‘6L HIGINILdIS 'AVANOIN

TN, .. e

A A .



|auo| ']\ ueq Aq paziuebio
19 Y4 %001 ¥ ¢31qissoduw uoissiy 1y

Buepp uip Ag paziueblo ‘sauysnpuj I\ S1yg Ag paziuebio

‘mosowo] pue Aepoj ‘saifiojouyaa] uoneany1aaly ajoIyap zy ‘ha120g ABrauz

2011 IEEE Energy Conversion Congress & Exposition® e

Buip1|0) :puY Jamod a11199]3 ay) pue Sa|oIYaA L0813 ul-Bnid £y

uialog

| l|eH 1S8/\ 18U87) U01IUBALOY XIUSOY
| [|BH 1S8/| 181U87) U0IIUBAUOY XIUSOY
1 [|eH IS8/} 181U87 UOUBALOY XIUSOY
| [[eH 1S8/\| 181U87 UOUBALOY XIUSOY
| [[eH IS3/| 183U87 UOUBALOY XIUBOY
| [|BH 1S3/| 181U87) UOUBALOY XIUSOY
| l/eH 1S8/\ 181U87) U0IIUBALOY XIUSOY
| l/eH 1S8/| 181U87 U0IIUBAUOY XIUSOY
| [[eH 1S8/| 181U87 UOIUBALOY XIUSOY
| [|eH 1S8/| 181U87 UOUBALOY XIUSOY
| [|BH 1S3/} 183U87 UOUBALOY XIUBOY
| [|BH 1S3/| 181U87) UOUBALOY XIUBOYd

| l|eH 1S8/| 181u87) U0UBALOY XIUSOY

uonaunjaid [|eH IS8/ 183ua; UoUIAUOY XIU30Yd

| [[BH IS3/| 183U87 UOUBALOY XIUBOY

J1assny

wd go:6 — wd g:/ e suoissag dey

uo)buiway

‘au| ‘sAsiamod pue uonesodio? 108 Aq ped ur parioddng uondasay j1epj209 pue Jeulwag jeuisnpu] HYNC

|| uoISSag 13)S04

Jealq Nd

IeUIWAG [RLISNPU| SI0}ONPUOIIWAS B[RISIAIY

Jeujwiag [eiysnpuj saifiojouyaa) 1y-jedg

leulwag [ersnpuj sonaubiepy

11BH 1qIyx3 ay} ui youny

| uoissag 19)sod

Jeujwag [erysnpuj Auedwos 100\ pio4

leuiwag [eusnpuj 39

jealg v

suoneJsuowa( juapns

uad |1eH nq1yx3

uadg uonensibay

wd gg:9 — wd pg:5
wd gp:g — wd og:g
wd gg:¢ — wd gp:g
wd go:¢ - wd gz
wd gg:z — wd go:z
wd gp:z — wd og:1L
wd oz:) - wd gp:z)
wd po:zL — we og:0L
we gg:0L — we 00:0L
we Q0:0L — we g6
we Qpi6 — We 0Z:6
wd gp:9 — we o6
wd g9 — we p0:6
wd 00:9 — we (0:L

LL0Z ‘02 439INILdIS ‘AVASINL

(uonauny pajayal}) aAowoINy 18aixa)\ pue yaleasay [eqojg 39 Aq papioddng 1auuiq yuapms Ansnpuj

wd go:01 — wd po:8

W ANV A A AN - A A A A

™.

v

1 [|BH IS8/ 483U87) UOIUBAUOY XIUSOYd suonensuowaq juapms  wd pp:gL — wd go:g
| [1BH 1S9/ 181U87) UOIIUBALO?) XIUAOY ] “ou| ‘salbojouyaa] |4-jedg Aq ped ur pajioddng uondasay odx3/uadg odxg wd gg:z — wd pg:5
pubosoipy
swajsAg Abiaug snowouony swalsAg
-8]qemauay 1oy aoeyng paoepa| syuauodwo) ABiau3 puipn .
JauaAu| U Buiyoums DRETTE] -Ajleoluonosg  |eubis jo depang Buibieyn aloysyQ J0j oney
$3]21Yys)\ 9141993 -Aauanbai4-ybiy |eanieN ayl SENERER] Buiidnog-1ndu ue ul Aoeunaay Aauanbai4 8]91ya/\ 911983 uoIsIaAu0) dn
10} Jabieyn 18148AU0Y) V J0 @0uels|o] pue Jamod auApolalayladng Bulapisuo) Bulleys Jamod 1€ SauIyde|y ssapoeuog loy  -daig ybiy yum
Alepeg ssa|pio)  Xuie\ 19841 1o} -}ne4 pue ajgemauay ul  Buisn uonewnsy NEMEINI) aAjoeay Jo uonanpu| sia|dnog xnj4 SI8MaAU0) 9(
e jo ABojodo]  uBisaq Jojj0su0g  Buiyoums-yos sjuawalinbay ainjesadwa) 9@-9@ indu| Juawanoidu| }0 |013U09 papig 8jbuig jo  -9(q Jamod ybiy
spiepueis 1N2417) JBNIBIBY pue Jayi4 pa1sIsSyy-apIS M3 :SIaM8AU| 1010y 1010} -a|diniA Jo 10} ureq) doou(g $S3|10SuUag uonenjeny pue  abejop wnipaly
Buibieyy A3 uo Apmg vy pajesbaujuy  -Alewld [aAoN Y sng Buibuimg uononpu| Buiapoy ybiy Burqeuy paseg Aoualjeg juawdojanaqg jouosuedwo)y  wd gp:g— wd gt
Buibiey) (A39) salbaleng
8]91ys/\ pa|geuy  |0J3u0) Jeauljuop 1010\
suonealddy -pug Aq pasneg  pue aeaur] buisn SEMEN SnouoJyauAg uonenajen sauIqJn] puIpn
1918|\-qnS uonepesbaq 1aJaAu| 1s00g  oneY 8s|nd Mo |\d ssa|buLieag sishjeuy aoueanpu| SJauaAU| abueq 0y payddy
Buibieyy A3 1o} awnay 824n08-1ua.1Ing 10} uone|nbay paads-ybiH |ana7 walsAg oy pubosoipy paseg uonoalu| N Ut pasn  SISA-GH-1€ 1991
salbojouyaa] Jawioysuel) pa1a8uu0)-pug a1y 9y M 0F e Jo JojeJAg Uo paseg B UISIBUBAU|  {H UO SISaJa1SAH  J101onpuj Jayl4 yoed-ssald ayr
ABojo.ia pue uonnqLisig aseyd-aaly] ul aoueWIopay juswalinsea|y |apoy\ |eubig J0 |03u09 dooT anaubey jo JO uonen|eay uo uonebnsanu|
4] J0suas sy Bunebmy 1043U09 J8Mod ybiH $S07 -abieq ajdwig payo07 aseyd aauanjju| ay| $S07 uoJ| AusuaQ Jamoyd wd gg:p — wd gLy
-
= ainjonyselju| 11 swaisAg
m salfiojouyaa) uoneaiddy Ad ejos sanbiuyoa) 11 sasso0q Buijapopy uonesyjddy g S1aJaAU0Y)
) pue ainnisesu| uonepodsues) 9Y-9Y J0 [o1ju0) 10} S13)J3AU0Y |013u09 pue sishjeuy :S13)JaAu0) s|jonuo) sanss| jonuoy  ubisagjuauodwo) 91u0193|3 Jamog
(] A3d :€dS ‘0€S pue Buijapoly :62S 90-20:8Zs 1apanu| 3/zS |eunay] :9zs 90-20 :52s pubosai 4z SSAI0SUIS €75 onaubey :zzs  :Abiauz puip :1zS
w gy Aouabay a9 Aauabay aouepung l1@ssny sisiuy Aogmon uo)buiway 1seg si|3 Apissen sing 1S9 SHII3
© (panunuoy) wd po:g - wd gZ:g e SUOISSAS JNOYEAIY y
[-0) - - J
a (panunuod) L10Z ‘6L YI9INILIS 'AVANOIN

'V\.



O
=
=
@
I
©
(7]
=
o
‘©
vt
©
(=]

e 2011 IEEE Energy Conversion Congress & Exposition®

Aqqo7 wniny

S8yauMg aplqied
uoallis A 0L
UM Jawlojsuel|
91e1S-pljoS A
G917/ 8°€L 'VAIN
| ejo Bunsa) pue
“uawdojanaqg
‘ubisaq

JBWIO0JSUBI] UO
1094 S} pue
uonANIISU0Y
Jawlojsuel|

ssang
pue inoineyag
|ewnay |
Buipueisiopun —
SHNaJIY) 911198|3
ul syusuodwo)

anaubepy yoeg 01yoeg
siojesuadwo)
Jej\ onEIS pue JauaAu|
NEWEINTG) anllQg uonoel|
uolssiwsuel| aniowoIny
Jaabeyop ybiy  pajoog iy AN
Joy sjuauodwoy -GG e Jo SisAjeuy
anaubepy pue ubisaq
suoneaiddy
puD pewS 104  ulenaAuq amd3|3
sonaubep :suonearjddy
19Mod :pdS uonesodsuel) :opS
gy Aouabay @ Aouabay

suoneolddy
aAIloWoINYy 10}
aALI(] J0J0\
SNOU0IYIUAS
Jaubepy
Juauewlad pa4
J1alaAu| 891n0S
8Ly e jo
|013u09 8|Buy
Ua.LNY [8AON Y

sng 9111983
pLgAH sallag
ay3 Joj Abojodo)

SETIq]
8dJnog 1usaling
anndepy yum

013081107 103084

1amod ZH|N

Joyaedeq
pa||o13u0)
-youms buisn
131108y 3 sse|

uonaag

nduj 3soog-yong

UHM 181I8AU0Y

Japianu| 894nog-7 abpug-|n4 abeig
-916uIS 9Q-9V uy

ssa-109ede
anAj01309)3
93.I4-1Y214 V

sishjeuy pue

ubiisaq :s1aynoay

J0-JV ‘6ES
ulaiog

N2 14
Aajjep\ uo paseg
uoneddy
Bunybr @31
Bulwwig WMd
J0j Joyoeden
anAjo309|3

noyum Joze|nbay

-81d 34d paAliag
-J1d3S [8A0N V

abelolg
ABiau3g Buronpay
10} abeig puoaag
|euondalig-1g
Yum JaaLq
a318u-40

JanlIa @31
NN 10} POYIBIN
Bulouejeg
1U8.1In7 1S09-M07
pue Aaualaiy3
ybiH [aAoN v

uonealddy
Bunybn gI1
Buuwig Nmd
10y Joyoede)

anAjo09|3

19AQ 03190-9V Inoynm Joe|nBay

-ald 94d 101084
-lamod-ybiy

nduj-[esianiun v

| s19A1IQ @31 ‘8€S
aouepung

SENEII]
804n0S-7-1senp
pa4-uang
40 buijapopy
Jusisuel|

s||a] [an4 Jo}
SI8UAAU| 82IN0S
-Z-13J73ualingy
nduj snonunuog
dn-days ybiy

suonelddy
91e3|0A0}0Yd
SSallawlojsuel)
ESEMENT]
99IN0S-7 10}
sanbiuyoa)
uonenpojy
juaung abeyea
paonpay Jo
sisAjeuy Anjigels

uone[npojy
YIPIA 8sind
uoneuiwi|g
SojuoWIBH
Aauanbaid-mo7
pue sisAjeuy
BEEN]
891n0S-7
aseyd-a|buig

s1apanu|
82IN0§-7 :/€S

J1assny

suonealddy
uonael] puUgAy
104 sBuipuipy
-palenuasuoy
10|S-[euoijoe.
yum paddinb3
saulyoey

INd 8%ejng
pue Jouau| Jo
uosiedwo)

saulyde v
ssa|ysnig Nd|
10|S |euonel
Jo anbioj
Buibbog pue
sonsusloeIRY)
paadg-anbio)
uo sbuiuadg
10| 81RWIB)Y
JO 8guanju|

suonealddy
uonoel| oy
aulyoe\ 1aubepy
Jusuewlad
Jouaju| Buipuippy
palesjusauoy
10|G-|euonael4 B
0 uoneziwiuIp
$S07 pue
sisAjeuy ‘ubisag

saulyaey Jo|S
|euonoel :9¢S

sisiuy Aogmog

sadAj0j01d
paziwndg omp

Buredwoy
— J88AU0Y)

307 7'SA DM
Jueu0saYy ay|

unaliy
|8ouey) sso |ie|
yum Jaddoyg
Buyoums 10

SIalaAu0) 9Q
-J0 [euondaliq
-1g 1o} anbiuyaa)
Buiyonmg
abejjop 0Ja7

uaLng
Bune|naiig
0187 pue S\Z
abuey-apipn
UM 18118AUOY
J0-3a MeN Y

| s1apanuo) 9@
-9( JuUBUOSAY :GES

uo)buiway

SHIIN pawenN
Jojesuadwo)

saliag e buisn
juawanoiduw)
sans1aloRIRY)
juaisuel] pue
Aauaiong

Jojeauan auibug

suonelsadQ
pajdauu0)-pug
pue Buipuels|
usamiag
uonisuel]
ssa|weas
UM S181IBAU|
pajjonu0)-dooi

uoielnbyuo)
aAR|S-18ISE|\
uo paseg
spubolaIp
Jo uonetadQ
JuaIsuel| ajes

uonaalu| eubig
Aauanbaiq ybiy
Buisn uonaslag
Buipue|s| annoy

swajsig
auojy pueis
pue pajosuuoy
puY ul JolAeyag
uaisuel] pes

isegsiji3

we Q6 - We (0:g e SUOISSAS Jnoyealg

aAL(Q
paadg ajqeisnipy
Buisn swalsAg
papunoig
8oue)sIsay
ybiH ur uoneaoq
1jne4 punolig
BuiAynuap]

sanlL( paadg
a|qelsnipy apisu|
sassallg abejjop
Jo uonebisanu|

SaALQ IV INMd
pa4-8jqe)-6uo
ui abejjonsang
10} spouia|n
uoneBbmA
JO M3INBY Y

SaALQ 0AIBS
pa4-1alanu|
N ut jo3uo)
uonIsod 0J0[\ Uo
juaing abeyea
Aauanbai4-ybiy
IERITENTT]

| sanss| aAu(Q :€ES

Apissen

90IA3 (] NEY ym
$10d Ausuag
ybiy Aouaroiy3
ybiH Joj
uosuedwo? pue
ubisa( Jo3onpu|
Aauanbaiq ybiy

SUOI}EHIX]
30 Y¥m Jo-lioy
aoueanpu|
Bunaipaid

NENEINT)
Jamod
Aauanbaiq ybiy
10} S|elIBIR
84184 (2911)
alwelaq pali{-09
ainjesadwa)
MO7 JO
uoneziialoeieyy
anaubep

sanaubey :zes
9 Aauabay

Aqqo7 wnLyy

Jealg WY

poyia| paseg
-Ajjigeqoud Buisn
uonealddy puipy
u abeuoyg Abiaug
10} uoneayoads
Ayoedeq Jamod

ybnouay |
apiy abeyop mo7
lapup sauigJn)
PUIM MIAI 0L 104
SIUAAUOY BpIS
PHUY [aA3|}N|A O
sisAjeuy |ewJay)

pug
ay] pue sauiqin|
puIpp usamag
CRIVENRE Y]
oluoweH Jo
uonebmn
pue Buyapoly

uoneibaju|

wajsig pue
uo1}23uu0Y puy
:AB1aug puipp :LES

1S9M stiig

uadg uonensibay

we Q:0l — we 0y:6

we Qp:6 — We L5

we g6 — We (g

we 0g:g - we Gz:g

we Ggz:g — we 00:8

wd gp:z — we p:z

LL0Z ‘12 439INTLdIS ‘AVASINAIM

TN, .. e

A A .



2011 IEEE Energy Conversion Congress & Exposition® e

=
-
=
-]
i —
(%]
(]
=
2
'
-
-]
(=]

sBuipuip piaiy
Jojonpuoaladng
YlM Siojelauan
aulqny puipn
aAllQ193l1Q
abie7 oy
SuoIeJapISu0)
ubisaqg

suawalg e
Saulyae|l (SLH)
Buionpuoaiadng

ainjesadwa)

-UbIH jo
juawdojanaq
a1 U0 MaIAIBAQ

Jawliojsuel)
Jamod S1H
Bumwi
usiIng jne4

saulyoey
Buneloy SIH
Jo uopeolddy
|eI1948WWO0Y
spJemo]

saulyaep
Bunanpuoaiadng
‘SdS

gy Aouabay

$9]91Ya/ 9113993

J1039npuy pajdnon
UNM 181BAU0Y

puUaAH u|-Bnid 10} 94d 3s00g 8poOjA

181J8AU0Y) JaMod
Buibieyy Ateneg
pa||0J3u0)-1was
Aauanbaiq ybiy
aseyd-aalyl v

|1apo|\ Aaneg
uoj-wniy e jo
sialaweled ayl

Bunewnsy Joy
yoeouddy paseg

-Juaisuel)

uoneaynuap|
walsAg Alaneg
auljuQ ualsisuoy
810/ 10}
diysuonejay
jualing-abeyop
8p0.399(3 Jo}
|8poJA JeauljuoN
panoiduw|

solweuAq pini4
|euoneindwo)
pue unau)
|B01193]3 JO
Buydnog ayy
uo paseg
Buiapoy Aleneg

Buibieyy pue
Buijapoy Asaneg
:suoneaiddy
uonepodsues)
06S

@ Aauabay

uonanpuoy
|eanty
paAeajia| jo
ubisaq 48314
|INg 3nduj 8y}

Japanu0) 9a
-0d paiejos| pue
Jadeyg aling
ndu| adA] 1soog
8 YIM 34d
abejg-a|bulg 1oy
[18] J8qqnus v

SEMENT)
J9egA4 B 40
[03u03 34d pue
Buisuag apiS
-Aewid |eubig

sauadold
pasueyuj pue
uoneAlaq
RTINS
Buyoumg
|einen ay)
Buisn s34d
panliag-1s00g Jo
|04ju09 Atepunog

uoi2au0)
10)9e4 lamod
aouewiopad

ybiy :6vS

ulalog

Bunybry
@31 buiwuwig
INMd 10}
18lBaAu0) 1s00g
[ELEREEEIVR
youms a|buig

suoneolddy
Bunybi-g31
198118 10}
abpug-jjey
|eaLaWwWAsY
3y} jo sishjeuy

JanuqQ
@31 18uueyy
HNIA 8jqewiwiq
Aausioiyg
-ybiy paseg
HEAVENTIL]
ABiau3g uy

1anuq
@371ueuosay

911 (€N
1U8.1INJ JULISUOY

[auueyy-niniA

11 s1aALQ @31 :8FS
aguepung

sapoy\ uonetadg
aseyd-aaiyl
pue |a||eied 1o}
3]qe3Nng Jauanu|
1e1ally aseyd
-916uIg e 10}
sdoo7 [043u0)
1810 pue
abe}joA SINY yum
apoy\ Jualing

Aauanbaly
Buidweg ybiH 1e
uonejuawa|duw|
[enbiq iuiod paxid

104 18]|0J3U0)
Jueu0Say
anndepy

Aouanbaiq y

FETENNITo)
Bunsixg ue 03
suoneqJnuad

BuiAjddy Aq
saouepadw|
wajsAg 9y Jo
uoneonnuap|

wajsAg
yipimpueg apipn

uonesuadwoy
[eplosnuis Aq
1814797 ue
UM J8LIBAU|
Pa}a8uu0)-pLY
10} [03U09)
Bupjoel)
-Jua.iing 1se4

s1apanu| aseyq
-a]buig jo jonuoy
pue Buijapo £vS

l18ssny

SauIyae
Buipuipy
paleJjusauo)
211 |euonaely
10} 10J0Y
aysodwo)
Auananpuog
Moy

SwalsAg-sse
-oMm] pajeladq
SS8|I0Suag
-paadsg ul
JUaWaINSea|\
asuodsay
Aauanbai4
jo Ayjigeden
uonaale(
ne4 Bulleag

sawayag
Bupjoel) Aouaijes
Buisn Aq
BUIYIBA N B J0
Buipuipp Joieis

Jo uonoalaQ

SI010|\
SNOU0IYIUAS
INd 10} S}jne4

Ano1ua093 pue

uonezpaubewaq

1010y JO
uoneayisse|
pue uonaalaQ

sansoubelq
pue sjjney :9ys

s)siuy Aogmoy

suonelddy
abeyjop 1ndu)
ybiy pue
Aujgerjay ybiy
10} JaHBAUOY
piemiod |Ind
-ysnd |anoN W

uoneaynoay
snouoJyouAg
Buisn unouag
Joy9edeq
-payoums
SpLUN-wnljjey v

swajsAg Abiaug
a|qemauay
10} 18UIBAUOY
1s00g-loyoede)
-payaumg pugAy
wwataug Ajybiy
uieg-gQ abieqy

uosuedwo?
pue uoneziwpdQ
Janydwy
adojanug se
JaaAu0g
Buiyoums
paisIssy-ieaur]
|a]|eJed Jo [eLIaS

11 saifiojodoy
'S1ajanu0g)
90-20 ‘5vS

uo)buiway

we Qp:LL - We Q0L e SUOISSAS Jnoyealg

swalsAs Ad
pa12auu0)-puo
pazijeyuasag
10} J8BAU| QY
-00 Buipjoyun
UM J8H8AUOY
A0egA4
dweg annoy
Ateyuawajdwo)
-Uo e uo
yoieasay

|0.3U09 3pO|
Alepunog yum
J3UBAUI0II
piemio4
pa198uu0)-pLg
abeig-9)6uIs

slapanu|
91B3/0A0}0U
uonelauagn

X8| spiemo]

uone|os|
10198\ 0487 YlUM
SJalaAU| Je|0S
SSajJawiojsuel]
pa1aauuo) pug
10 sishjeuy
juaing abeyea

| swajsig Ad
Jejos annoeia)u|
PUY HpS

iseg siji3

snoauejueIsu|
Buisn sio10p\
SNOU0IYIUAS
10} [043U09
9|ddiy anbio]

SI0J0\|
SNOU0JYIUAS
INd Jouau]
paj0u0)
-anblo) as19a.d
104 ubisaqg
18)]14-01€18
aauequnisig
abeyop

S8ALQ INSINdI

10} 19]|0J1U0)
Buiuayeapp

-Xn|4 anndepy

uonesadq
daig-xig Buning
saulyoey
INd 89euns
ul uonewnsy
ainjesadwa)
18ubepy

sjonuo)
AUIYIRA INd €S
Apissen

apoig sar

-0IS/134S0N IS

MI0L pue ‘spoig

Sar-01s/1491-1s

NG9 ‘8polg
N!d-IS/149I-IS

uonewnsy anbio]  AYG'9 Uo paseg

SEMEN]
abeyjop-wnipay
Jamod ybiH jo
uostedwoy
ubisag

1818AU0Y JIS

Jv-10-JV 8seyd

-aa.1y] Ausuag
Jamod ybiH
ainjesadwa)

yBIH M 0L & 40
juawdojanaq

3|Npoy
paseg-|34r
1S diyonniy
ainesadwa)
ybIH e jo
uoleziialoeley)

uoneolddy
uonoel| 1oy
apelbnuag
aaibaq 00z
1e uoneladQ

149]1S j0
uonebnsanu|

saainaq

aimesadwa) ybiy

:$10JONpPU0IWAS
18Mod :74S

9 Aouabay

uMQ uo yaumi

saauequnisiqg
pug pasuejequq
pue paouejeg
yrog buung
S1018J8UBY PUIA
914@ 10} jo13u0]
uoiesuadwoy
juaisuel|
pJemio4-pas

uoneauan
18M0d puipA ul
uoneziuoiyasuAs
pug oy
J10jeJauan
uonanpuj pa4
Ajgnoq jo j013u09
19811 8A9Ipald

J10jeJauan
aulgin] puipn
Jaubepy
Juauewltad-dis
© JO U0[}93Uu0y
pug198lig

saulqinl puipn
anlg-10a11Q
a|eag-abieq Joy
Jojelauan |\ d
Xn|4 8slansuel]
a|npoN-apdiniy
}0 |0J3U07 10103\

sjonuoy
pue siojesauay
:AB1aug puipp ;1S

1S9 shiig

wd gg:| — we gp:LL

we Qp:L| — we GipL

we GJ:}| — we Qg:0L

Wwe G:01 — we Gz:0L

we Gg:Ql — we 00:0L

(panunuoj) 1102 ‘12 439INILdIS 'AVASINGIM

I /I L 1 %

y

AT AN AR Y Y

/



O
=
=
@
I
©
(7]
=
o
‘©
vt
©
(=]

e 2011 IEEE Energy Conversion Congress & Exposition®

Aqqo7 wniny

MET [043U0)
Aauanbaly
anndepy uy
Buisn Japaauog
1amod Jo
Juawanoidw|
asuodsay
a|weuAq

uonesuadwoy
dwey |eusaixy
yum sdeg
4S3-Mo7 10}
1013U09 ZA\ B
-uQ Jueisuo)
jo ubisaq pue
sisAjeuy |apoj\
|eubig-|jews

FETETNI)
pajjosu0)-jenbiq
10} 3uaing
abeiany J03anpu|
JueISu0) pue
Aauanbaly
Buldwes
JUBISUOY YIM
anbiuyaa)
N Bulyonmg
wopuey [aAoN

Ajddng
1aMmod apoj
“YIUMS |etisnpuj
ue jo abelg
|0J3U0) 3y} Jo
8oUBWIOHA By}
anoidw| pue 1s09

$3|91Ya/ pHAAH
Joyaedeaesyn
-Aaneg-|ja9
|an4 e 10} [013U0)
Burieyg-Abiaug
[3]jeled v/

$8]91Y8/\ 9111983
617 ur swaisAg
Joyoedeaeyn
PUQAH 10§ moj4
Jamod |ewndq

salaneq

uoj-I7 parasuu0)

s9118§ 40} abpug
Bulouejeg
Je[npoiN v/

swalsAg abeiolg
ABiau3 pugAy
ui sioyoeded

8y} aanpay 0} -eJy|n 10}
uoneuswsa|dw|  suonelapisuo)
[ou0 [exbig Buizig
s|13J |an4 pue
sio)joedesenyn
‘salianeqg
1ou09 :suonealjddy
lenfiq :s1apanuoy  uoneuodsuel)
J0-20 198 ‘09S
v Aouabiay a Aouabiay

slayy
1amod aAnayy
aseyd-aauy] ul
uonesuadwo?
gluouey
anI109]ag 10}
$18]|041U0)
uaLng Jo
loineyag
alweuAq

anbiuyaa)
Buideyg uauing

induj aanoy

-Isenp yum
JausAu0) 9Q-9v
paseg-pJemio

|eng pue yaums
|euonoalig-lg
Buisn Jaynoay
J4d paie|os|
ssajabplg

S181I8AU0Y)

90-JV U019a1109

1039e4 JaMmod
aseyd-a|buig
pa||0J3uo)
Ajenbiq Joy
ABajeng j0u0)
paseg-noundeAq
[ewndQ uy

1 |1o3u0)
's1aynaay
30-JV :65S

ulalog

suoneddy
Bunybr Joy
salouanbalq mo7
a3 ul 18xo1l4
10 saineayy
Buisodoly

SEMENT)
J4d-SHIN
Buisn J01oe4
Jamod indu|
panoidw| yum
sdwe abieyasiqg
J0 Bulwwig
EINRET )

slawwig
ng-aseyd

pIepUBIS UM Sdf 3seyd-aaiyL
sBuipuipy Inding  8jqewwiq ise|jeg

91U0J199|3 10}0E
Jamod ybiy e
10} J8]|01U09)

[exbiq [euonounyg

ALY

J8|[0ju0)
Bunybi aberg
1dI 1amod ybIH
paunj sauasy

suopearddy
Bunybiry ;35S

aouepung

awel4 9oualajey Jojoy pajuswbag

SNOUOJYOUAS B
uo paseg |043u09
SIS9181SAH
Aauanbai4
-Juelsuoy Japun
J18}jl4 9ARIY

yoeosddy waisAg

V uawdinby
S91U0.1199]3
Jamod ul
SOlUOULIBH
|eplosnulg jo
uoneuiwi|y
pue [0Jju0)

SEWEI

10} J9]|0J1u09)
annnaday awe.q
-snouoJyouAg
aA1}98Y3-150)
pue ‘quaisues|
1584 ‘QHL Mo

(LSS)
SIaWIojsuel|
JElS pljos ul
uoneziwiul

Joyoedes
10} |0J3U09)
uoeziuoiysuAg

Jamod

s1auanu| aseyq

-3a1y] JO [01)U0T)  SauIYIeJ\ UOnIEI]

pue Buijapop ;55
|1assny

CIRITENY
911398|3 pHgAH
8y 1o 81NJ2NAS

yum Jojoly deb
|eixy 1aubejy
Juaueulad
a]l11a4 B Jo

sonsualoRIRY)
|ejuawepuny

Bulixe] uaaig

10} J01BN19Y

[88YM 8ALq
198117 Jo ubisag
onjeubewonas|g
pue Aujiqiseaq

aulyaey
|93YAA-U| UE Joj

|0.u09)
uone|npo
Aauanbai4
yum dwe?
HIA 10} 31se|eg
91u0J399|3 abels
-0M] [8AON Y/

JaAlI(Q @31
|auuBy)-0M| J0}
Bunieys uaiing

as19a.1d Yum
JauaAu09 9g-9a
Jueuosay 9971
J0 Su01eIaPISUOY

ubisaq pue
sishjeuy

188AU0Y
JueU0SaY 7] Ul

91 13AuQ Jalynoay

SNoU0IYIUAg

aUIYORJA JBIUIBA  HBWS JO Sanss|

1oubeyy ayula4
e jo ubisag

SI0J0\|
uois|ndoid |NdI
IV ssajysnig
Ul S8ss07 uo
ubisaq Buipuipp
JO 8guanju|

211937 ‘9GS
sisiuy Aogmon

uoneol|ddy Asy|
uo Yaieasay

uone|npoy
HIYS 8seyd
a|Buy-nin|A yum
SIalaAu0) 9@
-0 Jueuosay
sallag abplg
anIjoy [en( JO
Buijapoyy Joseud
[eubis |lews

11 S18paAu0) 9q
-9 JuBUOSAY ‘G55

uo)buiway

wd g1:¢ - wd pg:| e SUOISS3S INOYEAIG

wasAg
N\d 10} JauBAU|
pa12auu0)-pug
abeig-a16uIg
Butng-nny

swalsAg
pa19auu0)-pug

Jv-30-3d

abeig-om| ul

palesado Jayi{
Uol0N-Isenp e
Buisn uonanpay

juaLNg
Aauanbai4 mo7

ERILET]
Neg buisp
suonealddy (Ad)
91e}|0A0}J0Yd
aAloBIB|
-pug 3|qe[eas
10} SI8l8AU|
82.n0S-7
papeaseg ZHA |

sJ0jelauan
91e3|0A0}0Yd
pa19auu0)-pug
10} uonesuadwoy
13aMO0d 8AIIOBUON
UM JanaAu|
[8A3IBINIA
abpug-H
papease)
aseyd-a|buis

11 swayshs Ad
1ejos aAnoeIaju|
PHD pGS

Isegsiji3

paadg olaz
woJj syuawiadxy
UM ‘S1010 |\
SNOU0IYIUAS
aouelon|ay Jo
|013U09 10198\
$S9|10SUS
paseg ,xni4
anjaY/,, PaIsISSy
uonaaluj
Aauanbai{ ybiy

Juswainseal\
juaLng
paie|npojy
-ewhig-eyeQ
Buisn uonewnsy
uonIsod
$Sa|l0suag
uonnjosay-ybiy

aouelsisay
Aauanbai4
ybiy ayy Buisn
sauyae
SNouoJyouAg
18ubepy
juaueWIad
aoepnsg
}0 |0J3u09
$S9|10SUAS

uonaalu|
|eubig Asuanbaly
ybiy buisn
aulyoe\ 1aubepy
juauewIad
90BLINgG 10}
|013u0) Buisuag
-JI8S paseg
-aauejanpu|
pue paseg
-9ue)sIsay Jo
uosuedwoy

I [013u09
SS3|10SUAS €GS

Apissen

S48l QN
Jo} sBurjdnog
anaubepy
Aeng [ewndg

suoneol|ddy
abeyjjop wnipajy
‘Aauanbaiq ybiy

104 8|qenns

sa|npojy

134SOW 18mod

abpug-H jley
J1SV 0zL ‘M 0L

Jojsisuel]

apLaIN-wnijjeg e

yealg INd

SVIN uo
paseg 9IN-SINT
ay} Joj wiope|d
uone|nwWIS [aA0N

e jo ubisag

swalsAg ABiaug
PUIAA Ul (LddIN)
Bunjaed] uiod
18M0og Wwnwixejy
104 poysi
uonewixoiddy
anndepy uy

auIguny PUIpL 8y
pue Jojelauan
uonanpuj
pa4-Ajgnoq

10 SO1ISLI8)9RIRYY  PBIIBUU0Y-plIY

Buiyoumg ayy
JO uonenjeny

suonealddy

91U0J393|3 Jamod
ur sapoiq +d-1-w

paseg-puoweiq

J0 sansualaeIRY)

Buiyoums

saalnaq
defipueg apipg

:$10JONpPU0IIWAS

1aMmod 1758
9 Aauabay

e JO uonoelau|
aje15-Apealg ay|

suonipuoy
Hne4 pug Jspun
suoneolddy
uoneJsauag
painqLisiq ut
NEMENTG)
1aMmod Jo |043u09

sanbiuyoa)
j01u09) :ABsau3
PUIM ©1SS

1saMm shiig

wd gg:g — wd g

wd g):¢ — wd GpiZ

wd g:z — wd gz:z

wd gz:z — wd gg:1

wd gg:| — wd gg:L

(panunuog) 1102 ‘12 439INFLdIS ‘AVASINGIM

TN, .. e

A A .



2011 IEEE Energy Conversion Congress & Exposition® e

=
-
=
-]
i —
(%]
(]
=
2
'
-
-]
(=]

-9 0Z1 YHop 181U UoRUSAUOY) XIUBOYH

J01e|nbay
abeyjop Jonoede
Buiyoums
YoeqA4
pale|os|-uop

1918AU0)
20-90 aAnioede)
BuijoAaay
abieyq aIsuriu|
SOIND ing
wupg palelbau|
Alind mag'L v

a3io
XIIB\| 8AIOY 10}
a|ddiy abeyjop
BAINISOd AW G
UM JaHBAUDY
ndinQ-iejodig
J0jonpuyj-a|buis v

s1ayanuo) 9a-9d
pajeshaju) :z/S

v Aauabay

h

wd G - wd gg:¢ e SUOISSAG JN0)RAIG

) 43203
JuswaInseal\
aouepadu|
-plg uo paseg
1daouo) |0J3u09
WoJIelS [3A8) V/ - Soluowiey
n|A 8bpug-H suonealddy -abejjop pue
papeases) Nd 10} 3|geung saauejequ aulyaepy abeiolg
€ 40 |0J3U0) Aujigeden -abeyjop arebmy Nd110IS AB1au3 yym
aAnoIpald abuey abejjop 0] SI8LIBAUOY  -|euoljoel 8seyd  sjusuodwo) Jojesuadwo?
1apoyy Buisn SauIyae nduj apIpA yum -INMd J0 -9aly] |enqg e AAISSE UM SNOUOJYIUAS
aouewWIoNad 8aueloNdY pa{  JauaAuo) 971 Ayjeuonouny Jo Aujigeden salag ul S g9 aneis Aq
oluowley pue  AjgnoQ ssajysnig  palIpOIA B 40}  d}|I{-BAIOY pue uonasla( |B19J8WWoY 18]|0J3u09
$9ss07 Buiyaumg J0 sishjeuy suofieJapIsuo)  |04juo) anidepy  uO0MISO J010Y Jo Buleys Buidweq
o uonesiwndQ pue ubisag ubisaq [ewndQ -pLg auluQ $S9|10SUag abeyop ayl
Je|npoy
Jloyoede)
SEET) payoumsg
|eluawiadxy jueuosay abp3
pue y34 ‘ubisag  Aujigeleas ybiy
$99In0S annesedwo? pue Aouaiaiyg spoyls N
SENMBEN] 9@ oN Buuinbay :SauIYIBN yb1H yum uonaalu| jeubig
ulewo( D-a 8AOY [aA8|INIA SEMENNIT] 1aubey Japanuo) 9a-9a uonesauad Aouanbaiy s] 99| pa1osuuo)
3y} ul aouepaduw| abpug-H apeose) abejjo)  juauewsad xn|4 1s00g N Jamod yb1H uo paseq |8]|eaed 10}

Bunnseapy papeaseq o} -|N|Al & uo -leixy Buipuipy Buiyoumg 1os a|qemauay INSINGI-I & a|dioung abeiolg
10} walsAg pouyIB|Al [043U0) paseg wodlelg-q  -pejeliuaduo)  ejosuonenjeny  ybiy jo syoedw JO uoien|eny uonesuadwo? ABiau3 yum
uoneswsa|dw| paseq-anndlpald salbojodo] S4n  SSeliawlOjsuel]  }0|S-|euonIel EREIVER] ay} Jo sisAjeuy Buisuag-j|as awi Aejag walsAg (189 |an4

pue wyob|y uy |3poN aseyd-a|buis ug v SA10|S-1aBaju| |eanoeld 0189 BIUO| uonIsod MaN Y
swalsAg
1amod puipn
10} S)uawa|y
Buiyroowsg
a|npo Jamod se
uoljewnsy 18MO0d YoBd-XIS Jayianu| padwe|)
aauepadu| J8LI8AU0Y paseg [34r JIS abuey Buiyoums swalsAg NSINI Jo0yoedeq
annay buisn 15009 944 IND9 Jawiioysuel) e Buisn Jauanu| Buipuipn -10g ||n4 pue (11d) doo7q ul poyIan s1g9] |ana7-8alyy e
ENOBEMITRINY eJojAujigels  81e1S pIoS YAN0Z AN 06 Ausuaqg Jahepynin Aauaioyg ybiH  payooi-aseyd ul $S9|10SUBS abelop-ybiy J0 s10y10edR)
uonnquisig doo7 j0.3u0) uo 10} salbajens ybiy palesbaju]  10|S-|euonoel Yum JausAu0)  jusuodwo) gg  uonaaluf jeubis 1o} saibalens BuiA4 Buisn jo
|euoz 9Q e Jo} Bunealg aiddiy  |0J3u0g JualapQ Ajin4 e jo Jo ubisag abpug-|in4 Buissaippy 10} Aauanbai4 Buinug Ajiqissod ayy
Buijeay jjes Jo1083 8yl jo suosuedwo)  uonejuawa|duw) pue Aoay] pue -jjeH pLUgAH NIMETE Buiyoums INWd  @andepy [eubig  uo sisAjeuy uy
SIIINELN]
uoreJauan
-lamod uonealddy
sanl(Q panquisiqg uonasla( BuialQg e1eq oy
suonelddy SI8LI8AUO0Y J4d pa4-lauanu| pmolg ul suonIpuo) uonIsod paseq Ajddng Jamod
1e1211y 10} 15009 |NQQ PUB  J01ONPUOIWAS  9IIN0S JUBLINY anissalboly pauoisig AlybiH  uonoaluj abeyop abuey apip\
slojelausg apol\ Arepunog  paonpay Buisn  abejop-wnipajy  Jelawelq J0joy suonealddy Japupn spoylalN  asind 40} NSINGI yum abeljop
SNOUOIYIUAS paneajia| Ajddng 1amog 10} SpoyIa|Al uo paseg aoedsolay 10} uonaala(Q paubisaqg nduj ybiy siopoedesesyn
aseydiyn|y Jo aseyd-mnp a|qudnusiuiun uonanpay ABojopoyia|  J8uBAu0g) 9d-2d abejjop-puo Ajg1enbapy yum - sayoumg Jamod uoj-wniy
uonealy1oay 10} ABajeng auljuQ abeyjop apoly ubisaq 4010\ |euonalg-1g |euawepuny anlQ onlag JO UO1IBUUOY Jo Buijapoy
apoiq jo13u0) [eubiqg papease) y -uowwoy uonanpuj JUBUOSAY Y uo MaINaY Y/ ssajlapoauy SETTELN pue Bunsal
sishjeuy pun uonesadg
auuep pue jo1uo?) sajjddng 1amogd | ubisag Annn vo swajsig salIag pue
pue ‘asedsosay :181y1393y 9a-9v ajqndnuajuiun HEETT aulyae\ 91193[3 ||| S4aMaau0) 9q  Abisug sjqemauay 11 1013u09) [EIEIEEEERITET | | afies0)g
‘ley :LLS aseyd a|buis :0LS 698 13mog ybiy :89s pasueApy :/9S  -9Qlueuosay:99s  jojaedw) :G9S SS3|10SUAS :H9S 1amod :£9S AB1aug :z98
a Aouabiay ujalog aouepung l1assny sisiuy Aogmog uojfuiway 1se3 si|i3 Apisseny 9 Aouabay bV [E]

wd gg:6 — wd go:L

uone(19sQ Jamod  wd g1:g — wd gpp

pugAy Jeinpoly Y wd Gty — wd gzt

wd gz:p — wd 5G:¢

wd 66:¢ — wd g:¢

(panunuoj) 1102 ‘12 439INILdIS 'AVASINGIM

I /I L 1 %

y

AT AN AR Y Y

e,



O
=
=
@
I
©
(7]
=
o
‘©
vt
©
(=]

e 2011 IEEE Energy Conversion Congress & Exposition®

Aqqo7 wnLyy

SwalsAg Jamoyd
Heldlly ut sy
aAIdY/ JUNyS 10}
10309 JuaLIng
Buiuiea annesay
ur Aguanbai4
Buidwes
a|qeLie)

uone[npoy
e)ag-ewbis
SNouoJyouAsy

Aauanbaly
-JUBISU0Y YHM
Jap8AUl IN1SH

suoneoddy
Aauanbaiq oipey
10§ Ja1I8AUOY
JuBUOSaY
1amod pas|nd
9OUBWIONAY
ybiH

wajsAg Buibeuw
aoueuosay
onaubeyy Joy
JaALI(] Jualpelg
CRIVENIIEN]
ybiy

suoneaijddy
J1aaAu| €8S

Xiuaoyqd

SwajsAg Jajsuel|
18M0d SSB|aJIAN

‘Aouanbaiq zH\
‘debury abieq
‘NV-BINIA 104
ABojopouia |y
ubisag v
speot
13M0d-1UBISu0)
suoneolddy SN0aUBIUB)SU|
18jSuel| JaMOd  YlIM SJalioay
aAI}oNpu| 10} anep\-|In4
ABojodo] dnyoid aseyd-a|bulg
paseg-1s00g Jo IolnBYag
-91e1S-1I| MaN Y alweuAq
suoneoljddy
ped wajsAg abelolg
xuje\ pajdno) ABiau3 Joy
Ajeanioedeq J8LIBAU0)
yum waysAs  134SOIN 90-9V
lajsuel] Jamod |euonaallg
S$S8|19B1U0) 19 |anoN
abeyop

nding moq yum

wasAg J8)J8Au0) 9Qa-Jv
J1amod ssajalip\ abeig-a|buig
an1anpu| Joj SSa|lawiojsuel]
v
Abojodoy
Iajsuel] 1amog  :1ay193y 90-9v
ssajjoejuog :zgs  aseyd ajbuis :18s
g siun) uralog

SBALIQ-1010\
-0AIBS SIXY-IINIAl
ui Buineg ABiaug

annesauabay

SaAL(
Jeriasnpu) abeljop
MO [8A87-881Y |

puE |3A8]-0M|
J0 sishjeuy
So1slIBlIRIRY)
pue Ayjiqnedwo)
wajsAg
anieyueny

sanl(Q
abeyjop wnipay
paseg Japanuoy)
[9na7-HINA
SSallawiojsuel)

sanuq
|ewysnpuj abieyjop
wnipay :08s

aouepung

uone[npojy
aseyd
|ejuawepuny
10 uonoalu)
SOlUOWIBH UBAT
Aq suoneayddy
N\d 10} S1auaAu|
8H-0dN
|ana1-aaay] ul
abeyop sng 9@
Jo uonezijenby

suoino1sIqg
Mo pue abuey
101984-18M0d
[IN4 Yyum JapsAu|
|ana7-aa1y|
10} J9]|0J1u09)
Bulouejeg
U104 [BANBN VY

ABojodo)
padwe|) aAnoy
[3AB[RINIA BYL
0 Ajoedeq
aoueJts|o]-}ne4

ury 9 8|buig
e wouy pajeladQ
walsAg JanaAu|
|ana7-aa.y] |eng
e JO UOIIe[NPO|A
Ypimasing
jewndg

11 s1apanuoy
[2A3NINIAL ‘6LS
l18ssny

sasAjeuy
|eanjonug pue
onaubewoinaaly
Buisn si010\
SNOU0IYIUAS
Joubepy
Juauewla
utuonetqip
pue asio| Jo
uolezialoeley)

sasse|)
Aaualaiy3 1010\
uonanpuj ayy
anoidwy 0}
uonn|og 8A98Y3
se Buiuayibuaq
|eIXY 8109

INYS
1010y pajuawbhag
Xn|{ [elXy ul
9|ddiy anbio]
Buiziwiui
Joj anbiuyaa)
[8AON V

SauUIYae
10ubepy
Juauewlad
ssa|bulieag
1030y J01I81X3
10y Apmg ubisag

11 ubisag
aulyae 2139313
paduenpy :g/S

sisiuy Aogmog

uonealddy
AB1aug
a|qemauay 1o}
uoneaynday

sioje|nbay SNOU0JYIUAS
Joyoedeg YUM J8LIBAUOY
Buiyoums abpug-jley
Jo Ajnwe] v/ Hod-aalyl v
$108)43
juaung ajddiy
8aeung Aauanbai4 mo7
Buiyoumg Y1IM pa1eId0ssy
|edniep ay: uonepelsbaq
Buisn siauanuog 94IN3d uo
15009 J0 [041U0) Buljapoy
Aepunog ui pue sisAjeuy
suawanoidul 11S1I819EIRY)
SEWEINTG)
ong pajj0nuo)
Ajjenbig U0ISIBAUOY)
10} poyls\ Jamod [|8] |an4
uoissaiddng ul uoneuiwiy

juaisuel) paseg  juaung ajddiy

Jawiojsuel) Jo} anbiuyoa)
yoeqAl4 sng buibuimg
NEMEINI)
Joyoede) suoneolddy
payaumsg ABiau3
aseyd-mnin a|qemauay 10}
ur uonenbay a|ddiy juaiing

abeyop nding Jo IndingAanduj mo

uonejuawsa|duw| YUM J8LIBAUOY
pue sisAjeuy |euonoalg-lg
swajshg
11 sjonu09 AB1au3 ajqemauay
:$19)J9AU0Y 10} S13)49AUOY)
90-20:LLS 90-20°9LS
uojburay Ise3 sijig

we Qf:6 - We (p:g « SUOISSAS JNoXealg

sanlQ
JV [etisnpu]
Jamod ybiH
abejjop wnipapy
ur spoyls |y
uone|npo
UIPIM 8sind
ELETRTIIN
Jo sisAjeuy
11S11819EIRY)
pue Alijeng
lamogd
anlelueny

|043u09
uianed asind
3A9Ipald [3POIN

Xapu| uonenpo
MO07 1€ 8AL(Q 9V
ue Aq pajesauag
JUa1Ing apoy
-uowwoy ayl
2onpay 0}
awayds NMd

sanbiuyoa)
uonenpoA :GLS

Apissen

ealg WY We 0Q:0L - W 0p'6

wa)sAg ABiaug
a|jgemauay
painqLisig 3a
Jojuawabeue|y
abeloig ABiau3

paseq-wniyy]  We Qpig — We GLie

apIs oq ul
walsAg abelioig

saulyoe ABiau3 onaubely

Joubepy Buironpuoaiadng
Juauewad ul yum waisAg
99404 anaubepy UOISIBAUOY)
paouejequp uo ABiau3 puipy
suolneulquos) paseg 939

e jo ABajens
|0.3U09 J8MOd

Jagquinp 8|04 pue
10|S J0 douanju| we G|:g — We g3
SI0MIaN
ealy awWoy
RENENTG]
J0-30 pesegd
-gva paie|os|
|euonoallq
g ejo
uoneuawa|duw)
pue ubisaq

1010\l XIHLVIN

Jo Apmig aiseg we (G:g — we Gz:g

1ddIN
20UB1ONPUOY
s10j0[\ Joubely  |ejuBWAIIU| YUM
a)uia4 aidonos|  sausneg ploy
jo uoneznaubeyy peaT oy iabieyy
nNS-Ul J0 S}l Ad ding Hews

pue Buijapoyy paneajaiu| we Gz:g — we (0:g
Buijapopy
aulyoep 11 abeio)g

21)99|3 LS ABiau3 :g/s
Y siun) 1S9 st

Aqqo7 wnLyy

uadQ uonesnsifiay wd gp:g — we iz

LL0Z 22 439IN31dIS ‘AVASHNHL

TN, .. e

A A .



2011 IEEE Energy Conversion Congress & Exposition® e

=
-
=
-]
i —
(%]
(]
=
2
'
-
-]
(=]

aogy Aauabay yauni spiemy
Apnig yJewyauag
1010\
SNoU0IYIUAS
}ne4 punoig NERINEN| 1aubey
03 aur-a|buig Buiyoumsg Jusuewlad e Jue|d
Japun NOJLVLS Aoauanbaig-ybiy UM SpoyIs SBALIQ J010|A 21B}|0A0I0Yd B JO
Yum walsAg jo Jo JaquinN uoneziwndg wasAg ABiauz  siegaqng Nzl 01 SNOU0IYIUAS ndinQ ay3 wii4 0}
SETENNI] 18}J8AU0Y) aseyd-a|buis jo Juswanodw) paonpay ubisag aulyoely  a|gemauay Joj (| 40} uoneibaju| Jamod-ybiH 10107l Bunseoaalo Jejos
padwe|q uiod JueUOSAY |0J3U07 8ANIY aouewIopad SEWENT] |eal3a8|3 ul Aaneg yum Aaneg pue paseg 9S9-INMd aouean|ay peayy-Aeq pue
|esina 894n0S-7  sjuswa(3-nnyy  Buisn uononpay Joy dooT IELERECLY sjuswdoljanag  JauaAu| 894n0S-7 ubisaq Ja|j0su0y 1oy uonesuaduwio) payoumsg abeloig ABiaug
jo josu09 pajelbaul juaung abeyea]  payd07-aseyd pugAH aseyd U893y Jo -ISenp 40 |01ju0)  walsAg Jamod 1039B4 adAy |eixy jo Jo uonealddy
8A91pald |apOIA |8nON Y Aauanbaid-mo7  snoauejuelsu) -831y] MapN Y M3INBY W apoj\-Bulpys  |eayas|3 a|qixal4  Jamod induj sonsiLaloeIRY) ayy bunenjeny
yoaeoiddy sjuawuoJliAug
aluow.ey Buiar Ayunwwoy
palauag swalsAg uonesuadwoy 13410 pue
juajeainby ayy 181814198y 94d uoneJauan 1Iys-aseyd saxa|dwoy Buibieyq Alaneg
Buisn s1anaAu| ubisaqg |ans|nIN|Al 8seyd panguisiq ul 10} saiuadolg 101e1S Juawnedy 1oy pue uoneiausgn
|ana7-0M] JO JawJojsuel) -9|buig paseg uonesuadwoy pue uoneauaq  Yiaal-|gjjeied e paziwndg dn Jamod |ewndg
Juaung ajddiy Aouaroia ybiH  -sjj89 Buiyoumg jualing Joy SIaUaAU] NMd YUM BSIAId XNiH SEMEINITG) -yoeg Aleneg anL( Jojo| 10} §]0J3U09 salaneq
sng 9( Jo Aouanbaiy a1e1S-1N\ e wyoby 10} Jallleg -leixy Jlewg e ur  nduj-ajdiniy yum waisAg uonanpu| pa4 SOLIEITEL) TERITIIT]
uoineziialoeIey) ybiH 104 ul uofjelausn INITYAY Yyum |leandy|3 ay: anbio) buibboy 104 ABajens pugAH puipn -1S9 jo uonesadg aouelanjay a|qenbiyuoaay
pue sisAjeuy s1dasuog janoN abelop 4H INOOJLYLSA V Buranpoiu| O uonezIWIuI| Buiyoumg v -91e}|0A0}0Y paadg-0laz payoumsg -J|8s
dooq Bulouejeg
abeyjop Jonoedeq suonealddy
ABojopouyia |\ noyum YIS 81n1an11g |043u09 21B}|0A0}OYd Buiiyoid Aaneg
ubisaqg [ELETREEI] a|buy paauenpy J13]|03u0) ul JapaAu0g juaung ybnolyy YA pasueyug
peo Buikiep Jawioysuel) Joyoedeq-om| YuM waisAg alempleH paseg anbiuyosay 1aaAu0g 9a 1s00g-)9ng j0Ju0g EIIREIN -uogJeg
yum Jauaaul  Jamod Aouanbaiy YIUMG-0M]| (DLIN) Y88Au0g Vv9dd buisn Buidde|y -9 [euonaalig YaUMSG-Ino4 pajualQ-plal4 aauelanjay a|eag-Aunn e
Jueuosay 9791 -wnipaj\ e 10} [013U09) Jawioysuel) Jauanu| N aoedg yum -1g e Jo} Jojuonisuel|  Jojelg 03 |043u09 payoNMg J0 Buiziisyoeleyy
Jo j0onu09 [eubig Jo uonepijep paneajlaiu| le[npol\ aseyd a|buis jo INSIA] ue Jo asuodsay dalg yroowg 8]9Ag-auQ jo uoneziwiuip |apo\ Aaneg
pue Buiapopy pue |esodoid doojynin payiun v |10Jju0) 3Yas  uoneziwpdgise4 peotpasueyul anissalboid uoneolddy a|ddiy anbuo) leouidwy
(290S-20NIN)
FETEINITo)
apease) apol uonnjony ETRIVETN
NEER) SJ8MaAU0) 9( dwe|g 9IS B yUM  |elluaIayIq pue walsAg sanlqQ 911398|3 pUgAH 1abieyn
UNM SIaHaAU| -9 Jamod ybiy le|npoy e FETEVNITNEVER| v34-39 Buisp Bujuonipuoy uopoel| 1oy uonesauag paiyl  Asaneg ANNG Joy
pajoauuo)-pug  Aauanbaiq ybiy uo paseg -9a.y] Aouanbai4  saulyoe|\ |Nd J1amod |89 [an4 wasAs Aujgedeqg anbio]  ur NSINAI A 09 J8HBAu0) 9
10} poyia 01 8|qeol|ddy INOJLVLS WM Buiyaums ybiy anlg-18.1Q Jojuonipuog  Ad Bunjoes) uiod wnwixeAl o 0} annadwoy)  -9Q paAeajialu|
Buidweq JawJojsuel) SENMBENEN)F] e Ag j013u0) © 10} poyla MIN-BINA JO Aepunog Jamod wnwixely abuey papualxy 1010\ aseyd-aaly|
aoueISISaYy Jeue|d Jo} 14N\ J010e4 19MO0d-9A130eaY N PazZIWIUI uoneziwndQ 191319 Ul [043U07 panquisiqg Yum aulyaep aouean|ay e Ul uoianpay
[ENUIA ABajeng 1noAe Jamod ybiH aouanbag sso7 Buiyoumg  ubisaq annoalqQ 1a}aAu09 snowouony ue uonanpu| payoumsg juaLng
panoidw| uy Buipuipy 8AON Y Jo Aljigels 9y -annebay [ELCINRY -Ig pajewoiny  1soog ssajweasg  jojuawdojanaq J0 |013U09 Jo ubisag a|ddiy Aleneg
sjuauodwo?
salfojouyaa) anIssed 11 [o13u0) uoneziwndg 111 S|o1u09 1n)23)1Yya1y pue saulyaep
1949AuU| :S19J43AU0) EIETTTILET] s|onuo) sanbiuyoa) aulyaepy 1oubepy :S13)JaAU0) ubisaq wajsig aouejon|ay sauaneg :afein)g
|e18uay :y6S 30-20 ‘€6S J0-JV ‘268 INOJLVLS :16S  INMd 13MaAu| (06S  Judueunad :63s J0-2a 88S Ad 18|08 :/8S |01u0) aALIQ :98S  PAYIUMS GBS AB1au3 :pgs
Xiuaoyd g siung ujaiog aauepung l18ssny s)siuy Aogmoy uojbuiway )sej si|3 Apissen Y siung 1S9p SN

we QpiLL - We QgL e SUOISSAS Inoyealg

wd op: — we GpiLL

we Qp:L| — we Gi:pL

we Gj:}| — we Qg:0L

we G:Ql — we Gz:0L

we Gz:Ql — we p0:0L

(panunuog) L102 ‘2Z 439INFLd3S ‘AVASHNHL

I /I L 1 %

y

AT AN AR Y Y

e,



O
=
=
@
I
©
(7]
=
o
‘©
vt
©
(=]

e 2011 IEEE Energy Conversion Congress & Exposition®

Aqqo7 wnyy

suonealddy
11211y IO}
1813193y N
adAl-)ang aseyd
-994y] e jo ubisaqg
18))14 Induj ayy ul
SuoleJapIsuo)

MaN
Jauanauo) 9@
-9y abpug annay NEMENIT)
|enq e jo abuey pu3-1u0.4 8ARIY
Bunesadg SAZ ayp aseyd-aaiy]

puaixj 031 Abajens
1023u09 Buiyaumg

[al1e1ed 0} N
131LIBY-BINA

A3 10}
8|qeyNS JaUaAU|
Buiyoums-yos
89.n0g abeyjop
aseyd-9aiy]
POYIBIN dOHY
ssa7-lonoede e
4o 8109 b1 €/1

Buineapiau| yum
1811108y aseyd
-9a.y] Ausuaq

lamod YbiH 9IS |1

ue jo uswdojanaq

SEWEIN)

wasAg J18mod-ybiH
Buneay uononpu;  Buldepalu|-pug
[0u0)-auoz e 10} N (DHS)
J0 |0J3U0Y pue uonesuadwoy

sishjeuy olWweUAQ  dlUOWIBH BANIB[BS

s1aianu| s1aynaay 9a-9y
Buiyonms-3os :0LS  aseyd-aalyL :€0Ls
Xiuaoyd uialog

swalsAg |eipey 1oy
18114 8AN9Y pLIGAH

ua|di] |euondallg

Jojesuadwo)
abeyjop salag e
Buisn Agq waisAs
01398|3 Jamod
e urJoyoedeq yur

-30 @y} 8dnpay

0} anbiuyaa

M3 e jo Apmg

wasAg
Jayiduy 9@
abejop-wnipaly
1amod ybiy v

18314 8ANOY
pugAH paiesbaju)
ue yum adAyojoug

Jauliojsuel|

JI0MIBN
a|qe||013u0?
abeyjop wnipay

e jo Bunsa

pue ubisag

suopealjddy
$13)]14 3ARIY Z0LS

aguepung

181JaAU0Y)
[3A3I3INIA JEINPOA
10 INA\d-SdJ uo
paseg |0J1u0)
Bulouejeg
abejjop Jonoede

uoneaIaA
|euawiadxy
pue JapaAu0y
[3n3[INIA
Je|NpOJA O [3POIAl
snonunuo)

SIaUAAU| [3AB|IINIAl
J1e|NPOJA 4O |0J3u0)
pue Buijapoy
Joseyd xa|dwog

sayouelag pabueny
Ajjeuobexay x1g
Y1 18118AUOY
[3A8|NIA JEINPOIN
JV-JV 8seyd
-8aly] Map Y

S1aJanuo0g)
|3nanniy
JenpojNl :L0LS

J1assny

Jojelauaq

/181IB1S YRIIIY 10}

18119%3 Ssajysnig
aseyd-aaly] e
Jo Apmg ubisag

suoneolddy
19]|0Y-10A8AUOY
pue J0J0\-wniq
10} uoNN|0S J010|\
Jaube|y uauewlad
pag-auly

Jeag
Joubey auewlad
pajeJBaju| Jojol
e J0 uonenjeny
|ejuawiadxy

1eag
anaubeyy ay 1oy
sBuipuipp Jadweq

saulyoepy
uoneaijddy
[e1oads :00LS

s)siuy Aogmon

wd pz:¢ - wd gp:| « SUOISSAS JN0YEAIG

suoneddy
dn-deig ybiy 1o}
J1apanuo0) yoeqAl4
-1s00g pa||041u0)
Buiyoums yog
Aauanbaly
d|qeliep v

$992.n03
uonelauag
painqLisiq 1oy
(3143S) 18usnu0)
J1039npu| Arewid
papug a|buig
paie|os| indu|
-a|dnyn e jo
Su0[}eIaPISUOY
ubisag

uonanpay
a|ddiy uanng yum
Jauaauo) abpug
-J[EH [3AON V

s|j89 abpug-H uo
pasegq SI1aLaAU0Y
nduj-ajgno( jo
[8poAl [eubig
|ews |ealuoue)

111 saifiojodo}
‘S1ajanu0y)
90-20 :66S

uo)buiway

SEWEI
N\d P@128uuoy-plg
aseyd-a|buig 1oy
awWayag |041u0)
abeyjop quI-ga v

FEMENT
[8AS|INIAl B YUM
wasAg N\d Jejos
e Jo JuawaAoiduw|
ainydeg ABiau3

|8poJA uonenwis
payiiduig buisn
apoJ\ 1sing
Japup Bunesadq
SEENTRORIT]
N\d uonenasusad
yB1H yum1oeduw|
pug Aunn

swa)sig
AB1au3 ajgemauay
anpoeIau| pUY :86S

Iseg siiig

yeargNd  wd opig — wd gzig

Jay8Au0) Abiaug

aAB/\\ BAS |elaU|

ay} 40} S1ojelauag
le|ngny Jeaur]
10 syuawiadxy

sanl(Q

pajjoiuog Ajjlenbiqg

urssyoums 199|
pue 134SON
104 Bulloyuopy

$891A8( 9IS YHM
a|npoj\ Jamod Jo

uoipuog aurj-ug  Apmg |euawriadxy pue ubisaqg wd gz:¢ — wd g6z
sishjeuy
uoneJauan ||N3
104 SWIOBABAN Buiyoley
WwJa) Jusisuel] yum Buiyoumg aouepaduw|
8]9419 ywi] abeyop  91U01199| J8MOY anndepy yum

Bunsaniey Abiaug
9|e2S-||EWS 10}
9] awabeuely
18M0( [eSIaAIuN

Uuo pasegq |0J3u0)
a1e3S [euld yum
INSINdS 104 [013u09)
piemiojpasd

JO Juawalinseap
unaug-uj
Aujapi4-ybiy

‘Uipimpueg-ybiy wd 66:7 — wd gg:Z

¢Bulionuoly yieay
Ajquassy 1amog

10} J0SUaS e Se NEWEING)

Jawi] AN Buisn  pasp agsassans  9a-0a buisn sjeg
uonesuadwo? |ealueyaal\ 0} |an4 [e1qoJoI
awl|-peaq auljug AuAsuag ,sadlna( 10} J8)1SaNIBH

Ajpuaii4-pappaqu3 Jamod ueg ABasu3 juaioiyg wd gg:z — wd Go:Z
abeyjop-18AQ 1010\
ane/\\ paloa|jey sapolq

2oanpay 03 uoibay 1se4-eqn Jo

Buiddoiqg as|nd  Joineyag Aianooay uondiosqy
a1 ul JapsAu| aslanay ayj Jo 1amod pueqapipy
82.n0g abejjop Juswainsea\ Y)UM JBLIBAUOY
AN $0 013u09 Jnewolny ABiau3 anepp wd Go:z — wd of:L
uonesuajoeIRy) | Bunsaniey
pue Juawainsea AB1au3z anepy
11 SNSS| aALIQ :[6S  :SATINA( 19MOJ :96S  PUB UBaI( :G6S
Apisseg v slng 1S3\ s!ii3

(panunuoj) 1102 ‘z¢ 439INILdIS ‘AVASHNHL

TN, .. e

A A .



I /I L 1 %

y

AT AN AR Y Y

S1alaAu0) Jamod ybiy

10} 8|04 JanIaAU| 82IN0S

abeyjjop padwe|) juiod
|elnay\ |ana7-aaly] paseq

2011 IEEE Energy Conversion Congress & Exposition® e

199 pe198uu0) $aLas wd 0:G — wd GG:p
suonealddy
13mogd ybiy pue Aauanbaiy
ybiH e 10} uongaUUOY suonealddy
uonealddy e)jag-aA\\ ul JauaAu09 pLboIalN-0Q Ul J8uBAU|
Jojesuadwog abuey paadg apip\ 104 90-9a abpug annoy |euonaalig-1g yum Sa|NpoIAl 199
abeyjo) salag anepp Japanu| 1soog ubisaq 1010\l HSYINA-INdI |en( aseyd-aalyj e jo uonesuadwo) Jamod pue ul | @/AQ Aanoaay apoig
-alenbg e jo syoadsy ubisaq  abeig-a|buig dn-daig ybiy ul uoneziwiuip ubey uonezialoeseyg pue ubisaq uone|nbay abeyop sng-9q  |98YAN-8914 'SA SSOT UQ-UIN| wd gg:p — wd gy
siapaad
uonnqulsiqg a4IpN-894y L uonealddy puboloip
aseyd-a|buig u sioyoedeq syaubepy SEENT) 10} awelq Ateuonels
90 Paonpay 8y} yum swalsAg parasuuo) 8114184 Yum \HUASYING yang apoy\ Jualing aseyd ul S1818AU0) 9(-9Y 191J9AU0Y JUBUOSAY SBIIBS
Jaoue|eg ualing paseg pug Joj ABojodo) JapaAu0g Ausuaq Jamod ybiH e jo -1In|A Joj 3uswabeue|y |euonoalig-1g peioauuo) e Ul 3|NpojAl 199 V 006 / sisAjeuy wajsAg JapaAu0g
J1apianu| abpug-yeH v 1s00g uleq abejjop ybiy uofen|eAy aduewWIoMa jewtay] [ewndo-zH -|8]|eJed JO [013U0) A 6°9 B JO uoneziiaoeley) ABiau3 anepp uun-1ad wd gg:p — wd go'p
$8d09s0|[19SQ
sofsualaeIRy) s1039npu| pajdno) Aq syjuawanoidw| pue Ajug
(IHRENBIEMI S}l pue Jaube|y JusuBWIad  YNM SI81IBAUOY BSeYd-IIN|Al sJaoel] anng buisn suonealddy
2 pug 104 1 99| IS AAGL YHm ABojodo] uosuyop 8111184 UM |NHUASYIAIJ B Ul 8AIOWOINY JO JOIARYSY B} swalsAg S||efiid :uoneawnisul pjaly  ABiau3 anep) ueao( 4o}
= ubisaq uoneisqns 18mod  -SUDjIBAA @SJaAu| uo paseg  1aube|y jo uonezipaubewaq uo uoneqinuad abeyop Jamod 9( Ul uonaa|as yum s] go| 1amod-ybiy jo  1olesauag seaur] pa4-Ajgnoq
w juabl||au| SSa-1aWI0jSURY]  JaMBAU|}S00g-payoumg  Buionpay Joy ainjanig Jojoy Inding pueinduj jo Joedw) sng 2118108y awen uonezyialoeleyg ansoubeiq e jo uonenjeaj [euswuadxy  wd go:y — wd op:g
—
(%] Saulyae\ aouedn|ay Si13JaAuo) ] w___aww?_m_._
n-n suoneaddy Anjnn :LLLS Siapanu] 3soog :0LLS snowioyauls :60LS 90-90 aseydniny :g0LS spuboIoIy 90 :L0LS sa|npojN 1891 :901LS AB1au3 anep pue ueaaq :50LS
2 ajuepung l18ssny sisiuy Aogmog uojbulay Ise3 siji3 Y siun) 1S9 SHII
.m wd go:6 - wd gp:g e SUOISSAS JNOYEAIY
e I 1
Q (panunuoj) L10Z ‘2 439IN3Ld3IS ‘AVASHNHL

i



e 2011 IEEE Energy Conversion Congress & Exposition®

Registration Services

Registration Booth

Saturday through Thursday
Atrium (Hyatt Regency Phoenix)

On-site registration will be open during the following hours:

Saturday, September 17.......cccccveveeecevereerenne 3:00 pm —5:00 pm
Sunday, September 18 ........ccoovevevieeccrveeernes 7:00 am —7:00 pm
Monday, September 19........cccccveveveverecrveriennes 7:00 am —7:00 pm
*Tuesday, September 20.........ccccoeveveververecrrnnee. 7:00 am —6:00 pm
Wednesday, September 21.........cccoevververeernnee. 7:00 am —7:00 pm
Thursday, September 22..........cccocvevververecrnnee. 7:00 am — 3:00 pm

*0n Tuesday, the registration booth will be located in West Hall
Prefunction at the Phoenix Convention Center.

Full Conference Registration

Full Conference Registration admits one entrance into all tech-
nical sessions, plenary sessions, rap sessions, access to the
exhibition and all social functions (except the Industry Student
Dinner). Additional guest tickets for receptions can be pur-
chased at the Registration Desk.

Full Conference Registration Rates

[EEE MEMDET oot $675.00
Student [EEE M@MDET ...ttt $225.00
Society MEMDBET ... $625.00
Life MEMDET ...ttt $300.00
NON-MEMDET ..ot $900.00

One-Day Registration

One-Day Registration admits one entrance into that day’s tech-
nical sessions, the plenary sessions**, rap sessions**, indus-
trial seminars**, and access to the exhibition (Monday only).

One-Day Registration Rates

Society MemMbBEr ... $325.00
[EEE MEMDET ... $375.00
NON-MEMDBET ...t $425.00

Certificate of Attendance
Certificates of Attendance will not be provided for ECCE 2011.

Tutorial Registration**

Tutorials will take place on Sunday, September 18, 2011. You
may select one morning session and one afternoon session.
The rates are outlined below. The registration rate is the same
if you choose to attend either one or two tutorials. The registra-
tion fee includes materials for all 12 tutorials.

Society MEMDBET ... $325.00
[EEE MBIMDET oottt e e e e enee s $350.00
NON-MEMDET ..ttt e e e seenees $375.00

**Access to specified sessions is permitted only if applicable
for that day’s activities.

Expo Only

Expo Only Registration gives admission to the Exposition, only,
on Tuesday, September 20. Admission is $25 for those entering
between 9:00 am — 1:30 pm, free to those entering after 1:30 pm.
Registration is required. You may purchase an Expo Only Regis-
tration at the Registration Desk located just outside the Exhibit
Hall on Tuesday.

Guest Tickets

Guests may purchase a registration for $175, which includes
admission to the opening reception, awards luncheon and con-
ference banquet. A limited number of awards luncheon and
conference banquet tickets will be sold onsite. You can still in-
clude your guests’ name on the registration form, even if he or
she does not want to attend the social functions. You may also
purchase individual event tickets per the rates below.

Opening Reception TICKEt.......ccovvveecereiriecese e $60.00
ECCE Banquet TICKET . ... $75.00
Awards Luncheon Ticket ..., $60.00
LUNCI TICKEL .. vttt ssnssenssens $30.00
Industry Student DINNer ..., $100.00
Receipts

All who register online will receive a receipt/confirmation via
email. All registrants will also receive a receipt attached to their
badge, which can be obtained upon check-in. If you need ad-
ditional paperwork, please contact the customer service staff,
located at the Registration Desk.

Badges

Badges should be worn at all official functions of the meeting.
Badge checkers will be stationed throughout the meeting ar-
eas. Only those with technical registrations will be allowed into
sessions. If you forget or lose your badge, you may obtain a sec-
ond badge at the Registration Desk with proof of registration.

Message and Information Center

Saturday through Thursday
Atrium (Hyatt Regency Phoenix)

If you need to reach a fellow attendee, messages and notices
may be placed on the Message Board. Please plan to check
these boards regularly in case other attendees are trying to
reach you. Qutside of registration hours it is recommended that
messages be left at the attendee’s hotel. Attendees will not be
paged.
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General Information

2011 IEEE Energy Conversion Congress & Exposition® e

Accessibility for Registrants with Disabilities

The meeting staff will work with attendees to provide reason-
able accommodations for those who require special needs. To
request assistance on-site, please check in at the Registration
Desk.

Business Center

Thy Hyatt Regency Phoenix Business Center is located on the
first floor, lobby level and is open every day, Sunday through
Saturday from 9:00 am — 5:00 pm. Services include copies, fax-
ing, and internet.

Cameras and Recording Devices

The use of cameras and/or recorders is strictly prohibited dur-
ing the oral and poster sessions. Limited use is allowed for
Exhibitors in their own booth area. Personal photography is al-
lowed at social functions.

First Aid

The Security Department at the Hyatt Regency Phoenix is
equipped with basic first aid supplies. If you are in need of
emergency services or hospital care, the nearest hospitals are
as follows:

Good Samaritan Medical Center
1111 E McDowell

Phoenix, AZ 85006

602-239-2000

1.9 miles from hotel

St Luke Medical Center
1800 E Van Buren
Phoenix, AZ 85006
602-251-8100

1.9 miles from hotel

Hotels

The ECCE 2011 headquarters hotel is the Hyatt Regency
Phoenix:

Hyatt Regency Phoenix

122 North 2nd Street

Phoenix, Arizona, USA 85004

Tel: (602) 252-1234 Fax: (602) 254-9472

Internet Access

Complimentary wireless internet access will be available for
ECCE 2011 attendees in the designated hot spot area of the Expo
Hall (West Hall 1) at the Phoenix Convention Center on Tues-
day and in the Atrium at the Hyatt Regency Phoenix on Monday
through Thursday.

Local Transportation

The Phoenix Sky Harbor International Airport is located 6.5
miles from the hotel, or about a 15 minute drive. A taxi fare will
run about $18.00, one way and Taxis are readily available 24hrs
a day both atthe airport and outside the Hyatt Regency Phoenix.
For private pickups, AAA Sedans is the preferred vendor and
they can be reached at 1-430-888-8888 to schedule a pickup.

You may also choose to take the Valley Metro Light rail from the
Airport to and from the Hyatt Regency Phoenix. To get to the
Hyatt on the light rail you will need to take the Free PHX airport
shuttle to the 44th & Washington Metrorail stop and take the
train to stop #14 — 3rd & Washington. Once off the train, exit
left (West) off the train towards 2nd Street. Head right (North)
on 2nd Street and the Hyatt will be one block North on your
left-hand side. For more information and rates for the light rail,
please visit www.valleymetro.org.

Lost & Found

Lost and found is located at the event registration desk in the
Atrium at the Hyatt Regency Phoenix.

Parking

Self-parking at the Hyatt Regency Phoenix is available in the
city run and owned garage at the corner of 2nd Street and Ad-
ams Street. Per day pricing is currently $19.00 and is subject to
change without notification. Self-parking is on a first come, first
serve basis. Valet parking is also available at the hotels front
drive, current valet parking price is $27.00 per day. Self and va-
let parking can be posted to guest rooms. Please inquire at the
front desk for this service.
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Meals & Refreshments

Full conference registration includes all meals, refreshments and social functions (except the Industry Student Dinner) provided by ECCE

2011.

Morning Refreshments

Monday, Wednesday and Thursday — Atrium (Hyatt Regency
Phoenix), Tuesday — West Hall 1 (Phoenix Convention Center)

Monday, September 19.......ccccoveveververnernenn. 10:00 am — 10:20 am
Tuesday, September 20..........ccccoeerveeecrccrecrnee. 9:20 am —9:40 am

Wednesday, September 21........ccooveververiennnns 9:40 am —10:00 am
Thursday, September 22...........ccccoevveverrerrenenns 9:40 am —10:00 am
Lunch

Tuesday — West Hall 1 (Phoenix Convention Center)

Tuesday, September 20........cccoeveverenerrerreirenens 12:00 pm — 1:20 pm

Awards Lunch

Thursday — Regency ABCD (Hyatt Regency Phoenix)
Thursday, September 22.........coooeeeeeeeeeecnnes 11:45 am — 1:40 pm

Afternoon Refreshments

Monday, Wednesday and Thursday — Atrium (Hyatt Regency
Phoenix), Tuesday — West Hall 1 (Phoenix Convention Center)

Monday, September 19.......cccoevvvveverecninnenes 3:00 pm —3:20 pm
Tuesday, September 20........cccoooevvererreereeneennens 3:00 pm —3:30 pm
Wednesday, September 21........cccovveveverncinnen. 3:10 pm —3:30 pm
Thursday, September 22.........cccovveveverneennen. 3:20 pm —3:40 pm

Special Events

Meet and Greet the Fellows Reception

Sunday, 5:00 pm —7:00 pm
Atrium (Hyatt Regency Phoenix)

Join us for a Meet and Greet the Fellows Reception within the Sunday evening Opening Reception of ECCE 2011. A chance to chat, take photos and
congratulate the 2011 IEEE Power Electronics Society Class of Fellows that have chosen to receive their award at ECCE.

PELS Fellows

Ilvo Barbi PEL, IE
Federal University of Santa Catarina Depart-
ment of Electrical Engineering

Honored for contributions to soft switching
converter technology.

Bo Cho PEL, IA, AES, IE
Seoul National University School of EE and
Computer Science

Honored for contributions to large-scale dis-
tributed power electronics systems.

Fujio Kurokawa PEL, IA, IE
Nagasaki University

Honored for contributions to switching power
converter control.

IAS Fellows

Zheng Shen PEL
= University of Central Florida

Honored for contributions to the development
of lateral power metal-oxide semiconductor
field-effect transistors.

Vatche Vorperian PEL
Jet Propulsion Laboratory California Institute
of Technology

Honored for contributions to pulse width mod-
ulated and resonant converters.

Ram Bhatia PEL, IA
ABB Group

Honored for leadership in management of
large motor projects.

Joseph Ojo PEL, PE, IA, IE
Tennessee Tech University

Honored for contributions to dual stator wind-
ing electric machines.
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New to ECCE/PELS/IAS Reception

Sunday, 4:30 pm —5:00 pm
Atrium (Hyatt Regency Phoenix)

Are you new to ECCE and have not previously been involved
with PELS or IAS? Attend this reception to meet other new at-
tendees and the organization’s leaders to enhance your ECCE
experience.

Opening Reception

Sunday, 5:00 pm —7:00 pm
Atrium (Hyatt Regency Phoenix)

Catch up with your industry partners and friends! Grab a drink
and relax before the week ahead.

Guest Breakfast

Monday, 9:00 am — 10:00 am
Suite 322 (Hyatt Regency Phoenix)

ECCE guest ticket holders are invited to attend the ECCE Guest
Breakfast. The hotel concierge will join you at 9:30 am to dis-
cuss things to do while you are in Phoenix and to answer any
specific questions about the city.

Expo Reception

Monday, 5:00 pm —7:00 pm
West Hall 1 (Phoenix Convention Center)
Supported in part by Opal-RT Technologies, Inc.

=

O PAL-RT

Enjoy a drink and light snacks while you mingle with industry
partners and friends and explore the latest advances in prod-
ucts and services to meet the needs of current and future chal-
lenges facing the energy conversion industry.

Industry Student Dinner

Monday, 8:00 pm — 10:00 pm
West Hall 1 (Phoenix Convention Center)
Supported by GE Global Research and Nexteer Automotive

imagination at work

nexieer

The Industry Student Dinner will bring together students and
industry for an information exchange session. Leading industry
representatives will present information on the latest technolo-
gies and products they are developing and provide opportunity
for the student community to see how their learning experienc-
es are applied in the industry.

AIl ECCE 2011 student registrants can attend this event for free.
Exhibitors have been given three free tickets to the dinner and
may purchase additional tickets for $50. Tickets for individuals
from non-sponsoring/non-exhibiting organizations are available
for $100 and can be purchased at the ECCE Registration Desk.

During the dinner, students will have the opportunity to display
posters displaying student projects or other industry-related in-
terests to discuss with industry partners during this event. At
the end of the night, each industry participant will be able to
vote for the top three posters. These posters will be displayed
and announced in the exhibit hall during lunch on Tuesday.

Many students reserved space for their posters in advance of
the conference. If you were unable to do so, we still welcome
you to bring your poster but space will be allotted on a first
come, first serve basis for all posters not reserved in advance.
All posters must be removed by 10:10 pm on Monday night.

We look forward to you joining us for a productive evening!

ECCE Banquet

Wednesday, 7:00 pm — 9:30 pm
North 120 B-D (Phoenix Convention Center)

Join your colleagues for great food, drinks, entertainment and
networking.
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Presenter Information

Oral Presenters

Speaker Ready Room
Saturday through Thursday

Moran (Hyatt Regency Phoenix)

ALL Oral Presenters must check in at the Speaker Ready Room
at least 4 hours prior to their scheduled presentation. Even if
you have submitted your presentation in advance and have no
changes, you must check and confirm that the presentation is
correct.

The hours of operation of the Speaker Ready Room are:

Saturday, September 17.......ccccceveveeerereeneenenns 3:00 pm —5:00 pm
Sunday, September 18 .........ccceeeveveceeeeereenne 7:00 am —7:00 pm
Monday, September 19.......ccccevvveveeerererinnnns 7:00 am —7:00 pm
Tuesday, September 20........cccevvrvereeereereerennens 7:00 am — 6:00 pm
Wednesday, September 21........ccccovvevecrnennnee 7:00 am —7:00 pm

Thursday, September 22.........ccoevvvcerrnerrenne. 7:00 am — 3:00 pm

You may also edit your presentation at this time. When you are
finished reviewing your presentation and verify it is ready, the
AV personnel will queue your presentation onto the networked
conference computers. The file will then be transferred to the
computer network for presentation in the scheduled room.

Oral Presenters’ Orientation and Breakfast

A Presenters’ orientation will be held for all present-
ers and session chairs from 7:00 am — 8:00 am, Monday,
Wednesday and Thursday in the Phoenix Ballroom at the
Hyatt Regency Phoenix. Oral presenters should meet
with their respective session chairs to review the format
and timing of their session and alert conference manage-
ment of any changes. Oral presenters should attend the
orientation each day that they are scheduled to provide
an oral presentation (or chair a session); you may only
attend breakfast on days on which you are scheduled to
speak.

Poster Presenters

Poster Presentation Schedule
Tuesday
West Hall 1 (Phoenix Convention Center)

Poster Session |......ccveevenrneereensenens 10:30 am — 12:00 pm
Poster Session Il ... 3:30 pm —5:00 pm

300 posters will be on display on Tuesday in West Hall 1 of
the Phoenix Convention Center. The poster presenters should
be available for questions at their display boards during their
scheduled poster presentation time. If you are unsure in which
session your poster will be presented, please review the com-
plete Technical Program schedule starting on page 34.

Poster Session | Setup

Presenters will have access to the exhibit hall, West Hall 1
(Phoenix Convention Center), starting at 8:30 am to set up their
poster. Presenters for Poster Session | must have their post-
ers set-up no later than 10:30 am. Poster presenters must then
take their posters down promptly at 12:00 pm. Any posters that
remain on the poster boards at 12:30 pm, and do not belong in
Poster Session Il will be removed and kept at the Registration
Desk. Uncollected posters will be discarded if not picked up by
Wednesday at 5:00 pm.

Poster Session Il Setup

Presenters for Poster Session Il will have from 1:30 pm to
3:00 pm to set-up their posters. Posters for Poster Session Il
must be set up no later than 3:00 pm and must be removed no
later than 5:00 pm.

Do not leave your presentation on the poster board. Posters re-
maining after 5:30 pm on Tuesday will be removed and kept at
the Registration Desk. Uncollected posters will be discarded if
not picked up by Wednesday at 5:00 pm.

Poster Boards & Push-pins

4'x8’ poster boards will be provided, so please keep these di-
mensions in mind when printing your posters. Push pins will be
provided for all poster presenters.

Poster Presenter’s Orientation and Breakfast

The poster presenter’s orientation will be held from
7:00 am - 8:00 am, on Tuesday, in the Phoenix Ballroom of
the Hyatt Regency Phoenix. Presenters should meet with
their respective session chair to review the format and
timing of the session and alert conference management
of any changes. Only one presenting author per poster
should attend; you may only attend breakfast on the day
you are scheduled to present (Tuesday).
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All of the following meetings will be held at the Hyatt Regency
Phoenix.

IAS Committee Meetings

Industrial Power Conversion Systems Department
Sunday, September 18

7:00 pm —8:00 pm

Sundance

Industrial Drive Committee
Monday, September 19
7:00 pm —8:00 pm

Russell

PEDCC

Monday, September 19
7:00 pm —8:00 pm
Cowboy Artists

Electric Machines Committee
Tuesday, September 20

6:00 pm —8:00 pm

Cowboy Artists

IPCC in conjunction with PELS Technical Committee
(Power Conversion Systems and Components)
Tuesday, September 20

6:00 pm —7:00 pm

Ellis East

ECCE Committee Meetings

2013 ECCE Organizing Committee
Sunday, September 18

8:00 pm —9:00 pm

Sundance

Technical Program Committee
Monday, September 19

7:00 pm —8:00 pm

Boardroom, Second Floor

2012 ECCE Organizing Committee
Tuesday, September 20

6:30 pm —7:30 pm

Suite 318

ECCE Steering Committee
Wednesday, September 21
1:30 pm — 3:30 pm

Boardroom, Second Floor

PELS Committee Meetings

PELS Meetings Committee
Sunday, September 18
11:30 am — 4:30 pm

Borein

Editorial Meeting IEEE Trans. on PE
Sunday, September 18

4:00 pm —7:00 pm

Suite 324

IEEE PELS Sustainable Energy Technical Committee
Monday, September 19

7:30 pm —8:30 pm

Remington

PELS Bylaws and Constitution Committee
Tuesday, September 20

8:00 am —9:00 am

Boardroom, Second Floor

IEEE Power Electronics Society Standards Committee (PELSC)
Tuesday, September 20

6:00 pm —7:00 pm

Suite 324

Technical Committee (High Performance and Low Cost Applications)
Wednesday, September 21

11:40 am — 1:30 pm

Suite 324

PELS Nominating Committee
Wednesday, September 21
12:00 pm — 1:00 pm

Suite 318

PELS Electronics Transformers Technical Thrust
Wednesday, September 21

1:00 pm —4:00 pm

Suite 314

Power Magnetics for Smart Grid: IEEE Standards Roadmap
Wednesday, September 21

4:00 pm —6:30 pm

Suite 324

PELS TC Chairs
Thursday, September 22
12:00 pm —2:00 pm
Boardroom, Second Floor

PELS Operations Committee
Thursday, September 22
4:00 pm —10:00 pm

Cassidy

PELS AdCom Committee Meeting
Friday, September 23

7:00 am —3:00 pm

Ellis
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Events held at the Hyatt Regency Phoenix (see map above)

Event Location Date

Tutorials Russell, Borein, Cowboy Artist, Curtis, Ellis and Cassidy September 18
ECCE Opening Reception Atrium September 18
Breakout Sessions Regency, Phoenix, Sundance, Remington, Russell, Borein, September 19-22

Cowboy Artist, Curtis, Ellis West, Ellis East, and Cassidy

Plenary Session Regency ABCD September 19
Rap Sessions Remington, Russell and Borein September 20
Awards Luncheon Regency ABCD September 21
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Events held at the Phoenix Convention Center (see map above)

Event Location Date
Exposition West Hall 1 September 19-20
Expo Reception West Hall 1 Supported in part by Opal-RT Technologies, Inc. September 19
Industry Student Dinner West Hall 1 Supported by GE Global Research and Nexteer Automotive ~ September 19
Student Demonstrations West Hall 1 September 20
Industrial Seminars West Hall 1 September 20
Poster Sessions West Hall 1 September 20
Cocktail Reception West Hall 1 Supported in part by JSOL Corporation and Powersys, Inc. September 20
ECCE Banquet North 120 B-D September 21
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Plenary Session

Monday, September 19 8:00 am — 10:00 am

Chair: K. Rajashekara, Rolls Royce Corporation, USA
Regency ABCD

GaN as a Displacement Technology for Silicon in
Power Management

For the past three decades, power management efficiency and
cost have shown steady improvement as innovations in power
MOSFET structures, technology, and circuit topologies have
paced the growing need for electrical power in our daily lives. In
the lastfew years, however, the rate of improvement has slowed
as the silicon power MOSFET has asymptotically approached
its theoretical bounds. We will address the new game-changing
power management products, available today and planned for
the near future, that are built using Gallium-Nitride. Enhance-
ment mode eGaNTM FETs, first introduced in June 2009, will be
demonstrated in various applications and compared against
state-of-the-art silicon power MOSFETs. GaN roadmaps for im-
proved device performance and for system-on-chip integration
will also be discussed. Performance is only one dimension in
the equation leading to the conclusion that GaN-on-silicon is
a broad displacement technology for silicon-based power de-
vices. The other dimensions are product reliability, ease of use,
and cost. These topics will also be discussed showing that the
capability to displace silicon across a significant portion of the
power management market is now in hand.

Dr. Alex Lidow is Co-founder and CEQ
of Efficient Power Conversion Corpora-
tion (EPC). EPC is privately funded and
designs, develops, and produces Galli-
um-Nitride-on-Silicon transistors and in-
tegrated circuits used in power manage-
ment.

The Past, Present, and Future of Photovoltaics

The solar cell industry has grown at an astonishingly high rate
over the past decade. This growth has been both in what one
could consider the “traditional” areas such as flat panel crys-
talline silicon arrays, as well as in “new” technologies such as
thin film CdTe arrays on glass. A review will be presented of
the past developments in the photovoltaic landscape from the
early days and their use in space exploration to their explosive
growth in terrestrial power production today. A snapshot of the
current PV industry along with a summary of the current tech-
nological barriers will be given. Finally, examples of the future
areas of research and a summary of what is needed to continue
to accelerate PV adoption in the U.S. will be provided.

Dr. Ryne Raffaelle is presently the Vice
President for Research and Associate
Provost at Rochester Institute of Technol-
ogy, Rochester, NY. Prior to this, he was
the Director of National Center for Pho-
tovoltaics in the U.S. Department of En-
ergy’s (DOE) National Renewable Energy
Laboratory (NREL).

A Joule in Hand Is Worth Ten in the Ground

In many applications, the energy converted to useful work is a
small fraction of the potential energy of the natural resource
used. Consequently, there is a vast resource of wasted energy
available to be tapped. This is the near-term opportunity of en-
ergy efficiency and can be harnessed by adopting a systems
approach and recognizing the value of demand-side manage-
ment together with advances on the supply side. Within this
broader context, power conversion technologies play a critical
role enabling gains in overall system efficiency in applications
ranging from buildings to airplanes over their full life cycle.

Dr. David Parekh serves as Vice Presi-
dent, Research, and Director, UTRC, re-
sponsible for advancing the corporation’s
commitment to growth through technol-
ogy and innovation. UTRC is the corpo-
rate research center for the businesses
of United Technologies.
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Tuesday, September 20

7:30 pm — 9:00 pm

R1 Mission Impossible? A 100% Renewable Energy
Society

Remington

Two presentations by invited experts will briefly describe the
latest initiatives and plans for Hawaii in the US and for Denmark
in the EU. In “The US Story — Hawaii”, Professor Anthony Kuh
from the University of Hawaii will discuss the Hawaii Clean En-
ergy Initiative and Renewable Energy and Island Sustainability
(REIS) program at the University of Hawaii at Manoa. In “The
European Story — Denmark”, Dr. Carsten Hein Westergaard
will discuss the current state of wind energy in Denmark, and
what it takes to go beyond and even reach 100%.

Moderator
Dan M. lonel, Chief Scientist, Vestas Americas

Presenters

Anthony Kuh, Chair, Electrical Engineering Department,
University of Hawaii, and Director, Renewable Energy and
Island Sustainability (REIS) Center

Carsten Hein Westergaard, Director of Global Technology,
Vestas Americas

R2 Vehicle Electrification Technologies, Today and
Tomorrow

Russell

Electric drive vehicles use grid electricity to displace the usage
of gasoline and reduce total emissions in personal and commer-
cial transportation systems. It is clear that, with strong support
from government and industry around the world, the paradigm
shiftis inevitable. Power electronics and electric machines are
the enabling technology propelling this paradigm shift. Manu-
facturers and suppliers are racing to develop and perfect new
technologies which will not only affect consumers, but will also
affect society as a whole, having economic, governmental and
also environmental impacts. This rap session is to look at the
emerging technologies in the field that may have profound im-
pacts on the electrification of the automobile.

Moderator
Chris Mi, Associate Professor, University of Michigan —
Dearborn

Presenters

Chris Mi, Associate Professor, University of Michigan —
Dearborn

Jim Spangler, Senior Researcher, Argonne National Laboratory
Burak Ozpineci, Group Leader, Oak Ridge National Laboratory
Chun-Taek Rim, Professor, Korea Advanced Institute of Science
and Technology

R3 Plug-in Electric Vehicles and the Electric Power
Grid: Colliding Industries

Borein

With the predicted rise of Plug-in hybrid electric vehicles, the
first time in the history, automotive manufacturers and electric
power companies are working together to identify conflicts,
challenges, and benefits. Collaborative fleet studies are being
carried out around the country. Automotive companies are in-
vestigating fuel economy, battery life, and warranty related is-
sues; and electric power companies are looking at impact to
existing infrastructure and possible usages of PHEVs to allevi-
ate problems such as mismatch between demand and supply.
Meanwhile, to make things more complex, large fleet owners
are expecting to maximize the return of their investments by
providing ancillary functions such as frequency regulation. For
all the parties involved, expectations and doubts co-exist. Thus,
with three presentations by experts from industry, national lab,
and academia, this rap session will focus on the interactions
between Plug-in hybrid vehicles and electric power grids. Load
impact, vehicle to grid, communication, ancillary functions,
ownership, charging facilities, policy and standards will be dis-
cussed.

Moderator
Jin Wang, Professor, Ohio State University

Presenters

Jin Wang, Professor, Ohio State University

Haukur Asgeirsson, Manager, DTE Energy

Ted Bohn, Senior Researcher, Argonne National Laboratory
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Note: All tutorials are held on September 18, 2011. Pre-registra-
tion for each tutorial is required. Please visit the Registration
Desk for space availability.

Sunday, September 18

8:30 am — 12:00 pm

Morning Sessions

T1-1  Practical Aspects in Modern Design Process of
Electric Motors

Russell

Instructors: David A. Staton, Motor Design Ltd., UK;

Dan M. lonel, Vestas R&D Technology Americas, Inc., USA;
David G. Dorrell, University of Technology Sydney, Australia,
and Gianmario Pellegrino, Politecnico di Torino, Italy

The tutorial covers from an industrial perspective some of the latest
developments in the subject of electric machines and includes timely
topics such as heating and ventilation, the effect of manufacturing
tolerances, the influence of fabrication processes on material
properties, the unbalanced magnetic pull and the torque ripple due
to eccentricity, manufacturing technologies like segmented stators
for brushless PM machines and die-cast copper rotors for induction
motors, the role of computer aided engineering in the industrial
environment. The fundamental theory of brushless DC, inverter
and line-fed synchronous PM, induction and switched reluctance
machines is briefly reviewed. The relative merits of each machine type
are discussed. The state of the art topologies and the emerging trends
are also presented. Particular emphasis is placed on the possible
shortage of NdFeB magnets and on potential alternatives for rare-
earth free or even magnet free solutions. The presentation includes the
main aspects of power electronics and controls directly affecting the
electric machines. Topics such as the risk for PM demagnetization, the
effect of switching frequency, supplementary losses and heating are
discussed. Design procedures that include a multi-physics approach
encompassing the electromagnetic and the thermal field together with
the mechanical stress are described. The electromagnetic methods
range from analytical closed-form techniques to ultra-fast simplified
FEA and time stepping transient FEA. A lumped parameter model is
preferred for the thermal study. Extensive details are provided for the
thermal analysis of electric machines, which is a topic less covered in
the published literature. Many examples are provided from a variety of
industries ranging from very small motors for house hold appliances,
to fans and pumps that account for the largest proportion of energy
consumption and go all the way to some of the largest traction motors
and generators developed for renewable and alternative energy
applications. A discussion of the trends and anticipated industry
developments is also included. The course topics are structured
as follows: () Efficient multi-physics analysis of electrical motors;
() Thermal analysis of electrical machines — the neglected design
aspect; (lll) Application example — Interior permanent magnet motor;
(IV) Manufacturing process effects on the electrical motors design
procedures.

T1-2  Understanding of Electrical Concepts in Wind
Turbines and Photovoltaic Arrays

Ellis West
Instructor: Ned Mohan, University of Minnesota, USA

This 4 hour tutorial will present the basic concepts in understanding
how electricity is generated by wind turbines and photovoltaic
arrays. The primary audience is engineers (EE, ME, CE, etc) who are
involved with developing these plants, and are not very familiar with
the electrical basics that they should know. The topics include basics
of power systems and power electronics, as well as of electric drives
required in wind turbines. The interface between the source (wind
turbines or PV arrays) and the grid needs to be controlled such as the
overall system operates at the maximum power point under varying
input conditions. In addition to providing the big picture, the following
topics will be covered: Energy Scenario, Power Systems Basics,
Power Electronics and Electric Drives.

T1-3  Carrier Based PWM Methods For AC-DC-AC and
AC-AC Power Conversion Systems

Cowboy Artists

Instructors: Seung-Ki Sul, Seoul National University,
Republic of Korea, and Ahmet M. Hava, Middle East
Technical University, Turkey

Switch mode power converters such as voltage source inverters/
converters (VSI/VSC) are widely employed in most electric energy
systems (in AC motor drives in industry, wind turbine and PV systems
in renewable energy, in HVAC systems in residential areas, in electric
drives of HEV applications, etc.). Operating with fixed DC bus voltage,
VSlIsprovide controlled frequency and voltage outputatthe ACterminals
by means of pulse width modulation (PWM) techniques. Recently
reaching the commercialization stage, matrix converters also utilize
the PWM techniques. Thus, PWM methods are widely employed in AC/
DC/AC or AC/AC switch mode power conversion. Starting in 1960s and
developing rapidly (at the most accelerated pace over the last decade),
the carrier based PWM (CB-PWM) techniques have been exclusively
researched. With various power converter topologies available
and large number of PWM techniques existing, the understanding,
selection, and implementation of CB-PWM methods is a significant
challenge; a methodical classification, selection, and implementation
technique is required. Intended, for intermediate level audience, this
tutorial provides the attendant the necessary in depth background on
CB-PWM methods for switch mode power converters. The modern
power converter topologies utilizing CB-PWM are reviewed, CB-PWM
principles reviewed, and then CB-PWM methods are investigated in
detail. The methods are classified, their performance characteristics
evaluated, and their implementation and application examples are
discussed. Attendees can directly apply the knowledge gained to their
practical design and implementation problems. The proposed tutorial
is a half day tutorial and it consists of the four main parts below listed.
Part 1: Basic Voltage Source Converter Topologies Utilizing PWM,;
Part 2: The Task and The Location of The PWM Unit in The VSI/VSC
of a Power Conversion System; Part 3: PWM Principles, Methods,
Performance Characteristics, and Implementation Issues; Part 4:
Applications of PWM Methods in Power Converters.
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T1-4  Reliability of IGBT Modules in Energy
Conversion

Ellis East

Instructors: John F. Donlon and Eric R. Motto,
Powerex, Inc., USA

This tutorial addresses the reliability of the IGBT power module which
is the heart of converters used in energy conversion applications. It
has proven to be a highly reliable and rugged component. However,
it must be applied within its ratings and capabilities. This tutorial will
discuss the proper selection of the IGBT, its limitations and failure
modes, the precautions that must be taken to ensure long life, and the
design and application considerations that affect reliability. Attendees
will gain an understanding of the need to protect the IGBT from internal
and external disturbances and practical solutions to over current, over
voltage, and over temperature conditions. The workshop is intended
to be of interest to those who use, apply, procure, or specify power
electronic products based on the IGBT as the power switch.

T1-5  Ultra-Capacitors in Power Conversion: Analysis,
Modeling and Design in Theory and Practice

Cassidy

Instructor: Petar J. Grbovic, HUAWEI Technologies,
Germany

In this tutorial, we will discuss application of ultra-capacitors in power
conversion, with particular attention on analysis, modeling and design.
In first part of the tutorial background and history of power conversion
systems will be presented. Needs for the use of energy storage in
these applications will be identified and discussed. Background theory
of ultra-capacitors will be given in the second part of the tutorial. The
ultra-capacitor modeling with attention to the application oriented
model will be given. Method to compute the ultra-capacitor current
stress and power losses for different conditions will be discussed.
We will see how the ultra-capacitor losses depend on the charge/
discharge frequency and how the losses can be computed when
the charge/discharge current frequency is in range of mHz (very
low frequency) and in range of couple of Hz (low frequency). Some
application examples, such as variable speed drives with braking and
ride through capability will be given. In the third part of the tutorial,
structure of a typical power conversion system with ultra-capacitor
energy storage will be presented. Different power conversion systems
such as variable speed drives, renewable applications (wind for
example), autonomous diesel generators, STATCOM devices with short
term active power capability and short term UPS will be discussed. The
main functional blocks of such systems will be identified. In the fourth
part the tutorial, we will discuss selection and design of the ultra-
capacitor module. We will see how the ultra-capacitor rated voltage
and capacitance should be selected according to the application
requirement. Then, losses and efficiency of the ultra-capacitor module
versus size and cost will be discussed. Couple of application examples
such as variable speed drives will be given. Finally, some aspects of
the ultracapacitor module design will be presented. Series connection

of elementary ultra-capacitor cells and voltage balancing issue will be
discussed. The module thermal design will be considered too. Further,
some details of the interface dc-dc converters will be given. Needs for
the dc-dc converter will be discussed. State of the art topologies will
be compared according to the applications requirement and design
guidelines will be given. Couple of design examples will be given. In
concluding part of the tutorial, trends in development of the ultra-
capacitors and applications will be discussed. This tutorial is aimed
at power electronics engineers who want to improve their knowledge
and understanding of advanced ultra-capacitor energy storage
devices and their application in power conversion, nowadays as well
as in the near future.

T1-6  Inductive Wireless Power Transmission

Curtis

Instructor: Eberhard Waffenschmidt, Fachhochschule Kdin,
Germany

Wireless power transmission is known since more than a century,
but recently it got more and more attention, because users demand
wireless operation for a growing number of applications. Cheap power
electronics at suitable operating frequencies are nowadays available
and could make those whishes possible. However, the design of such
a system is not always straight forward, and engineers are facing a
number of issues they didn’t have before. Therefore, this tutorial is
offered to all, who intend to design an inductive wireless power system
and to those, who have to decide, whether an application would be
possible. The tutorial covers the following topics: (1) Applications —
From Milliwatts to Kilowatts: A number of examples for wireless power
applications will be presented ranging from small mobile devices to
electric vehicle charging. These will be existing products and examples
from R&D; (2) Resonant power transmission: It will be discussed, what
the real benefit of resonant operation is. The differences of resonances
on the transmitter and the receiver side and parallel and series
resonant operation will be investigated. Based on this, the influence
on power transfer, losses, efficiency and control will be explained; (3)
Limits of inductive power transmission: The wireless power transfer is
limited by several parameters. Here, the limits which are determined
by efficiency and by magnetic emissions will be determined; (4) Free
positioning of receivers: Many wireless power applications benefit
from a free placement of a power receiver. Suitable coil arrangements
and winding designs will be presented; (5) Design of transmitter and
receiver inductors: The quality factor of the transmitter and receiver
coils is a crucial parameter for an efficient wireless power system.
However, at higher operating frequencies AC losses significantly
deteriorate the coil properties. The losses can be minimized by an
optimized design, which will be shown for wire-wound and printed
circuit board inductors; (6) The Wireless Power Consortium and the Qi
standard for mobile devices: In 2010 the Wireless Power Consortium
released the first worldwide inductive wireless power standard for
mobhile devices named Qi. Details of this standard including operating
frequency, power control, device detection, and communication format
will be explained.
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1:00 pm — 5:00 pm
Afternoon Sessions

T2-1  Design and Modeling of Dual Fed Asynchronous
Generators: Application to Wind Power
Generation

Russell

Instructors: James Hendershot and Tanvir Rahman,
Infolytica Corporation, USA

The design and modeling of dual fed induction generators is
considered in this tutorial. The topic will be covered by using examples
that are focused primarily for wind power generation applications. The
tutorial will begin with an overview of such systems and component
identification. The design and modeling methodologies and challenges
of various components will be discussed then. This will be followed
by discussions on the design of induction generators and their field
oriented control strategies. Topics covered will include design
strategy for initial design (sizing, material and winding designs), load
point analysis, and machine performance etc. Multiphysics aspect
(electromagnetic, thermal, and mechanical) of the design algorithms
will also be discussed. Aside from generator design, there will also be
some general discussions on inverter topology and simulation specific
to such devices. Modern computer aided design software will be used
toillustrate the various design and simulation strategies related to such
systems. As well, a literature review will accompany the presentation
to highlight the state-of-the-art of such systems.

T2-2  Design Considerations for Photovoltaic Systems
Installed on Curved Surfaces

Ellis West

Instructors: Robert S. Balog and Prasad N. Enjeti, Texas
A&M University, USA

With the advent of thin film technology, solar photovoltaic (PV) systems
can now be installed on any surface which facilitates a paradigm shift
from the traditional building applied rigid planar modules to free-form
building integrated photovoltaic systems. PV arrays installed on curved
surfaces enable new concepts for PV applications but also presents
new challenges for balance-of-system components, electrical
interconnections and power conditioning electronics. Non-uniform
and rapid changes in insolation complicate maximum power point
tracking. The aim of this tutorial is to present design considerations
for photovoltaic systems installed in or on non-planar surfaces and
their associate power conditioning architectures. The tutorial begins
with examples of traditional PV systems and emerging applications.
Detailed analysis is presented for estimating the available electrical
power for PV systems installed on arbitrarily non-planar curved
surface along with an analytical thermal model to predict the cell-
by-cell operating temperature, which is an important factor in cell
efficiency and reliability as well as an important consideration for
module integrated power electronics. By way of example, it will be

shown that a) conventional “string” PV architectures in which PV
modules are connected in series/parallel to a central DC-AC inverter
and b) module integrated micro-inverters are not optimal for PV
systems installed on highly curved or irregular surfaces. Several new
approaches are then reviewed for extracting maximum power along
with possible interconnection of module integrated converters with
PV cells. Throughout the course numerous design examples of PV
systems installed on curved surfaces will be presented with simulation
and experimental. Power electronic design engineers who deal with
DC-DC; DC-AC converters for renewable energy systems will find this
course informative and new knowledge gained in this seminar can be
immediately applied.

T2-3  Artificial Intelligence Techniques in Power
Electronics and Motor Drives

Cowboy Artists
Instructor: Bimal K. Bose, University of Tennessee, USA

Artificial intelligence (Al) techniques, such as expert system (ES),
fuzzy logic (FL), artificial neural network (ANN), and genetic algorithm
(GA) have recently brought a new and advancing frontier in power
electronics and motor drives area, which is already a complex
and interdisciplinary technology. The goal of Al is to plant human
intelligence in a computer so that a computer can think intelligently
like a human being. Computational intelligence has been debated over
a long time. There is no denying the fact that Al techniques can solve
complex problems which are difficult to solve by traditional methods.
Currently, Al technology is advancing at a fast rate, and its applications
in power electronics and motor drives are growing fast, as evident by
large number of publications in IEEE journals. Recent advancement of
powerful DSPs and FPGAs is making implementation of fuzzy and neural
systems economical with improvement of performance, compact and
more competitive. Evidently, the future impact of this technology on
power electronics and motor drives is very significant. The frontier of
Al is bringing a new challenge to the traditional engineers specialized
in power electronics and motor drives. The tutorial presentation will
discuss comprehensively the principles of Al and its applications in
power electronics and motor drives. In the beginning, the importance
of Al will be reviewed, which will be followed by brief discussion
on principles of different Al techniques. However, the presentation
will mainly focus on fuzzy logic and neural network (main focus)
applications in the control and estimation of power electronic
systems, illustrating some application examples. Fuzzy logic example
applications will include robust motor speed control, online efficiency
optimization of ac drive, and optimal control of modern wind generation
system. The ANN application examples will include space vector
PWM wave synthesis for 2-level and multi-level converters, delayless
filtering of inverter output waves, waveform generation for converters,
model referencing adaptive control (MRAC) of ac drives, drift-free flux
estimation of drives (approaching zero speed), and neuro-fuzzy control
of drives. Time permitting, computer-aided design examples of fuzzy
and neural systems will be discussed. Finally, in conclusion, the future
prognosis of the technology will be reviewed.
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T2-4  Practical Design and Challenges of Traction
Inverter for Electrified Vehicles

Ellis East
Instructor: Lihua Chen, Ford Motor Company, USA

Specifications provided by automakers for electric drive vary
considerably and can leave the traction inverter suppliers with many
questions regarding power delivery and key component selection.
Requirements the traction inverter designer must meet include
voltage and current ratings, steady-state and transient power delivery,
high reliability and durability, size, package, and cost, etc. However,
compared with regular inverter designs, the harsh vehicle operating
environment and worst case scenarios usually are not fully understood
by designers until their inverters are failed in vehicle test. The intent
of this seminar is to introduce the design and challenges of traction
inverter for electrified vehicle applications from a practical point of
view. Traction inverter design specifications derived from vehicle
applications will be explained; questions and concerns an inverter
designer might have will be addressed by technical details and
benchmarking inverter examples. Inverter key component selection
and sizing will be intensively discussed. Vehicle operation related
extreme conditions and worst case scenarios which usually drive
the inverter design will also be explained. The attendee should leave
the seminar with improved knowledge of particular requirements of
traction inverter design and practical challenges. The seminar is to
aid design engineer better understanding of traction inverter design to
meet automotive application requirements. It should also be of interest
to engineers who work on power electronics circuitry for various
power conversion applications.

T2-5 Designing with Lithium-lon Batteries: An
Engineering Perspective

Cassidy
Instructor: Ashish Arora, Exponent, Arizona, USA

The Lithium-ion chemistry is being adopted rapidly by new sectors of
the electronics and electrical industry with the automotive sectors
being the latest markets to move towards using Lithium-ion as a
power source. Low cost, high energy density, high reliability and low
weight are all features commonly listed as reasons that have made
various industries move away from Nickel based chemistries (NiCad
and NiMH) towards Lithium-ion over the past decade. However, the
speed of adaptation of this technology has varied by industries. While
the consumer electronics industry has been quick to transition almost
completely to using Lithium-ion as an energy storage medium, other
industries such as the medical electronics industry has been a slower
adapter. Part of the reason for the reluctance by certain industries
may be that although Lithium-ion batteries are highly reliable, they
do have some unique failure modes. Under rare circumstances,
Lithium-ion batteries can go into thermal runaway. During this four
hour tutorial, the following topics will be covered: (1) Introduction

of the lithium-ion technology and an insight into how the chemistry
functions; (2) Comparison of the lithium-ion technology with other
battery technologies; (3) Discussion of the typical steps involved in the
manufacturing of lithium-ion cells and the quality checks performed
during the manufacturing process; (4) Discussion of the safety
concernstypically associated with the lithium-ion technology and steps
taken to mitigate these concerns in battery and system designs; (5)
Discussion of the typical techniques used to evaluate and characterize
the performance of these batteries in the field; (6) Examples of the
ongoing reliability test (ORT) procedures typically needed once the
battery system is in the field in actual applications; (7) Introduction of
the typical design topologies and battery management architectures
employed for small and large format lithium-ion batteries. This will
include examples of typical architectures used in the consumer
electronics, telecommunications and automotive industries; and (8)
Discussion of the various industry standards that have been developed
for evaluating both the safety and reliability of lithium-ion batteries.
This will include a description of the approaches taken by the various
industry standards. Itis expected that the attendee through this tutorial
will gain an understanding of lithium-ion batteries and understand not
only how the chemistry functions, but also gain insight into techniques
used and things to consider when adapting this technology for real-
world applications.

T2-6  Multilevel Converters: Recent Development of
Topologies and PWM Control Methods

Curtis

Instructors: Yongdong Li, Tsinghua University, China;
Hirofumi Akagi, Tokyo Institute of Technology, Japan;
Fangzheng Peng, Michigan State University, USA; Jose
Rodriduez, Universidad Técnica Federic Santa Maria, Chile,
and Thiery Meynard, Institut National Polytechnique de
Toulouse, France

Multilevel converters have become the enabling power conversion
technology for high voltage high power applications in power systems
and large motor drives. Since the mid of 1990s, many contributors have
made great effort in developing new multilevel inverter topologies
because the existing multilevel topologies have certain limitations and
are not operable in some applications. In this tutorial, the relationship
between the existing topologies of multilevel converters, like NPC, flying
capacitor, cascaded, MMC and next generation multilevel converters
will be analyzed and the different control methods be summarized,
and their pros and cons in practical applications are reviewed by the
world-class specialists. The emphasis of the tutorial is given to recent
development of topologies and their control methods, and the following
issues will be covered: (1) Multilevel inverters: a survey of topologies,
controls, and application; (2) Recent Advances in Multilevel Converter/
Inverter Topologies and Applications; (3) Topologies of Multi-level
Converters and their development; (4) Classification, and Application of
Modular Multilevel Cascade Converter; and (5) Multi-level conversion:
SMC high voltage inverters.
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Monday, September 19 10:20 am — 12:00 pm

S1 Solar PV Technology

Ellis West
Chair: Ahmed Elasser, GE Global Research Center, USA, and
David Torrey, Advanced Energy Conversion, USA

10:20 am ¢ Novel Non-Flat Photovoltaic Module Geometries and
Implications to Power Conversion

Amulya Karavadi and Robert Balog, Texas A and M University, College
Station, USA

10:45 am ¢ A Test Bench for Accelerated Thermal Ageing of 11I-V
Concentration Solar Cells Using Forward Bias Injection

Fabio Immovilli, Claudio Bianchini, Alberto Bellini and Andrea Sala,
DISMI - University of Modena and Reggio Emilia, Italy

11:10 am ¢ Challenges to Overcurrent Protection Devices Under Line-
Line Faults in Solar Photovoltaic Arrays

Ye Zhao, Brad Lehman, Jean-Francois De Palma, Jerry Mosesian
and Robert Lyons, Northeastern University, USA; Mersen USA
Newburyport-MA, LLC., USA

11:35 am e Analysis and Mitigation of Common Mode Voltages in
Photovoltaic Power Systems

Somasundaram Essakiappan, Prasad Enjeti, Robert Balog and Shehab
Ahmed, Texas A and M University, USA; Texas A and M University -
Qatar, Qatar

$2 Power Semiconductors: Thermal Management

Curtis
Chair: Adam Skorek, University of Québec at Trois-Riviéeres,
Canada

10:20 am e Study and Realization of a High Power Density Electronics
Device Cooling Loop Using a Liquid Metal Coolant

Mansour Tawk, Yvan Avenas, Afef Kedous-Lebouc and Mickael Petit,
Grenoble INP-UJF, France

10:45 am e Drift Region Integrated Microchannel Structure for Direct
Cooling of Power Electronics

Kremena Vladimirova, Jean-Christophe Crebier, Yvan Avenas and
Christian Schaeffer, G2Elab, France

11:10 am ¢ Thermal Management of Compact SMT Multilayer Power
Converters

Ivan Josifovic, Jelena Popovic-Gerber and Jan Abraham Ferreira,
Delft University of Technology, Netherlands

11:35 am ¢ Development and Electrical Characterization of a Vertical
Electrical and Thermal Test Chip (VTTC)

Benoit Thollin, Jean-Christophe Crebier, Yvan Avenas, Pierre-Olivier
Jeannin, Zoubir Khatir and Laurent Dupont, G2Elab, France; LTN/
IFSTTAR, France

S3 Model-Based Sensorless Control

Cassidy
Chair: Fernando Briz, University of Oviedo, Spain

10:20 am e Sensorless Multiphase Induction Motor Drive Based on a
Speed Observer Operating with Third-Order Field Harmonics

Luca Zarri, Michele Mengoni, Angelo Tani, Giovanni Serra and
Domenico Casadei, University of Bologna, Italy

10:45 am ¢ Square Root Unscented Kalman Filters for State Estimation
of Induction Motor Drives

Saeed Jafarzadeh, Cristian Lascu and Fadali Sami, University of
Nevada Reno, USA

11:10 am ¢ The Opportunities of Two-Phase Hybrid Stepping Motor
Back EMF Sampling

Stijn Derammelaere, Lennart Carlier, Peter Cox, Bram Vervisch and
Colin Debruyne, Technical University College of West-Flanders,
Belgium; ON Semiconductor, Belgium

11:35 am e Analysis and Design of a Position Observer with
Resistance Adaptation for Synchronous Reluctance Motor Drives
Toni Tuovinen, Marko Hinkkanen and Jorma Luomi, Aalto University
School of Electrical Engng, Finland

S4 Distributed Utility Voltage Regulation

Ellis East

Chairs: Liuchen Chang, University of New Brunswick,
Canada, and Remus Teodorescu, Aalborg University,
Denmark

10:20 am ¢ A Full-Feedforward Scheme of Grid Voltages for a Three-
Phase Grid-Connected Inverter with an LCL Filter

Weiwei Li, Donghua Pan, Xinbo Ruan and Xuehua Wang, Huazhong
University of Science and Technology, China

10:45 am ¢ Optimal Size and Location of Distributed Generation Unit
for Voltage Stability Enhancement

Mamdouh Abdel-Akher, Abdel-Fatah Ali, Ahmed Eid and Hassan EI-
Kishky, South Valley University, Egypt; University of Texas at Tyler,
USA

11:10 am ¢ A Time-Coordination Approach for Compensating Pulse-
Load Using Flywheel

Hamed Afshari, Mahdi Saghaleini, Brian Hadley, Behrooz Mirafzal and
Chris Edrington, Florida International University, USA; Kansas State
University, USA; Florida State University, USA

S5 DC-DC Converters: Topologies |

Remington

Chairs: Gerry Moschopoulos, University of Western Ontario,
Canada, and Luca Corradini, University of Colorado at
Boulder, USA

10:20 am e Design and Analysis for ZVS Forward-Flyback DC-DC
Converter

Frank Chen, Haibing Hu, Khalid Rustom, John Shen and Issa Batarseh,
University of Central Florida, USA; Petrasolar, USA

10:45 am ¢ Interleaved Power Converter with Current Ripple
Cancelation at a Selectable Duty Cycle

Julio Rosas-Caro, Jesus Valdez-Resendiz, Jonathan Mayo-
Maldonado, Ruben Salas-Cabrera, Juan Ramirez-Arredondo and
Joel Salome-Baylon, Madero City Technological Institute, Mexico;
CINVESTAV Unidad Guadalajara, Mexico

11:10 am » Comparison of Bi-Directional Isolated Full-bridge
Converters with Combinations of Active and Passive Snubbers
Tsai-Fu Wu, Jeng-Gung Yang, Chia-Ling Kuo, Kun-Han Sun and Yu-Kai
Chen, EPARC, Natl. Chung Cheng University, Taiwan,; IDEAL, National
Formosa University, Taiwan
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11:35 am ¢ Study and Implementation of a Novel Bi-Directional DC-
DC Converter with High Conversion Ratio

Wei-Chih Liao, Tsorng-Juu Liang, Hsiu-Hao Liang, Hsueh-Ko Liao,
Lung-Sheng Yang, Kai-Cheung Juang and Jiann-Fuh Chen, National
Cheng Kung University, Taiwan; Far East University, Taiwan;
Information and Communications Research Laborato, Taiwan

S6 Induction Machines

Cowboy Artists
Chairs: Emmanuel Agamloh, Advanced Energy Corporation,
USA and Andrea Cavagnino, Politecnico di Torino, Italy

10:20 am ¢ Stray Losses in the Stator and Rotor of Induction
Machines with Sinusoidal Supplies
Omar Laldin, Purdue University, USA

10:45 am ¢ Harmonic Loss and Torque Analysis of High Speed
Induction Motors

Katsumi Yamazaki, Akihiro Suzuki, Motomichi Ohto and Teruyuki
Takakura, Chiba Institute of Technology, Japan, Yaskawa Electric
Corporation, Japan

11:10 am ¢ Analysis and Modeling of Rotor Slot Enclosure Effects in
High Speed Induction Motors

Aldo Boglietti, Radu Bojoi, Andrea Cavagnino, Paolo Guglielmi and
Alessio Miotto, Politecnico di Torino, Italy; Politecnco di Torino, Italy

11:35 am © Measurement Proven Analytical and Numerical Models
for Calculation of the Teeth Flux Pulsations and Harmonic Torques of
Skewed Squirrel Cage Standard Induction Machines

Thomas Knopik and Andreas Binder, Darmstadt University of
Technology, Germany

S7 Multilevel Converters |

Russell
Chair: Jinjun Liu, Xi An Jiaotong University, China

10:20 am e Virtual-Vector-Based Space Vector Pulse Width
Modulation of the DC-AC Multilevel-Clamped Multilevel Converter
(MLC2)

Pedro Rodriguez, Raul S. Munoz-Aguilar, Sergio Busquets-Monge,
Maria D. Bellar and Frede Blaabjerg, Universitat Politecnica de
Catalunya, Spain; Universidade do Estado do Rio de Janeiro, Brazil;
Aalborg University, Denmark

10:45 am ¢ A New Voltage-Balancing Controller in Cascaded
Multilevel Converters

Xu She, Alex Huang, Gangyao Wang, Tiefu Zhao, Fei Wang and Wenxi
Yao, North Carolina State University, USA; Eaton Corporation, USA;
Zhejiang University, China

11:10 am ¢ Multilevel Cascade H-Bridge Inverter DC Voltage
Estimation Through Output Voltage Sensing

Faete Filho, Leon Tolbert and Burak Ozpineci, The Univerity of
Tennessee, USA; Oak Ridge National Laboratory, USA

11:35 am ¢ Experimental Verification of Loss Reduction in Diode-
Clamped Mutilevel Inverters
Yukihiko Sato and Takumi Ito, Chiba University, Japan

S8 MPPT Algorithms for Solar PV Systems

Sundance
Chairs: Adel Nasiri, University of Wisconsin, Milwaukee,
USA, and Jian Sun, Rensselaer Polytechnic Institute, USA

10:20 am ¢ Integrated CMOS DC-DC Converter with Digital Maximum
Power Point Tracking for a Portable Thermophotovoltaic Power
Generator

Robert Pilawa-Podgurski, Wei Li, Ivan Celanovic and David Perreault,
MIT, USA

10:45 am e Study and Evaluation of Load Current Based MPPT Control
for PV Solar Systems

Yuncong Jiang and Jaber Abu Qahoug, The University of Alabama,
USA

11:10 am ¢ Improved MPPT Short-Circuit Current Method by a Fuzzy
Short-Circuit Current Estimator

Nelson Diaz, Adriana Luna and Oscar Duarte, Universidad Distrital
FJ.C., Colombia; Universidad Libre, Colombia; Universidad Nacional,
Colombia

11:35 am ¢ An Optimal Control Method for Grid-Connected
Photovoltaic Micro-Inverter to Improve the Efficiency at Light-Load
Condition

Zhe Zhang, Chen Min, Gao Mingzhi, Qiong Mo and Zhaoming Qian,
Zhejiang University, China

S9 Indirect AC-AC Converters |

Borein
Chairs: Lixiang Wei, Rockwell Automation, USA, and Vietson
Nguyen, Hamilton Sundstrand, United Technologies, USA

10:20 am © Modulation of Indirect Matrix Converter Under
Unbalanced Source Voltage Condition

Vishal Vekhande, B. B. Pimple and B. G. Fernandes, Indian Institute of
Technology Bombay, India

10:45 am ¢ An Investigation of High Efficiency Operation Conditions
for a Three-Port Energy Source System Using an Indirect Matrix
Converter

Koji Kato and Jun-ichi Itoh, Sanken Electric CO, LTD., Japan; Nagaoka
University of Technology, Japan

11:10 am ¢ A Compact Versatile Matrix Converter to Integrate Various
Energy Resources to Utility Network

Xiong Liu, Poh Chiang Loh, Peng Wang and Frede Blaabjerg, EEE,
Nanyang Technological University, Singapore; Aalborg University,
Denmark

11:35 am ¢ Hybrid PWM Control for Z-Source Matrix Converter
Qin Lei, Baoming Ge and Fangzheng Peng, Michigan State University,
USA

S10  Transportation Applications: General

Phoenix
Chair: Gui-Jia Su, Oak Ridge National Lab, USA

10:20 am ¢ Development of a Drive Cycle Based Evaluation Method
for Variable Voltage Converter in Vehicle Electrification Applications
Lihua Chen, Liwen Xu, Nagaraj Narayanachar and Shahram Zarei,
Ford Motor Company, USA
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10:45 am ¢ Small-Size Light-Weight Transformer with New Core
Structure for Contactless Electric Vehicle Power Transfer System
Chigira Masato, Nagatsuka Yuichi, Kaneko Yasuyoshi, Abe Shigeru
and Yasuda Tomio, Saitama University, Japan; Technova Inc., Japan

11:10 am ¢ Fault-Tolerant Control of Induction Motor Drive for
Automotive Belt-Alternator-Starter Application

Chandra Namuduri, Suresh Gopalakrishnan, Keith Van Maanen, Bryan
Ludwig and Bonho Bae, General Motors, USA

11:35 am ¢ Energy Efficiency in Plug-In Hybrid Electric Vehicle
Chargers: Evaluation and Comparison of Front End AC-DC Topologies
Fariborz Musavi, Murray Edington, Wilson Eberle and William G.
Dunford, Delta-Q Technologies Corp., Canada; University of British
Columbia, Canada

SP1 Special Session: Wind Energy Conversion

Regency ABCD
Chair: Dan lonel, Vestas Technology R&D Americas, Inc.

10:20 am ¢ Power Electronics Converters for Wind Turbine Systems
Frede Blaabjerg, Marco Liserre and Ke Ma, Aalborg University,
Denmark

10:45 am ¢ A Commercial Perspective on Wind Technology
Development Needs
Juan M. de Bedout, GE Global Research Center, USA

11:10 am e Short Term Energy Storage in Wind Power Generation
Eduard Muljadi, National Renewable Energy Laboratory (NREL), USA

11:35 am  Wind Power Plant Grid Connection — Challenges,
Opportunities and Solutions Ahead

Philip Carne Kjaer, Vestas Wind Systems A/S, Technology R&D,
Denmark

Monday, September 19 1:20 pm — 3:00 pm

S Wind Energy: Generators and Drives

Ellis West
Chairs: Yao Duan, Vestas Technology R&D Americas, Inc.,
USA, and Hamid Toliyat, Texas A and M University, USA

1:20 pm © Quasi-Z Source Inverter Based PMSG Wind Power
Generation System

Yushan Liu, Baoming Ge, Fang Zheng Peng, Abu Rub Haitham and
Anibal T de Almeida, Beijing Jiaotong University, China; Michigan
State University, USA; Texas A and M University at Qatar, Qatar;
University of Coimbra, Portugal

1:45 pm * Supercapacitor Energy Storage for Wind Energy Integration
Eunice Naswali, Chianna Alexander, Hai-Yue Han, David Naviaux,
Alexander Bistrika, von Jouanne Annette, Yokochi Alexandre and
Brekken Ted, Oregon State University, USA

2:10 pm © Mechanical Stress Reduction in Variable Speed Wind
Turbine Drivetrains

Goran Mandic, Adel Nasiri, Eduard Muljadi, Ehsan Ghotbi and
Francisco Oyague, UW-Milwaukee, USA; National Renewable Energy
Lab, USA; Boulder Wind Power, USA

2:35 pm ¢ Bearing Fault Detection for Direct-Drive Wind Turbines via
Stator Current Spectrum Analysis
Xiang Gong and Wei Qiao, University of Nebraska-Lincoln, USA

$12 Power Semiconductors: Packaging

Curtis
Chair: Kai Ngo, Virginia Tech, USA

1:20 pm © Thermomechanical Reliability Investigation of Large
Temperature Excursions in Power Electronics Packages

Pugi Ning, Fred Wang and Khai Ngo, Oak Ridge National Lab, USA;
CPES of Virginia Tech, USA

1:45 pm © Design of Power Converters on 3D-MIDs for Driving Three-
Dimensional LED-Lamps

Werner Thomas and Johannes Pforr, University of Applied Sciences
Ingolstadt, Germany

2:10 pm © A Novel Hybrid Packaging Structure for High-Temperature
SiC Power Modules

Ruxi Wang, Zheng Chen, Dushan Boroyevich, Yiying Yao and Li Jiang,
Virginia Tech, CPES, USA

2:35 pm e In-Situ Measurement of Wirebond Strain in Electrically
Active Power Semiconductors
Seth Avery and Robert Lorenz, University of Wisconsin-Madison, USA

$13  Direct Torque Control

Cassidy
Chair: Radu Bojoi, Politecnico di Torino, Italy

1:20 pm © Sensorless Direct Flux and Torque Control for Direct Drive
Washing Machine Applications

lustin Radu Bojoi, Biao He, Fabio Rosa and Fernando Pegoraro,
Politecnico di Torino, Italy; Whirlpool Corporation, USA

1:45 pm » Model Predictive Direct Torque Control: Derivation and
Analysis of the Explicit Control Law
Tobias Geyer, The University of Auckland, New Zealand

2:10 pm © Model Predictive Direct Torque Control of a Five-Level
ANPC Converter Drive System

Tobias Geyer and Silvia Mastellone, The University of Auckland, New
Zealand; ABB Corporate Research, Switzerland

2:35 pm ¢ Deadbeat-Direct Torque and Flux Control for Interior PM
Synchronous Motors Operating at Voltage and Current Limits

Jul-Ki Seok, Chan-Hee Choi and Robert Lorenz, YeungNam University,
Republic of Korea; UW-Madison, USA

S14 Distributed Grid Controls

Ellis East

Chairs: Jian Sun, Rensselaer Polytechnic Institute,
USA, and Fancisco Canales, ABB Corporate Research,
Switzerland

1:20 pm © Optimized Pole and Zero Placement with State Observer for
LCL-Type Grid-Connected Inverter

Mingyu Xue, Yu Zhang, Fangrui Liu, Yong Kang and Yongxian Yi,
Huazhong University of Science and Technology, China; Huazhong
University of Science and Technology, China

1:45 pm ¢ Smart-Grid Technologies and Progress in Europe and the
United States

Marcelo Simoes, Robin Roche, Elias Kyriakides, Abdellatif Miraoui,
Benjamin Blunier, Kerry McBee, Siddharth Suryanarayanan, Phuong
Nguyen and Paulo Ribeiro, Colorado School of Mines, USA; University
of Technology of Belfort-Montbeliard, France; University of Cyprus,
Cyprus; Colorado State University, USA; Technische Universiteit
Eindhoven, Netherlands
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2:10 pm © Enhanced Power Calculator for Droop Control in Single-
Phase Systems

Gustavo M. S. Azevedo, Marcelo C. Cavalcanti, Fabricio Bradaschia,
Pedro Rodriguez, Joan Rocabert and Francisco A. S. Neves, Federal
University of Pernambuco, Brazil; Technical University of Catalonia,
Spain

S15 DC-DC Converters: Controls |

Remington
Chairs: Jaber Abu-Qahoug, University of Alabama
Tuscaloosa, USA, and Jon Cronk, Power Products, USA

1:20 pm © A Practical Control Strategy to Improve Unloading
Transient Response Performance for Buck Converters

Liang Jia, Zhiyuan Hu, Yan-fei Liu and Paresh C. Sen, Queen’s
University, Canada

1:45 pm * A Small Signal Model for Average Current Mode Control
Based On Describing Function Approach
Feng Yu, Fred C. Lee and Paolo Mattavelli, CPES, Virginia Tech, USA

2:10 pm © A Novel Control Method for Light-Loaded Multiphase Boost
Converter with Voltage Multiplier Used as a Front-End of a Grid-
Connected Fuel-Cell Generation

Xiaotian Wu, Longlong Zhang, Guogiao Shen, Dehong Xu and Adrian
loinovici, Zhejiang Uninversity, China; Holon Institute of Technology,
Israel

2:35 pm ¢ Asymmetrical Bridge Double-Input DC-DC Converters
Adopting Pulsating Voltage Source Cells

Fuxin Liu, Yunyu Mao, Zhicheng Wang and Xinbo Ruan, Nanjing
University of Aeronautics and Astronautics, China

$16 Thermal Analysis and Losses |

Cowboy Artists
Chairs: Mircea Popescu, Motor Design Ltd, UK, and Aldo
Boglietti, Politecnico di Torino, Italy

1:20 pm * Thermal Analysis of a Balanced Calorimeter for Testing
Electrical Machines

He Zhang, Wenping Cao, Pericle Zanchetta and Jing Li, University of
Nottingham, UK; Newcastle University, UK

1:45 pm © Design of a Novel Test Fixture to Measure Rotational Core
Losses in Machine Laminations

Natheer Alatawneh and Pragasen Pillay, Concordia University,
Canada

2:10 pm © A Simple Method to Account for PIWM Eddy Current Iron
Losses in Finite Element Analysis

Andrew Knight, John Salmon and Jeff Ewanchuk, University of
Alberta, Canada

2:35 pm © Online Surge Testing Applied to an Induction Machine with
Emulated Insulation Breakdown

Stefan Grubic, Jose Restrepo and Thomas Habetler, Georgia Institute
of Technology, USA; Universidad Simon Bolivar, Venezuela

$17 Voltage Source Inverters

Russell
Chairs: Jin Wang, Ohio State University, USA, and Yasuyuki
Nishida, Chiba Institute of Technology, Japan

1:20 pm e Inter-Phase Interleaving for Three-Phase Voltage Source
Converter Operated with Low Non-Triple Carrier Ratio

Di Zhang, Fred Wang, Rolando Burgos, Xuning Zhang and Dushan
Boroyevich, GE Global Research Center, USA; University of Tennessee
and ONRL, USA; ABB Corporate Research Center Raleigh, USA;
Center for Power Electronics System, USA

1:45 pm » Model Predictive-Based Voltage Regulation of an Islanded
Distributed Generation Unit

Behrooz Bahrani and Alfred Rufer, Swiss Federal Institute of
Technology, Lausanne, Switzerland

2:10 pm © Reduction of Voltage Harmonics for Parallel-Operated
Inverters

Qing-Chang Zhong, Frede Blaabjerg, Josep M. Guerrero and Tomas
Hornik, Loughborough University, UK; Aalborg University, Denmark;
Universitat Politecnica de Catalunya, Spain; University of Liverpool,
UK

2:35 pm © Generalized Closed-Loop Control (GCC) Schemes with
Embedded Virtual Imepdances for Voltage Source Converters
Jinwei He and Yun Wei Li, University of Alberta, Canada

$18 DC-DC Converters for Solar PV Systems |

Sundance
Chairs: Ahmed Elasser, GE Global Research Center, USA,
and Dehong Xu, Zhejiang University, China

1:20 pm © Current-Fed Quadratic Full-Bridge Buck Converter for PV
Systems Interfacing: Dynamic Characterization

Juha Huusari and Teuvo Suntio, Tampere University of Technology,
Finland

1:45 pm © Photovoltaic Microinverter using Single-Stage Isolated
High-Frequency Link Series Resonant Topology
Hariharan Krishnaswami, University of Texas at San Antonio, USA

2:10 pm © Three-Port Flyback-Type Micro-Inverter with an Active
Power Decoupling Circuit

Yaow-Ming Chen and Chien-Yao Liao, National Taiwan University,
Taiwan

S19 Indirect AC-AC Converters Il

Borein
Chairs: Lixiang Wei, Rockwell Automation, USA, and Vietson
Nguyen, Hamilton Sundstrand, United Technologies, USA

1:20 pm © Active AC Snubber for Direct AC-AC Power Converters
Anish Prasai and Deepak Divan, Georgia Institute of Technology, USA

1:45 pm ¢ Comparison of Boost Chopper and Active Buffer as Single-
to Three-Phase Converter

Ohnuma Yoshiya and Itoh Jun-ichi, Nagaoka University of Technology,
Japan

2:10 pm ¢ Control of Single-Phase to Three-Phase Matrix Converters
for PM Synchronous Motor Drive

Takaharu Takeshita and Tomomi Yamashita, Nagoya Institute of
Technology, Japan
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2:35 pm © Improvement in the Control Range of Matrix Converters
Luca Zarri, Olorunfemi Ojo and Michele Mengoni, University of
Bologna, Italy; Tennessee Tech University, USA

S20  Transportation Applications: Voltage Converters

Regency CD
Chair: Anand Sathyan, Chrysler LLC, USA

1:20 pm © Optimal Design of Multilevel Modular Switched-Capacitor
DC-DC Converter

Dong Cao, Jiang Shuai and Fang Zheng Peng, Michigan State
University, USA

1:45 pm © A Double-Wing Multilevel Modular Capacitor-Clamped DC-
DC Converter with Reduced Capacitor Voltage Stress

Dong Cao, Xianhao Yu, Xi Lu, Wei Qian and Fang Zheng Peng,
Michigan State University, USA

2:10 pm ¢ Review of High Power Isolated Bi-Directional DC-DC
Converters for PHEV/EV DC Charging Infrastructure

Yu Du, Srdjan Lukic, Boris Jacobson and Alex Huang, FREEDM
Systems Center, North Carolina State University, USA; Raytheon
Company, USA

SP2  Special Session: Power Supply on Chip

Regency AB
Chair: Seth R. Sanders, University of California, Berkeley,
USA

1:20 pm  Single Chip Power Converters: Products and Manufacturing
Considerations
Ashraf Lotfi, Enpirion, USA

1:45 pm * Developing Single-Chip Offline LED Drivers
Vivek Mehrotra and Jian Sun, Teledyne Scientific Company, LLC, USA;
Rensselaer Polytechnic Institute, USA

2:10 pm © Nanostructured Scalable Thick-Film Magnetics
S. Prabhakaran, GE Global Research, USA

2:35 pm ¢ Voltage Scalable Switched Capacitor DC-DC Converters for
On-Chip Applications

Yogesh K. Ramadass and Anantha P. Chandrakasan, Texas
Instruments, USA; Massachusetts Institute of Technology, USA

Monday, September 19

3:20 pm — 5:00 pm

S21 Wind Energy: Power Electronic Converters

Ellis West
Chairs: Bogi Bech Jensen, Technical University of Denmark,
Denmark, and Ted Breken, Oregon State University, USA

3:20 pm ¢ Three-Level Boost Converter Based Medium Voltage
Megawatt PMSG Wind Energy Conversion Systems
Venkata Yaramasu and Bin Wu, Ryerson University, Canada

3:45 pm © Electro-Thermal Modeling for Junction Temperature
Cycling-Based Lifetime Prediction of a Press-Pack IGBT 3L-NPC-VSC
Applied to Large Wind Turbines

Osman S. Senturk, Lars Helle, Stig Munk-Nielsen, Pedro Rodriguez
and Remus Teodorescu, Aalborg University, Denmark; Vestas Wind
Systems, Denmark; Universitat Politecnica de Catalunya, Spain

4:10 pm ¢ Power Density Investigation on the Press-Pack IGBT
3L-HB-VSCs Applied to Large Wind Turbines

Osman S. Senturk, Lars Helle, Stig Munk-Nielsen, Pedro Rodriguez
and Remus Teodorescu, Aalborg University, Denmark; Vestas Wind
Systems, Denmark; Universitat Politecnica de Catalunya, Spain

4:35 pm ¢ A Comparison of Medium Voltage High Power DC-DC
Converters with High Step-Up Conversion Ratio for Offshore Wind
Energy Systems

Wu Chen, Alex Huang, Jan Svensson, Jun Li, Zhenyuan Wang and
Srdjan Lukic, North Carolina State University, USA; ABB, Sweden;
ABB, USA

$22  Magnetic Component Design and Application

Curtis
Chair: Braham Ferriera, Delft University of Technology,
Netherlands

3:20 pm  Resonant Converter Transformer Design and Optimization
Garet Gamache and Charles Sullivan, Thayer School of Engineering at
Dartmouth, USA

3:45 pm  Novel CCTT Core Integrated Magnetic for High-Power DC-
DC Converters

Kevin Hartnett, Marek Rylko, John Hayes and Michael Egan,
University College Cork, Ireland

4:10 pm e Iron Loss Evaluation of Filter Inductor Used in PWM
Inverters

Keisuke Kakazu, Toshihisa Shimizu, Hiroaki Matsumori, Koushi Takano
and Hitoshi Ishii, Tokyo Metropolitan University, Japan; Iwatsu Test
Instruments Corporation, Japan

4:35 pm ¢ Development and Evaluation of Single Sided Flux Couplers
for Contactless Electric Vehicle Charging

Mickel Budhia, Grant Covic, John Boys and Chang-Yu Huang, The
University of Auckland, New Zealand

S$23 Sensorless Control Issues

Cassidy
Chair: Giuseppe Scarcella, University of Catania, Italy

3:20 pm © Secondary Resistive Losses with High-Frequency Injection-
Based Self-Sensing in IPM Machines

Natee Limsuwan, Takashi Kato, Chen-Yen Yu, Jun Tamura, David
Reigosa, Kan Akatsu and Robert Lorenz, University of Wisconsin -
Madison, USA; Nissan Motor Co., Ltd., Japan; University of Oviedo,
Spain; Shibaura Institute of Technology, Japan

3:45 pm ¢ Analysis of Iron and Magnet Losses in Surface Permanent
Magnet Machines Resulting from Injection-Based Self-Sensing
Position Estimation

Shih-Chin Yang and Robert Lorenz, University of Wisconsin-Madison,
USA

4:10 pm © The Influence of Magnetic Hysteresis on HF Injection
Based Inductance Calculation

Julien Cordier, Peter Landsmann and Ralph Kennel, Technische
Universitaet Muenchen, Germany

4:35 pm © Saliency Based Sensorless Control of Induction Machines
at Frequency Overlap of Signal Components

Mohamed Metwally and Thomas Wolbank, Menoufia University,
Egypt; Vienna University of Technology, Austria
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$24 Microgrid Controls

Ellis East
Chairs: Yilmaz Sozer, University of Akron, USA, and Alireza
Bakhshai, Queen’s University, Canada

3:20 pm ¢ Autonomous Control of Interlinking Converters in Hybrid
AC-DC Microgrids with Energy Storages

Poh Chiang Loh, Ding Li and Frede Blaabjerg, Nanyang Technological
University, Singapore; Aalborg University, Czech Republic

3:45 pm ¢ Comparison of PV Inverter Controller Configurations for
CERTS Microgrid Applications

Micah Erickson, Robert Lasseter and Thomas Jahns, University of
Wisconsin - Madison, USA

4:10 pm © Phase Locked Loop Control of Inverters in a Microgrid
Matthew Surprenant, lan Hiskens and Giri Venkataramanan,
University of Wisconsin-Madison, USA; University of Michigan, USA

4:35 pm * Enabling High Droop Gain for Improvement of Reactive
Power Sharing Accuracy in an Electronically-Interfaced
Autonomous Microgrid

Aboutaleb Haddadi, Ali Shojaei and Benoit Boulet, McGill University,
Canada

$25 DC-DC Converters: Modeling

Remington
Chairs: Jian Sun, RPI, USA, and Oscar Garcia, Universidad
Politécnica de Madrid, Spain

3:20 pm © A New STS Model DC-DC Converter
Fujio Kurokawa, Junya Sakemi, Akihiro Yamanishi and Hiroyuki Osuga,
Nagasaki University, Japan; Mitsubishi Electric Corporation, Japan

3:45 pm ¢ Dynamic Modeling of a ZETA Converter in DCM Applied to
Low Power Renewable Sources
Renan Caron Viero and Fernando Soares Dos Reis, PUCRS, Brazil

4:10 pm ¢ Simple Large-Signal Model Based on Gyrator for System
Level Analysis

Du Weijing, Zhang Yang, Zhang Junming and Qian Zhaoming, Zhejiang
University, China

4:35 pm * Modeling of Multiple-Input DC-DC Converters Considering
Input-Coupling Effects

Ruichen Zhao, Sheng-Yang Yu and Alexis Kwasinski, The University of
Texas at Austin, USA

S26 Thermal Analysis and Losses Il

Cowboy Artists
Chairs: Mircea Popescu, Motor Design Ltd, UK, and Andy
Knight, University of Alberta, Canada

3:20 pm ¢ Advanced Testing and Modeling of Magnetic Materials
Including a New Method of Core Loss Separation for Electrical
Machines

Maged Ibrahim and Pragasen Pillay, Concordia University, Canada

3:45 pm ¢ A Nonintrusive Thermal Monitoring Method for Closed-
Loop Drive-Fed

Siwei Cheng, Yi Du, Jose Restrepo, Pinjia Zhang and Thomas G.
Habetler, Georgia Institute of Technology, USA; Universidad Simon
Bolivar, Venezuela; GE Global Research, USA

4:10 pm ¢ Loss Measurement of a 40 kW High-Speed Bearingless PM
Synchronous Motor

Gabriel Munteanu, Andreas Binder and Tobias Schneider, Darmstadt
University of Technology, Germany; Bosch GmbH, Germany

4:35 pm ¢ Induction Motor Rotor Temperature Estimation Using
Superheterodyne Receivers
Zhi Gao, Roy Colby and Larry Turner, Schneider Electric, USA

$27 Inverter Control Techniques

Russell
Chairs: Paolo Mattavelli, Virginia Tech, USA, and Zheng yu
Lv, Zhejiang University, China

3:20 pm e Stability Analysis of Droop Control for Inverter Using
Dynamic Phasors Method

Xianwei Wang, Fang Zhuo, Haiping Guo, Liang Meng, Meijuan Yang
and Jinjun Liu, Xi'an Jiaotong University, China

3:45 pm ¢ A Grid Synchronization Method for Droop Controlled
Distributed Energy Resources Converters

Chia-Tse Lee, Rui-Pei Jiang and Po-Tai Cheng, Department of
Electrical Engineering, NTHU, Taiwan

4:10 pm ¢ High Performance AC Current Regulation for Low Pulse
Ratio Inverters

Brendan McGrath, Stewart Parker and Grahame Holmes, RMIT
University, Australia

4:35 pm * Swinging Bus Inverters: New Requirements in Renewable
Power and the Natural Switching Surface
Martin Ordonez, Simon Fraser University, Canada

$28 DC-DC Converters for Solar PV Systems Il

Sundance
Chairs: David A. Torrey, Advanced Energy Conversion, USA,
and Adel Nasiri, University of Wisconsin-Milwaukee, USA

3:20 pm ¢ DC-DC Converter Topology Assessment for Large Scale
Distributed Photovoltaic Plant Architectures

Mohammed Agamy, Maja Harfman-Todorovic, Ahmed Elasser,
Juan Sabate, Robert Steigerwald, Yan Jiang and Essakiappan
Somasundaram, GE Global Research Center, USA

3:45 pm © Research on Output Current of Interleaved-Flyback in
Boundary Conduction Mode for Photovoltaic AC Module Application
Mingzhi Gao, Min Chen, Qiong Mo, Yuhao Luo and Zhaoming Qian,
Zhejiang University, China; Altenergy Power System Inc., China

4:10 pm ¢ Power Control in Three-Phase Grid-Connected Current-
Source Boost Inverter

Mahdi Saghaleini and Behrooz Mirafzal, Florida International
University, USA; Kansas State University, USA

4:35 pm © A Novel Primary-Side-Assisted Soft-Switching and Fault-

Tolerance of a High-Frequency-Link Inverter for Renewable-Energy

Systems

Rahnamaee Arash, Sudip Mazumder and Tajfar Alireza, University of
lllinois, Chicago, USA
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$29 Modeling and Control of AC-AC Converters

Borein
Chairs: Lixiang Wei, Rockwell Automation, USA, and Vietson
Nguyen, Hamilton Sundstrand, United Technologies, USA

3:20 pm ¢ Un-Terminated, Low-Frequency Terminal-Behavioral d-q
Model of Three-Phase Converters

Igor Cvetkovic, Marko Jaksic, Dushan Boroyevich, Paolo Mattavelli,
Fred C. Lee, Zhiyu Shen, Sara Ahmed and Dong Dong, CPES - Virginia
Tech, USA

3:45 pm ¢ A Four Legs Matrix Converter Based Ground Power Unit
with Selective Harmonic Control

Wesam Rohouma, Lee Empringham, Pericle Zanchetta and Patrick
Wheeler, University of Nottingham, UK

4:10 pm ¢ Study of the Bi-Directional Power Flow in Back-to-Back
Converters by Using Linear and Nonlinear Control Strategies
Janeth Alcala, Victor Cardenas, Adrian Ramirez and Jorge Gudino,
Universidad Autonoma de San Luis Potosi, Mexico; Universidad de
Colima, Mexico

4:35 pm © An Integrated Filter and Controller Design for Direct Matrix
Converter

Anindya Dasgupta and Parthasarathi Sensarma, Indian Institute of
Technology, Kanpur, India

S30  Transportation Applications: Infrastrutures

Regency CD
Chair: Srdjan Lukic, North Carolina State University, USA

3:20 pm ¢ A Study of Sectional Tracks in Roadway Inductive Power
Transfer System

Wei Zhang, Siu-Chung Wong, Chi K. Tse and Qianhong Chen, The
Hong Kong Polytechnic University, Hong Kong; Nanjing University of
Aeronautics and Astronautics, China

3:45 pm ¢ Cost Benefits and Vehicle-to-Grid Regulation Services of
Unidirectional Charging of Electric Vehicles

Mcdavis Fasugba and Philip Krein, University of Illinois at Urbana-
Champaign, USA

4:10 pm * Mitigating Distribution Transformer Lifetime Degradation
Caused by Grid-Enabled Vehicle (GEV) Charging

Rohit Moghe, Frank Kreikebaum, Jorge Hernandez, Rajendra P
Kandula and Deepak Divan, Georgia Institute of Technology, USA

4:35 pm ¢ A Study on Receiver Circuit Topology of a Cordless Battery
Charger for Electric Vehicles

Kraisorn Throngnumchai, Toshihiro Kai and Yuusuke Minagawa,
Nissan Motor Co., Ltd., Japan

SP3  Special Session: PEV Infrastruture and
Technologies

Regency AB
Chair: Theodore P. Bohn, Argonne National Laboratories,
USA

3:20 pm ¢ The EV Project and EV Charging Infrastructure Challenges
Kevin Morrow, ETEC, USA

3:45 pm © Technologies for Bi-Directional EV Battery Charging
Thomas Jahns, University of Wisconsin-Madison, USA

4:10 pm ¢ Current Sensor and Metrology Technologies for EV
Charging Sub-Meter Applications
James Spangler, Cirrus Logic/Argonne National Laboratory, USA

4:35 pm ¢ EV Charging Standards
Theodore Bohn, Argonne National Laboratory, USA

Tuesday, September 20

10:30 am — 12:00 pm

Plenary Poster Session: Poster Session |

Phoenix Convention Center West Hall 1
Chairs: Avoki Omekanda, General Motors, USA, and
Rolando Burgos, ABB, USA

P101 ¢ Assessment of Inertial Potential of Variable-Speed Wind
Turbines
Samer EL Itani and Geza Joos, McGill University, Canada

P102 ¢ Neural MPPT of Variable Pitch Wind Generators with
Induction Machines in a Wide Wind Speed Range

Maurizio Cirrincione, Marcello Pucci and Gianpaolo Vitale, UTBM,
France; ISSIA-CNR, Italy

P103 ¢ A Generalized Method for Wind Inverter Control Under
Unbalanced Operating Conditions
Shuang Wu and Ana Stankovic, Cleveland State University, USA

P104 e Megawatt Wind Energy Conversion System with Diode
Rectifier and Multilevel Current Source Inverter

Jiacheng Wang, Jingya Dai, Bin Wu, Dewei Xu and Navid Zargari,
Ryerson University, Canada; Rockwell Automation, Canada

P105 ¢ Diagnosis of the Open-Circuit Fault in Three-Parallel Voltage-
Source Converter for a High-Power Wind Turbine

Youngjong Ko, Hae-Gwang Jeong, Kyo-Beum Lee, Dong-Choon Lee
and Jang-Mok Kim, Ajou University, Republic of Korea; Yeungnam
University, Republic of Korea,; Pusan National University, Republic of
Korea

P106 « Maximum Power Point Tracker of a Wind Generator Based on
the Flatness-Based Control
Hani Alhamed Aldwaihi and Emmanuel Delaleau, ISEN-Brest, France

P107 e Self-Starting DC-DC Boost Converter for Low-Power and Low-
Voltage Microbial Electric Generators

Nicolas Degrenne, Bruno Allard, Francois Buret, Zaoui Abderrahime,
Florent Morel, Adami Salah-Eddine and Denis Labrousse, Universite
de Lyon, Laboratoire Ampere, France

P108 ¢ Bi-Directional HV DC-DC Converters for Energy Harvesting
with Dielectric Elastomer Generators

Lars Eitzen, Christian Graf and Juergen Maas, Hochschule
Ostwestfalen-Lippe, Germany

P109 ¢ Passivity-Based Control of PEM Fuel Cell/Battery Hybrid
Power Source

Ali Tofighi and Mohsen Kalantar, Iran University of Science and
Technology, Iran

P110 e Comparison of Cascaded H-Bridge and Modular Multilevel
Converters for BESS Application

Lennart Baruschka and Axel Mertens, Leibniz University of Hannover,
Germany

P111 ¢ Frequency Measurement Using a Frequency Locked Loop
Zijun Luo, Mary Kaye, Chris Diduch and Liuchen Chang, University of
New Brunswick, Canada
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P112 ¢ Power Smoothing and Power Ramp Control for Wind Energy
Using Energy Storage
Ali Esmaili and Adel Nasiri, University of Wisconsin-Milwaukee, USA

P113 e A New Architecture for Battery Charge Equalization
Bo Dong and Han Yehui, Tsinghua University, China,; University of
Wisconsin-Madison, USA

P114 « Optimal Transient Control of Microgrids Using a Game
Theoretic Approach

Nishantha Ekneligoda and Wayne Weaver, Michigan Technological
University, USA

P115 » Optimal Team Communication Structures in Micro Grids
Nishantha Ekneligoda and Wayne Weaver, Michigan Technological
University, USA

P116  The Practical Challenges of Minigrids
Glenn Platt, David Cornforth, Tim Moore and Adam Berry, CSIRO
Energy Technology, Australia

P117 ¢ Controller Design and Implementation of Indirect Current
Control Based Utility-Interactive Inverter System

Sunjae Yoon, Hyeongmin Oh and Sewan Choi, LS Industrial System,
Republic of Korea,; Seoul Tech, Republic of Korea

P118 ¢ Hybrid Solar Inverter Based on a Standard Power Electronic
Cell for Microgrids Applications

Luis Arnedo, Suman Dwari, Vladimir Blasko and Albert Kroeber,
United Technologies Research Center, USA; RWTH Aachen University,
Germany

P119 ¢ A Microgrid Modeling and Simulation Platform for System
Evaluation on a Range of Time Scales

Alex Brissette, Andy Hoke, Dragan Maksimovic and Annabelle Pratt,
University of Colorado, USA; Intel Labs, USA

P120 ¢ Flatness Based Control of an Isolated Three-Port Bi-
Directional DC-DC Converter for a Fuel Cell Hybrid Source
Matheepot Phattanasak, Roghayeh Gavagsaz-ghoachani, Jean-
Philippe Martin, Serge Pierfederici and Bernard Davat, Nancy
University INPL, France

P121 ¢ Evaluation of Power Converters to Implement Bipolar DC
Active Distribution Networks - DC-DC Converters

Jackson Lago, Joabel Moia and Marcelo Heldwein, Federal University
of Santa Catarina, Brazil

P122 « A PWM Control Strategy for Switched-Boost Inverter
Ravindranath Adda, Santanu Kumar Mishra and Avinash Joshi, Indian
Institute of Technology Kanpur, India

P123 « Advances in the Modeling and Control of Micro Hydro Power
Stations with Induction Generators

Lucas Giuliani Scherer, Robinson Figueiredo de Camargo, Humberto
Pinheiro and Cassiano Rech, Universidade Federal de Santa Maria,
Brazil

P124  Comparison and Performance Evaluation of Renewable to
Grid Integration Schemes: Single-Phase High-Frequency Fuel Cells
and PV Inverters Applications

Akshay Kumar Rathore, National University of Singapore, Singapore

P125 ¢ Real Time Simulation for the Study on Smart Grid

Feng Guo, Luis Herrera, Robert Murawski, Ernesto Inoa, Chih-Lun
Wang, Philippe Beauchamp, Yi Huang, Eylem Ekici and Jin Wang, The
Ohio State University, USA; Opal-RT Technologies, Canada

P126 e Finite-Time Current Control of LCL-Filter for Grid-Connected
Three-Phase Voltage-Source Inverter

Nishida Katsumi, Nakaoka Mutsuo and Ahmed Tarek, Ube National
College of Technology, Japan; Kyungnam University, Japan; Assuit
University, Egypt

P127 ¢ Comparison of Calorimetric and Electrical Loss Measurement
Methods in a Frequency Converter Research and Development
Application

Valtteri Mattsson, ABB 0y, Drives, Finland

P128  Dynamic Characteristics of Current-Fed Semiquadratic Buck-
Boost Converter in Photovoltaic Applications

Lari Nousiainen and Teuvo Suntio, Tampere University of Technology,
Finland

P129 ¢ A Power Converter System for Single Cell Photovoltaic
Modules
Dodi Garinto, Surya Research International, Indonesia

P130 ¢ An Effective PV Power Generation Control System Using
Quasi-Z Source Inverter with Battery

Baoming Ge, Qin Lei, Fang Zheng Peng, Dongsen Sun, Yushan Liu and
Abu Rub Haitham, Michigan State University, USA; Beijing Jiaotong
University, China; Texas A and M University at Qatar, Qatar

P131 ¢ Power Flow Control for Quasi-Z Source Inverter with Battery
Based PV Power Generation System

Dongsen Sun, Baoming Ge, Haitham Abu Rub, Fang Z. Peng and
Anibal T. de Almeida, Beijing Jiaotong University, China; Texas A
and M University at Qatar, Qatar; Michigan State University, USA;
University of Coimbra, Portugal

P132 ¢ Single-Stage Boost Inverter for Photovoltaic System
Wenxin Huang, Yufei Zhou, Ping Zhao and Jianwu Zhao, Nanjing
University of Aeronautics and Astronautics, China

P133 e Current Harmonic Minimization of a Grid-Connected
Photovoltaic 500kW Three-Phase Inverter Using PR Control
Byeong-Mun Song, Youngroc Kim, Hanju Cha and Hakju Lee, Baylor
University, USA; Chungnam National Univeristy, Republic of Korea;
Korea Electric Power Research Insitute, Republic of Korea

P134 ¢ A Current-Sensorless MPPT Quasi-Double-Boost Converter
for PV Systems

Christopher Lohmeier, Jianwu Zeng, Wei Qiao, Liyan Qu and Jerry
Hudgins, University of Nebraska-Lincoln, USA

P135 e Comparison of Soft and Hard-Switching Losses in Three-
Phase Micro-Inverters

Dehua Zhang, Qian Zhang, Anna Grishina, Amirahmadi Ahmadreza,
Haibing Hu, John Shen and Issa Batarseh, University of Central
Florida, USA

P136 * Energy Saving in Constant Speed Running Motors by Means of
Adaptive Sinusoidal Voltage

Shimon Limor and Doron Shmilovitz, PowerSines LTD., Israel; Tel Aviv
University, Israel

P137 ¢ Series-Stacked Medium Voltage Electronic Voltage Regulator
Males Tomlinson, Dewald Abrie and Toit Mouton, Universiteit
Stellenbosch, South Africa

P138 ¢ Fast Harmonic Detection Based on Cascaded Delayed Signal
Cancellation PLL
Yi Fei Wang and Yun Wei Li, University of Alberta, Canada

P139 ¢ A Family of Shunt Active Filter Based on the Interleaved Buck
Switch Cell

Zhong Chen, Miao Chen, Yingpeng Luo and Lei Shi, Nanjing University
of Aeronautics and Astronautics, China
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P140 « Study and Design of Power Quality Control for Qilfield Drilling
Rig Electrical System

Yi Hao, Zhuo Fang, Sun Xinxin and Liu Jinjun, Xi’an Jiaotong
University, China

P141  Converter Rating Reduction in Hybrid Active Power Filters
(HAPF)

Hamid Karshenas, Iman Aminoroaya, Alireza Bakhshai and Praveen
Jain, Queen’s University, Canada; Isfahan University of Technology,
Iran

P142 ¢ A Fast On-Load Tap Changing Regulator with Semi Natural
Commutation

Jose Alvarez, Rodolfo Echavarria and Armando Flores, Universidad
Politecnica de Victoria, Mexico

P143 * Transformer-Less Current Controlled Driver for a Dielectric
Barrier Discharge Lamp using HV Silicon Carbide (SiC) Switching
Devices

Amgad EI-Deib, Francis Dawson and Georges Zissis, University of
Toronto, Canada; Universite de Toulouse, France

P144 e Modeling and Design of L-Complementary Self-Oscillating
Class D Inverter with Output Voltage Clamping During Starting
Wei Xiong, Ana Stankovic and Louis Nerone, ULT, USA; Cleveland
State University, USA; General Electric Lighting, USA

P145 ¢ High Efficiency Hybrid Multi-Stage Adaptor with AC and DC
Input Capability
Yongjiang Bai, Qiaoliang Chen, Julu Sun, Ming Xu and Xu Yang, China

P146 A Cascaded Shunt Active Power Filter with High Performance
for Aircraft Electric Power System

Yingpeng Luo, Zhong Chen, Miao Chen and Jianxia Li, Nanjing
University of Aeronautics and Astronautics, China

P147 ¢ Grid Synchronization PLL Robust to Frequency Variation,
Unbalanced and Distorted Voltage

Sanghoey Lee, Hanju Cha and Jeong-Hoon Lee, Doosan H.I. Wind
Turbine Development Engine, Republic of Korea; Chungnam National
University, Republic of Korea

P148 « Switched-Capacitor Converters with Multiphase Interleaving
Control

Sitthisak Kiratipongvoot, Siew-Chong Tan and Adrian loinovici,

Hong Kong Polytechnic University, Hong Kong; Holon Institute of
Technology, Israel

P149 ¢ Two-Stage Electronic Ballast for HID Lamp with Buck PFC
Tsorng-Juu Liang, Hsueh-Ko Liao, Chien-Ming Huang, Hsiu-Hao Liang,
Yuan-Min Cheng, Chun-An Cheng and Jiann-Fuh Chen, National
Cheng-Kung University, Taiwan; I-Shou University, Taiwan

P150  Analysis and Design of a ZVS-PWM Full-Bridge Converter
with Reduced Conduction Losses

Dunisha Wijeratne and Gerry Moschopoulos, University of Western
Ontario, Canada

P151 e ZCS PWM Bi-Directional Converter with One Auxiliary Switch
Ahmad Mousavi, Pritam Das, Majid Pahlevaninezhad and Praveen
Jain, University of Western Ontario, Canada; Queen’s University,
Canada

P152  Adaptive Current Source Drivers for Efficiency Optimization of
High Frequency Synchronous Buck Converters

Zhiliang Zhang, Pengcheng Xu, Yan-fei Liu and Paresh C. Sen, Nanjing
University of Aeronautics and Astronautics, China; Queen’s University,
Canada

P153 « Battery Management System Using Active Charge
Equalization Technique Based on a DC-DC Converter Topology
Sriram Yarlagadda, Tom Hartley and Igbal Husain, The University of
Akron, USA

P154  Adaptive Current Source Drivers to Achieve Efficiency
Improvement in Wide Load Range

Zhiliang Zhang, Wei Cai and Pengcheng Xu, Nanjing University of
Aeronautics and Astronautics, China

P155 ¢ A Novel Feedback-Clamped Magnetically Coupled Bi-
Directional Optimal Battery Charging System

Rajeev Kumar Singh and Santanu Kumar Mishra, Indian Institute of
Technology Kanpur, India

P156 e Optimum Design of an Envelope Tracking Buck Converter for
RF PA using GaN HEMTs

Dejana Cucak, Miroslav Vasic, Oscar Garcia, Jesus Oliver and Pedro
Alou, Universidad Politecnica de Madrid, Spain

P157 e Comparison of Si and GaN Power Devices Used in PV Module
Integrated Converters

Milos Acanski, Jelena Popovic-Gerber and Braham Ferreira, TU Delft,
Netherlands

P158 * Proposal of a Low Power, 1.6 MHz, 90% Efficiency, Single
Inductor, Dual Symmetrical Outputs Integrated DC-DC Converter for
CCM and DCM Operations

Xavier Branca, Bruno Allard, David Chesneau and Xuefang Lin-shi,
IEEE, France; STEricsson, France

P159 ¢ A 10 MHz Mixed-Signal CPM Controlled DC-DC Converter
IC with Novel Gate Swing Circuit and Instantaneous Efficiency
Optimization

Amir Parayandeh, Behzad Mahdavikhah, Sm Ahsanuzzaman,
Aleksandar Radic and Aleksandar Prodic, University of Toronto,
Canada

P160 ¢ A Small Signal Model for V2 Control with Composite Output
Capacitors Based On Describing Function Approach
Feng Yu, Fred C. Lee and Paolo Mattavelli, CPES, Virginia Tech, USA

P161 ¢ A Novel Ripple-Based Constant On-Time Control with Virtual
Inductance and Offset Cancellation for DC Power Converters

Yu-Cheng Lin, Ching-Jan Chen, Dan Chen and Brian Wang, National
Taiwan University, Taiwan; Richtek Technology Corporation, Taiwan

P162 e Capacitor Current Programming Technique for Phase-Shift
DC-DC Converter

Victor Cheung and Henry Chung, City University of Hong Kong,
Hong Kong

P163 e Transient Mitigation of DC-DC Converters Using an Auxiliary
Switching Circuit

Zhenyu Shan, Siew-Chong Tan and Chi K. Tse, Hong Kong Polytechnic
University, Hong Kong,; EPGC, ICES, A*STAR, Singapore

P164 « Energy and Impedance State Modeling of Power Electronic
Converters

Gregory Vosters and Wayne Weaver, Michigan Technological
University, USA

P165  DC-DC Boost Converter with Network Model for Photovoltaic
System

Saichol Chudjuarjeen, Juan Jimenez, Sachi Jayasuriya, Chika
Nwankpa, Karen Miu and Anawach Sangswang, Drexel University
and KMUTT (Thailand), Thailand; Drexel University, USA; King
Mongkut's University of Technology Thonburi, Thailand
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P166 ¢ Design of Envelope Amplifier Based on Interleaved
Multiphase Buck Converter with Minimum Time Control for RF
Application

Pengming Cheng, Miroslav Vasic, Oscar Garcia, Pedro Alou, Jesus
Oliver and Jose Antonio Cobos, Universidad Politecnica de Madrid,
Spain

P167 A Contribution to the Dynamic Modeling of Switched-
Capacitor Converters

Jonathan Mayo-Maldonado, Julio Rosas-Caro, Jesus Valdez-
Resendiz, Ruben Salas-Cabrera, Eduardo Nacu Salas-Cabrera and
Hermenegildo Cisneros-Villegas, Instituto Tecnologico de Ciudad
Madero, Mexico

P168 ¢ A Zero-Current-Switching Multilevel Switched Capacitor
DC-DC Converter

Matthew Gebben, Jorge G. Cintron-Rivera, Wei Qian, Dong Cao,
Xuejun Pei and Fang Z. Peng, Michigan State University, USA

P169 ¢ Optimizing Dual Half Bridge Converter for Full Range Soft
Switching and High Efficiency

Hamid Daneshpajooh, Alireza Bakhshai and Praveen Jain, Queen’s
University, Canada

P170 « A Novel A-D Conversion for Digital Control Switching Power
Supply

Fujio Kurokawa, Ryuya Yoshida, Yuki Maeda, Tsukasa Takahashi,
Kouta Bansho, Toru Tanaka and Keiichi Hirose, Nagasaki University,
Japan; NTT-Facilities, Japan

P171 « Digital Current Sharing Method for Multiphase DC-DC
Converters Using the Peak Input Voltage

Suyong Chae, Yujin Song, Sukin Park and Hakgeun Jeong, Korea
Institute of Energy Research, Republic of Korea

P172 » A High Step-Up Current Fed Multi-Resonant Converter with
Coupled Inductor

Donghao Li, Bo Liu, Bo Yuan, Yang Xu, Duan Jason and Zhai Jerry,
Xi‘an Jiaotong University, China; Analog Devices, Inc., China

P173  Inductor Optimization Procedure for Power Supply in Package
and Power Supply on Chip

Toke M. Andersen, Claudius M. Zingerli, Florian Krismer, Johann W.
Kolar and Cian 0'Mathuna, Power Electronic Systems Laboratory, ETH
Zurich, Switzerland; Tyndall National Institute, Cork, Ireland

P174 « Diagnosis and Fault-Tolerant Control of Three-Phase AC-DC
PWM Converter System

Won-Sang Im, Jang-Mok Kim, Dong-Choon Lee and Kyo-Beum Lee,
Pusan National University, Republic of Korea, Youngnam University,
Republic of Korea,; Ajou University, Republic of Korea

P175 ¢ A New Control Scheme for Boost PFC Converters for Both
CCM and DCM Operations

Chung-Ping Ku, Sheng-Hsien Lin and Dan Chen, National Taiwan
University, Taiwan; Delta Electronics Inc., Taiwan

P176 * Three-Phase Z-Source Power Supply Design and Dynamic
Modeling

Giovanni Lo Calzo, Alessandro Lidozzi, Luca Solero and Fabio
Crescimbini, University Roma Tre - DIMI, Italy

P177 » Adaptive Discontinuous Current Source Driver to Achieve
Switching Loss Reduction for MHz PFC Applications

Pengcheng Xu, Zhiliang Zhang, Yan-fei Liu and P.C. Sen, Nanjing
University of Aeronautics and Astronautics, China; Queen’s University,
Canada

P178  Analysis and Design of a Three-Phase Reduced Switch Buck-
Boost AC-DC Converter

Dunisha Wijeratne and Gerry Moschopoulos, University of Western
Ontario, Canada

P179 ¢ One-Cycle Controlled Three-Switch Buck-type Rectifier
Shao Zhang and King Jet Tseng, Nanyang Technological University,
Singapore

P180 ¢ Six Switches Solution for Single-Phase AC-DC-AC Converter
with Capability of Second-Order Power Mitigation in DC-Link
Capacitor

Xiong Liu, Peng Wang, Poh Chiang Loh, Frede Blaabjerg and Mingyu
Xue, EEE, Nanyang Technological University, Singapore; Institute of
Energy Technology, Aalborg Univers, Denmark; Huazhong University
of Science and Technology, China

P181 ¢ Voltage Sensorless Feedforward Control of a Dual Boost PFC
Converter for Battery Charger Applications

Sung Min Park, Yong Duk Lee and Sung Yeul Park, University of
Connecticut, USA

P182 e Catastrophic Bifurcation in Three-Phase Boost Rectifiers
Meng Huang, Siu-Chung Wong, Chi K. Tse and Xinbo Ruan, The Hong
Kong Polytechnic University, Hong Kong; Huazhong University of
Science and Technology, China

P183 ¢ A Control Method to Reduce a Surge Voltage of Indirect
Matrix Converter by Using Zero Current and Zero Voltage Switching
Jun-ichi Itoh, Toshifumi Hinata and Koji Kato, Nagaoka University of
Technology, Japan

P184  High Power Density High Efficiency DC-DC Converter
Daocheng Huang, David Gilham, Weiyi Feng, Pengju Kong, Dianbo
Fu and Fred. C. Lee, Virginia Tech, USA; Intersil Corporation, USA;
Huawei Technologies Co., Ltd., USA

P185 A Bi-Directional Single-Phase Soft-Switched AC-AC
Converter

Alireza Safaee, Davood Yazdani, Alireza Bakhshai and Praveen Jain,
Queen’s University, Canada, ReDriven Power Inc., Canada

P186 A Sense Winding Based Synchronization Technique for Bi-
Directional IPT Pick-Ups

Duleepa J. Thrimawithana, Udaya K. Madawala, Michael Neath and
Tobias Geyer, The University of Auckland, New Zealand

P187 < A Single Stage Micro-Inverter Based on a Three-Port Flyback
with Power Decoupling Capability

Haibing Hu, Qian Zhang, Xiang Fang, John Shen and Issa Batarseh,
University of Central Florida, USA

P188 ¢ Novel Family of Quasi-Z Source AC-AC Converter with Safe-
Commutation

He Liangzong, Peng Fangzheng and Duan Shanxu, Huazhong
University of Science and Technology, China; Michigan State
University, USA
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3:30 pm — 5:00 pm

Plenary Poster Session: Poster Session Il

Phoenix Convention Center West Hall 1

Chairs: Jian Sun, Rensselaer Polytechnic Institute, USA,
and Subhashish Bhattacharya, North Carolina State
University, USA

P301 ¢ Design and Force Control of Slotted Tubular Linear Motor for
Active Pedal

Bon-Gwan Gu, Young-Kyoun Kim, In-Soung Jung, Jeongyeol An and
Jongsang Noh, KETI, Republic of Korea; DH Holdings Co., Republic of
Korea

P302 e Modeling, Implementation and Analysis of a Li-lon Battery
Powered Electric Truck

Prasanna Mantravadi, Igbal Husain and Yilmaz Sozer, University of
Akron, USA

P303 e Analytical Model of PMSM Designed for High-Frequency
Operation ‘Machine and Inverter Sizing Compromise’

Mohand Sough, Daniel Depernet, Frederic Dubas, Christophe Espanet
and Benali Boualem, ALSTOM Transport, France; University of
Technology of Belfort-Montbeliard, France; University of Franche-
Comte, France

P304 « Benefits of Cascaded Inverter for Electrical Vehicles’ Drive-
Trains

Benoit Sarrazin, Nicolas Rouger, Jean-Paul Ferrieux and Yvan Avenas,
G2Elab, CNRS, Grenoble University, France

P305 e Lithium-lon Cell Modeling from Impedance Spectroscopy for
EV Applications

Akram Eddahech, Olivier Briat, Ramzi Chaari, Nicolas Bertrand, Herve
Henry and Jean-Michel Vinassa, IMS laboratory, France

P306 » Design and Analysis of Three-Port DC-DC Converters for
Satellite Platform Power System

Zhijun Qian, Osama Abdel-Rahman, Kejiu Zhang, Haibing Hu, John
Shen and Issa Batarseh, Linear Technology, USA; Advanced Power
Electronics Corporation, USA; DELL, USA; University of Central
Florida, USA

P307 ¢ Control Strategy for Electric Starter Generators Embedded in a
Gas Turbine Engine for Aerospace Applications

Bikramjit Bhangu and Rajashekara Kaushik, Rolls-Royce, Singapore;
Rolls-Royce, USA

P308 e Low Frequency Ripple Current Compensation with DC Active
Filter for the Single-Phase Aeronautic Static Inverter

Zhong Chen, Miao Chen, Yingpeng Luo and Changyou Wang, Nanjing
University of Aeronautics and Astronautics, China

P309 ¢ Effects of Electrical Power Off-Take on Finite Inertia
Mechanical Systems

Rebecca Todd, Frank Bryan, Andrew Forsyth, Chengwei Gan and
James Bossard, The University of Manchester, UK; Rolls-Royce, UK

P310 e Multi-Sampled Carrier-Based PWM for Multilevel Active
Shunt Power Filters for Aerospace Applications

Milijana Odavic, Veronica Biagini, Mark Sumner, Pericle Zanchetta
and Marco Degano, The University of Nottingham, UK

P311 e A New Battery Parameter Identification Considering Current,
SOC and Peukert's Effect for Hybrid Electric Vehicles

Jongkyung Lee, Youngroc Kim and Hanju Cha, Chungnam National
University, Republic

of Korea

P312 ¢ Power and Efficiency Measurements and Design Improvement
of a 50kW Switched Reluctance Motor for Hybrid Electric Vehicles
Motoki Takeno, Akira Chiba, Nobukazu Hoshi, Masatsugu Takemoto
and Satoshi Ogasawara, Tokyo University of Science, Japan; Tokyo
Institute of Technology, Japan,; Hokkaido University, Japan

P313 ¢ Analysis and Mitigation of Torsional Vibration of PM
Brushless DC Drives with Direct Torque Controller
Z.Q. Zhu and J.H. Leong, University of Sheffield, UK

P314 « Design for Self-Sensing of a Linear Actuator
Joel Maridor, Miroslav Markovic and Yves Perriard, EPFL IMT LAI,
Switzerland

P315 ¢ Independent Speed Control of Two Induction Motors Fed by a
Five-Leg Inverter with Space Vector Modulation

Atsushi Hara, Hiroyuki Enokijima and Kouki Matsuse, Meiji University,
Japan

P316 ¢ Homopolar Machines for Power Generation: A Review
Claudio Bianchini, Fabio Immovilli, Alberto Bellini, Emilio Lorenzani
and Carlo Concari, DISMI University of Modena and Reggio E., Italy;
DIl University of Parma, Italy

P317 « Effect of Stator and Rotor Saturation on Sensorless Rotor
Position Detection

Emanuele Fornasiero, Nicola Bianchi and Silverio Bolognani,
University of Padova, Italy

P318 e Weight Optimization of a Surface Mount Permanent Magnet
Synchronous Motor Using Genetic Algorithms and a Combined
Electromagnetic-Thermal Co-Simulation Environment

Mohand ou Ramdane Hamiti, Chris Gerada and Michael Rottach, The
University of Nottingham, UK

P319 ¢ Optimization of the Winding Arrangement to Increase

the Leakage Inductance of a Synchronous Machine with Multi-
Functional Converter Drive

Thomas Hackner and Johannes Pforr, University of Applied Sciences
Ingolstadt, Germany

P320 « Mitigation of Voltage Regulation Problem in Flux Reversal
Machine

Vandana Rallabandi and Fernandes B.G., Indian Institute of
Technology Bombay, India

P321 e Mechanically Commutated Self Control of PM-Synchronous
Machines

Tobias Roesmann and Stefan Soter, Moog Unna, Germany; University
of Wuppertal, Germany

P322 ¢ Reduction of Magnetic Saturation by Using Additional
Permanent Magnets in Synchronous Machines

Katsumi Yamazaki, Tamiya Shuichi, Kazuo Shima and Tadashi
Fukami, Chiba Institute of Technology, Japan; Kanazawa Institute of
Technology, Japan

P323 A Geometrical Interpretation of Current Space Vector
Components Due to Induction Machines Rotor Faults

Carlo Concari, Giovanni Franceschini, Carla Tassoni and Andrea
Toscani, Universita’ degli Studi di Parma, Italy

P324 » Analysis of Two-Part Rotor, Axial Flux Permanent Magnet
Machines

Gianmario Pellegrino, Paolo Giangrande, Francesco Cupertino, Davide
Ronchetto, Mark Sumner and Chris Gerada, Politecnico di Torino,
Italy; Politecnico di Bari, Italy; University of Nottingham, UK
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P325 e The Effect of Magnetic Saturation on Sensorless Control of a
Brushless Permanent Magnet Motor under AC and DC Excitation
Antonio Griffo, Rafal Wrobel, Philip Mellor, Derrick Holliday and
Parminder Sangha, University of Bristol, UK; University of Strathclyde,
UK; Goodrich Corporation, UK

P326 ¢ Performance Comparison Between Unipolar and Bipolar
Excitations in Switched Reluctance Machine with Sinusoidal and
Rectangular Waveforms

Xu Liu, Z.Q. Zhu, Masahiko Hasegawa, Rajesh Deodhar and Adam
Pride, University of Sheffield, UK; IMRA Europe SAS, UK Research
Centre, UK

P327 » DC-Link Capacitance Requirement and Noise and Vibration
Reduction in 6/4 Switched Reluctance Machine with Sinusoidal
Bipolar Excitation

Xu Liu, Z.Q. Zhu, Masahiko Hasegawa, Adam Pride and Rajesh
Deohar, University of Sheffield, UK; IMRA Europe SAS, UK Research
Centre, UK

P328 ¢ Impact of the Rotor Back-Iron Resistivity on the Rotor
Eddy-Current Losses in Fractional-Slot Concentrated Windings PM
Machines

Andrea Cavagnino, Mario Lazzari, Alessio Miotto, Alberto Tenconi and
Silvio Vaschetto, Politecnico di Torino, Italy

P329 e Damper Windings in Induction Machines for Reduction of
Unbalanced Magnetic Pull and Bearing Wear

David Dorrell, Jonathan Shek, Min-Fu Hseih and Markus Mueller,
University of Technology Sydney, Australia; University of Edinburgh,
UK; National Cheng Kung University, Taiwan

P330 e Comparison of Air-Cored and Iron-Cored Non-Overlap Winding
Radial Flux Permanent Magnet Direct Drive Wind Generators
Maarten Kamper, Johannes Potgieter, Abraham Stegmann and Pieter
Bouwer, Stellenbosch University, South Africa

P331  Design of a Sustainable Wind Generator System using
Redundant Materials

Hartmut Jagau, Azeem Khan and Paul Barendse, University of Cape
Town, South Africa

P332 ¢ Modeling, Construction and Testing of a Simple HTS Machine
Demonstrator

Bogi Jensen and Asger Abrahamsen, Technical University of
Denmark, Denmark

P333 ¢ A Novel Analytical Method for Prediction of the Broken Bar
Fault Signature Amplitude in Synchronous Machine Damper Winding
and Induction Machine Cage Rotor

Mina Rahimian, Seung Choi and Karen Butler-Purry, Texas A and M
University, USA; Toshiba, USA

P334 e Levitation Performance of Two Opposed Permanent Magnet
Pole-Pair Separated Conical Bearingless Motors

Peter Kascak, Jansen Ralph, Dever Timothy, Nagorny Aleksandr and
Loparo Kenneth, NASA Glenn Research Center, USA; ResMed Motor
Technologies, USA; Case Western Reserve University, USA

P335 e Switched Reluctance Motor without Torque Ripple or
Electrolytic Capacitors
Ethan Swint and Jason Lai, Virginia Tech, USA

P336 » Capacitive Power Transfer for Slip Ring Replacement in
Wound Field Synchronous Machines

Daniel Ludois, Kyle Hanson and Justin Reed, University of Wisconsin-
Madison, USA

P337 e Scalability Investigation of Proximity Losses in Fractional-
Slot Concentrated WindGing Surface PM Machines During High-
Speed Operation

Patel Reddy and Thomas Jahns, GE Global Research Center,
Niskayuna, USA; University of Wisconsin-Madison, USA

P338 ¢ Maximum Torque Per Ampere Control of Phase Advance
Modulation of a SPM Wind Generator

Mehanathan Pathmanathan, Wen Soong and Nesimi Ertugrul, The
University of Adelaide, Australia

P339 e Modeling and Control of Three-Phase PMSMs under Open-
Phase Fault

Alberto Gaeta, Giacomo Scelba and Alfio Consoli, University of
Catania, Italy

P340 e Modeling the Dynamic Suspension Behavior of an Eddy
Current Device

Jonathan Bird, Nirmal Paudel, Subhra Paul and Bobba Dheeraj,
University of North Carolina at Charlotte, USA

P341 ¢ An Accurate Rotor Time Constant Estimation Method for Self-
Commissioning of Multi-Scale Induction Motor Drives

Shuang Sheng, Xiaomeng Cheng, Haifeng Lu, Wenlong Qu and Yituo
Li, Tsinghua University, China

P342 « Research on Optimized Control Technique of Electrical
Vehicles Propulsion System with Dual PMSM Connection

Jian Zhang, Xuhui Wen and Youlong Wang, Institute of Electrical
Engineering, CAS, China

P343 « Speed Control of Electrical Drives Using Classical Control
Methods

Lennart Harnefors, Seppo Saarakkala and Marko Hinkkanen, ABB
Power Systems - HVDC, Sweden, Aalto University, Finland

P344  Adaptive Wide Angle PWM Control Strategy of BLDC Motor
Drive for Efficiency Optimization and Wide Speed Control Range
Kai-Sheng Kan and Ying-Yu Tzou, National Chiao Tung University,
Taiwan

P345 ¢ Transformer-Isolated Gate Drive Design for SiC JFET Phase-
Leg Module

Ruxi Wang, Milisav Danilovic, Zheng Chen and Dushan Boroyevich,
Virginia Tech, CPES, USA

P346 * Optimal Torque Trajectories Minimizing Loss of Induction
Motor Under Given Condition of Rotational Angle

Kaoru Inoue, Keito Kotera and Toshiji Kato, Doshisha University,
Japan

P347 ¢ A Novel Single Phase Hybrid Switched Reluctance Motor
Drive System

Jianing Liang, Guoging Xu, Linni Jian, Jakobsen Uffe and Jin-Woo
Ahn, Shenzhen Institutes of Advanced Technology, China; The
Chinese University of Hong Kong, China; Aalborg University, Denmark;
Kyungsung University, Republic of Korea

P348 * Experimental Methods for Synchronous Machines Evaluation
by an Accurate Magnetic Model Identification

Paolo Guglielmi, Eric Armando, lustin Radu Bojoi, Gianmario
Pellegrino and Michele Pastorelli, Politecnico di Torino, Italy

P349 ¢ Electromechanical Regeneration Actuator with Fault
Tolerance Capability for Automotive Chassis Applications
Lei Hao and Chandra Namuduri, General Motors RD Center, USA

P350 e A New High Frequency Injection Method for Sensorless
Control at Doubly-Fed Induction Machines

Longya Xu, Ernesto Inoa, Yu Liu and Bo Guan, The Ohio State
University, USA
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P351 « MRAS Speed Observer for High Performance Linear Induction
Motor Drives Based on Linear Neural Networks

Angelo Accetta, Maurizio Cirrincione, Marcello Pucci and Gianpaolo
Vitale, University of Palermo, Italy; UTBM, France; ISSIA-CNR, Italy

P352 e Optimum Torque Control Algorithm for Wide Speed Range and
Four Quadrant Operation of Stator Flux Oriented Induction Machine
Drive without Regenerative Unit

Valeriu Olarescu, Sorin Musuroi, Ciprian Sorandaru, Martin
Weinmann and Stefan Zeh, Diehl AKO Stiftung, Germany; University
“Politehnica” of Timisoara, Romania

P353 ¢ Rotor Position Measurement for a Magnetically Levitated
500000 rpm Permanent Magnet Machine

Claudius Martin Zingerli, Imoberdorf Philipp, Thomas Nussbaumer
and Johann Walter Kolar, ETH Zurich, Switzerland; Levitronix,
Switzerland

P354 ¢ Innovative Measuring System for Wear-Out Indication of High
Power IGBT Modules

Jens Due, Stig Munk-Nielsen and Rasmus Nielsen, Institute of Energy
Technology - Aalborg University, Denmark

P355 ¢ Resonant Power Shoes for Humanoid Robots
Lee Byunghun, Kim Hyunjae, Lee Sung Woo, Park Chang Byung and
Rim Chun Taek, KAIST, Republic of Korea

P356 ¢ Loss Evaluation of an AC-AC Direct Converter with a New
GaN HEMT SPICE Model

Okamoto Masayuki, Toyoda Genki, Hiraki Eiji, Tanaka Toshihiko
and Hashizume Tamotsu, Yamaguchi University, Japan,; Hokkaido
University, Japan

P357 A New High Frequency Inductor Loss Measurement Method
Mingkai Mu and Lee Fred, CPES, Virginia Tech, USA

P358 e Optimal Design Method for Interleaved Single-Phase PFC
Converter with Coupled Inductor

Jun Imaoka, Yuki Ishikura, Takahiro Kawashima and Masayoshi
Yamamoto, Shimane University, Japan

P359 e Lithium-lon Supercapacitors for Pulsed Power Applications
Raymond Sepe, Anton Steyerl and Steven Bastien, Electro Standards
Laboratories, USA

P360 ¢ Zero Voltage Switching Performance of 1200V SiC MOSFET,
1200V Silicon IGBT and 900V CoolMOS MOSFET

Arun Kadavelugu, Vinay Baliga, Subhashish Bhattacharya, Mrinal Das
and Anant Agarwal, North Carolina State University, USA; Cree, Inc.,
USA

P361 ¢ Novel Silicon-Embedded Coreless Coupled Inductors for High
Efficiency On-Chip DC-DC Conversion

Rongxiang Wu and Johnny K.0. Sin, Hong Kong University of Science
and Technology, Hong Kong

P362 « A Bipolar Primary Pad Topology for EV Stationary Charging
and Highway Power by Inductive Coupling

Grant Covic, Michael Kissin, Dariusz Kacprzak, Niels Clausen and Hao
Hao, The University of Auckland, New Zealand

P363 ¢ Integrated Magnetic Design of Small Planar Transformers for
LLC Resonant Converters

Samuel Robert Cove, Martin Ordonez, Federico Luchino and John
Quaicoe, Memorial University of Newfoundland, Canada,; Simon
Fraser University, Canada

P364 e Microfabricated V-Groove Power Inductors Using Multilayer
Co-Zr-0 Thin Films for Very-High-Frequency DC-DC Converters

Di Yao, Christopher Levey and Charles Sullivan, Maxim Integrated
Products, USA; Thayer School of Engineering at Dartmouth, USA

P365 ¢ Boundary-Dependent Circuit Model for the Transient Behavior
of a Thermal Stack in Power Modules
Xiao Cao, Guo-Quan Lu and Khai Ngo, Virginia Tech, USA

P366 e A Comprehensive Design for High Power Density CM EMI
Inductor

Luo Fang, Boroyevich Dushan, Mattavelli Paolo and Nicolas Gazel,
CPES, Virginia Tech, USA; SAFRAN Group, France

P367 « Analysis of Impact of Self-Power Function on Emitter Turn-Off
Thyristor
Qian Chen and Alex Huang, North Carolina State University, USA

P368 e Analytical Modeling of a Medium-Voltage and High-
Frequency Resonant Coaxial-Type Power Transformer for a Solid
State Transformer Application

Seunghun Baek and Subhashish Bhattacharya, North Carolina State
University, USA

P369 e PWM Method’s Influence on the Common-Mode Choke of
Motor Drives
Dong Jiang, Fei Wang and Jing Xue, the University of Tennessee, USA

P370 e« A New Compact, Isolated and Integrated Gate Driver Using
High Frequency Transformer for Interleaved Boost Converter

The Van Nguyen, Pierre-0livier Jeannin, Jean-Christophe Crebier
and Jean-Luc Schanen, Grenoble Electrical Engineering Laboratory,
France

P371 ¢ Doubly Fed Induction Machine Drive Distance Learning
Laboratory for Wind Power and Electric Ship Propulsion
Applications

Giovanna Oriti, Alexander Julian and Dan Zulaica, Naval Postgraduate
School, USA

P372 « Teaching Digital Control of Switch Mode Power Supplies
Oscar Garcia, Jesus Oliver, Daniel Diaz, Benoit Duret, Pedro Alou and
Jose Cobos, Universidad Politecnica de Madrid, Spain

P373 « EMC Modeling of Drives for Aircraft Applications: Modeling
Process, EMI Filter Optimization and Technological Choice

Baidy Toure, Jean-Luc Schanen, Laurent Gerbaud, Thierry Meynard
and Jean-Pierre Carayon, Liebherr Aerospace, France; G2Elab,
France; Laplace, France

P374 « MOSFET Power Loss Characterization: Evolving into
Multivariate Response Surface

Federico Luchino, Martin Ordonez, German Oggier and John Quaicoe,
Simon Fraser University, Canada; Universidad Nacional de Rio Cuarto,
Argentina; Memorial University of Newfoundland, Canada

P375 ¢ Performance Evaluation of Full SiC Switching Cell in an
Interleaved Boost Converter for PV Applications

Carl N.M. Ho, Francisco Canales, Sami Pettersson, Gerardo Escobar,
Antonio Coccia and Nikolaos Oikonomou, ABB Switzerland Ltd.,
Switzerland

P376 * Impact of Power Factor Correction and Harmonic
Compensation by STATCOM on Converter Temperature and Reliability
Lakshmi GopiReddy, Leon Tolbert, Burak Ozpineci, Yan Xu and Tom
Rizy, University of Tennessee, USA; Oak Ridge National Laboratory,
USA

P377 ¢ PEEC Based Virtual Design of EMI Input Filters
Ivana Kovacevic, Thomas Friedli, Andreas Muesing and Johann Kolar,
Power Electronic Systems Laboratory, ETH Zurich, Switzerland

P378 « A Waveform-Based Power Estimator for Variable Power Loads
Warit Wichakool, Zachary N. Remscrim, Uzoma A. Orji and Steven B.
Leeb, Massachusetts Institute of Technology, USA
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P379 ¢ Evaluation of Point Field Sensing in IGBT Modules for High
Bandwidth Current Measurement

Patrick Schneider and Robert Lorenz, University of Wisconsin-
Madison, USA

P380 ¢ An Efficient Resonant Gate Drive Scheme for High Frequency
Applications

Mahesh Swamy, Tsuneo Kume and Noriyuki Takada, Yaskawa
America Incorporated, USA; Yaskawa Electric Corporation, Japan

P381 ¢ Innovation of a Large Capacity 5-level IGBT Inverter for Oil
and Gas Industry

Mostafa Al Mamun, Masahiko Tsukakoshi, Kazunori Hashimura,
Hiromi Hosoda and Steven C. Peak, Toshiba Mitsubishi Electric
Industrial Sys. Co., Japan; TM GE Automation Systems LLC, USA

P382 ¢ Constant Common Mode Voltage Modulation Strategy for the
FB10 Power Converter

Pedro Rodriguez, Raul S. Munoz-Aguilar, Gerardo Vazquez, Ignacio
Candela and Remus Teodorescu, Universitat Politecnica de Catalunya,
Spain; Aalborg University, Denmark

P383 ¢ PWM Technique to Extend Current Reconstruction Range and
Reduce Common-Mode Voltage for Three-Phase Inverter Using DC-
Link Current Sensor Only

Yong-Kai Lin and Yen-Shin Lai, Industrial Technology Research
Institute, Taiwan; National Taipei University of Technology, Taiwan

P384 ¢ An Inrush Current Reduction Technique for Multiple Inverter-
Fed Transformers

Yu-Hsing Chen, Ming-Yang Yeh, Po-Tai Cheng, Steven Liao and
Charles Tsai, National Tsing Hua University, Taiwan; Delta Electronics,
Taiwan

P385 e Transition Control Strategy Between Standalone and Grid
Connected Operation of the Voltage Source Inverters

Nayeem Arafat, Sreeshailam Palle, Igbal Husain and Yilmaz Sozer,
University of Akron, USA

P386 ¢ Pulse Energy Modulation of a Buck-Boost Inverter
Abraham Tareke Woldegiorgis, Yonggao Zhang and Liuchen Chang,
University of New Brunswick, Canada

P387 e Compensation of DC Link Oscilation in Single-Phase VSI and
CSI Converters for Photovoltaic Grid Connection

Montie Vitorino and Mauricio Correa, Federal University of Campina
Grande, Brazil

P388 e Modeling and Analysis of a DC Current Compensator in
Distribution Power Lines

Giampaolo Buticchi, Luca Consolini, Emilio Lorenzani and Carlo
Concari, University of Parma, Italy; University of Modena and Reggio
Emilia, Italy

P389 ¢ Investigating a H-Infinite Control Method Considering
Frequency Uncertainty for CLC Type Inductively Coupled Power
Transfer System

Xin Dai, Aiguo Patrick Hu, Chunsen Tang, Yue Sun and Zhihui Wang,
Chongging University, China; The Auckland University, New Zealand

P390 ¢ Robustness Analysis of Active Damping Methods for a Grid
Connected Inverter with an LCL filter

Ricchiuto Domenico, Liserre Marco, Kerekes Tamas, Teodorescu
Remus and Blaabjerg Frede, Politecnico di Bari, Denmark; Aalborg
University, Denmark

P391 ¢ Switching-Sequence Based Global Stability and Control of
Standalone and Interactive Power Converters
Sudip Mazumder, University of lllinois, Chicago, USA

P392 ¢ Design and Performance of a SiC High Frequency Inverter
Miaosen Shen, Shashank Krishnamurthy and Mihir Mudholkar, United
Technologies Research Center, USA; University of Arkansas, USA

P393 ¢ Core-Loss Analysis in AC Inductors for a Single-Phase Pulse-
Width Modulated Solar Power Conditioner
Hideaki Fujita, Tokyo Institute of Technology, Japan

P394 ¢ Proposal of a Series Configuration Hybrid AC Power Source
Rafael Concatto Beltrame, Matheus lensen Desconzi, Mario Lucio da
Silva Martins, Cassiano Rech and Helio Leaes Hey, Federal University
of Santa Maria - UFSM, Brazil; Federal University of Technology -
Parana, Brazil

P395 e A New Single-Phase Five-Level Inverter with No Problem of
Voltage Balancing

Zixin Li, Ping Wang, Yaohua Li and Gao Fangiang, Chinese Academy of
Sciences, China

P396  Voltage Fluctuation Suppression Method of Floating
Capacitors in a New Modular Multilevel Converter

Kui Wang, Yongdong Li, Zedong Zheng and Lie Xu, Tsinghua
University, China

P397 ¢ Theoretical Analysis of Self-Balancing Function of Capacitor
Voltages in Flying Capacitor Multi-Level Converters
Hidemine Obara and Yukihiko Sato, Chiba University, Japan

P398 ¢ Neutral-Point Current Modeling and Control for Neutral-Point
Clamped Three-Level Converter Drive with Small DC-Link Capacitors
Ramkrishan Maheshwari, Stig Munk-Nielsen and Sergio Busquets-
Monge, Aalborg University, Denmark; Technical University of
Catalonia, Spain

P399 ¢ Improved Interleaved Discontinuous Carrier-Based PWM
Strategy for Three-Level Coupled Inductor Inverters

Behzad Vafakhah, Androw M. Knight and Salmon John, Ford Motor
Company, USA; University of Alberta, Canada

P400  Control and Design Principle of a Soft-Switching Boost DC to
AC Converter without Smoothing Capacitor Using a MERS Pulse Link
Concept

Yohei Otani, Takanori Isobe and Ryuichi Shimada, Tokyo Institute of
Technology, Japan

8:00 am — 9:40 am

Wednesday, September 21

S31 Wind Energy: Grid Connection and System
Integration

Ellis West
Chairs: Yilmaz Sozer, University of Akron, USA, and Waqas
Arshad, ABB Inc. Corporate Research, USA

8:00 am » Modeling and Mitigation of Harmonic Resonance Between
Wind Turbines and the Grid

Mauricio Cespedes and Jian Sun, Rensselaer Polytechnic Institute,
USA

8:25 am * Thermal Analysis of Multilevel Grid Side Converters for 10
MW Wind Turbines Under Low Voltage Ride Through

Ke Ma, Frede Blaabjerg and Marco Liserre, Aalborg University,
Denmark; Polytechnic of Bari, Italy

8:50 am » Power Capacity Specification for Energy Storage in Wind
Application Using Probability-Based Method

Wenzhong Gao, Xiaoyu Wang and Eduard Muljadi, University of
Denver, USA; National Renewable Energy Laboratory, USA
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S$32 Magnetics

Regency C
Chair: Charlie Sullivan, Dartmouth University, USA

8:00 am e Magnetic Characterization of Low Temperature Co-
Fired Ceramic (LTCC) Ferrite Materials for High Frequency Power
Converters

Mingkai Mu, Yipeng Su, Qiang Li and Fred Lee, CPES, Virginia Tech,
USA

8:25 am ¢ Predicting Inductance Roll-Off with DC Excitations
Jennifer D. Pollock, Weyman Lundquist and Charles R. Sullivan,
Thayer School of Engineering at Dartmouth, USA; West Coast
Magnetics, USA

8:50 am ¢ High Frequency Inductor Design and Comparison for High
Efficiency High Density POLs with GaN Device
Yipeng Su, Qiang Li, Mingkai Mu and Fred C. Lee, Virginia Tech, USA

S33 Drive Issues |

Cassidy
Chair: Tony O’Gorman, PESC, Inc., USA

8:00 am e Influence of High-Frequency Leakage Current on Motor
Position Control in PWM Inverter-Fed Servo Drives

Kotaro Tagami and Satoshi Ogasawara, NSK Ltd., Japan; Hokkaido
University, Japan

8:25 am * A Review of Mitigation Methods for Overvoltage in Long-
Cable-Fed PWM AC Drives

Jiangbiao He, Gennadi Sizov, Peng Zhang and Nabeel Demerdash,
Marquette University, USA

8:50 am e Investigation of Voltage Stresses Inside Adjustable Speed
Drives
Lixiang Wei, Zhijun Liu and Gary Skibinski, Rockwell Automation, USA

9:15 am e Identifying Ground Fault Location in High Resistance
Grounded Systems using Adjustable Speed Drive

Lixiang Wei, Liu Zhijun, Russ Kerkman and Gary Skibinski, Rockwell
Automation, USA

S34 Transient Behavior in Grid Connected and Stand
Alone Systems

Ellis East

Chairs: Francisco Canales, ABB Corporate Research,
Switzerland, and Tom Jahns, University of Wisconsin-
Madison, USA

8:00 am ¢ Active Islanding Detection Using High Frequency Signal
Injection

David Reigosa, Fernando Briz, Christian Blanco, Pablo Garcia and
Juan Manuel Guerrero, University of Oviedo, Spain

8:25 am ¢ Safe Transient Operation of Microgrids Based on Master-
Slave Configuration

Gustavo M. S. Azevedo, Joan Rocabert, Pedro Rodriguez, Fabricio
Bradaschia, Marcelo C. Cavalcanti and Francisco A. S. Neves,
Federal University of Pernambuco, Brazil; Technical University of
Catalonia, Spain

8:50 am ¢ Droop-Controlled Inverters with Seamless Transition
Between Islanding and Grid-Connected Operations

Shang-Hung Hu, Chun-Yi Kuo, Tzung-Lin Lee and Josep M. Guerrero,
National Sun Yat-sen University, Taiwan,; Aalborg University, Denmark

9:15 am ¢ Engine Generator Efficiency and Transient Characteristics
Improvement Using a Series Compensator Named MERS

Kouhei Kashiwagi, Takanori Isobe and Ryuichi Shimada, Tokyo
Institute of Technology, Japan

S35 Resonant DC-DC Converters |

Remington
Chairs: Praveen Jain, Queen’s University, Canada, and Xu
Yang, Xi An Jiaotong University, China

8:00 am e A New DC-DC Converter with Wide-Range ZVS and Zero
Circulating Current

Mehdi Narimani and Gerry Moschopoulos, University of Western
Ontario, Canada

8:25 am ¢ Zero Voltage Switching Technique for Bi-Directional DC-
DC Converters

Luca Corradini, Daniel Seltzer, Douglas Bloomquist, Regan Zane,
Dragan Maksimovic and Boris Jacobson, University of Colorado at
Boulder, USA; Raytheon Company, USA

8:50 am ¢ Soft Switching Chopper with Tail Loss Cancel Circuit
Yukinori Tsuruta and Atsuo Kawamura, Yokohama National University,
Japan

9:15 am © The Resonant LLC vs. LCC Converter — Comparing Two
Optimized Prototypes

Alexander Pawellek, Christian Oeder, Juergen Stahl and Duerbaum
Thomas, University of Erlangen-Nuremberg, Germany

S36 Fractional Slot Machines

Cowboy Artists
Chairs: Nicola Bianchi, Univerrsity of Padova, and Tom
Jahns, University of Wisconsin-Madison, USA

8:00 am © Design, Analysis and Loss Minimization of a Fractional-
Slot Concentrated Winding Interior Permanent Magnet Machine for
Traction Applications

Jagadeesh Tangudu, Thomas Jahns and Theodore Bohn, University of
Wisconsin-Madison, USA; Argonne National Laboratory, USA

8:25 am e Influence of Alternate Slot Openings on Torque-Speed
Characteristics and Cogging Torque of Fractional Slot IPM Brushless
AC Machines

Ziad Azar, Z.Q. Zhu and Grzegorz Ombach, University of Sheffield, UK;
BROSE FAHRZEUGTEILE GmbH and Co, Germany

8:50 am ® Comparison of Interior and Surface PM Machines Equipped
with Fractional-Slot Concentrated-Windings for Hybrid Traction
Applications

Ayman EL-Refaie, Patel Reddy, Kum-Kang Huh, Jagadeesh Tangudu
and Thomas Jahns, GE Global Research, USA; University of
Wisconsin-Madison, USA
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S37 Z-Source Inverters

Russell
Chair: Hideaki Fujita, Tokyo Institute of Technology, Japan

8:00 am ¢ Single-Phase Z-Source Inverter: Analysis and Low-
Frequency Harmonics Elimination Pulse Width Modulation

Yifan Yu, Qianfan Zhang, Bin Liang and Shumei Cui, Harbin Institute of
Technology, China

8:25 am e Stability Analysis of Reduced Leakage Current Modulation
Techniques for Z-Source Inverters in Transformerless Photovoltaic
Applications

Fabricio Bradaschia, Marcelo C. Cavalcanti, Pedro E. P Ferraz,
Gustavo M. S. Azevedo, Francisco A. S. Neves and Euzeli C. dos
Santos Jr., Federal University of Pernambuco, Brazil; Federal
University of Campina Grande, Brazil

8:50 am ¢ High Step-Up Continuous Input Current LCCT-Z-Source
Inverters for Fuel Cells

Marek Adamowicz, Jaroslaw Guzinski, Fang Zheng Peng, Ryszard
Strzelecki and Haitham Abu-Rub, Gdansk University of Technology,
Poland; Michigan State University, USA; Gynia Maritime University,
Poland; Texas A and M University at Qatar, Qatar

9:15 am ¢ Transient Modeling Of Current-fed Quasi-Z-Source Inverter
Qin Lei, Fangzheng Peng and Ge Baoming, USA

S38 LED Drivers |

Sundance
Chair: Yehui Han, University of Wisconsin-Madison, USA

8:00 am ¢ A Universal-Input High-Power-Factor PFC Pre-Regulator
without Electrolytic Capacitor for PWM Dimming LED Lighting
Application

Hongbo Ma, Jih-Sheng Lai, Wensong Yu, Quanyuan Feng, Cong
Zheng and Bo-yuan Chen, Virginia Tech, USA; Southwest Jiaotong
University, China

8:25 am ¢ A Novel High Efficiency and Low-Cost Current Balancing
Method for Multi-LED Driver

Jianfeng Wang, Junming Zhang, Xinke Wu, Yangyu Shi and Zhaoming
Qian, Electrical Engineering of Zhe-Jiang University, China

8:50 am ¢ Off-Line LED Driver with Bi-Directional Second Stage for
Reducing Energy Storage
Qingcong Hu and Regan Zane, University of Colorado at Boulder, USA

9:15 am ¢ A Novel SEPIC-Derived PFC Pre-Regulator without
Electrolytic Capacitor for PWM Dimming LED Lighting Application
Based on Valley Fill Circuit

Hongbo Ma, Jih-Sheng Lai, Wensong Yu, Cong Zheng and Quanyuan
Feng, Virginia Tech, USA; Southwest Jiaotong University, China

S§39  AC-DC Rectifiers: Design and Analysis

Borein
Chairs: Rolando Burgos, ABB Corporate Research, USA,
and Sung-Yeul Park, University of Connecticut, USA

8:00 am ¢ A Flicker-Free Electrolytic Capacitor-Less AC-DC LED
Driver

Shu Wang, Xinbo Ruan, Kai Yao and Zhihong Ye, Nanjing University of
Aeronautics and Astronautics, China; Lite-on Technology Corp., China

8:25 am » An AC-DC Single-Stage Full-Bridge Converter with Buck-
Boost Input Section

Navid Golbon and Gerry Moschopoulos, University of Western
Ontario, Canada

8:50 am e Class E Rectifier Using Switch-Controlled Capacitor
Kazuaki Fukui and Hirotaka Koizumi, Tokyo University of Science,
Japan

9:15 am » MHz Power Factor Correction with Adaptive Current
Source Drivers

Pengcheng Xu, Zhiliang Zhang, Wei Cai, Yan-fei Liu and Paresh C.
Sen, Nanjing University of Aeronautics and Astronautics, China;
Queen’s University, Canada

$40 Transportation Applications: Electric Drivetrain

Regency D
Chair: Syed Hossain, Globe Motors, USA

8:00 am ¢ Design and Analysis of a 55-kW Air Cooled Automotive
Traction Drive Inverter

Madhu Sudhan Chinthavali, Tawfik Jonathan and Rao Arimilli, Oak
Ridge National Laboratory, USA; University of Tennessee, USA

8:25 am ¢ Back to Back Z-Source Inverter Topology for the Series
Hybrid Electric Bus
Craig Rogers and Fang Peng, Michigan State University, USA

8:50 am © A Novel Current Angle Control of a Current Source Inverter
Fed Permanent Magnet Synchronous Motor Drive for Automotive
Applications

Lixin Tang and Gui-Jia Su, Oak Ridge National Laboratory, USA

SP4  Special Session: Power Magnetics for Smart
Grid Applications

Regency AB

Chairs: Ahmed Zobaa, Brunel University, UK, and
Subhashish Bhattacharya, North Carolina State University,
USA

8:00 am ¢ Magnetic Components for High Voltage DC Transmission
Converters and Static Var Compensators
Sarath B. Tennakoon, Staffordshire University, UK

8:25 am ¢ Magnetic Components in Electric Circuits —
Understanding Thermal Behaviour and Stress
Peter R. Wilson, University of Southampton, UK

8:50 am © Transformer Construction and its Affect on Transformer
Stability
Kevin McGivern, Bicron Electronics, USA

9:15 am * Design, Development, and Testing of a 1 MVA, 13.8 kV/465 V

Solid-State Transformer with 10 kV Silicon Carbide Switches
Ravisekhar N. Raju, GE Global Research, USA
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10:00 am — 11:40 am

Wednesday, September 21

M Wind Energy: Generators and Controls

Ellis West
Chairs: Annette von Jouanne, Oregon State University, USA,
and Eduard Muljadi, National Renewable Energy Lab, USA

10:00 am ¢ Vector Control of Mulpitle-Module Transverse Flux PM
Generator for Large-Scale Direct-Drive Wind Turbines

Seon-Hwan Hwang, Hui Li, Je-Wook Park, Jang-Mok Kim and Deok-
Je Bang, Florida State University, USA; Pusan National University,
Republic of Korea, Delft University of Technology, Netherlands

10:25 am ¢ Direct Grid Connection of a Slip-Permanent Magnet Wind
Turbine Generator

Ulwin Hoffmann, Pieter Bouwer and Maarten Kamper, University of
Stellenbosch, South Africa

10:50 am ¢ Predictive Direct Control of Doubly Fed Induction
Generator for Grid Synchronization in Wind Power Generation
Jiefeng Hu, Jianguo Zhu, Yongchang Zhang, Glenn Platt and David
Dorrell, University of Technology, Sydney, Australia; CSIRO Energy
Centre, Australia

11:15 am ¢ Feed-Forward Transient Compensation Control for DFIG
Wind Generators During Both Balanced and Unbalanced Grid
Disturbances

Jiagi Liang and Ronald Harley, Georgia Institute of Technology, USA

S$42  Power Semiconductors: High Temperature
Devices

Regency C
Chair: Fred Wang, University of Tennessee, USA

10:00 am ¢ Investigation of Si IGBT Operation at 200 Degree
Centigrade for Traction Application

Zhuxian Xu, Ming Li, Fred Wang and Zhenxian Liang, University of
Tennessee, USA; Oak Ridge National Laboratory, USA

10:25 am e Characterization of a High Temperature Multichip SiC
JFET-Based Module

Fan Xu, Dong Jiang, Jing Wang, Fred Wang, Leon M. Tolbert, Timothy
Junghee Han and Sung Joon Kim, The University of Tennessee, USA;
Global Power Electronics, Inc., USA

10:50 am ¢ Development of a 10 kW High Temperature High Power
Density Three-Phase AC-DC-AC SiC Converter

Pugi Ning, Di Zhang, Rixin Lai, Jiang Dong, Fred Wang, Boroyevich
Dushan, Ngo Khai, Burgos Rolando, Karimi Kamiar, Inmanuel Vikram
and Solodovnik Eugene, Oak Ridge National Lab, USA; General
Electric, USA; The University of Tennessee, USA; Virginia Tech, USA;
ABB, USA; Boeing, USA

11:15 am ¢ Design Comparison of High Power Medium-Voltage
Converters Based on 6.5kV Si-IGBT/Si-PiN Diode, 6.5kV Si-IGBT/SiC-
JBS Diode, and 10kV SiC MOSFET/SiC-JBS Diode

Hesam Mirzaee, De Ankan, Tripathi Awneesh and Bhattacharya
Subhashish, North Carolina State University, USA

S43 PM Machine Controls

Cassidy
Chair: Jul-Ki Seok, YeungNam University, Republic of Korea

10:00 am e Magnet Temperature Estimation in Surface PM Machines
During Six-Step Operation

David Reigosa, Fernando Briz, Michael W. Degner, Pablo Garcia

and Juan Manuel Guerrero, University of Oviedo, Spain; Ford Motor
Company, USA

10:25 am ¢ Adaptive Flux-Weakening Controller for IPMSM Drives
Silverio Bolognani, Sandro Calligaro and Roberto Petrella, DIE -
University of Padova, Italy; DIEGM - University of Udine, Italy

10:50 am ¢ Voltage Disturbance State-Filter Design for Precise
Torque-Controlled Interior PM Synchronous Motors

Kim SeHwan, Choi Chan-Hee and Seok Jul-Ki, YeungNam University,
Republic of Korea

11:15 am ¢ Torque Ripple Control for Synchronous Motors Using
Instantaneous Torque Estimation

Noriya Nakao and Kan Akatsu, Shibaura Institute of Technology,
Japan

S44 Grid Interactive Solar PV Systems |

Ellis East

Chairs: Behrooz Mirafzal, Florida International University,
USA, and Vladimir Blasko, United Technologies Research
Center, USA

10:00 am  Leakage Current Analysis of Grid Connected
Transformerless Solar Inverters with Zero Vector Isolation
Ziya Ozkan and Ahmet Hava, Middle East Technical University, Turkey

10:25 am ¢ Towards Next Generation Photovoltaic Inverters
Yaosuo Xue, Divya Kurthakoti Chandrashekhara, Gerd Griepentrog,
Liviu Mihalache, Sindhu Suresh and Madhav Manjrekar, Siemens
Corporate Research, USA; Corporate Technology, Siemens AG,
Germany; Siemens Energy Inc., USA

10:50 am ¢ Single-Stage Grid-Connected Forward Microinverter with
Boundary Mode Control

David Meneses, Oscar Garcia, Pedro Alou, Jesus Angel Oliver and
Roberto Prieto, Universidad Politecnica de Madrid, Spain

11:15 am ¢ Research on a Non-Complementary Active Clamp Flyback
Converter with Unfolding DC-AC Inverter for Decentralized Grid-
Connected PV Systems

Qiong Mo, Min Chen, Zhe Zhang, Mingzhi Gao and Zhaoming Qian,
Zhejiang University, China

S$45  DC-DC Converters: Topologies Il

Remington
Chairs: Javier Sebastian, Universidad de Oviedo, Spain, and
Wilson Eberle, University of British Columbia, Canada

10:00 am e Serial or Parallel Linear-Assisted Switching Converter as
Envelope Amplifier: Optimization and Comparison

Miroslav Vasic, Oscar Garcia, Jesus Angel Oliver, Pedro Alou and
Jose Antonio Cobos, Universidad Politecnica de Madrid, Spain

10:25 am ¢ A Large DC-Gain Highly Efficient Hybrid Switched-
Capacitor-Boost Converter for Renewable Energy Systems
Dazhong Gu, Dariusz Czarkowski and Adrian loinovici, Polytechnic
Institute of New York University, USA; Holon Academic Institute of
Technology, Israel
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10:50 am e A Gallium-Nitride Switched-Capacitor Circuit Using
Synchronous Rectification

Mark J Scott, Ke Zou, Jin Wang, Chingchi Chen, Ming Su and Lihua
Chen, The Ohio State University, USA; Ford Motor Company, USA

11:15 am ¢ A Novel Push-Pull Forward Converter for High Reliability
and High Input Voltage Applications

Yanbing Xia, Hongfei Wu, Wei Liu, Yan Xing and Xudong Ma, Nanjing
University of Aeronautics and Astronautics, China; Southeast
University, China

S46 Faults and Diagnostics

Cowboy Artists
Chairs: Gerald Capolino, University of Picardie “Jules
Verne,” France, and Bin Lu, Eaton Corporation, China

10:00 am ¢ Detection and Classification of Rotor Demagnetization and
Eccentricity Faults for PM Synchronous Motors

Jongman Hong, Doosoo Hyun, Tae-june Kang, Sang Bin Lee, Christian
Kral and Anton Haumer, Korea University, Republic of Korea,; Austrian
Institute of Technology, Austria

10:25 am ¢ Detection of Inter-Coil Short Circuits in the Stator Winding
of a PM Machine by Using Saliency Tracking Schemes

Jesus Arellano-Padilla, Mark Sumner, Chris Gerada and Gary Buckley,
University of Nottingham, UK

10:50 am e Bearing Fault Detection Capability of Frequency Response
Measurement in Speed-Sensorless Operated Two-Mass-Systems
Henning Zoubek and Mario Pacas, Universitaet Siegen, Germany

11:15 am ¢ A Low Conductivity Composite Rotor for Fractional Pitch
Concentrated Winding Machines

Johan Wolmarans, Martin Van der Geest, Henk Polinder, Bram
Ferreira and Dennis Zeilstra, Delft University of Technology,
Netherlands; Aeronamic BV, Netherlands

$47 Modeling and Control of Single-Phase Inverters

Russell
Chair: Pedro Rodriguez, Catalonia Polytechnic University,
Spain

10:00 am ¢ Fast Current-Tracking Control for Grid-Connected Inverter
with an LCL Filter by Sinusoidal Compensation

Toshiji Kato, Kaoru Inoue and Yoshihisa Donomoto, Doshisha
University, Japan

10:25 am  Wide Bandwidth System Identification of AC System
Impedances by Applying Perturbations to an Existing Converter
Daniel Martin, Adam Barkley and Enrico Santi, University of South
Carolina, USA

10:50 am ¢ A Frequency Adaptive Resonant Controller for Fixed Point
Digital Implementation at High Sampling Frequency

Sayed Ali Khajehoddin, Masoud Karimi-Ghartemani, Praveen Jain and
Alireza Bakhshai, Queen’s University, Canada

11:15 am ¢ Current Mode with RMS Voltage and Offset Control Loops
for a Single-Phase Aircraft Inverter Suitable for Parallel and Three-
Phase Operation Modes

Pablo Varela Fraile, David Meneses Herrera, Oscar Garcia Suarez,
Jesus Angel Oliver Ramirez and Pedro Alou Cervera, Universidad
Politecnica de Madrid, Spain

S48 LED Drivers Il

Sundance
Chair: Raylee Lin, National Cheng Kung University, Taiwan,
and Brad Lehman, Northeastern University, USA

10:00 am ® Multi-Channel Constant Current (MC3) LLC Resonant LED
Driver

Haoran Wu, Shu Ji, Fred C. Lee and Xinke Wu, CPES, Virginia Tech,
USA; Zhejiang University, China

10:25 am ¢ An Energy Conservation Based High-Efficiency Dimmable
Multi-Channel LED Driver
April (Yang) Zhao and Wai Tung Ng, University of Toronto, Canada

10:50 am e Analysis of the Asymmetrical Half-Bridge for Street LED-
Lighting Applications

Manuel Arias, Diego Lamar, Aitor Vazquez, Javier Sebastian, Didier
Balocco and Almadidi Diallo, Universidad de Oviedo, Spain; AEG
Power Solutions, France

11:15 am ¢ Single Switch Three-Level Boost Converter for PWM
Dimming LED Lighting

Cong Zheng, Jih-Sheng Lai, Wensong Yu and Hongbo Ma, Virginia
Tech, USA

$49 High Performance Power Factor Correction

Borein
Chair: Toshihisa Shimizu, Tokyo Metropolitan University,
Japan

10:00 am ¢ Boundary Control of Boost-Derived PFCs Using the Natural
Switching Surface: Derivation and Enhanced Properties
Juan Galvez and Martin Ordonez, Simon Fraser University, Canada

10:25 am ¢ Digital Primary-Side Sensing and PFC Control of a Flyback
Converter

Chih-Wei Lin and Ying-Yu Tzou, National Chiao Tung University,
Taiwan

10:50 am ¢ A Snubber Cell for Single-Stage PFC with a Boost Type
Input Current Shaper and Isolated DC-DC Converter

Qian Zhang, John Shen, Issa Batarseh, Haibing Hu and Osama Abdel-
Rahman, University of Central Florida, USA

11:15 am e The Input EMI Filter Design of Interleaved Critical
Conduction Mode Boost PFC Converter with Coupled Inductor

Fei Yang, Xinbo Ruan, Qing Ji and Zhihong Ye, Nanjing University of
Aeronautics and Astronautics, China; Lite-On Technology Power SBG
ATD-NJ RD Center, China

S50  Transportation Applications: Battery Modeling
and Charging

Regency D
Chair: Ashish Arora, Exponent, USA

10:00 am e Battery Modeling Based on the Coupling of Electrical
Circuit and Computational Fluid Dynamics

Shaohua Lin, Scott Stanton, Wenyu Lian and Thomas Wu, ANSYS,
USA; General Motor Company, USA; University of Central Florida, USA

10:25 am  Improved Nonlinear Model for Electrode Voltage-
Current Relationship for More Consistent Online Battery System
Identification

Larry Juang, Phillip Kollmeyer, Thomas Jahns and Robert Lorenz,
University of Wisconsin-Madison, USA
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10:50 am e A Transient-Based Approach for Estimating the
Parameters of a Lithium-lon Battery Model

Lalit Mandal and Robert Cox, University of North Carolina-Charlotte,
USA

11:15 am ¢ A Three-Phase High Frequency Semi-Controlled Battery
Charging Power Converter for Plug-In Hybrid Electric Vehicles
Mahmoud Amin and Osama Mohammed, Florida International
University, USA

SP5  Special Session: Superconducting Machines

Regency AB
Chair: Konrad Weeber, GE Global Research Center, USA

10:00 am © Towards Commercial Application of HTS Rotating
Machines
Clive Lewis, Converteam UK Ltd, UK

10:25 am ¢ Fault Current Limiting HTS Power Transformer
Shirish Mehta, Waukesha Electric Systems, USA

10:50 am ¢ Overview on the Development of High-Temperature
Superconducting (HTS) Machines at Siemens
Joern Grundmann, Siemens, Germany

11:15 am ¢ Design Considerations for Large Direct Drive Wind
Turbine Generators with Superconductor Field Windings
Greg Snitchler, Bruce Gamble and Peter Winn, American
Superconductor Corporation, USA

Wednesday, September 21

1:30 pm — 3:10 pm

S51 Wind Energy: Control Techniques

Ellis West
Chairs: Dan lonel, Vestas Technology R&D Americas, Inc.,
USA, and Zhe Chen, Aalborg University, Denmark

1:30 pm © Control of Power Converters in Distributed Generation
Applications Under Grid Fault Conditions

Alvaro Luna, Raul Munoz, Pedro Rodriguez, Felipe Corcoles, Frede
Blaabjerg and Teodorescu Remus, UPC, Spain; AAU, Denmark

1:55 pm © The Steady-State Interaction of a Grid-Connected Doubly-
Fed Induction Generator and the Wind Turbine

Kennedy Aganah, Joseph Ojo and Bijaya Pokharel, Tennessee
Technological University, USA

2:20 pm © An Adaptive Approximation Method for Maximum Power
Point Tracking (MPPT) in Wind Energy Systems

Joanne Hui, Alireza Bakhshai and Praveen Jain, Queen’s University,
Canada

2:45 pm ¢ Design of a Novel Simulation Platform for the EMS-MG
Based on MAS

Meigin Mao, Wei Dong and Liuchen Chang, Hefei University of
Technology, China; University of New Brunswick, Canada

$52 Power Semiconductors: Wide Bandgap Devices

Regency C
Chair: Jerry Hudgins, University of Nebraska, USA

1:30 pm © Switching Characteristics of Diamond-Based m-i-p+
Diodes in Power Electronic Applications

Arie Nawawi, King Jet Tseng, Rusli Rusli and Gehan A.J. Amaratunga,
Nanyang Technological University, Singapore; University of
Cambridge, UK

1:55 pm e Evaluation of the Switching Characteristics of a Gallium-
Nitride Transistor

Milisav Danilovic, Zheng Chen, Ruxi Wang, Fang Luo, Dushan
Boroyevich and Paolo Mattavelli, Virginia Tech, CPES, USA

2:20 pm © 10 kV, 120 A SiC Half H-Bridge Power MOSFET Modules
Suitable for High Frequency, Medium Voltage Applications
Mrinal Das, Craig Capell, David Grider, Scott Leslie, Ravi Raju,
Michael Schutten, Jeffrey Nasadoski and Allen Hefner, Cree, Inc.,
USA; Powerex, USA; General Electric, USA; NIST, USA

2:45 pm * Optimal Stray Magnetic Couplings for EMC Filters
Thomas De Oliveira, Jean-Luc Schanen, Jean-Michel Guichon and
Laurent Gerbaud, G2Elab, France

S53 Sensorless Control |

Cassidy
Chair: Kevin Lee, Eaton Corporation, USA

1:30 pm * Comparison of Resistance-Based and Inductance-Based
Self-Sensing Control for Surface Permanent Magnet Machine Using
High Frequency Signal Injection

Shih-Chin Yang and Robert Lorenz, University of Wisconsin-Madison,
USA

1:55 pm © Sensorless Control of Surface Permanent Magnet
Synchronous Machines Using the High Frequency Resistance
Pablo Garcia, David Reigosa, Fernando Briz, Christian Blanco and
Juan M. Guerrero, University of Qviedo, Spain

2:20 pm © High-Resolution Sensorless Position Estimation Using
Delta-Sigma-Modulated Current Measurement

Wolfgang Hammel and Ralph Kennel, SEW-Eurodrive GmbH,
Germany; Technische Universitaet Muenchen, Germany

2:45 pm ¢ High Frequency Injection Assisted “Active Flux” Based
Sensorless Vector Control of Reluctance Synchronous Motors, with
Experiments from Zero Speed

Sorin-Cristian Agarlita, lon Boldea and Frede Blaabjerg, Politehnica
University of Timisoara, Romania; Institute of Energy Technology,
Aalborg, Denmark

ShH4 Grid Interactive Solar PV Systems Il

Ellis East
Chairs: Remus Teodorescu, Aalborg University, Denmark,
and Behrooz Mirafzal, Florida International University, USA

1:30 pm  Single-Phase Cascaded H-Bridge Multilevel Inverter with
Nonactive Power Compensation for Grid-Connected Photovoltaic
Generators

Bailu Xiao, Faete Filho and Leon Tolbert, University of Tennessee, USA
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1:55 pm » 1 MHz Cascaded Z-Source Inverters for Scalable Grid-
Interactive Photovoltaic (PV) Applications Using GaN Device
Liming Liu, Hui Li, John Shen, Yi Zhao and Xiangning He, Florida
State University, USA; University of Central Florida, USA; Zhejiang
University, China

2:20 pm © Low Frequency Current Reduction Using a Quasi-Notch
Filter Operated in Two-Stage DC-DC-AC Grid-Connected Systems
Hong-Ju Jung, Keun-Soo Ha, Byeong-Mun Song, Jih-Sheng Lai,
Dong-Seok Hyun and Rae-Young Kim, Hanyang University, Republic of
Korea; LG Electronics Inc., Republic of Korea,; Baylor University, USA;
Virginia Tech, USA

2:45 pm * Multi-String Single-Stage Grid-Connected Inverter for PV
System

Yaow-Ming Chen, Kuo-Yuan Lo and Yung-Ruei Chang, National Taiwan
University, Taiwan; Institute of Nuclear Energy Research, Taiwan

S55 Resonant DC-DC Converters Il

Remington

Chairs: Xinbo Ruan, Huazhong University of Science and
Technology, China, and Mor Peretz, Ben-Gurion University,
Israel

1:30 pm © Small Signal Phasor Modeling of Dual Active Bridge
Series Resonant DC-DC Converters with Multi-Angle Phase Shift
Modulation

Daniel Seltzer, Luca Corradini, Bloomquist Doug, Regan Zane and
Dragan Maksimovic, University of Colorado at Boulder, USA

1:55 pm © Research on Key Application Issues of Smart Synchronous
Rectifier Driver IC in LLC Resonant Converter

Jianfeng Wang, Junming Zhang, Guoxing Zhang, Ming Xu and
Zhaoming Qian, Zhejiang University, China, fsp-powerland.Ltd, China

2:20 pm ¢ Analysis and Design Considerations of LLCC Resonant
DC-DC Converter with Precise Current Sharing for Two-Channel LED
Driver

Yue Chen, Xinke Wu and Zhaoming Qian, Zhejiang University, China

2:45 pm © A Novel Two-stage Electronic Ballast for MH Lamp with
Frequency Modulation Control

Co-Hang Chiang, Tsorng-Juu Liang, Jia-You Lee, Hsueh-Ko Liao,
Chun-An Cheng and Kuan-Hsien Chou, National Cheng-Kung
University, Taiwan; I-Shou University, Taiwan

S56 Electric Traction Machines

Cowboy Artists
Chairs: Avoki Omekanda, General Motors, USA, and
Marcello Pucci, ISSIA-CNR, Italy

1:30 pm e Influence of Winding Design on Losses in Brushless AC
IPM Propulsion Motors

Philip Mellor, Rafal Wrobel, Adrain Mlot, Tony Horseman and Dave
Staton, University of Bristol, UK; Motor Design Ltd, UK

1:55 pm © Design of a Ferrite Magnet Vernier Machine for an In-
Wheel Machine

Ryota Hosoya, Hiroyuki Shimada and Shoji Shimomura, Shibaura
Institute of Technology, Japan

2:20 pm e Feasibility and Electromagnetic Design of Direct Drive
Wheel Actuator for Green Taxiing

Tsarafidy Raminosoa, Mohand Hamiti, Michael Galea and Chris
Gerada, GE Global Research - Niskayuna, USA; The University of
Nottingham, UK

2:45 pm ° Fundamental Characteristics of a Ferrite Permanent
Magnet Axial Gap Motor with Segmented Rotor Structure for the
Hybrid Electric Vehicle

Shinji Chino, Takahiko Miura, Masatsugu Takemoto, Satoshi
Ogasawara and Akira Chiba, Hokkaido University, Japan; Tokyo
Institute of Technology, Japan

S57 Modeling and Control of Three-Phase Inverters

Russell
Chair: Bin Lu, Eaton Corporation, USA

1:30 pm  Power Synchronization Control for Capacitor Minimization
in Solid State Transformers (SST)

Tiefu Zhao, Gangyao Wang, Xu She, Fei Wang and Subhashish
Bhattacharya, Eaton Corp Innovation Center, USA; NCSU, USA

1:55 pm ¢ Low THD, Fast Transient and Cost-Effective Synchronous-
Frame Repetitive Controller for Three-Phase UPS Inverters

Shuai Jiang, Dong Cao, Yuan Li, Jianfeng Liu and Fang Z. Peng,
Michigan State University, USA; Sichuan University, China,; Central
South University, China

2:20 pm © Control and Elimination of Sinusoidal Harmonics in Power
Electronics Equipment: A System Approach

Vladimir Blasko, Luis Arnedo, Parag Kshirsagar and Suman Dwari,
United Technologies Research Center, USA

2:45 pm e Active Filter Under Constant-Frequency Hysteresis Control
Based on a Synchronous Reference Frame

Claudio A. Molina, Jose R. Espinoza, Felipe A. Villarroel, Eduardo E.
Espinosa and Pedro E. Melin, Concepcion University, Chile

S58  Lighting Applications

Sundance
Chairs: Huang-Jen Chiu, National Taiwan University of
Science and Technology, Taiwan, and Annabelle Pratt,
Intel, USA

1:30 pm © A Series Tuned High Power IPT Stage Lighting Controller
Jason James, Alex Chu, Almas Sabitov, Daniel Robertson and Grant
Covic, The University of Auckland, New Zealand

1:55 pm © A Multi-Functional Digital Controller for a High Power
Factor Electronic Ballast Dimmable with Standard Phase-Cut
Dimmers

John Lam, Joanne Hui and Praveen K Jain, Queen’s University,
Canada

2:20 pm © Collective Dimming of Discharge Lamps with Improved
Input Power Factor Using MERS-PFC Converter

Cheng Miao-miao, Mustapha Ilhami Bin, Isobe Takanori and Shimada
Ryuichi, Tokyo Institute of Technology, Japan

2:45 pm © Proposing Meaures of Flicker in the Low Frequencies for
Lighting Applications

Brad Lehman, Arnold Wilkins, Berman Sam, Poplawski Michael and
Naomi Johnson Miller, Northeastern University, USA; University of
Essex, UK; Lawrence Berkeley National Laboratory Emeritus, USA;
Pacific Northwest National Laboratory, USA
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S59 AC-DC Rectifiers: Control |

Borein
Chairs: Min Chen, National Semiconductor Coporation,
USA, and Sudip K. Mazumder, University of lllinois, USA

1:30 pm © An Optimal Lyapanov-Based Control Strategy for Digitally
Controlled Single-Phase Power Factor Correction AC-DC Converters
Majid Pahlevaninezhad, Pritam Das, Alireza Safaee, Praveen Jain,
Alireza Bakhshai and Gerry Moschopoulos, Queen’s University,
Canada; University of Western Ontario, Canada

1:55 pm © Bridgeless Isolated PFC Rectifier Using Bi-Directional
Switch and Dual Output Windings

Jong-Won Shin, Jong-Bok Baek and Bo-Hyung Cho, Seoul National
University, Republic of Korea

2:20 pm © Forward-Based AC-DC Converter with Quasi-Active Input
Current Shaping Technique

Hussain Athab and Dylan Dah-Chuan Lu, Faculty of Engineering/
Multimedia University, Malaysia; University of Sydney, Australia

2:45 pm ¢ Dynamic Behavior of Current Controllers for Selective
Harmonic Compensation in Three-Phase Active Power Filters
Fernando Briz, David Reigosa, Pablo Garcia, Michael W. Degner and
Juan M. Guerrero, University of Oviedo, Spain; Ford Motor Company,
USA

S60  Transportation Applications: Batteries,
Ultracapacitors and Fuel Cells

Regency D
Chair: Abraham Gebregergis, Nexteer Automotive, USA

1:30 pm e Sizing Considerations for Ultra-Capacitors in Hybrid Energy
Storage Systems

Valentin Bolborici, Francis Dawson and Keryn Lian, University of
Toronto, Canada

1:55 pm © A Modular Balancing Bridge for Series Connected Li-lon
Batteries

Jeffrey Ewanchuk, Dominic Yague and John Salmon, University of
Alberta, Canada

2:20 pm © Optimal Power Flow for Hybrid Ultracapacitor Systems in
Light Electric Vehicles

Omar Laldin, Mazhar Moshirvaziri and Olivier Trescases, University of
Toronto, Canada

2:45 pm ¢ A Parallel Energy-Sharing Control for a Fuel Cell-Battery-
Ultracapacitor Hybrid Vehicles

Jenn Hwa Wong, Nik Rumzi Nik Idris, Makbul Anwari and Taufik
Taufik, Universiti Teknologi Malaysia, Malaysia; University of Umm
Al-Qura, Saudi Arabia; Cal Poly State University, USA

1:55 pm » Novel Random Switching PWM Technique with Constant
Sampling Frequency and Constant Inductor Average Current for
Digital-Controlled Converter

Ye-Then Chang, Bo-Yuan Chen and Yen-Shin Lai, National Taipei
University of Technology, Taiwan

2:20 pm  Small-Signal Model Analysis and Design of Constant On-
Time V2 Control for Low-ESR Caps with External Ramp Compensation
Shuilin Tian, KuangYao Cheng, Fred Lee and Paolo Mattavelli, CPES,
Virginia Tech, USA; Texas Instruments, USA

2:45 pm e Dynamic Respose Improvement of Power Converter Using
an Adaptive Frequency Control Law

Vara Prasad Arikatla and Jaber Abu Qahougq, The University of
Alabama, USA

Wednesday, September 21

3:30 pm - 5:10 pm

$62 Energy Storage |

Ellis West
Chairs: Subhashish Bhattacharya, North Carolina State
University, USA, and Dehong Xu, Zhejiang University, China

3:30 pm e Testing and Modeling of Lithium-lon Ultracapacitors
Emad Manla, Goran Mandic and Adel Nasiri, University of Wisconsin-
Milwaukee, USA

3:55 pm © An Analysis on the Possibility of Using Flying Capacitors
of a Three-Level Capacitor Clamped Inverter as Power Smoothing
Elements for Wind Power Systems

Gamini Jayasinghe, Don Mahinda Vilathgamuwa and Udaya
Madawala, Nanyang Technological University, Singapore; The
University of Auckland, New Zealand

4:20 pm e A Modular Hybrid Fuel Cell System with Energy Storage
Prasad Enjeti, Somasundaram Essakiappan and Joshua Hawke, IEEE,
USA

4:45 pm ¢ Power Oscillation Damping Controller by Static
Synchronous Compensator with Energy Storage

Mebtu Beza and Massimo Bongiorno, Chalmers University of
Technology, Sweden

S61 DC-DC Converters: Digital Control

Regency A
Chair: A. Prodic, University of Toronto, Canada

1:30 pm e Digital Control Implementation to Reduce the Cost and
Improve the Performance of the Control Stage of an Industrial
Switch-Mode Power Supply

Daniel Diaz, Oscar Garcia, Jesus Angel Oliver, Pedro Alou and Felix
Moreno, Universidad Politecnica de Madrid, Spain

S63  Power Devices: Parallel and Series Operation

Regency C
Chair: Enrico Santi, University of South Carolina, USA

3:30 pm ¢ Series Connection of Power Switches in High Input Voltage
with Wide Range Power Supply for Gate Driving Application

Filippo Chimento, Salvatore Tomarchio, Angelo Raciti, Simone
Buonuomo and Antonino Gaito, ABB Corporate Research, Sweden;
University of Catania, Italy; ST Microelectronics, Italy

3:55 pm ¢ Digital Adaptive Driving Strategies for High-Voltage IGBTs
Axel Mertens, Harald Kuhn and Lan Dang, Leibniz University
Hannover, Germany

4:20 pm * A New Delay Time Compensation Principle for Parallel
Connected IGBTs

Rodrigo Alvarez and Steffen Bernet, Technische Universitaet Dresden,
Germany

4:45 pm ¢ The Voltage Sharing of Commercial IGBTS in Series with
Passive Components

Sheng Zheng, Yousheng Wang, Xinke Wu, Zhaoming Qian and F.Z.
Peng, Zhejiang University, China; Michigan State University, USA
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S64 Sensorless Control I

Cassidy
Chair: Mahesh Swamy, Yaskawa America Inc., USA

3:30 pm ¢ Encoderless Servo Drive with Adequately Designed IPMSM
for Pulse Voltage Injection Based Position Detection

Soji Murakami, Masaki Hisatsune, Takayuki Shiota, Motomichi Ohto
and Kozo Ide, Yaskawa Electric Corporation, Japan

3:55 pm e« PWM Switching Frequency Signal Injection Sensorless
Method in IPMSM

Sungmin Kim, Jung-lk Ha and Seung-Ki Sul, Seoul National University,
Republic of Korea

4:20 pm ¢ Position Self-Sensing Evaluation of a FI-IPMSM Based on
High Frequency Signal Injection Methods

Chen-Yen Yu, Jun Tamura, David Reigosa and Robert Lorenz,
University of Wisconsin-Madison, USA; Nissan Motor Co., Ltd., Japan;
University of Oviedo, Spain

4:45 pm © Sensorless Rotor Position Detection Capability of a Dual
Three-Phase Fractional-Slot IPM Machine

Massimo Barcaro, Adriano Faggion, Nicola Bianchi and Silverio
Bolognani, University of Padova, Italy

S65 Impact of Renewable Energy Systems on Utility
Grid

Ellis East

Chairs: Burak Ozpineci, Oak Ridge National Laboratory,
USA, and Sudip Mazumder, University of lllinois,
Chicago, USA

3:30 pm © A Review on Fundamental Grid-Voltage Detection Methods
Under Highly Distorted Conditions in Distributed Power-Generation
Networks

Nils Hoffmann, Ralf Lohde, Lucian Asiminoaei, Friedrich W. Fuchs and
Paul B. Thoegersen, Christian-Albrechts-University of Kiel, Germany;
Danfoss Drives A/S, Denmark; KK-Electronic A/S, Denmark

3:55 pm © Two Methods for Addressing DC Component in Phase-
Locked Loop (PLL) Systems

Masoud Karimi-Ghartemani, Sayed Ali Khajehoddin, Praveen Jain and
Alireza Bakhshai, Queen’s University, Canada

4:20 pm ¢ Monte Carlo Analysis of the Impacts of High Renewable
Power Penetration
Douglas Halamay and Ted Brekken, Oregon State University, USA

4:45 pm © Online Grid-Adaptive Control and Active-Filter
Functionality of PWM-Converters to Mitigate Voltage-Unbalances
and Voltage-Harmonics — A Control Concept Based on Grid-
Impedance Measurement

Nils Hoffmann, Lucian Asiminoaei and Friedrich W. Fuchs, Christian-
Albrechts-University of Kiel, Germany; Danfoss Drives A/S, Denmark

S66 Resonant DC-DC Converters lll

Remington
Chairs: Paolo Mattavelli, Virginia Tech, USA, and Alireza
Bakhshai, Queen’s University, Canada

3:30 pm ¢ A Resonant Bi-Directional DC-DC Converter for Aerospace
Applications

Alireza Safaee, Alireza Bakhshai and Praveen Jain, Queen’s
University, Canada

3:55 pm ¢ Hybrid Half- and Full-Bridge Converter with High Efficiency
and Full Soft-Switching Range

Wensong Yu, Jih-Sheng Lai, Wei-Han Lai and Hongmei Wan, Virginia
Tech, USA

4:20 pm ¢ Practical Performance Evaluations of a Soft Switching
PWM Boost DC-DC Converter with High Efficiency and High
Scalability Edge Resonant Switched Capacitor Modular
Tomokazu Mishima, Yujiro Takeuchi and Mutsuo Nakaoka, Kobe
University, Japan; Kyungnam University and Yamaguchi University,
Japan

4:45 pm ¢ Optimal Design Considerations for a Modified LLC
Converter with Wide Input Voltage Range Capability Suitable for PV
Applications

Haibing Hu, Xiang Fang, Qian Zhang, John Shen and Issa Batarseh,
University of Central Florida, USA

$67 Advanced Electric Machine Design |

Cowboy Artists
Chairs: David Dorrell, University of Technology, Australia,
and Chris Gerada, University of Nottingham, UK

3:30 pm ¢ Induction Motor Design Methodology Based on Rotor
Diameter Progressive Growth

Aldo Boglietti, Andrea Cavagnino, Mario Lazzari, Alessio Miotto and
Silvio Vaschetto, Politecnico di Torino, Italy

3:55 pm ¢ Theory and Design of Fractional-Slot Multilayer Winding
Luigi Alberti and Nicola Bianchi, University of Padova, Italy

4:20 pm e Integer-Slot vs Fractional-Slot Concentrated-Winding
Axial-Flux Permanent Magnet Machines: Comparative Design, FEA
and Experimental Tests

Giulio De Donato, Fabio Giulii Capponi, Antonio Rivellini and Federico
Caricchi, University of Rome “La Sapienza”, Italy

4:45 pm © Design and Analysis of Brushless Doubly Fed Reluctance
Machines

Andrew Knight, Robert Betz and David Dorrell, University of Alberta,
Canada; University of Newcastle, Australia; University of Technology
Sydney, Australia

S68 High Power Inverters

Russell
Chair: Toshihisa Shimizu, Tokyo Metropolitan University,
Japan

3:30 pm e Common-Mode Voltage Reduction Methods for Medium-
Voltage Current Source Inverter-Fed Drives

Ning Zhu, Bin Wu, Dewei Xu, Navid R. Zargari and Mehrdad Kazerani,
Ryerson University, Canada; Rockwell Automation Canada Company,
Canada; University of Waterloo, Canada

3:55 pm e Implementation of a Fully Integrated High Density 50 kW
Inverter Using a SiC JFET Based Six-Pack Power Module

Timothy Junghee Han, Jim Nagashima, Sung Joon Kim, Srikanth
Kulkarni and Fred Barlow, Global Power Electronics, Inc., USA;
University of Idaho, USA

4:20 pm ¢ A Transformerless D-StatCom Based on a Multi-Voltage
Cascade Converter Requiring No DC Sources
Kenichiro Sano and Masahiro Takasaki, CRIEPI, Japan
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4:45 pm * Optimization of Switching Losses and Harmonic
Performance Using Model Predictive Control of a Cascaded H-Bridge
Multi-Level StatCom

Chris Townsend, Terry Summers and Robert Betz, University of
Newecastle, Australia

S69 Uninterruptible Power Supplies

Sundance
Chair: Ahmet Hava, Middle East Technical University, Turkey

3:30 pm ¢ A Cascaded Online Uninterruptible Power Supply Using
Reduced Semiconductor

Lei Zhang, Poh Chiang Loh, Feng Gao and Frede Blaabjerg, Nanyang
Technological University, Singapore; Shandong University, China;
Aalborg University, Denmark

3:55 pm ¢ Comparisons of Different Control Strategies for 20kVA Solid
State Transformer

Gangyao Wang, Xu She, Fei Wang, Arun Kadavelugu, Tiefu Zhao, Alex
Huang and Wenxi Yao, North Carolina State University, USA; Zhejiang
University, China

4:20 pm © On Single-Phase UPS Topologies
Edison Da Silva, Welflen Santos, Cursino Jacobina and Alexandre
Cunha, Federal University of Campina Grande, Brazil

S70 Single Phase AC-DC Rectifier: Control and
Analysis

Borein
Chairs: Yaow-Ming Chen, National Taiwan University,
Taiwan, and Mohamed Orabi, South Valley University, Egypt

3:30 pm ¢ Digital Control Strategy for Multi-Phase Interleaved
Boundary Mode and DCM Boost PFC Converters

Tobias Grote, Frank Schafmeister, Heiko Figge, Norbert Froehleke and
Joachim Boecker, University of Paderborn, Germany,; DELTA Energy
Systems GmbH, Germany

3:55 pm e The Effect of Ripple Steering on Control Loop Stability for a
CCM PFC Boost Converter

Fariborz Musavi, Murray Edington, Wilson Eberle and William G.
Dunford, Delta-Q Technologies Corp., Canada; University of British
Columbia, Canada

4:20 pm * Model Predictive-Based Control Method for Cascaded
H-Bridge Multilevel Active Rectifiers

Michail Vasiladiotis, Konstantinos Pavlou, Stefanos Manias and Alfred
Rufer, Ecole Polytechnique Federale de Lausanne (EPFL), Switzerland;
National Technical University of Athens (NTUA), Greece

SN Rail, Aerospace and Marine

Regency D
Chair: Mahesh Krishnamurthy, /llinois Institute of
Technology, USA

3:30 pm ¢ Diode Rectification of Multiphase Synchronous Generators
for Aircraft Applications
Steven Jordan and Judith Apsley, University of Manchester, UK

3:55 pm e Self Healing for a DC Zonal Distribution Architecture Using
Active Impedance Estimation

Mark Sumner, Edward Christopher, David Thomas and Frans de Wildt,
University of Nottingham, UK; MOD UK, UK

4:20 pm © An Algorithm and Implementation System for Measuring
Impedance in the D-Q Domain

Francis Gerald, Burgos Rolando, Boroyevich Dushan, Wang Fred and
Karimi Kamiar, The Boeing Co., USA; ABB Corporate Research, USA;
Virginia Tech - CPES, USA; University of Tennessee, USA

$72 Integrated DC-DC Converters

Regency A
Chairs: Cian O Mathtna, Tyndall University, Ireland, and
Francesco Carabolante, Qualcomm, USA

3:30 pm ¢ A Single-Inductor Bipolar-Output Converter with 5 mV
Positive Voltage Ripple for Active Matrix OLED

Chen Wei-Chung, Chiu Chao-Chang, Hsieh Chun-Yu, Huang Tzu-Chi
and Lee Yu-Huei, ECE, NCTU, Taiwan

3:55 pm ¢ A 1.65W Fully Integrated 90nm Bulk CMOS Intrinsic Charge
Recycling Capacitive DC-DC Converter

Hans Meyvaert, Tom Van Breussegem and Michiel Steyaert,
Katholieke Universiteit Leuven ESAT-MICAS, Belgium

4:20 pm © Non-Isolated Flyback Switching Capacitor Voltage
Regulator

Wenjing Cao, Ke Jin and Xinbo Ruan, Nanjing University of
Aeronautics and Astronautics, China

8:00 am — 9:40 am

Thursday, September 22

S73 Energy Storage Il

Ellis West
Chairs: Madhav Manjrekar, Siemens Energy Inc., USA, and
Satish Rajagopalan, EPRI, USA

8:00 am e Interleaved Smart Burp PV Charger for Lead Acid Batteries
with Incremental Conductance MPPT

Guan-Chyun Hsieh, Shih-Wei Chen and Cheng-Yuan Tsai, Chyun Yuan
Christian University, Taiwan,; National Taiwan University of Science
and Technology, Taiwan

8:25 am ¢ Design and Implementation of a Bi-Directional Isolated
DAB-Based DC-DC Converter in Home Area Networks
Sheng-Chieh Lo, Yen-Chun Wu and Tzung-Lin Lee, National Sun Yat-
sen University, Taiwan

8:50 am e Power Control Strategy of a CSC Based Wind Energy
Conversion System with Superconducting Magnetic Energy Storage
System in DC Side

Zheng Wang, Yongqgiang Lang, Ming Cheng and Jiacheng Wang,
Southeast University, China; Delta Electronics, Nanjing, China;
Department of Electrical and Computer Engineering, Canada

9:15 am e Lithium-Based Energy Storage Management for DC
Distributed Renewable Energy System

Wei Zhang, Dong Dong, Igor Cvetkovic, Fred C. Lee and Boroyevich
Dushan, Virginia Polytechnic Institute and State University, USA
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S74 Electric Machine Modeling

Curtis A
Chairs: David Dorrell, University of Technology, Australia,
and Rafal Wrobel, University of Bristol, UK

8:00 am ¢ Modeling and Effects of In-Situ Magnetization of Isotropic
Ferrite Magnet Motors

Min-Fu Hsieh, Ching-Kuo Lin, David Dorrell and Peter Wung, National
Cheng Kung University, Taiwan; University of Technology, Sydney,
Australia; A. 0. Smith Corporation, USA

8:25 am ¢ A Basic Study of MATRIX Motor
Hiroki Hijikata and Kan Akatsu, Shibaura Institute of Technology,
Japan

8:50 am e Influence of Slot and Pole Number Combinations on
Unbalanced Magnetic Force in Permanent Magnet Machines
Z. Q. Zhu, M. L. Mohd Jamil and L. J. Wu, University of Sheffield, UK

S§75  Modulation Techniques

Cassidy
Chair: Tim Alt, Rolls-Royce, USA

8:00 am ® PWM Scheme to Reduce the Common-Mode Current
Generated by an AC Drive at Low Modulation Index
Rangarajan Tallam, David Leggate, David Kirschnik and Richard
Lukaszewski, Rockwell Automation, USA

8:25 am ¢ Model Predictive Pulse Pattern Control

Tobias Geyer, Nikolaos Oikonomou, Georgios Papafotiou and
Frederick Kieferndorf, The University of Auckland, New Zealand; ABB
Corporate Research, Switzerland

8:50 am * Quantitative Power Quality and Characteristic Analysis of
Multilevel Pulse Width Modulation Methods in Medium Voltage High
Power Industrial AC Drives

Kevin Lee and Geraldo Nojima, Eaton Corporation, USA

S76 DC-DC Converters for Renewable Energy
Systems

Ellis East

Chairs: Burak Ozpineci, Oak Ridge National Laboratory,
USA, and Sudip Mazumder, University of lllinois,
Chicago, USA

8:00 am ¢ Bi-Directional Converter with Low Input/Output Current
Ripple for Renewable Energy Applications

Abbas Fardoun, Esam Ismail, Ahmad Sabzali and Mustafa Al-Saffar,
UAE University, United Arab Emirates; College of Technological
Studies, Kuwait

8:25 am * Swinging Bus Technique for Ripple Current Elimination in
Fuel Cell Power Conversion
Martin Ordonez, Simon Fraser University, Canada

8:50 am * Characteristic Analysis and Modeling on PEMFC
Degradation Associated with Low Frequency Ripple Current Effects
Jonghoon Kim, Minho Jang, Yongsug Tak and Bohyung Cho, Seoul
National University, Republic of Korea, Inha University, Republic of
Korea

9:15 am ¢ A Three-Port Half-Bridge Converter with Synchronous
Rectification for Renewable Energy Application

Hongfei Wu, Yan Xing, Runruo Chen, Junjun Zhang, Kai Sun and
Hongjuan Ge, Nanjing University of Aeronautics and Astronautics,
China; Tsinghua University, China

S77 DC-DC Converters: Controls Il

Remington

Chairs: Dragan Maksimovic, University of Colorado
at Boulder, USA, and Jaber Abu-Qahouq, Arizona
University, USA

8:00 am ¢ Analysis and Implementation of Output Voltage Regulation
in Multi-Phase Switched Capacitor Converters

Sam Ben-Yaakov and Alexander Kushnerov, Ben-Gurion University of
the Negev, Israel

8:25 am ¢ Flyback Transformer Based Transient Suppression Method
for Digitally Controlled Buck Converters

Jing Wang, Aleksandar Prodic and Wai Tung Ng, University of
Toronto, Canada

8:50 am ¢ Improvements in Boundary Control of Boost Converters
Using the Natural Switching Surface

Juan Galvez, Martin Ordonez, Federico Luchino and John
Quaicoe, Simon Fraser University, Canada;, Memorial University of
Newfoundland, Canada

9:15 am ¢ A Family of Switching Capacitor Regulators
Ling Gu, Wenjing Cao, Ke Jin and Xinbo Ruan, Nanjing University of
Aeronautics and Astronautics, China

S§78  Advanced Electric Machine Design Il

Cowboy Artists

Chairs: Yves Perriard, Ecole Polytechnique Federale de
Lausanne, Switzerland, and Andreas Binder, Darmstadt
University of Technology, Germany

8:00 am ¢ Design Study for Exterior Rotor Bearingless Permanent
Magnet Machines

Thomas Reichert, Thomas Nussbaumer and Johann W. Kolar, Power
Electronic Systems Laboratory, ETH Zurich, Switzerland,; Levitronix
GmbH, Switzerland

8:25 am ¢ A Novel Technique for Minimizing Torque Ripple in Axial
Flux Segmented Rotor SRM

Madhavan Ramanujam and Fernandes B.G., Indian Institute of
Technology Bombay, India

8:50 am © Core Axial Lengthening as Effective Solution to Improve the
Induction Motor Efficiency Classes

Luigi Alberti, Nicola Bianchi, Aldo Boglietti and Andrea Cavagnino,
Universita’ di Padova, Italy; Politecnico di Torino, Italy

9:15 am ¢ Characterization of Noise and Vibration in Permanent
Magnet Synchronous Motors Using Electromagnetic and Structural
Analyses

Mohammad Islam, Rakib Islam and Tomy Sebastian, Nexteer
Automotive, USA

S79 Multilevel Converters Il

Russell
Chair: Yong Kang, Huazhong University of Science and
Technology, China

8:00 am e Optimal Pulsewidth Modulation of a Dual Three-Level
Inverter System Operated from a Single DC Link

Till Boller, Joachim Holtz and Akshay Rathore, University of
Wuppertal, Germany; National University of Singapore, Singapore
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8:25 am e Fault-Tolerance Capacity of the Multilevel Active Clamped
Topology

Joan Nicolas-Apruzzese, Sergio Busquets-Monge, Josep Bordonau,
Salvador Alepuz and Alejandro Calle-Prado, Technical University of
Catalonia (UPC), Spain

8:50 am ¢ A Neutral Point Balancing Controller for Three-Level
Inverter with Full Power-Factor Range and Low Distortions

Jie Shen, Stefan Schroeder, Duro Basic and Robert Roesner, GE
Global Research, Germany; GE Energy, Germany

9:15 am ¢ Equalization of DC Bus Voltage in Three-Level NPC-HB
Inverters for PV Applications by Even Harmonics Injection or
Fundamental Phase Modulation

Roberto Petrella, Nicola Buonocunto, Alessandro Revelant and Piero
Stocco, DIEGM - University of Udine, Italy; MetaSystem Energy s.r.l,
Italy

$80 Medium Voltage Industrial Drives

Sundance
Chairs: Sewan Choi, Seoul National University, Republic of
Korea, and Jason Lai, Virginia Tech, USA

8:00 am © Transformerless Multi-Level Converter Based Medium
Voltage Drives
Peter Steimer and Manfred Winkelnkemper, ABB Ltd., Switzerland

8:25 am ¢ Quantitative System Compatibility and Characteristics
Analysis of Two-Level and Three-Level Low Voltage Industrial Drives
Kevin Lee and Wenxi Yao, Eaton Corporation, USA; Zhejiang
University, China

8:50 am ¢ Regenerative Energy Saving in Multi-Axis Servo-Motor-
Drives

Ali Kashefi Kaviani, Brian Hadley and Behrooz Mirafzal, Florida
International University, USA,; Kansas State University, USA

S81 Single Phase AC-DC Rectifier: Topology

Borein

Chairs: Tsorng-Juu (Peter) Liang, National Cheng Kung
University, Taiwan, and Dylan Lu, University of Sydney,
Australia

8:00 am ¢ A Transformerless Single-Stage AC-DC Converter with Low
Output Voltage

Shu Kong Ki and Dylan Dah-Chuan Lu, The University of Sydney,
Australia

8:25 am ¢ Novel Bi-Directional AC-DC MOSFET Converter for Energy
Storage System Applications
Hao Qian, Jih-Sheng Lai and Wensong Yu, Virginia Tech, USA

8:50 am * Dynamic Behavior of Single-Phase Full-Wave Rectifiers
with Instantaneous Constant-Power Loads

Chimaobi Onwuchekwa and Alexis Kwasinski, The University of Texas
at Austin, USA

S$82 Contactless Power Transfer

Curtis B
Chair: Fang Peng, Michigan State University, USA

8:00 am e Free Positioning for Inductive Wireless Power System
Eberhard Waffenschmidt, Philips Research, Germany

8:25 am ¢ A Contactless Power Transfer System with Capacitively
Coupled Matrix Pad

Chao Liu, Patrick Aiguo Hu and Xin Dai, The University of Auckland,
New Zealand; Chongqing University, China

8:50 am ¢ A New Tri-State-Boost-Based Pickup Topology for
Inductive Power Transfer Applications

Zeljko Pantic, Sanzhong Bai and Srdjan Lukic, North Carolina State
University, USA

9:15 am ¢ A Design Methodology for Multi-kW, Large Airgap, MHz
Frequency, Wireless Power Transfer Systems

Seung-Hwan Lee and Robert D. Lorenz, University of Wisconsin-
Madison, USA

S$83  Inverter Applications

Phoenix
Chair: Burak Ozpineci, Oak Ridge National Lab, USA

8:00 am © High Performance Gradient Driver for Magnetic Resonance
Imaging System

Rixin Lai, Juan Sabate, Song Chi and Wesley Skeffington, GE Global
Research Center, USA

8:25 am ¢ High Performance Pulsed Power Resonant Converter for
Radio Frequency Applications

Chao Ji, Pericle Zanchetta, Fabio Carastro and Jon Clare, University
of Nottingham, UK

8:50 am © H5TM Inverter with Constant-Frequency Asynchronous
Sigma-Delta Modulation

Yaow-Ming Chen, Chia-Hsi Chang and Yung-Ruei Chang, National
Taiwan University, Taiwan; Institute of Nuclear Energy Research,

Taiwan

9:15 am ¢ Variable Sampling Frequency in Iterative Learning Current
Control for Shunt Active Filter in Aircraft Power Systems

Pericle Zanchetta, Jun Yi Liu, Marco Degano and Paolo Mattavell,
University of Nottingham, UK; Virginia Tech, USA

10:00 am — 11:40 am

Thursday, September 22

S84 Energy Storage: Batteries

Ellis West
Chairs: Madhav Manjrekar, Siemens Energy Inc., USA, and
Raju Ravisekhar, GE Global Research, USA

10:00 am ¢ Battery Ripple Current Reduction in a Three-Phase
Interleaved DC-DC Converter for 5kW Battery Charger

Wujong Lee, Byung-Moon Han and Hanju Cha, Chungnam National
University, Republic of Korea;, Myongji University, Republic of Korea

10:25 am ¢ Empirical Battery Model Characterizing a Utility-Scale
Carbon-Enhanced VRLA Battery

Daniel Fregosi, Subhashish Bhattacharya and Stanley Atcitty, North
Carolina State University, USA; Sandia National Laboratories, USA

10:50 am ¢ Self-Reconfigurable Multicell Batteries
Taesic Kim, Wei Qiao and Liyan Qu, University of Nebraska-Lincoln,
USA

11:15 am ¢ Evaluating the Application of Energy Storage and Day-
Ahead Solar Forecasting to Firm the Output of a Photovoltaic Plant
Frank Kreikebaum, Rohit Moghe, Anish Prasai and Deepak Divan,
Georgia Institute of Technology, USA
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S85 Switched Reluctance Machines

Curtis A
Chairs: Avoki Omekanda, General Motors, USA, and Yilmaz
Sozer, University of Akron, USA

10:00 am e Design of Switched Reluctance Motor Competitive to 60
kW IPMSM in Third Generation Hybrid Electric Vehicle
Kyohei Kiyota and Akira Chiba, Tokyo Institute of Technology, Japan

10:25 am ¢ Torque Ripple Minimization of Switched Reluctance
Machines Through Current Profiling

Rajib Mikail, Yilmaz Sozer, Igbal Husain, Mohammad Islam and Tomy
Sebastian, University of Akron, USA; Nexteer Automotive, USA

10:50 am ¢ Switched Reluctance Generator Controls for Optimal
Power Generation and Battery Charging

Sandeep Narla, Yilmaz Sozer and Igbal Husain, University of Akron,
USA

11:15 am e Characteristics of Axial Type Switched Reluctance Motor
Hiromu Arihara and Kan Akatsu, Shibaura Institute of Technology,
Japan

S86 Drive Control

Cassidy
Chair: Gui-Jia Su, Oak Ridge National Laboratory, USA

10:00 am e Control of Induction Machine with Extended Range of
Maximum Torque Capability for Traction Drives
Bin Gu and Jih-Sheng Lai, Virginia Tech, USA

10:25 am e Application of One-Cycle Control to Stator Field-Oriented
Control

Alberto Soto-Lock, Edison Da Silva, Malik Elbuluk and Cursino
Jacobina, Federal University of Campina Grande, Brazil; University of
Akron, USA

10:50 am ¢ Zero-Speed Operation of CSI-Fed Induction Motor Drive
Fangrui Liu, Bin Wu, Manish Pande and Navid Zargari, Ryerson
University, Canada; Rockwell Automation, Canada

11:15 am ¢ Input Power Factor Compensation for PWM-CSC Based
High-Power Synchronous Motor Drives

Jingya Dai, Manish Pande and Navid Zargari, Rockwell Automation,
Canada

S87 Solar PV System Design and Architecture

Ellis East

Chairs: Adel Nasiri, University of Wisconsin, Milwaukee,
USA, and Vladimir Blasko, United Technologies Research
Center, USA

10:00 am ¢ Development of an Autonomous Distributed Maximum
Power Point Tracking PV System

Yaow-Ming Chen, Cheng-Wei Chen and Yang-Lin Chen, National
Taiwan University, Taiwan

10:25 am ° Progressive Smooth Transition for Four-Switch Buck-
Boost Converter in Photovoltaic Applications

Yaow-Ming Chen, Yang-Lin Chen and Cheng-Wei Chen, National
Taiwan University, Taiwan

10:50 am e Photovoltaic-Wind Hybrid System with Battery Back-Up
Optimized for Apartment Complexes and other Community Living
Environments

Mohammad Bagher Shadmand, Murali Pasupuleti and Robert Balog,
Texas A and M University, USA

11:15 am ¢ Flexible Electrical Power System Controller Design and
Battery Integration for 1U to 12U CubeSats

Shailesh Notani and Subhashish Bhattacharya, North Carolina State
University, USA

S88 DC-DC Converters: Controls Ill

Remington
Chairs: Regan Zane, University of Colorado at Boulder, USA,
and Pritam Das, Queen’s University, Canada

10:00 am ¢ Seamless Boost Converter Control in Critical Boundary
Condition for Fuel Cell Power Conditioning System
Tai-Sik Hwang and Sung-Yeul Park, University of Connecticut, USA

10:25 am ¢ Enhanced Load Step Response for a Bi-Directional DC-DC
Converter

Dinesh Sekhar Segaran, Grahame Holmes and Brendan McGrath,
RMIT University, Australia

10:50 am ¢ A Switching Strategy for Multiple-Input Converters
Chimaobi Onwuchekwa and Alexis Kwasinski, The University of Texas
at Austin, USA

11:15 am ¢ Sliding-Mode Control of Quasi-Z-Source Inverter with
Battery for Renewable Energy System

Jianfeng Liu, Shuai Jiang, Dong Cao, Xi Lu and Fangzheng Peng,
Central South University, China;, Michigan State University, USA

S89  Permanent Magnet Machine Optimization

Cowboy Artists
Chairs: Hamid Toliyat, Texas A and M University, USA, and
Francesco Cupertino, Politecnico di Bari, Italy

10:00 am ¢ Automated Bi-Objective Design Optimization of Multi-MW
Direct-Drive PM Machines Using CE-FEA and Differential Evolution
Gennadi Sizov, Peng Zhang, Dan lonel, Demerdash Nabeel and
Marius Rosu, Marquette University, USA; ANSYS, USA

10:25 am ¢ Fast Optimization of an IPMSM with Space Mapping
Technique

Stephane Vivier, Didier Lemoine and Guy Friedrich, Universite de
Technologie de Compiegne, France

10:50 am ® Minimization of Cogging Torque in a Small Axial-Flux
PMSG with a Parallel-Teeth Stator

John Wanjiku, Hartmut Jagau, Azeem Khan and Paul Barendse,
University of Cape Town, South Africa

11:15 am ¢ A Review of Recent Developments in Electrical

Machine Design Optimization Methods with a Permanent Magnet
Synchronous Motor Benchmark Study

Yao Duan and Dan lonel, Vestas Technology R&D Americas, Inc., USA

S90  Inverter PWM Techniques

Russell
Chair: Xinbo Ruan, Huazhong University of Science and
Technology, China

10:00 am ¢ A Novel Switching Loss Minimized PWM Method for a High
Switching Frequency Three-Level Inverter with a SiC Clamp Diode
Nam-Joon Ku, Hong-Ju Jung, Rae-Young Kim and Dong-Suk Hyun,
Hanyang University, Republic of Korea

10:25 am e SDRE Control of Single Phase PWM Inverter Using FPGA
Based Hardware Controller

Takeaki Fujimoto, Hiroki Uchida and Yokoyama Tomoki, Tokyo Denki
University, Japan
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10:50 am e Introducing the Elliptical Carrier for PWM Inverters:
Derivation and Properties for Phase-Shift Compensation
Lucas Sinopoli and Martin Ordonez, Memorial University of
Newfoundland, Canada,; Simon Fraser University, Canada

11:15 am © A New Three-Phase Hybrid Five-Level Inverter with
Reduced Number of High-Frequency Switching Devices
Liviu Mihalache and Yaosuo Xue, Siemens Corporate Research, USA

S91 STATCOM Controls

Sundance
Chairs: Yongsug Suh, Chonbuk National University, Korea,
and Pericle Zanchetta, University of Nottingham, UK

10:00 am * Negative-Sequence Reactive-Power Control by a PWM
STATCOM Based on a Modular Multilevel Cascade Converter
(MMCC-SDBC)

Makoto Hagiwara, Ryo Maeda and Hirofumi Akagi, Tokyo Institute of
Technology, Japan

10:25 am ¢ A Unified Modular Transformer Converter (MTC) System
with Advanced Angle Control Structure

Babak Parkhideh and Subhashish Bhattacharya, North Carolina State
University, USA

10:50 am e A DSTATCOM with ADALINE Algorithm for Current
Compensation in Distributed Generation Systems

Yin-Ching Wang, Shou-Fu Li and Tzung-Lin Lee, National Sun Yat-sen
University, Taiwan

11:15 am ¢ Instantaneous Phase-Locked Loop for Performance
Improvement of System with STATCOM Under Single-Line to Ground
Fault

Xi Zhengping, Babak Parkhideh and Subhashish Bhattacharya, North
Carolina State University, USA

S92 AC-DC Rectifiers: Control Il

Borein

Chairs: Yasuyuki Nishida, Chiba Institute of Technology,
Japan, and Yan Xing, Nanjing University of Aeronautics and
Astronautics, China

10:00 am ¢ AC Stability of High Power Factor Multi-Pulse Rectifiers
Rolando Burgos, Dushan Boroyevich, Fred Wang, Karimi Kamiar and
Francis Gerald, ABB Corporate Research, USA; Virginia Tech, CPES,
USA; University of Tennessee, USA; The Boeing Co., USA

10:25 am © Multiloop Interleaved Control for Two-Switch Two-
Capacitor Three-Level SMR without Capacitor Voltage Balancing
Loop

Jhen-Yu Liao and Hung-Chi Chen, National Chiao Tung University,
Taiwan

10:50 am ¢ HF Voltage Generation in a Multi-State Switching Cells-
Based Single-Phase Multilevel PFC Rectifierer

Marcio Ortmann, Samir Mussa and Marcelo Heldwein, Federal
University of Santa Catarina - EEL/INEP, Brazil

11:15 am ¢ Low-Frequency Leakage Current Reduction Using Active
Control of Single-Phase PWM Rectifier

Dong Dong, Dushan Boroyevich and Paolo Mattavelli, Virginia Tech,
USA

S93  DC-DC Converters: Passive Components

Curtis B
Chairs: Mat Wilkowski, Enpirion, USA, and Braham Ferreira,
Delft University of Technology, Netherlands

10:00 am ¢ A Novel Winding Layout Strategy for Planar Transformer
Applicable to High Frequency High Power DC-DC Converters

Majid Pahlevaninezhad, Pritam Das, Josef Drobnik, Praveen Jain,
Alireza Bakhshai and Gerry Moschopoulos, Queen’s University,
Canada; Freescale Semiconductors Inc., USA; University of Western
Ontario, Canada

10:25 am ° Proposal and Validation of a Medium-Frequency Power
Transformer Design Methodology

Irma Villar, Asier Garcia-Bediaga, Unai Viscarret, lon Etxeberria-
Otadui and Alfred Rufer, IKERLAN-IK4 Technology Research Centre,
Spain; Industrial Electronics Laboratory, EPFL, Switzerland

10:50 am ¢ Novel Concepts for High Frequency High Efficiency
Transformer Design

Dianbo Fu and Shuo Wang, Huawei Technologies, USA; University of
Texas at San Antonio, USA

11:15 am ¢ A Novel Integrated Multi-Elements Resonant Converter
Daocheng Huang, Pengju Kong, Fred. C. Lee and Dianbo Fu, Virginia
Tech, USA; Intersil Corporation, USA; Huawei Technologies Co., Ltd.,
USA

S94 General Inverter Technologies

Phoenix

Chairs: Yan Xing, Nanjing University of Aeronautics
and Astronautics, China, and Jon Clare, University of
Nottingham, UK

10:00 am ¢ An Improved Virtual Resistance Damping Method for Grid-
Connected Inverters with LCL Filters

Yi Lei, Zhengming Zhao, Fanbo He, Sizhao Lu and Lu Yin, Tsinghua
University, China

10:25 am ¢ Modeling and Digital Control of LCLC Resonant Inverter
with Varying Load

Scott Jensen, Luca Corradini, Miguel Rodriguez and Dragan
Maksimovic, University of Colorado at Boulder, USA

10:50 am  Analysis and Characterization of DC Bus Ripple Current

of Two-Level Inverters Using the Equivalent Centered Harmonic
Approach

Ufuk Ayhan and Ahmet Hava, Middle East Technical University, Turkey

11:15 am ¢ Model Predictive Control of Z-Source Neutral Point
Clamped Inverter

Wei Mo, Poh Chiang Loh and Frede Blaabjerg, Nanyang Technological
University, Singapore; Aalborg University, Denmark

Thursday, September 22 1:40 pm — 3:20 pm

S95 Ocean and Wave Energy Harvesting |

Ellis West
Chairs: Dehong Xu, Zhejiang University, China, and David
Dorrel, University of Technology Sydney, Australia

1:40 pm » Wave Energy Converter with Wideband Power Absorption
Timothy Lewis, Annette von Jouanne and Ted Brekken, Oregon State
University, USA
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2:05 pm e Efficient Energy Harvester for Microbial Fuel Cells Using
DC-DC Converters
Jae-Do Park and Zhiyong Ren, University of Colorado Denver, USA

2:30 pm ¢ Universal Power Management IC for Small-Scale Energy
Harvesting with Adaptive Impedance Matching
Na Kong, T. Shaver Deyerle IV and Dong Sam Ha, Virginia Tech, USA

2:55 pm ¢ Design and Experiments of Linear Tubular Generators for
the Inertial Sea Wave Energy Converter

Giovanni Bracco, Ermanno Giorcelli, Giuliana Mattiazzo, Ciro
Attaianese and Silvio Carbone, Politecnico di Torino, Italy; University
of Cassino, Italy

S96 Power Devices: Measurement and
Characterisation

Curtis A
Chair: Jean Luc Schanen, Grenoble Institute of Technology,
France

1:40 pm * Automatic Measurement of the Reverse Recovery Behavior
of Ultra-Fast Diodes

Juergen Stahl, Daniel Kuebrich, Alexander Pawellek, Christian Oeder
and Thomas Duerbaum, University of Erlangen-Nuremberg, Germany

2:05 pm © Can Power Devices’ Sensitivity to Mechanical Stresses Be
Used as a Sensor for Power Assembly Health Monitoring?

Florence Capy, Stephane Azzopardi, Kamal El Boubkari, Yassine
Belmehdi and Jean-Yves Deletage, IMS Laboratory, France

2:30 pm © High-Bandwidth, High-Fidelity In-Circuit Measurement of
Power Electronic Switching Waveforms for EMI Generation Analysis
Niall Oswald, Bernard Stark, Neville McNeill and Derrick Holliday,
University of Bristol, UK

2:55 pm ¢ Experimental Study of Power Module with SiC Devices
Dong Jiang, Fan Xu, Fei Wang, Timothy Junghee Han and Leon
Tolbert, University of Tennessee, USA; Global Power Electronics, USA

S97 Drive Issues Il

Cassidy
Chair: Parag Kshirsagar, United Technologies Research
Center, USA

1:40 pm © Control of PWM Voltage Source Inverter in the Pulse
Dropping Region to Reduce Reflected Wave Motor Over-Voltage
Rangarajan Tallam and David Leggate, Rockwell Automation, USA

2:05 pm ® Embedded-Friendly Online Dead-Time Compensation Using
PWM Timer

Takahiro Suzuki, Kiyoshi Sakamoto, Toshihiro Takeuchi and Yasuo
Notohara, Hitachi, Ltd., Japan; Hitachi Information and Control
Solutions, Ltd., Japan

2:30 pm ¢ Feedforward Control for SPMSM with Final State Control
Based on Voltage Limit Circle with Transient Term

Takayuki Miyajima, Hiroshi Fujimoto and Masami Fujitsuna, The
University of Tokyo, Japan; DENSQO Corporation, Japan

2:55 pm ¢ On-Line Condition Monitoring for MOSFET and IGBT
Switches in Digitally Controlled Drives
Jason Anderson and Robert Cox, UNC Charlotte, USA

S98 Grid Interactive Renewable Energy Systems

Ellis East
Chairs: Ahmed Elasser, GE Global Research Center, USA,
and Robert Balg, Texas A and M University, USA

1:40 pm e Utility Grid Impact with High Penetration PV Micro-
Inverters Operating Under Burst Mode Using Simplified Simulation
Model

Zheng Zhao, Kuan-Hung Wu, Jih-Sheng Lai and Wensong Yu, Virginia
Tech, USA; National Taiwan University of Science and Technology,
Taiwan

2:05 pm © Energy Capture Improvement of a Solar PV System with a
Multilevel Inverter

Nayeem Mahmud, Yilmaz Sozer and Igbal Husain, University of Akron,
USA

2:30 pm © A DC-Link Voltage Control Scheme for Single-Phase Grid-
Connected PV Inverters

Fanbo He, Zhengming Zhao, Ligiang Yuan and Sizhao Lu, Tsinghua
University, China

S99  DC-DC Converters: Topologies lll

Remington

Chairs: Vahid Youfsezadeh, University of Colorado at
Denver, USA, and Regan Zane, University of Colorado at
Boulder, USA

1:40 pm * Canonical Small-Signal Model of Double-Input Converters
Based on H-Bridge Cells

Reza Ahmadi and Mehdi Ferdowsi, Missouri University of Science and
Technology, USA

2:05 pm A Novel Half-Bridge Converter with Current Ripple
Reduction

Ching-Shan Leu and Trong Nha Quang, Nationall Taiwan University of
Science and Technology, Taiwan

2:30 pm ¢ Design Considerations of a Multiple-Input Isolated Single
Ended Primary Inductor Converter (SEPIC) for Distributed Generation
Sources

Sheng-Yang Yu, Ruichen Zhao and Alexis Kwasinski, The University of
Texas at Austin, USA

2:55 pm ¢ A Variable Frequency Soft Switching Controlled Boost-
Flyback Converter for High Step-Up Applications

Junjun Zhang, Hongfei Wu, Yan Xing, Kai Sun and Xudong Ma,
Nanjing University of Aeronautics and Astronautics, China; Tsinghua
University, China; Southeast University, China

S$100 Special Application Machines

Cowboy Artists
Chairs: Peter Wung, AO Smith Corporation, USA, and Akira
Chiba, Tokyo Institute of Technology, Japan

1:40 pm e Damper Windings for the Magnetic Gear
Siavash Pakdelian, Nicolas Frank and Hamid Toliyat, Texas A and M
University, USA; ABB US Corporate Research Center, USA

2:05 pm © Experimental Evaluation of a Motor Integrated Permanent
Magnet Gear

Peter Rasmussen, Kasper Koetter, Tommy Frandsen and Kenneth
Jessen, Aalborg University, Denmark; Danfoss Drives, Denmark
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2:30 pm © A Line-Fed Permanent Magnet Motor Solution for Drum-
Motor and Conveyor-Roller Applications

Mircea Popescu, David Staton, Steven Jennings, Thomas Barucki
and Joachim Schnuettgen, Motor Design Ltd., UK; Interroll, Germany;
Adapted Solutions GmbH, Germany

2:55 pm ¢ Design Study of a Three-Phase Brushless Exciter for
Aircraft Starter/Generator

Antonio Griffo, Rafal Wrobel, Adrian Mlot, Jason Yon and Phil Mellor,
University of Bristol, UK

S$101 Modular Multilevel Converters

Russell
Chairs: Sudip K. Mazumder, University of lllinois, USA, and
Wuhua Li, Zhejiang University, China

1:40 pm » A New Three-Phase AC-AC Modular Multilevel Converter
with Six Hexagonally Arranged Branches

Lennart Baruschka and Axel Mertens, Leibniz University of Hannover,
Germany

2:05 pm © Complex Phasor Modeling and Control of Modular
Multilevel Inverters

Justin Reed, Giri Venkataramanan and Francisco Martinez, University
of Wisconsin-Madison, USA; Technical University of Madrid, Spain

2:30 pm ¢ Continuous Model of Modular Multilevel Converter and
Experimental Verification

Steffen Rohner, Jens Weber and Steffen Bernet, Dresden University
of Technology, Germany

2:55 pm e Capacitor Voltage Balancing Control Based on CPS-PWM
of Modular Multilevel Converter

Xiaogian Li, Qiang Song, Jianguo Li and Wenhua Liu, Tsinghua
University, China

$102  Active Filters Applications

Sundance
Chairs: Toshihisa Shimizu, Tokyo Metropolitan University,
Japan, and Tony 0'Gorman, Continental Automotive, USA

1:40 pm © Design and Testing of a Medium Voltage Controllable
Network Transformer Prototype with an Integrated Hybrid Active
Filter

Debrup Das, Javier Munoz, Rajendra Prasad Kandula, Ron Harley,
Deepak Divan and Joe Schatz, Georgia Institute of Technology, USA;
University of Concepcion, USA; Southern Company, USA

2:05 pm © A High Power Medium-Voltage DC Amplifier System
Hesam Mirzaee, Subhashish Bhattacharya and Sandeep Bala, North
Carolina State University, USA; ABB Corporate Research Center, USA

2:30 pm ¢ Study of a New Technique to Reduce the DC-Link
Capacitor in a Power Electronic System by Using a Series Voltage
Compensator

Huai Wang and Henry Chung, City University of Hong Kong, Hong
Kong

2:55 pm ¢ Directional Triplen Hybrid Active Filter for Radial Systems
Rajendra Prasad Kandula, Jorge E. Hernandez and Deepak Divan,
Georgia Institute of Technology, USA

S$103 Three-Phase AC-DC Rectifiers

Borein
Chairs: Keiji Wada, Tokyo Metropolitan University, Japan,
and Fujio Kurokawa, Nagasaki University, Japan

1:40 pm © Selective Harmonic Compensation (SHC) PWM for Grid-
Interfacing High-Power Converters

Hua Zhou, Yun Wei Li, Navid R. Zargari and Zhongyuan Cheng,
Rockwell Automation Canada, Canada; University of Alberta, Canada

2:05 pm ¢ Development of an All SiC High Power Density Three-
Phase Rectifier with Interleaving

Di Zhang, Puqi Ning, Fred Wang, Dushan Boroyevich, Rolando Burgos,
Kamiar Karimi, Vikram Immanuel and Solodovnik Eugene, GE, Global
Research Center, USA; University of Tennessee, USA; Oak Ridge
National Lab, USA; Virginia Tech, CPES, USA; ABB, USA; Boeing
Company, USA

2:30 pm A Multi-Carrier PWM for Parallel Three-Phase Active
Front-End Converters
Chung-Chuan Hou, Chung Hua University, Taiwan

2:55 pm © New Considerations in the Input Filter Design of a Three-
Phase Buck-Type PWM Rectifier for Aircraft Applications

Marcelo Silva, Nico Hensgens, Jesus Oliver, Pedro Alou, Oscar Garcia
and Jose A Cobos, Universidad Politecnica de Madrid, Spain

$104  Soft-Switching Inverters

Phoenix
Chair: Ichiro Omura, Kyushu Institute of Technology, Japan

1:40 pm * Dynamic Analysis and Control of a Zone-Control Induction
Heating System

Ngoc Ha Pham, Hideaki Fujita, Kazuhiro Ozaki and Naoki Uchida,
Tokyo Institute of Technology, Japan,; Mitsui Engineering and
Shipbuilding Co., LTD., Japan

2:05 pm © 1/3 Weight Core of a Capacitor-Less ARCP Method Three-
Phase Voltage Source Soft-Switching Inverter Suitable for EV
Hirotaka Toda and Masayoshi Yamamoto, Shimane University, Japan

2:30 pm * Switching Control Strategy to Extend the ZVS Operating
Range of a Dual Active Bridge AC-DC Converter
Jordi Everts, Jeroen Van den Keybus and Johan Driesen, Catholic
University of Leuven, Belgium; Triphase, Belgium

Thursday, September 22 3:40 pm - 5:00 pm

$105 Ocean and Wave Energy Harvesting Il

Ellis West
Chairs: Dehong Xu, Zhejiang University, China, and David
Dorrel, University of Technology Sydney, Australia

3:40 pm © Experimental Evaluation of a Doubly-Fed Linear Generator
for Ocean Wave Energy Applications

Jennifer Vining, Giri Venkataramanan and Thomas Lipo, University of
Wisconsin-Madison, USA

4:05 pm © Per-Unit Wave Energy Converter System Analysis
Timothy Lewis, Annette von Jouanne and Ted Brekken, Oregon State
University, USA
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S106 IGBT Modules

Curtis A
Chair: Alex Huang, North Carolina State University, USA

3:40 pm © Diagnostic Characterization of High-Power IGBTs with
Field Instrumentation: Pitfalls in Using Curve Tracers Only and
Improvements by Oscilloscopes

Pierluigi Tenca and Filippo Chimento, ABB Corporate Research,
Sweden

4:05 pm e Characterization of a 6.5 kV /500 A IGBT Module in a Series
Resonant Converter

Lars Lindenmueller, Steffen Bernet, Rodrigo Alvarez and Philipp
Kleinichen, Technische Universitaet Dresden, Germany

4:30 pm © Turn-On Loss vs. Free-Wheel Diode Recovery DV/DT in
IGBT Modules

John Donlon, Eric Motto, Marco Honsberg, Thomas Radke and
Toru Matsuoka, Powerex, Inc., USA; Mitsubishi Electric Europe BY,
Germany; Mitsubishi Electric Corp., Japan

$107 DC Microgrids

Ellis East
Chairs: Liuchen Chang, University of New Brunswick,
Canada, and Erkan Mese, Yildiz Technical University, Turkey

3:40 pm * Game Theoretic Bus Selection in DC Power Systems
Nishantha Ekneligoda and Wayne Weaver, Michigan Technological
University, USA

4:05 pm ¢ Control of Parallel-Connected Bi-Directional AC-DC
Converters in Stationary Frame for Microgrid Application

Xiaonan Lu, Josep Guerrero, Remus Teodorescu, Tamas Kerekes and
Kai Sun, Tsinghua University, China; Technical University of Catalonia,
Spain; Aalborg University, Denmark

4:30 pm ¢ DC-Bus Voltage Regulation and Power Compensation with
Bi-Directional Inverter in DC-Microgrid Applications

Tsai-Fu Wu, Chia-Ling Kuo, Kun-Han Sun and Yuan-Chih Chang,
EPARC, National Chung Cheng University, Taiwan

$108 Multiphase DC-DC Converters

Remington

Chairs: Luca Corradini, University of Colorado at Boulder,
USA, and Zhiliang Zhang, Nanjing University of Aeronautics
and Astronautics, China

3:40 pm ¢ Impact of Input and Output Voltage Perturbation on the
Behavior of Automotive Multi-Phase Converters with Coupled
Inductors

Sebastian Utz and Johannes Pforr, University of Applied Sciences
Ingolstadt, Germany

4:05 pm © H2-Optimal Thermal Management for Multi-Phase Current
Mode Buck Converters

Mohammad Shawkat Zaman, Pearl (Ke) Cao, Olivier Trescases and
Wai Tung Ng, University of Toronto, Canada

4:30 pm © Design and Characterization of a Three-Phase Dual
Active Bridge DC-DC Converter in Wye-Delta Connection for a High
Frequency and High Power Applications

Seunghun Baek, Sumit Dutta and Bhattacharya Subhashish, North
Carolina State University, USA

$109  Synchronous Reluctance Machines

Cowboy Artists
Chairs: Gianmario Pellegrino, Politecnico di Torino, Italy,
and Daniel Saban, Danotek Motion Technologies, USA

3:40 pm ¢ Rotor Structure for Reducing Demagnetization of Magnet in
a PMASynRM with Ferrite Permanent Magnet and its Characteristics
Masayuki Sanada, Yukinori Inoue and Shigeo Morimoto, Osaka
Prefecture University, Japan

4:05 pm © Performance Evaluation of a High Power Density
PMASynRM with Ferrite Magnets

Shohei Ooi, Shigeo Morimoto, Masayuki Sanada and Yukinori Inoue,
Osaka Prefecture University, Japan

4:30 pm * Magnet Minimization in IPM-PMASR Motor Design for
Wide Speed Range Application

Paolo Guglielmi, Barbara Boazzo, Gianmario Pellegrino, Eric Armando
and Alfredo Vagati, Politecnico di Torino, Italy

S110 Boost Inverters

Russell
Chairs: Enrico Santi, University of South Carolina, USA, and
Zhengyu Lv, Zhejiang University, China

3:40 pm ¢ Switched-Boost Inverter based on Inverse Watkins-
Johnson Topology

Santanu Mishra, Ravindranath Adda and Avinash Joshi, Indian
Institute of Technology Kanpur, India

4:05 pm © High Voltage Gain Boost Converter Topology for Grid
Connected Systems

Mohamed Orabi, Moustafa Mousa, Mahrous Ahmed and Mohamed
Youssef, APEARC, South Valley University, Egypt; Bombardier
Transportation, Canada

4:30 pm ¢ High Step-Up Single-Stage Boost Inverter
Yufei Zhou, Wenxin Huang, Jianwu Zhao and Ping Zhao, Nanjing
University of Aeronautics and Astronautics, China

S$111  Utility Applications

Sundance
Chairs: Kevin Lee, Eaton Corporation, USA, and Friedrich
Wilhelm Fuchs, University of Kiel, Germany

3:40 pm ¢ Transformer-Less Intelligent Power Substation Design with
15kV SiC IGBT for Grid Interconnection

Kamalesh Hatua, Sumit Dutta, Awneesh Tripathi, Seunghun Baek,

Giti Karimi and Subhashish Bhattacharya, North Carolina State
University, USA

4:05 pm ¢ A Half-Bridge Inverter Based Current Balancer with the
Reduced DC Capacitors in Single-Phase Three-Wire Distribution

Feeders

Yusuke Baba, Masayuki Okamoto, Eiji Hiraki and Toshihiko Tanaka,
Yamaguchi University, Japan

4:30 pm © Design Aspects of a Square-Wave Series Voltage
Compensator

Igor A. Pires, Braz de J. Cardoso Filho and Sidelmo M. Silva,
Universidade Federal de Minas Gerais, Brazil

4:55 pm ¢ Series Connected IGCT Based Three-Level Neutral Point
Clamped Voltage Source Inverter Pole for High Power Converters
Subhashish Bhattacharya and Saman Babaei, North Carolina State
University, USA
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Ford Motor Company.......cceecneeeeeseeee e 301
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FSU Center for Advance Power Systems......c..ccccvvveenee. 509
GE Global Research........ceeecneccseceeeeeceeee e, 206
GRAPES ...ttt 104
(Grid-Connected Advanced Power Electronics Systems)
HOW2POWEL.COM ...ttt 306
IEEE ECCE 2012 Organizating Committee........cccccovuvrvnnee 510
IEEE Industry Applications Society (IAS).......cccovvvrvruenee. 403
IEEE Power Electronics Society (PELS) .......ccccoveerrrernnee. 107
Infolytica Corporation..........cceeeverveensenersesssseeesesesssseees 101
John Wiley & Sons, INC....evececeeereceteeeeece e 503
JMAG Division, JSOL Corporation and Powersys, Inc..305
JSR Micro, Inc./JM Energy Corporation.........cccccveueenee. 205
Kyocera AmMerica, INCu....eeeeereeeecceeeeereeeee e 308
MagneForce Software Systems, INC.......cooveevevervreenennee 407
Magnetic Instrumentation, INC.......cccccocoeevevecceieecreienas 108
MaAGNETICS ottt 210
Magnet-Physics, INC. .o 310
Magsoft Corporation .........ceeeeeverveenerrernerssesesse s 109
Microsemi Corporation........ceceeeeecreeeecerneeeceeseessesessnnns 402
MK Magnetics, INC. ..o 408
Nexteer AUTOMOTIVE........cceeeecre et 207
NORWE, INC. vttt nes 106
NSF FREEDM Systems Center .........coveverenerennereeneeneens 302
Opal-RT Technologies, INC. ..o 201
Payton America, INC. ... 309
PIEXIM, INC.uieeetcecieeeecee s 209
POWET-0NE, INC. ottt s s 208
Proto Laminations, INC. .....cccoceuvveevieseeceeeseesee e 102
Rogers Corporation........coeeeeeereereenseneesesneseeeessesessseneees 304
Thermal Management Solutions
SBE, INC. e 502
Sidelinesoft LLC........c.occueeeeeeeeceeeeteeeeee e 401
Tooh Dineh Industries, INC.....cooeeeeeeveveeeeeeeee e 507
United Technologies Research Center.........ccoeveevevernnees 303
University of Sheffield.......c.coeeorrenerereeceesereseneins 409
O,
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GE Global Research........ceeecneccneeseeeeeeee e, 206
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Ford Motor Company.......cceceeeeeeeeeeeee e 301
Sustainable Mobility Technologies
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University of Sheffield........ccooeeveeeceeeceseeeeeeeeeeenas 409
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5S Components, Inc. Booth 202

630 Fifth Avenue
East McKeesport, PA 15035

: i .I
USA B, |
@ +1412-967-5858 Ext. 201 "'""" ."!.

@ +1412-967-5868
john@5Scomponents.com
www.bScomponents.com

5S Components is a leading distributor of components for pow-
er electronics systems. Major product lines are ABB's semicon-
ductors, voltage sensors and current sensors; ICAR power film
capacitors; and CT-Concept IGBT Gate Drivers.

Advanced MotorTech LLC Booth 307

9117 Park Boulevard
Largo, FL 33777

g .

Q@ +1727-412-8200 Advanced MotorTech
Q@ +1727-412-8203

kklontz@AdvancedMotorTech.com ‘

AdvancedMotorTech.com

Advanced MotorTech LLC is a leading electric machine design
engineering, including consulting, prototyping and training. All
motor types. Experience and expertise ranges from miniature
to 1000's of kW/HP, from new designs to failure analysis, from
theoretical concepts to practical design, from design for high
efficiency to high power density.

ANSYS, Inc. Booth 204

225 W. Station Square Drive
Pittsburgh, PA 15219

USA

@ +1412-261-3200

Q@ +1412-471-9427
ansysinfo@ansys.com
WWW.ansys.com

ANSYS, Inc. develops and globally markets engineering simula-
tion software used by designers and engineers across a broad
spectrum of industries. The company develops open and flex-
ible simulation solutions that enable users to simulate design
performance directly on the desktop, providing a common plat-
form for fast, efficient and cost-effective product development.

Canadian Electronics Booth 505

11 Earlthorpe Crescent

Toronto, ON M1H 2P8

Canada

@ +1647-248-7799

@ +1416-786-0466
lijun.peng@canadian-electronics.com

www.canadian-electronics.com )( n K

&y W L LB N

Canadian Electronics has developed the following magnet
products: (1) Fe-based, Co-based and Fe-Ni based amorphous
and Fe-based nanocrystalline ribbon and cores. These are used
for transformers, reactors, chokes, inductors, amplifiers, etc.;
and (2) permanent magnets: NdFeB, SmCo, AINiCo and ceramic.
These are used for motors and sensors.

Enphase Energy, Inc. Booth 404

201 First Street, Suite 300
Petaluma, CA 94952

USA

@ +1707-763-4784

@ +1707-763-0784
info@enphaseenergy.com
www.enphase.com

| enp hase

ENEFEG"!’r

Enphase Energy is the world’s leading microinverter systems
provider, pursuing unique, high-tech innovations to continually
advance the performance and intelligence of solar energy sys-
tems.

Ferroxcube USA, Inc. Booth 110

1200 Golden Key Circle

El Paso, TX 79925

ush ©

@ +1480-821-2634 ’ FEHH??:EE’?!E%
@ +1480-855-9578

ken.blasor@ferroxcube.com

www.ferroxcube.com

Leading in soft ferrite technology: Building on our Philips mag-
netic components heritage, Ferroxcube can offer customers the
highest level of support in the development of their new inno-
vative designs. Our competencies cover soft ferrite products,
materials, and accessories. All are developed to meet today’s
demanding high-frequency, low-loss and environmental re-
quirements.
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Ford Motor Company Booth 301

Sustainable Mobility Technologies

2400 Village Rd, P.0. Box 2053
Dearborn, M1 48121

USA

www.ford.com

Ford Motor Company, a global automotive industry leader based
in Dearborn, Mich., manufactures or distributes automobiles
across six continents. With about 163,000 employees and about
70 plants worldwide, the company’s automotive brands include
Ford and Lincoln. Ford is committed to delivering affordable fuel
economy for millions with a comprehensive sustainability plan
thatincludes a clear path for the introduction of advanced tech-
nologies across its vehicle lineup. The technologies range from
EcoBoost engines to electrification, with a commitment to de-
liver five new electrified vehicles to the North American market
by 2012 including the Transit Connect Electric commercial van,
Focus Electric, an all battery electric passenger car, two next
generation hybrids including the C-MAX Hybrid and the Plug-In
Hybrid, C-MAX Energi.

Freescale Semiconductor Booth 501

6501 William Cannon Drive West
Austin, TX 78735 &

USA o

@ +1480-413-4755 .7 "
© +1480-413-5012 gl fr eescale
kevin.anderson@freescale.com

www.freescale.com

Freescale Semiconductor (NYSE:FSL) is a global leader in the
design and manufacture of embedded semiconductors for the
automotive, consumer, industrial and networking markets. The
company is based in Austin, Texas, and has design, research

and development, manufacturing and sales operations around
the world. www.freescale.com

FSU Center for Advance Power Systems Booth 509

2000 Levy Avenue
Tallahassee, FL 32310
USA

@ +1850-645-2157

@ +1 850-644-7456
mcclellan@caps.fsu.edu
www.caps.fsu.edu

The FSU Center for Advanced Power Systems is an ideal venue
for government and industry to capitalize on resources and ex-
pertise which are focused on research and testing of advanced
power systems and components. Our expertise is in systems
level issues of power distribution, system control, performance
and component needs of advanced transportation power sys-
tems and the emerging future electrical grid.

GE Global Research Booth 206

1 Research Circle
Niskayuna, NY 12309
USA
www.ge.com/research

imagination at work

GE Global Research is the hub of technology development for
all of GE's businesses. Our scientists and engineers redefine
what's possible, drive growth for our businesses and find an-
swers to some of the world’s toughest problems. We innovate
24 hours a day, with sites in New York, India, China, Germany
and Brazil.

GRAPES Booth 104

Grid-Connected Advanced Power Electronics Systems

2055 South Innovation Way
Fayetteville, AR 72701

USA

@ +1479-466-9229

@ +1479-575-6989
tawalton@uark.edu
http://www.grapes.uark.edu

GRAPES

GRAPES (Grid-Connected Advanced Power Electronics Sys-
tems) is an NSF Industry/University Cooperative Research Cen-
ter led by a partnership between the University of Arkansas
(lead institute) and the University of South Carolina. GRAPES
conducts research on design, development, evaluation, control
and standardization of grid-connected power electronic equip-
ment on both the supply and load side of power systems.

How2Power.com Booth 306

P.0. Box 755
Smithtown, NY 11787
USA

@ +1631-269-4540
david@how2power.com
www.how2power.com

i CON
HOW=RPOWERR
Answering Your Questions About Power Desiar
This free power electronics portal is the engineer’s first stop
for technical information on all aspects of power conversion. It
features the How2Power Design Guide (a unique article search
tool), the How2Power Today Newsletter, the Consultants Cor-
ner directory, the Power Electronics Bookstore, and the Power
Around the Web directory of power-related websites.
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IEEE ECCE 2012 Organizating Committee Booth 510

100, Keystone Building
1791 Varsity Drive

Raleigh, NC 27695-7571 IE‘]‘}IE 2@@
USA [ Zi

IEEE ENERGY CONVERSION CONGRESS & EXPOSITION®
@ +1919-513-7387 RALEIGH, NORTH CAROLINA | SEPTEMBER 15-20, 2012
@ +1919-513-0405

aghuang@ncsu.edu
www.ecce2012.org

The Fourth IEEE Energy Conversion Congress and Exposition will
be held from September 16-20, 2012 at the brand new Raleigh
Convention Center, located near the newly renovated Fayette-
ville Street in the heart of downtown Raleigh. The downtown
Raleigh Marriott is our selected conference hotel. For details,
please visit www.ecce2012.org.

IEEE Industry Applications Society (IAS) Booth 403

445 Hoes Lane
Piscataway, NJ 08854
USA

Q +1732-465-6627 IAS o
© +1732-562-3881 IEEE INDUSTRY
ias-administrator@ieee.org APPLICATIONS
www.ias.ieee.org SOCIETY

The Industry Applications Society supports the advancement of
the theory and practice of electrical and electronic engineer-
ing in the development, design, manufacture and application
of electrical systems, apparatuses, devices and controls to the
processes and equipment of industry and commerce; the pro-
motion of safe, reliable and economical installations; industry
leadership in energy conservation and environmental health
and safety issues; the creation of voluntary engineering stan-
dards and recommended practices; and the professional devel-
opment of its membership.

IEEE Power Electronics Society (PELS)  Booth 107
445 Hoes Lane
Piscataway, NJ 08854 rﬂs
USA
IEEE POWER

@ +1732-465-6480
Q@ +1732-562-3881
d.florek@ieee.org

www.ieee-pels.org

‘_‘ ELECTRONICS SOCIETY
Powering a Sustainable Future

The Power Electronics Society (PELS) is one of the technical
societies of the Institute of Electrical and Electronics Engineers
(IEEE). For over 20 years, PELS has facilitated and guided the
development and innovation in power electronics technology.
This technology encompasses the effective use of electronic
components, the application of circuit theory and design tech-
niques, and the development of analytical tools toward efficient
conversion, control and condition of electric power.

Infolytica Corporation Booth 101

300 Leo-Pariseau, Suite 2222 /
Montreal, QC H2X 4B3 /
Canada //

@ +1514-849-8752
infolytica

@ +1514-849-4239
info@infolytica.com
www.infolytica.com co tion

Infolytica Corporation’s MagNet EM simulation software can
help you predict performance and optimize your devices. Mag-
Net uses the finite element technique for an accurate and quick
solution of Maxwell’s equations. Areas of application include:
automotive, aerospace and defense. Detailed examples and
trial editions can be found at on our web site.

John Wiley & Sons, Inc. Booth 503

111 River Street

Hoboken, NJ 07030
USA

@ +1877-762-2974

@ +1800-597-3299
wileycustomer@wiley.com
www.wiley.com

Founded in 1807, John Wiley & Sons, Inc. is an independent,
global publisher of print and electronic products. Wiley special-
izes in scientific and technical books, journals, texthooks and
education materials, and professional and consumer books and
subscription services.

JMAG Division, JSOL Corporation Booth 305

and Powersys, Inc.

9117 Park Boulevard
Largo, FL 33777

USA

Q@ +1727-412-8202
Q@ +1727-412-8203
event@jmag-international.com
www.jmag-international.com

Sevwaslion: Tactunciogy fov Fack-iachasiod! Dadi

JMAG; Simulation technology for electromechanical design.
The highly advanced electrical machines of today require limit
state design. Capturing and evaluating the inner workings of
electrical machines is vital to satisfy the stricter demands of
designs. An evaluation and analysis environment driven by
“JMAG” can step up to these demands.
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JSR Micro, Inc./JM Energy Corporation  Booth 205

JSR Micro j

im)

energy

JM Energy, a subsidiary of JSR Corporation has developed UL-
TIMO, a Lithium lon Capacitor. Compared to conventional EDLC
supercapacitors, ULTIMO's energy density is four times higher
and offers the energy of a battery with the power and reliability
of a capacitor in a smaller and lighter form factor.

1280 N. Mathilda Avenue
Sunnyvale, CA 94089
USA

@ +1214-383-0101

@ +1 408-543-8971
jmyron@jsrmicro.com
WWW.jsrmicro.com

Kyocera America, Inc. Booth 308

8611 Balboa Avenue

o oen IR KYOCERG

@ +1510-257-0155

@ +1510-257-0126

bruce.mcclung@kyocera.com
http://americas.kyocera.com/kai/semiparts/products/index.cfm

Kyocera America, Inc. (KAI) offers an extensive array of semi-
conductor packages and high frequency complex modules in-
cluding mmW, RF, T/R modules, BGAs, SiPs, and High Power
GaN / SiC packages in a variety of ceramic and organic mate-
rial sets. KAl has state-of-the-art electrical design, modeling /
simulation capability in-house to maximize package and circuit
performance in your application. Our Assembly Technology Di-
vision accepts prototype to medium volume production orders
for flip chip, wirebond, wafer dicing / bumping, vacuum solder-
ing, test and burn-in.

MagneForce Software Systems, Inc. Booth 407

5655 South Park Avenue
Hamburg, NY 14075

USA

@ +1716-646-8577 Ext. 311

Q@ +1716-646-1973
pbaldassari@magneforcess.com
www.magneforcess.com

Systams,

MagneForce Software Systems produces software for design
and simulation of rotating electric machinery. MagneForce
products combine Finite Element techniques together with
various time based circuit models to provide a total electric ma-
chine design environment. Analysis of both the machine and the
associated drive/load circuitry allows MagneForce to produce
both steady-state and transient results. MagneForce simulators
compute directly machine performance parameters such as
voltages, currents, torque, power and efficiency as well as the
entire set of machine magnetic parameters. This is all done in
an easy to learn and use environment.

Magnetic Instrumentation, Inc. Booth 108

8431 Castlewood Drive

Indianapolis, IN 46250 magnetic

USA iNstrurmentation iNnc.
@ +1973-209-6300
@ +1973-209-6309
rlavalley@embargmail.com

www.maginst.com

Magnetic Instrumentation, Inc. is the world leader in the field
of Magnetizing, demagnetizing and Magnetic Test Equipment
and testing services. Our list of satisfied customers reflects our
commitment to accuracy, reliability and durability. We can meet
your needs from our standard product line, the most extensive
in the industry, or we can design a solution for your specific
application. With one-third of our staff dedicated to engineered
solutions, custom systems are designed and manufactured ef-
ficiently and economically.

Magnetics

Booth 210
110 Delta Drive

Pittsburgh, PA 15238

Ush - AT
@ +1412-696-1333 MA GNE TI c S
Q@ +1412-696-0333 -.4,’ _='l g’l .
magnetics@spang.com

www.mag-inc.com

Magnetics® is a leading world supplier of precision soft mag-
netic components and materials to the electronics industry. We
specialize in research, design and production of a broad range
of high-quality powder cores, ferrite cores and strip wound
cores for applications such as chokes, inductors, filters, trans-
formers and power supply components for use in alternative
energy, telecommunications, aerospace, automotive, military,
computer, medical and other electronics systems.

Magnet-Physics, Inc. Booth 310

9001 Technology Drive C-2

Fishers, IN 46038 mp/ i
USA MAGNET-PHYSICS

INCORPORATED
@ +1317-577-8700
@ +1317-578-2510
Reinhold.Strnat@magnet-physics.com
www.magnet-physics.com

Magnet-Physics Inc./Magnet-Physik has supplied high-quality
magnetizing and magnetic test equipment since 1976 (1ISO 9001
certified since 1995). We manufacture magnetizers from 300J to
300kJ energy, magnetic test systems, gaussmeters, fluxmeters,
and Helmholtz coils. Laboratories in USA and Germany offer
magnetic measurement services and traceable calibration of
gaussmeters, fluxmeters and coils.
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Magsoft Corporation Booth 109

1 Fairchild Square

Clifton Park, NY 12065 ////

USA

G+1 518-877-8390

G+1 518-884-3688

philippe@magsoft-flux.com MAGSOFT

www.magsoft-flux.com CORPORATIGN
Magsoft markets leading Computer Aided Engineering [CAE]
simulation tools for computing physical phenomena. We offer a
variety of modelling software to address your designing needs
and we offer the following solutions: Electromagnetic; Elec-
tromechanical; Thermal; and Electrical Circuit, Electronic and
Power System.

Microsemi Corporation Booth 402

1290B Reamwood Avenue
Sunnyvale, CA 94089 A mmn

USA W= Microsemi

@ +1408-541-8686
WWW.microsemi.com

Microsemi Corporation is a leading provider of semiconductor
solutions differentiated by power, security, reliability, and per-
formance. The company offers a comprehensive portfolio of
semiconductor solutions for: aerospace, defense and security;
enterprise and commercial; and industrial and alternative ener-
gy markets. Products include high-performance, high-reliability
analog and RF devices, mixed-signal and RF integrated circuits,
customizable system-on-chip (cSoC) solutions, Power over Eth-
ernet ICs and midspans, and complete subsystems. Microsemi
is a publicly held company (NASDAQ: MSCC) headquartered in
Irvine, California and has approximately 2,800 employees.

MK Magnetics, Inc. Booths 408

17030 Muskrat Avenue

Adelanto, CA 92301

usa \VIKmacneTics
@ +1760-246-6373

@ +1760-246-6378

pberg@mkmagnetics.com
www.mkmagnetics.com

Manufacturer of cores of various metal tapes. Including amor-
phous (Metglas®), nanocrystalline (Vitroperm® & Finemet®),
GO silicon-steel, etc. Specializing in cut cores, we manufacture
to your specifications or standard sizes in C-cores, E-cores &
toroids. MK Magnetics has quickly become a leading supplier
of cores for the Solar and Wind Power inverter markets. Large
multiple-cut cores are our specialty-up to 2 tons. Markets in-
clude: renewable energy, medical, aerospace, military, high
energy, high voltage, etc. ISO 9001:2008, RoHS, REACH, ITAR,
DFARS compliant.

Nexteer Automotive Booth 207

3900 E. Holland Road

Saginaw, MI 48601

nexLeer
@ +1989-757-5000

@ +1989-757-4343

nexteer.contact@nexteer.com

www.nexteer.com

Nexteer is a multi-billion dollar global business solely dedi-
cated to steering and driveline systems for original equipment
manufacturers. With a successful heritage of innovation, Nex-
teer serves more than 60 customers in every major region of
the world, operating 20 manufacturing plants, six engineering
centers and 14 customer service centers strategically located
in North and South America, Europe and Asia.

NORWE, Inc. Booth 106

P.0. Box 2511

North Canton, OH 44720 @
USA

@ +1330-497-8113

@ +1330-305-0592

usa@norwe.com
WWW.norwe.com

For over 50 years, NORWE has been a manufacturer of standard
and custom designed thermoplastic bobbins for ferrite cores &
metric transformer laminations, components for SMD and PLA-
NAR technology, potting boxes for toroidal cores, safety-class
bobbins and accessories. All products comply with the RoHS
Directive 2002/95/EC (lead-free). The company is certified ac-
cording to EN IS0 9001:2008, to DIN EN 1SO 14001:2005 and to
UL 746D.

Booth 302

FREEST

systemscenter

NSF FREEDM Systems Center

1791 Varsity Drive
Suite 100

Raleigh, NC 27695
USA

@ +1919-513-3334
@ +1919-513-0405
freedm-center@ncsu.edu
www.freedm.ncsu.edu

_;

The FREEDM Systems Centeris an Engineering Research Center
established by the National Science Foundation that partners
with universities, industry, and national laboratories to develop
technology to revolutionize the nation’s power grid. Over 50 util-
ity companies, equipment manufacturers, alternative energy
start-ups, and other firms are part of this global partnership.

' gt . WL, T e, My, e



g

Exhibitor Directory

2011 IEEE Energy Conversion Congress & Exposition® e

Opal-RT Technologies, Inc. Booths 201

1751 Richardson, Suite 2525
Montreal, Quebec H3K 1G6
Canada

@ +1514-935-2323 Ext. 292
@ +1514-935-4994
stephen.perron@opal-rt.com
www.opal-rt.com

=

OoPFPAL-RT

Opal-RT Technologies (www.0pal-RT.com) is the leading sup-
plier of Real-Time Simulators and Hardware-in-the-Loop testing
equipment for electrical, electromechanical and power elec-
tronic systems. Electrical engineers at organizations like ABB,
Hydro-Quebec, GE, Hitachi, Mitsubishi Electric and countless
universities & research facilities use Opal-RT Real-Time Sim-
ulators to design, test, and conduct transient studies of large
scale power grids incorporating wind farms and other Distrib-
uted Generation devices.

Payton America, Inc. Booth 309

1805 S. Powerline Road, Suite 109

Deerfield Beach, FL 33442

USA

Q+1950-428-3326 [ umdud e [l S |
© +1 954-428-3308 A i
jim@paytongroup.com

WwWw.paytongroup.com

Payton is the world leader in Planar Magnetics design and man-
ufacturing. Designs from few Watts to 100kWatts for all SMPS
designs. We can propose designs in 24 hours and samples in
few weeks. Facilities in Florida, Israel and China.

Plexim, Inc. Booth 209

5 Upland Road, Suite 4
Cambridge, MA 2140

@
0. lexim
@ +1617-209-2121

Q@ +1617-209-1111
allmeling@plexim.com
www.plexim.com

Plexim develops the simulation software PLECS for power elec-
tronics systems and electrical drives. PLECS makes it easy to
model and simulate complex electrical circuits along with their
controls. In addition to the classical PLECS Blockset for MAT-
LAB/Simulink, the new PLECS Standalone edition is available as
a completely independent product.

Power-One, Inc. Booth 208

3201 E. Harbour Drive

Phoenix, AZ 85034 o
USA €r-on

Q@ +1480-643-1797 N\ Renewable Fnergy Solutions
@ +1602-438-7649

chavonne.yee@power-one.com

Www.power-one.com

Power-One is the world’s second largest designer and manufac-
turer of photovoltaic inverters. Our renewable energy products
enable the industry’s highest yielding conversion of power from
both solar arrays and wind farms for use by utilities and homes.
We have a 40-year history as the leader in high efficiency and
high density power supply products.

Proto Laminations, Inc. Booth 102

13666 East Bora Drive

Santa Fe Springs, CA 90670
USA _

gummns  PROTORE=w

ssprague@protolam.com
www.protolam.com

Proto Laminations, Inc., manufactures electrical laminations for
rotating machinery in support of the research and development,
prototype evaluation and limited production programs of aca-
demic institutions and motor and generator producers world-
wide.

Rogers Corporation Booth 304
Thermal Management Solutions

2225 W. Chandler Boulevard

Chandler, AZ 85224

USA ROGERS
@ +1480-917-6000 CORPORATION
Q@ +1480-917-6119

mona.fechter@rogerscorporation.com

WWW.rogerscorp.com

Rogers Corporation develops and manufactures specialty ma-
terials for applications that demand high performance and re-
liability. Rogers Thermal Management Solutions HEATWAVE®
MMC features exceptional thermal performance and controlled
CTE. AISiC MMC base plates are used in Insulated Gate Bipolar
Transistor power modules for hybrid and electric vehicles and
alternative energy converters.
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SBE, Inc. Booth 502

81 Parker Road

Barre, VT 05641

SBE
@ +1802-661-3450 .

Q@ -1 802-661-3504 www.sbelectronics.com

EdwardS@SBElectronics.com
www.shelectronics.com

SBE Inc. is a leading developer and manufacturer of film ca-
pacitor solutions providing higher reliability and power density,
with simpler cooling for transportation, alternative energy, laser
and military/aerospace. It was awarded a 9.1 Million DoE grant
to build a world-class manufacturing facility for capacitors used
in inverters in electric vehicles.

Sidelinesoft LLC Booth 401

931 Mansfield Drive

Fort Collins, CO 80525 — -

UsA g sidelinesoft
@ +1970-414-0515

@ +1970-414-0515

nl5@sidelinesoft.com

www.sidelinesoft.com

Sidelinesoft presents NL5 Circuit Simulator: a unique simulation
tool working with true ideal components. Its robust proprietary
algorithm provides fast and reliable simulation, not distracted
by convergence problems, which makes it especially efficient
during the concept design stage of a project. NLb is powerful
and versatile, yet easy to use.

Tooh Dineh Industries, Inc. Booth 507

HC 61, Box E
Winslow, AZ 86047
USA

@ +1928-686-6477
Q@ +1928-686-6516
sales@toohdineh.com
www.toohdineh.com

Tooh Dineh Industries, Inc is the largest contract electronics
manufacturing company in Northern Arizona. Our core business
remains electronic assembly of printed circuit boards, complete
systems build and test. Additional capabilities include cable and
harness assembly and fulfillment activities. Customer design
capability support is provided through strategic alliances.

United Technologies Research Center Booth 303

411 Silver Lane . .
East Hartford, CT 6108 2~ United Technologies
USA Research Center

@ +1860-610-7741

@ +1860-622-0474

BlaskoV@utrc.utc.com

www.utrc.utc.com

United Technologies Research Center (UTRC) develops the
world’s most advanced technologies and processes to help en-
sure the products delivered to market by the UTC businesses
are the best available. The challenges undertaken at UTRC re-
quire the best minds working together to generate ideas, test
theories, challenge assumptions and ultimately deliver solu-
tions.

University of Sheffield Booth 409
Mappin Street, Sheffield

South Yorkshire S13JD The

UK § University
Q@ +44 1142225854 LG Of

© +44 114222519 "‘Fﬁng"‘* Sheffield.

z.q.zhu@sheffield.ac.uk
www.sheffield.ac.uk/eee/research/emd

The Electrical Machines and Drives group at the University of
Sheffield, UK, headed by Professor Z.Q. Zhu, comprises >80 ac-
ademic/research personnel. It has long-standing and extensive
research activities with automotive, aerospace and renewable
energy sectors, hosting Rolls-Royce University-Technology-
Centre on “Advanced Electrical Machines and Drives” and
“Sheffield-Siemens Wind Power Research Centre (S2WP)". It
is particularly well-known for its innovative research on perma-
nent-magnet brushless machines and controls, supported by
extensive on-site testing and fabrication facilities.
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Monday, September 19

5:00 pm — 10:00 pm

Phoenix Convention Center, West Hall 1

Tuesday, September 20 9:00 am — 6:00 pm

In this event, 9 university student teams will demonstrate their hardware or video of hardware operations. The objective of this student
demo program is to show the prototype built by the students to the industry participants and provide an opportunity for potential technol-

ogy transfer from academic research to industry products.

The demos are listed below:

A DC Link Module for Reducing the DC Link
Capacitance in a Capacitor-Supported System

Demonstrator: Wang Huai (student)
University: City University of Hong Kong
Advisor: Dr. Henry Chung

email: eeshc@cityu.edu.hk

A Quad-Active Bridge DC-DC Converter for Solid-
State Transformer Applications

Demonstrator: Chenhao Nan (student)
University: Arizona State University
Advisor: Dr. Raja Ayyanar

email: rayyanar@asu.edu

A Two-Stage Solid-State Transformer Using an
Isolated Boost AC-DC Converter

Demonstrator: Youyuan Jiang (student)
University: Arizona State University
Advisor: Dr. Raja Ayyanar

email: rayyanar@asu.edu

Battery Charger, Grand Prize of IFEC Competition

Demonstrators: Thomas LaBella and Jason Dominic (students)
University: Virginia Tech

Advisor: Dr. Jason Lai

email: laijs@vt.edu

Doubly Excited Brushless Wind Generator

Demonstrator: Ernesto Inoa (student)
University: Ohio State University
Advisor: Dr. Longya Xu

email: longyaxu@gmail.com

GaN Based Switched Capacitor Circuit

Demonstrator: Mark Scott (student)
University: Ohio State University
Advisor: Dr. Jin Wang

email: wang@ece.osu.edu

Power Converters: Essential Components for Top
Solar Boat Performance

Demonstrator: Andrew Koch (student)
University: Cedarville University
Advisors: Dr. Gerald Brown (attending), Dr. Timothy Dewhurst
emails: gbrown@cedarville.edu
dewhurst@cedarville.edu

PWAM and Micro-Inverters

Demonstrators: Dong Cao and Qin Lei (students)
University: Michigan State University

Advisor: Dr. F. Peng

email: fzpeng@egr.msu.edu

Regenerative Motor Drive

Demonstrator: Yan Zhou (student)
University: Florida State University
Advisor: Dr. Hui Li

email: hlicaps@gmail.com
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IEEE ENERG

Y GHESS & EXPOSITION®
RALEIGH, NORT

SEPTEMBER 15-20, 2012

CALL for PAPERS

The Fourth Annual IEEE Energy Conversion Congress & Expo-
sition® (ECCE 2012) will be held in Raleigh, North Carolina, on
September 16-20, 2012. To be held in Raleigh’s brand new con-
vention center, ECCE 2012 will feature both industry-driven and
application-oriented technical sessions, as well as industry ex-
positions and seminars. ECCE 2012 will bring together practic-
ing engineers, researchers and other professionals for interac-
tive discussions on the latest advances in various areas related
to Energy Conversion. Technical papers are solicited on any
subject pertaining to the scope of the conference that includes,
but is not limited to, the following major topics:

Energy Conversion Systems

» Renewable and alternative energy systems — solar, wind,
wave, energy harvesting, and energy storage

» Smart grid and utility applications — renewable energy
integration, distributed resources and micro-grids, HVDC,
FACTS, V2G-G2V, and electronic transformers

» Energy efficiency and industrial applications — lighting,
smart appliances, high efficiency motor drives, smart build-
ings, consumer electronics and others

» Computer and telecommunication applications — power
supplies, UPS, energy storage, energy harvesting and
system architectures

» Transportation applications — electric and hybrid vehicles,
infrastructure, traction, marine and aerospace

» Power conversion systems stability and power quality

Components and Subsystems for Energy Conversion

» Electric machines and actuators

» Electric motor drives

» Power converters

» Power semiconductor devices and packaging

» Magnetic materials and other passive components

» Converter-level packaging and integration

» Converter and components modeling, control and EMI,
focused on circuits, advanced controls, measurement and
sensing, reliability and thermal modeling

» Reliability, diagnostics and prognostics

aleigh, North Carolina

TSe‘ﬁfEHIb& 15-20, 2012‘":
1 W |

@?IEEE
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Important Dates

January 15, 2012
Digest of proposed papers due (to be submitted via
ECCE 2012 website)

May 1, 2012
Notification to authors of acceptance/rejection of
papers

July 1, 2012
Final papers with IEEE copyright forms due

Paper Submission Guideline: Prospective authors are re-
quested to submit a digest no longer than five (5) pages, single
column, single spaced, summarizing the proposed paper. The
digest should include key equations, figures, tables and refer-
ences as appropriate, but no author names or affiliations. The
digests must clearly state the objectives of the work, its sig-
nificance in advancing engineering or science, and the meth-
ods and specific results in sufficient detail. The digests will be
reviewed using a double-blind peer review process to ensure
confidentiality and fair review. Refer to the conference web
page for a detailed list of technical topics and the digest sub-
mission method.

Close to the Research Triangle Park, Raleigh is the Smart Grid
Hub, home to many global companies leaderin energy efficiency
and smart grid technology, as well as world class universities.
Less than two hours away from the North Carolina seashore,
and one hour from the Blue Ridge Mountains, there is simply too
much to see and do in the Raleigh area. We are looking forward
to seeing you in September 2012.

For more information, please visit www.ecce2012.org
or contact the ECCE 2012 Technical Program Chairs at
ecce2012tpc@gmail.com. For more information on the Expo or
becoming an exhibitor at ECCE 2012, please contact the con-
ference Exhibition Chairs at ecce2012exhibit@gmail.com. For
information about Raleigh and its surrounding areas, you can
visit www.visitraleigh.com.

ECCE 2012 Technical Program Chairs

Rolando Burgos, ABB Corporate Research, USA
Jian Sun, Rensselaer Polytechnic Institute, USA
Subhashish Bhattacharya, NC State University, USA
Po-Tai Cheng, National Tsing Hua University, Taiwan
Avoki Omekanda, General Motors R&D, USA

& www.ecce2012.org
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PoWer-one: AURORA —

NS Renewable Energy Solutions

Power-One is proud to sponsor the

IEEE ENERGY CONVERSION CONGRESS & EXPOSITION in the Valley of the Sun, home

of our North American headquarters and manufacturing.
Technology and innovation are the cornerstone to our leadership in renewable energy conversion. Dedicated to maximizing
energy harvesting, our innovations include extending the energy harvesting day, optimizing insolation with dual Maximum

Power Point Tracking, resulting in the widest range of industry leading products from 300W micro-inverters to multi-
megawatt utility inverters.

Power-One is now the world’s second largest
manufacturer of solar power inverters.

Wmﬁ
A2

At Power-One, we aim high so you can too.™
r-Or 13201 E Harbor Drive, Phoenix AZ 85034
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