IEEE TRANSACTIONS ON

INDUSTRY
APPLICATIONS

A PUBLICATION OF THE IEEE INDUSTRY APPLICATIONS SOCIETY WWW.IEEE.ORG/IAS
wAP{;ﬂyUﬂm

SERVING OUR MEMBERS AND SUBSCRIBERS IN OUR FIFTY-SECOND YEAR OF PUBLICATION

MAY/JUNE 2016 VOLUME 52 NUMBER 3 ITIACR (ISSN 0093-9994)

INDUSTRIAL AND COMMERCIAL POWER SYSTEMS DEPARTMENT
Energy Systems Committee

Optimal Energy Management in an Industrial Plant Using On-Site Generation and Demand Scheduling ..............
.................................................................. Moein Choobineh and Salman Mohagheghi 1945

Energy Storage Technologies for High-Power Applications ................ Mustafa Farhadi and Osama Mohammed 1953

Pilot-Bus-Centered Automatic Voltage Control With High Penetration Level of Wind Generation ....................
........................................................ Wei Yan, Wei Cui, Wei-Jen Lee, Juan Yu, and Xia Zhao 1962

Integrating the First HVDC-Based Offshore Wind Power into PIM System—A Real Project Case Study ... Jeremy Lin 1970

Feasibility Investigation of a Hybrid On-Grid Wind Photovoltaic Retrofitting System . .......... ...
................................................................... Hussein M. Al-Masri and Mehrdad Ehsani 1979

Optimal Deployment of Distributed Generation Using a Reliability Criterion ............oviiiiiiiiieniinneennn.
.................................................... Jovdeep Mitra, Mallikarjuna R. Vallem, and Chanan Singh 1989

Probabilistic Wind Generation Forecast Based on Sparse Bayesian Classification and Dempster—Shafer Theory .......
....................................................................... Ming Yang, You Lin, and Xueshan Han 1998

Adaptive Disturbance Rejection Control Scheme for DFIG-Based Wind Turbine: Theory and Experiments ...........
............................................................ Akbar Tohidi, Hadi Hajieghrary, and M. Ani Hsieh 2006

Stratification-Based Wind Power Forecasting in a High-Penetration Wind Power System Using a Hybrid Model .......
............................................................... Yuan-Kang Wu, Po-En Su, and Jing-Shan Hong 2016

Feature Extraction-Based Hellinger Distance Algorithm for Nonintrusive Aging Load Identification in Residential
BUIlAINES o somsvmsemarsue Hsueh-Hsien Chang, Meng-Chien Lee, Wei-Jen Lee, Chao-Lin Chien, and Nanming Chen 2031

Power Systems Engineering Committee

District Heating Safety Issues: Interactions Between Grounding Systems and Thermal Installations ..................
..................... Giulio Cerino Abdin, Fabio Freschi, Massimo Mitolo, Alberto Poggio, and Michele Tartaglia 2040

A Linear Program for System-Level Control of Regional PHEV Charging Stations ............ccooiiiviiiinnnn..
........ Asama Kulvanitchaivanunt, Victoria C. P. Chen, Jay Rosenberger, Piampoom Sarikprueck, and Wei-Jen Lee 2046

(Contents Continued on Page 1941)

<©IEEE



(Contents Continued from Front Cover)

Optimization of Data Center Battery Storage Investments for Microgrid Cost Savings, Emissions Reduction, and
READI 1ty EARANCEIICTE, & i s 000505 55 500 55 8% 5085 8 50 55 508 58 50 5% Bk 35 5o ¥ 5k 5 5 o k55 o ¥ 85 s ¥ Sl B8 B 83 8 0 ¥ 30 8% B 33

................. Christopher C. Thompson, P. E. Konstantinos Oikonomou, Amir H. Etemadi, and Volker J. Sorger 2053
Quantitative Evaluation of Wind Turbine Faults Under Variable Operational Conditions .................covvinne. ...

........................................... Xiaohang Jin, Wei Qiao, Yavu Peng, Fangzhou Cheng, and Livan Qu 2061
Neutral Grounding in MV Transformers Substations for Cranes SErVICE . .....ovuvrir vttt iiiiiee s,

... Giuseppe Parise, Luigi Parise, Marco Martufi, Chun-Lien Su, Peniamin Ben Chavdarian, and Sergio A. R. Panetta 2070
Phase-to-Phase Communication Scheme for Downhole Monitoring Tool Design in Electrical Submersible Pump

SYSIEIIS &t vttt ettt et e et e Omid Ghoreishi, Xiaodong Liang, and Wilsun Xu 2077
Modeling Power Flow in a Hoist Motor of a Rubber-Tired Gantry Crane ......... ... i,

.............................................. Stefano Pietrosanti, William Holderbaum, and Victor M. Becerra 2088

Power Systems Protection Committee
Performance of the Phaselet Frames-Based Digital Protection for Distributed Generation Units ......................

.................................................. Saleh A. M. Saleh, Emre Ozkop, and Abdualah S. Aljankawey 2095

Phase-Based Digital Protection for Arc Flash Faults .... S. A. Saleh, A. S. Aljankawey, R. Errouissi, and M. A. Rahman 2110
Rural Electric Power Committee
Conservation Voltage Reduction Technique: An Application Guideline for Smarter Grid . ................. ... ...,

........................................................................... Pankaj K. Sen and Keun Hyuk Lee 2122

INDUSTRIAL POWER CONVERSION SYSTEMS DEPARTMENT
Electric Machines Committee
Sinusoidal Reluctance Machine With DC Winding: An Attractive Non-Permanent-Magnet Option ...................

...................................................................................... Tsarafidy Raminosoa,

David A. Torrey, Ayman M. El-Refaie, Kevin Grace, Di Pan, Stefan Grubic, Karthik Bodla, and Kum-Kang Huh 2129
Design Methodology of a Switched Reluctance Machine for Off-Road Vehicle Applications ....................o....

.................................................... Wasi Uddin, Tausif Husain, Yilmaz Sozer, and Igbal Husain 2138
Magnetic Design of Two-Phase Switched Reluctance Motor With Bidirectional Startup Capability ...................

............................................ Lei Gu, Wei Wang, Babak Fahimi, Adam Clark, and Joseph Hearron — 2148
Design Concepts for a Fluid-Filled Three-Phase Axial-Peg-Style Electrostatic Rotating Machine Utilizing Variable

ELASEATICON: 5 6 5 o 25 50 5 5 50k 55 50 8 k55 5 5 k5 008 ¥ B %5 5§ 4 o B8 B 33 5 B F 300 8% Bl 34 0 3 ¥ Bl Baovun Ge and Daniel C. Ludois 2156
Modern Heat Extraction Systems for Power Traction Machines—A Review ........... ...,

........ Mircea Popescu, David Alan Staton, Aldo Boglietti, Andrea Cavagnino, Douglas Hawkins, and James Goss 2167
PM Synchronous Machine Drive Response to Asymmetrical Short-Circuit Faults ... Gilsu Choi and Thomas M. Jahns 2176
Analysis and Test of the Sensorless Capability of Induction Motors With Created Saliency ................ ... ...

............................................. Damiano Mingardi, Nicola Bianchi, Luigi Alberti, and Renzo Zeni 2186
The Use of the Modified Prony’s Method for Rotor Speed Estimation in Squirrel-Cage Induction Motors .............

............................. Mohamed Sahraoui, Antonio J. Marques Cardoso, Khaled Yahia, and Adel Ghoggal 2194
A Variable-Flux Hybrid-PM Switched-Flux Memory Machine for EV/HEV Applications ......................o....

.................................. Hui Yang, Heyun Lin, Z. Q. Zhu, Dong Wang, Shuhua Fang, and Yunkai Huang 2203
Precompressed and Stranded Aluminum Motor Windings for Traction MOOrS . ...t

..................................................... James D. Widmer, Richard Martin, and Barrie C. Mecrow 2215
On Selection of Rotor Support Material for a Ferrite Magnet Spoke-Type Traction Motor ..........coovviiiiinnnn.

.................................................... Mohammad Kimiabeigi, James D. Widmer, Raymond Long,

Yi Gao, James Goss, Richard Martin, Timothy Lisle, Jose M. Soler Vizan, Alex Michaelides, and Barrie C. Mecrow 2224
Design and Tests of a Four-Layer Fractional-Slot Interior Permanent-Magnet Motor ...,

.......................................................... Nicola Bianchi, Luigi Alberti, and Massimo Barcaro 2234
Design of PM-Free AC Machine-Based Actuators for Elevated-Temperature Environments ...............coovvvno...

............................................. Klaus Lang, Annette Muetze, Robert Bauer, and Wilfried Rossegger 2241
Rotating Cylinder Planetary Gear MOLOT ... ...ttt ettt et e et ettt et ettt e

....... Kent Davey, Travis Hutson, Larry McDonald, Chris Ras, Roy Weinstein, Drew Parks, and Ravi Persad Sawh 2253

(Contents Continued on Page 1942)



(Contents Continued from Page 1941)

Core Loss Reduction of an Interior Permanent-Magnet Synchronous Motor Using Amorphous Stator Core ...........
.......................... Shotaro Okamoto, Nicolas Denis, Yoshivuki Kato, Masaharu Ieki, and Keisuke Fujisaki

Weighted Factor Multiobjective Design Optimization of a Reluctance Synchronous Machine ........................
...................................................................... Eduan Howard and Maarten J. Kamper

Application of Sinusoidal Field Pole in a Permanent-Magnet Synchronous Machine to Improve the NVH Behavior
Considering the MTPA and MTPV Operation ATEA .. .....uuitttn ettt ettt ettt enunnens
........................................ Arvanti Kusuma Putri, Sebastian Rick, David Franck, and Kay Hameyer

Shielding of the Z-Component of the Magnetic Field in a 2-D Magnetizer With a Deep Yoke . .......................
.......................................................................... John Wanjiku and Pragasen Pillay

Determination of Original Nondegraded and Fully Degraded Magnetic Properties of Material Subjected to Mechanical
CUllINg vt e e e e Madeleine Bali, Herbert De Gersem, and Annette Muetze

Industrial Drives Committee

Implementation and Evaluation of Online System Identification of Electromechanical Systems Using Adaptive
FIEOTS: ot 65 50 v 00 55 508 95 55 508 5 5 5 ¥ B0 8 55 65 B0 2 3 5 3% 0k 95 0 8 Bkl 55 3 Parag Kshirsagar, Dong Jiang, and Zhendong Zhang

BLDC Motor-Driven Solar PV Array-Fed Water Pumping System Employing Zeta Converter ............oovvvnnn.
............................................................................... Rajan Kumar and Bhim Singh

Induction Motor Speed-Sensorless Vector Control Using Mechanical Simulator and Disturbance Torque Compensation
................................... Naoto Kobayashi, Febry Pandu Wijava, Keiichiro Kondo, and Osamu Yamazaki

Low-Power Energy Conversion Systems With Two-Phase PM Machine and a Rectifier With Reduced Number of
Controlled SWILCHES ..ttt Filipe Antonio da Costa Bahia,
Cursino Branddo Jacobina, Victor Felipe Moura Bezerra Melo, and Italo Roger Ferreira Moreno Pinheiro da Silva

Online Turn Fault Detection of Interior Permanent-Magnet Machines Using the Pulsating-Type Voltage Injection .....
................................................................................................ S.-C. Yang

Flux-Weakening Control Performance of Partitioned Stator-Switched Flux PM Machines ...........................
....................................................... D. J Evans, Z. Q. Zhu, H. L. Zhan, Z. Z. Wu, and X. Ge

Maximum Torque Per Ampere Control of a Direct Torque-Controlled PMSM in a Stator Flux Linkage Synchronous
Frame ... Tatsuki Inoue, Yukinori Inoue, Shigeo Morimoto, and Masayuki Sanada

Industrial Power Converter Committee

A 7ZVS Bidirectional Three-Level DC-DC Converter With Direct Current Slew Rate Control of Leakage Inductance

CUITCIIE ottt e e e e Deshang Sha, Qinwu Lin, Fulin You, Xiao Wang, and Guo Xu
A State Machine Decoder for Phase Disposition Pulsewidth Modulation of Three-Phase Coupled-Inductor Semi-Bridge
Converters ......ovvieinnneenn. Carlos Alberto Teixeira, Brendan Peter McGrath, and Donald Grahame Holmes

Analysis of AP — AQ Area of Uncontrolled Islanding in Low-Voltage Grids With PV Generators ...................
................... Riccardo Sgarbossa, Stefano Lissandron, Paolo Mattavelli, Roberto Turri, and Alberto Cerretti
Design and Performance Evaluation of a High Power-Density EMI Filter for PWM Inverter-Fed Induction-Motor
Drives ..... Guido Ala, G. Costantino Giaconia, Graziella Giglia, Maria Carmela Di Piazza, and Gianpaolo Vitale
Modular Plug’n’Play Control Architectures for Three-Phase Inverters in UPS Applications ..................cooo...
............................... Chi Zhang, Josep M. Guerrero, Juan C. Vasquez, and Carsten Michaelsen Seniger
Steady-State Loss Model of Half-Bridge Modular Multilevel CONVErters ..........oovvriiteiiiriereniieennnnnn
........... Silvio Rodrigues, Athanasios Papadopoulos, Epameinondas Kontos, Todor Todorcevic, and Pavol Bauer
Online Frequency Response Analysis: A Powerful Plug-in Tool for Compensation Design and Health Assessment of
Digitally Controlled Power Converters ............ Manish Bhardwaj, Shamim Choudhury, R. Poley, and Bilal Akin
Design and Implementation of a Novel Multilevel DC—AC INVEIIEr .. ... ...ttt ee
...................................... Cheng-Han Hsieh, Tsorng-Juu Liang, Shih-Ming Chen, and Shih-Wen Tsai
Modular Dual-Active Bridge Converter ATChIlECIULE . ...\ttt t ettt e e e aeans Pablo Zumel,
Leonardo Ortega, Antonio Ldzaro, Cristina Ferndndez, Andrés Barrado, Alberto Rodriguez, and Marta Maria Hernando
Extremely Sparse Parallel AC-Link Universal Power CONVEITES ... ...ttt i
.......................................................... S.A.KH. Mozaffari Niapour and Mahshid Amirabadi
A Transformer Inrush Reduction Technique for Low-Voltage Ride-Through Operation of Renewable Converters ... ...
........................................................... Hsin-Chih Chen, Ping-Heng Wu, and Po-Tai Cheng

2261

2269

2280

2289

2297

2306

2315

2323

2332

2340

2350

2360

2368

2378

2387

2397

2405

2415

2426

2436

2444

2456

2467

(Contents Continued on Page 19453)



(Contents Continued from Page 1942)

Sustainable Energy Conversion Systems Committee

Performance Evaluation of a Three-Level ANPC Photovoltaic Grid-Connected Inverter With 650-V SiC Devices and

OPUTUZE, PVWINVL, & ome g0 o o560 00w 5 570 6 9901 05 10 3 500 6 7050 3 300 26 1P 30 06§ A3 505G 9 36 0 & 4 9001 5 0% € 901 5 5 1 & 5000 £ 3 1% 3 980 2 6 1P 3 &
........ Davide Barater, Carlo Concari, Giampaolo Buticchi, Emre Gurpinar, Dipankar De, and Alberto Castellazzi 2475
Assessment of the Cost and Environmental Impact of Residential Demand-Side Management ... .. George Tsagarakis,
R. Camilla Thomson, Adam J. Collin, Gareth P. Harrison, Aristides E. Kiprakis, and Stephen McLaughlin 2486
MANUFACTURING SYSTEMS DEVELOPMENT AND APPLICATIONS DEPARTMENT
Electrostatic Processes Committee
Nonthermal Plasma System for Marine Diesel Engine Emission Control .......... ... i,
........................................................... Wamadeva Balachandran, Nadarajah Manivannan,
Radu Beleca, Maysam F. Abbod, David Brennen, Nehemiah Sabinus Alozie, and Lionel Christopher Ganippa 2496
Optimal Operation of a Plate-Type Corona-Electrostatic Separator for the Recovery of Metals and Plastics from Granular
WV ASTES v i o i s i o 6 0080 0 8 5040 0 00 6 U B AP I A B O B P AN 6 PR B 66 AU B 6 GOH DS B B SIS Y N E 8 AP E
...... Thami Zeghloul, Seddik Touhami, Gontran Richard, Mohamed Miloudi, Omar Dahou, and Lucian Dascalescu 2506
Industrial Automation and Control Committee
Fuzzy Neural Network-Based Health Monitoring for HVAC System Variable-Air-Volume Unit ......................
..................................................... William Hand Allen, Ahmed Rubaai, and Ramesh Chawla 2513
Robustness Improvement of Speed Estimation in Speed-Sensorless Induction Motor Drives ................ooooa..
..................................................... Wei Sun, Jie Gao, Yong Yu, Gaolin Wang, and Dianguo Xu 2525
Power Distribution in Coupled Multiple-Coil Inductors for Induction Heating Appliances .............coovivin...
................................................... Fernando Sanz-Serrano, Carlos Sagues, and Sergio Llorente 2537
A New Model of Electromechanical Relays for Predicting the Motion and Electromagnetic Dynamics ................
.................................................. Edgar Ramirez-Laboreo, Carlos Sagues, and Sergio Llorente 2545
Remaining Useful Lifetime Estimation for Thermally Stressed Power MOSFETSs Based on ON-State Resistance Variation
................................................................. Serkan Dusmez, Hamit Duran, and Bilal Akin 2554
Design and Operation Characteristics of a Novel Switched Reluctance Motor With a Segmental Rotor ...............
................................................................ Zhenvao Xu, Dong-Hee Lee, and Jin-Woo Ahn =~ 2564
A Modified Relevance Vector Machine for PEM Fuel-Cell Stack Aging Prediction .............oooiiiiiiiiiiinn..
..................................................... Yiming Wu, Elena Breaz, Fei Gao, and Abdellatif Miraoui 2573
Online Estimation of Lithium Polymer Batteries State-of-Charge Using Particle Filter-Based Data Fusion With
Multimodels Approach ............... Daming Zhou, Ke Zhang, Alexandre Ravey, Fei Gao, and Abdellatif Miraoui ~ 2582
Optimal Fast Control and Scheduling of Power Distribution System Using Integrated Receding Horizon Control and
Convex Conic Programming ..........c.ovvuiiinvinineennnnn. Sevedmahdi Moghadasi and Sukumar Kamalasadan — 2596
Integrated PV Capacity Firming and Energy Time Shift Battery Energy Storage Management Using Energy-Oriented
OPUMIZAION .+ o v e e e et et Sherif A. Abdelrazek and Sukumar Kamalasadan 2607
Industrial Lighting and Display Committee
A Single-Stage Single-Switch LED Driver Based on Class-E CONVErter ......oouuutir it
...................................................... Yijie Wang, Jiaoping Huang, Wei Wang, and Dianguo Xu 2618
Lighting Control and Monitoring for Energy Efficiency: A Case Study Focused on the Interoperability of Building
MaANAZEINENE SYSLEIIIS .+ oot v ettt et ettt e et ettt et et e e e ettt e e et et e e et et e et e et e et et et
......... Anna Pellegrino, Valerio R. M. Lo Verso, Laura Blaso, Andrea Acquaviva, Edoardo Patti, and Anna Osello 2627
Techniques to Reduce Driving Energy of 1-Pixel Displays .. ... i i aaas
....................................... Hiroyuki Manabe, Munekazu Date, Hideaki Takada, and Hiroshi Inamura 2638
PROCESS INDUSTRIES DEPARTMENT
Metals Industry Committee
Hybrid Simulation of Power Quality Assessment: An Application for Power Ground Grid in Arc Furnace Systems ... .
.......................................................... Eduardo A. Cano-Plata, Guillermo Jimenez-Lozano,
Oscar J. Soto-Marin, Armando J. Ustariz-Farfdn, Juan A. Ocampo Wilches, Maria C. Cortés Arcila, and Jorge H. Estrada 2648

(Contents Continued on Page 1944)



(Contents Continued from Page 1943)

State-Estimation-Based Determination of Harmonic Current Contributions of Iron and Steel Plants Supplied from PCC
................................................................... Erhan Sezgin, Murat Gol, and Ozgill Salor
Modeling of the Media Supply of Gas Burners of an Industrial Furnace .......... ...,
.................. Christoph Froehlich, Stephan Strommer, Andreas Steinboeck, Martin Niederer, and Andreas Kugi
Online Characterization of Interharmonics and Harmonics of AC Electric Arc Furnaces by Multiple Synchronous
Reference Frame Analysis ......oovriiiiiiiiniiiienennnns Eda Uz-Logoglu, Ozgul Salor, and Muammer Ermis

A Profile Measurement System for Rail Quality Assessment During Manufacturing ................... Julio Molleda,
Rubén Usamentiaga, Alvaro F, Millara, Daniel F. Garcta, Pedro Manso, Carlos M. Sudrez, and Ignacio Garcia

Designs and Feasibility Assessments of an Integrated Linear Electromagnetic Actuator for Cold Roll Mill Applications
..................................................... Cheng-Tsung Liu, Yu-Wen Chiu, and Chang-Chou Hwang
Design and Implementation of a Hybrid System for the Mitigation of PQ Problems of Medium-Frequency Induction
StECl-MEINE FULNACES: k55 505 5 50 55508 15 85 9085 5 5 55 5085 55 5 5 80 ¥ 3 b 4 8 Ilker YiuImaz, Emre Durna, and Muammer Ermig
Dynamic Estimation of Electrical Demand in Hot Rolling Mills ............................ Gonzalo Alonso Orcajo,
Josué Rodriguez D., Pablo Ardura G., José M. Cano, Joaguin G. Norniella, Rocio Llera T., and Diego Cifridn R.

Mining Industry Committee

Medium-Frequency Signal Propagation Characteristics of a Lifeline as a Transmission Line in Underground Coal Mines
................. Jingcheng Li, Miguel Angel Reves, Nicholas W. Damiano, Bruce G. Whisner, and Rudy J. Matetic
Defining the Industrial Demilitarized Zone and Its Benefits for Mining Applications ...........covviiiviiiiiurenann.
................................. David C. Mazur, Rob A. Entzminger, Pete A. Morell, John A. Kay, and Erik Syme
True Unit Power Factor Active Front End for High-Capacity Belt-Conveyor Systems .........c.oviiiniineeennnn.
... Thiago Morais Parreiras, Jilio César Guerra Justino, Anderson Vagner Rocha, and Braz de Jesus Cardoso Filho

2654

2664

2673

2684

2693

2700

2714

2724

2731

2737

This issue of IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS is available on the World Wide Web. Access will
be limited to members of the IEEE Industry Applications Society and other subscribers. Members may subscribe to the
traditional printed copy of each issue. Contact Member Services Department: +1800 678 IFEE; FAX: +1732 562 6380;

e-mail: member-services @iece.org; for subscription rates and information.

To access IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, log into the IEEE Home Page, http://www.ieee.org, and click
on IEEE Xplore. If this is your first visit to this site, you must establish an IEEE Web account. Click on “Establish IEEE Web
Account” and follow the instructions. You will choose a user name and password to use for future logins, and be given access
to those IEEE publications to which you are entitled. To reach TAS publications, click on “Journals and Magazines” and type
Industry Applications in the search field. IAS members may access all issues dated 1988 and later. To read, download, or print full

papers, you will need Adobe Acrobat Reader, which can be downloaded free if you do not already have it.

For general information about the IEEE Industry Applications Society, refer to the IAS Home Page at hutp://www.ieee.org/ias/.




