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Abstract: Modern servo amplifiers and inverters induce additional losses in electrical machines 
due to Pulse Width Modulation (PWM) voltage control [L1]. Electrical machines / drives community is 
generally accounting for PWM loss by simply de-rating a machine by ~10-15% or even up to 25% for 
inverter (vector) duty AC motor operation [L2]. 

 Since understanding Pulse Width Modulation (PWM) loss mechanisms is increasingly important 
for improving efficiency and for reliable modeling of electrical machines, research is being undertaken 
on theoretical and experimental approaches to PWM loss characterization. Though a problem of 
electrical machine PWM loss is known for years, at present there is no accepted PWM loss theory 
suitable for every day use and recognized by engineers and technicians - no PWM loss mechanism 
satisfactory engineering explanation, just a lot of myths and misunderstandings instead. 

 Suggested PWM loss engineering approach assumes that PWM eddy current core loss 
dominates over additional PWM copper and hysteresis iron losses and comprises theoretical 
(normalized) PWM loss evaluation and experimental characterization. 

Once PWM loss is measured for some operating point [L3], it could be then easily scaled for an 
arbitrary operating conditions using simple formula. 

 Impact of switching frequency on machine PWM loss is studied. Theoretical results are shown to 
be in a good agreement with a published experimental data [L3]. 

 Considered are different types of electrical machines (DC brush, 2- and 3-phase AC machines, 
switched reluctance motor), converters (two- and multi-level, Vienna unity power factor PWM rectifier) 
and different DC / AC modulation techniques and switching patterns – constant frequency, classic 
3-phase sinusoidal, hysteretic, space vector, random, multi-level etc. 

Finally, possible ways for machine PWM loss reduction are examined. 
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Description of potential audience and any prerequisite knowledge expected from audience: 
Motor, drive and system researchers and engineers interested in losses and thermal aspects. 
Basic knowledge of electrical machines, power electronics and Pulse Width Modulation. 

 
  

 About the lecturer : Dr. Alex Ruderman is a senior lecturer at the School of Engineering, University 
Bar Ilan, Israel. 

 Alex obtained his Honors MS EE from Leningrad Electrical Engineering University (USSR, 1980) 
and PhD EE from Leningrad Polytechnic (USSR, 1987). His PhD thesis was on multi-circuit rotor 
synchronous machine analytical transients calculation with an application to a superconducting 
turbine generator. Alex was an apprentice of the world-renowned electrical machine experts Prof. E. 
Kazovsky and Prof. V. Dombrovsky. 



Having immigrated to Israel (1990), Alex became focused on PWM technologies and electrical 
machine / power electronics interaction effects. Areas of interest include electrical machinery / drives, 
sensorless control, high performance digital current loop control; power electronics, power factor 
correction; electric vehicle; autonomous induction generator with a non-linear (rectifier) load and 
more. 

In 1995-2003 Dr. Ruderman worked for Intel Microprocessor Design Center (Haifa) in the areas of 
VLSI static timing CAD development, circuit design and testing. Alex put forward some original 
corporate and VLSI industry wise research ideas and solutions in the field of modeling of signal delay 
/ slew propagation via non-linear CMOS gate and RC-interconnect, power grid resonance passive 
damping, short-circuit power calculation, and isothermal-on-die shmoo testing methodology. The last 
project Dr. Ruderman contributed to whilst at Intel was Centrino. He still has deep submicron VLSI 
design research interests. 

 Dr. Ruderman’s research and teaching style is to make theory transparent and understandable by 
engineers and technicians and to show basic things understanding developing into practical useful 
results. His recipes are always ready for immediate efficient application. 

 In 2005 Dr. Ruderman was on academic PWM loss visits to UK reporting at the University of 
Sheffield (Prof. David Howe - d.howe@sheffield.ac.uk), UMIST (Prof. Andrew Forsyth - 
andrew.forsyth@manchester.ac.uk), Liverpool John Moore University (Prof. Emil Levi - 
e.levi@ljmu.ac.uk), Cranfield University (Dr. Patrick Luk - p.c.k.luk@cranfield.ac.uk, Dr. John 
Economou - j.t.economou@@cranfield.ac.uk) and to US reporting at University of Wisconsin - 
Madison (Prof. Bob Lorenz - lorenz@engr.wisc.edu, Prof. Tom Lipo - lipo@engr.wisc.edu ) and 
University of Illinois - Urbana-Champaign (Dr. Patrick Chapman - chapman@ece.uiuc.edu). 
General References:  
1. Dr. Ali Emadi, Director of Power Electronics and Motor Drives Laboratory, Electrical and Computer 

Engineering Department, Illinois Institute of Technology - emadi@iit.edu 
2. Prof. Dr.-Ing. Ralph Kennel, Chair Electrical Machines and Drives, Wuppertal University, Germany - 

kennel@ieee.org 
3. Prof. Francesco Profumo, Politecnico di Torino, IEEE IAS Industrial Dives Committee Chairman - 

francesco.profumo@polito.it 
  
 
Lecturer address:   
Dr. Alex Ruderman 
4 Mezada St., Zichron Yaakov, 30900 Israel 
Email: ruderma@eng.biu.ac.il 
 
Audio-visual requirements: PC projector for PowerPoint presentation                                  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


