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Abstract. Asymmetric incommensurable torque signals can be achieved by exploiting magnetic 
nonpolar repulsion techniques, see also [1], aiming at designing kinetic energy harvester (KEH) 
systems. This paper confirms by using three different simulation methods that an asymmetric 
incommensurable torque signal is feasible to be reached, exploiting non-conservative magnet 
fields. All shown calculations are in fully agreement with the classical Electromagnetic Theory. 
The first method is based on time consuming full 3D FE generated torque and force signals. The 
second method is using also FE generated torque and force signals, but they are calculated only 
in orthogonal directions, approximated with Fourier Series and normalized to provide 2D 
stiffness signals. The third approach focuses on filamentary current rings to calculate the 
magnetic field of permanent magnets (PM) to generate in a purely analytically way the same 
force and torque signals as in the previous methods. However, only speculation about the energy 
source as required to maintain the forecasted persistent torque can be given. 

1.  Introduction 
Energy Harvesting is a technology for capturing non-electrical energy from ambient energy sources, 
converting it into electrical energy and storing it to power wireless electronic devices [2], [3], [4], [5]. 
The process of capturing mechanical energy such as shocks and vibrations is a subject area of energy 
harvesting requiring specific types of devices, so called kinetic energy harvesters (KEH) and there are 
many types of KEH’s [5]. For the devices described in this paper we employ still the naming convention 
KEH, as effectively rotor mass and rotor inertia are used to start an everlasting oscillation in theory. 
Microscopically, there might be yet unknown sources why such a persistent motion is possible to obtain 
[6]. In chapter 2 asymmetric incommensurable torque signals are modeled using the three different 
approaches. In chapter 3 a proposition for a KEH prototype buildup is discussed. In the conclusions, 
chapter 4 we summarize the findings. 

2.  Design of asymmetric incommensurable torque signals 
The force or torque of two permanent magnets (PM) can be calculated using Lorentz force law  

 (1) 

where  is the resulting force,  the electric field-,  the magnetic field- and v the point charge q 
velocity trajectory-vector. As in these KEH systems, velocities are extremely low in respect to the speed 
of light,  can be disregarded (which is always assumed in calculations for electrical machines, see for 
instance [7]). Generally, magnetic forces will do no work on isolated electric charges [8], since 

(2) 

The result in (2) follows when  and the created path velocity vector  are equal, which is always the 
case using a point charge. However, for the PM-based KEH systems proposed in this paper, we show 
that the calculated total magnetic work  is unequal zero by applying three different methods and 
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using (a) well-deliberated closed trajectories , and (b) instead of a point charge, a disk PM or a current 
loop (both having geometrical extensions). So, in contrast to (2), 

(3) 
 

The simplest possible configuration of a KEH system that can exert asymmetric incommensurable 
torque is shown in Figure 1a. Figure 1b, c show the normalized 2D stiffness for the torque- and force-
signal assuming an airgap of  between stator-rotor PM set. The generation of such amplitude 
diagrams can for instance be approximated with Fourier Series. It is sufficient to consider only terms up 
to the forth order, see also [1]. These normalized signals for torque and force components, given by  

(4) 
 (5) 

 

respectively, are stiffness functions, where the torque component  ( ) and its counterpart force 
component  ( ) can be easily measured as the maximal break-torque respectively break-force. 
Introducing a harmonic axial cam movement of the rotor as 

 (6) 

where the lateral movement  is constrained to the rotating DoF  with a given cam amplitude , an 
initial offset  and an angular velocity . 

 

 
(a) 

 
(b) 

 
(c) 

Figure 1. Concept view (a) of rotary-translatory nonlinear PM spring system, with a rotary ( ), an axial ( ) and 
a radial ( ) DoF. Normalized 2D torque spring and force spring amplitude for  and z direction shown in (b) 
resp. (c). Shown data represents a disk PM with diameter 10mm, height 5mm, residual mag. N52 ( ). 

In the following simulations, the values in (6) are kept as  and  , to make the case 
simple. The setup is illustrated in Figure 2, showing also a cam function with a realistically small cam 
amplitude of  and an asymmetric rotor to stator displacement of .  

 
(a) 

 
(b) 

Figure 2. Concept buildup of a rotating and axial wobbling 3PM rotor set and an asymmetrically placed 3PM 
stator set in a single line distribution (axR3S3sl) with developed view (a) and front view (b). 

Figure 3a shows the optimization process for creating an unbalanced torque signal by sweeping 
the stator-rotor asymmetry from . Keeping the stator and rotor PM in the same 
z-axis with an enabled cam movement at , no asymmetric torque nor force signal in one 
revolution occurs. As soon as an asymmetry (z offset) between rotor and stator PM is introduced, the 
(normalized) torque signal will increase, and at half the PM-diameter it reaches a maximum, followed 

 
 
 

PowerMEMS 2018 Conference
Daytona Beach, Florida, USA

PW-17f

2



 
 
 
 
 
 

by a decline. When offset reaches 15mm, no torque signal at all is generated, due to the lacking mutual 
PM magnet influence. The torque signal (blue) is depicted in %, showing 50% as a balanced torque 
signal. No energy surplus is occurring, e.g. the created force signal needs accordingly to be damped 
to generate an energy surplus (see also chapter 3). Figure 3c shows generated torque signals with FE 
simulation (red) and Fourier Series approximation (blue) plus analytical model using Lorentz 
approach [9], [10], [11]. In all three cases, a net torque of all summed up rotor disk PMs is clearly 
positive (61%) over one full revolution; peak torque is reached at 10°, 130° and 250°. 

 
(a) (b) 

 
(c) 

Figure 3. Diagram (a) depicts a stator PM distance sweep from 0…20mm; resulting torque signals in % (left 
axis) and normalized (right axis). FE model in (b) shows the PM setup for the full 3D FE simulation; (c) shows 
the corresponding created torque signal of all summed up 3 rotor disk PMs applying the 3 different methods.  

This behavior is most intriguing, as by using solely well accepted classic EM theory such as Lorentz 
force [9], Biot-Savart or Mutual Inductances [10] approach, an energy surplus is clearly forecasted. An 
energy source must therefore be present somehow, and some conjecture about such a source is given in 
[1] and [11]. 

3.  Proposed system for buildup 
A system concept buildup is proposed in Figure 4, with focus of keeping the cam amplitude low (with 

) and allowing an angular cam velocity coupling of  only. 

 
(a) 

 

 
(b) 

Figure 4. Concept buildup with developed view (a) and front view (b) of the proposed arrangement with two 
rotor PMs (green and numbered) and three stator PMs (blue) using multi line PM distribution (axR2S3ml). 

Using the PM configuration and the sketched cam movement in Figure 4, the motion profile (torque 
DE) with constraining force created from lateral movement (6) follows (using Lagrange approach): 

(7) 

In case the torque signals from the constraining force are neglected from (7), e.g. , the torque 
DE can be written much simpler as 

(8) 

with  denoting the inertia,  the torque due to friction and  the asymmetric incommensurable torque. 
The simulation model confirms that, with a realistic rotor mass of  ( ), a 

persistent motion is generated, as shown in Figure 5d, having applied a nonlinear friction model 
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(compare Figure 5c, used also in [1]), and an approximated SDoF dynamic model for which the 
acceleration and deceleration due to the lateral cam movement is taken into account (solid lines in Figure 
5b).  Also, the nonlinear torque signal  should be considered as  

(9) 

with torque friction component  and . Both components are described with a nonlinear 
friction model, depicted in Figure 5c. In (6),  is the torque friction for revolving the rotor 
(which could have been also modeled with a linear function, as the rotor is revolving at steady state well 
above  ), and  is the additional torque friction introduced 
when rotor PMs are in proximity of the stator PMs. The normalized force  has been 
introduced earlier (see Figure 1c, as we deal with friction, the absolute value of  must be taken, as the 
rotor exerts on either cam well a positive damping force resp. damping torque; resulting constraining 
force  depicted in Figure 5a). This constraining force cannot be eliminated (but it could be minimized 
with an elaborate stator-rotor PM arrangement), as generated forces in lateral z-direction for each stator-
rotor PM rendez-vous are changing sign (compare also Figure 5a and Figure 4, PM rendez-vous at 1a 
and 2a are doubling negative z-forces and after 180°, at 1b and 2b, these forces changing sign). 

For creating an everlasting motion it is important to note that the friction torque signal over one full 
revolution must be smaller than the asymmetric incommensurable torque signal  created by the stator-
rotor PM pair arrangement (shown in yellow,  Figure 5a). The magnetic energy  of this dynamic 
system in steady-state for one revolution must fulfil 

 (10) 

The complexity of this proposed configuration is modest and expenditures for prototyping is small. 
Even though the lateral constraining z-forces are symmetrical, this lateral energy component is not 
canceled out over one revolution and a low friction cam system must be used to guarantee that the energy 
component from the asymmetric incommensurable torque signal is larger.  

  
(a) 

  
(b) 

  
(c) 

  
(d) 

Figure 5. Diagram (a) depicts the resulting normalized torque and force signals from proposed setup in Figure 4, 
using  and  ( ) applying the 3 different calculation methods; (b) shows motion functions 
of approximated cam signal with and without ( ) constraining force (and keeping  zero); (c) friction 
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model from [12] for radial and axial friction (in set rotor position without additional lateral load); (d) resulting 
motion signals.  

The torque asymmetry can be further increased using different PM shapes (for instance, using block 
magnets, an asymmetry of nearly 60% could be achieved and larger force signals will result). In addition, 
such a system can be easily stacked in z-direction, or the coupling increased to  (making it 
necessary to double the PM arrangement frequency on the surface for stator and rotor, compare Figure 
4) to basically unfold an energy surplus as desired. 

4.  Conclusions 
It is stated that, in theory, by combining trajectories of a rotor with accordingly stator-rotor PM 
distributions, an asymmetric incommensurable torque signal is feasible. The presented trajectories have 
been limited only in rotational- ( ) and translational- ( ) direction, excluding movements that involve 
also radial direction (changing rotor diameter distance , see also Figure 1a). However, we showed with 
three different approaches that the same asymmetric incommensurable torque signal can be numerically 
simulated based on well accepted classic EM theory only. While keeping a cam harmonic, the generated 
force signal must be damped in all cases – by using a low friction cam setup, whether using a PM setup 
from Figure 2 or from Figure 4 for creating a persistent motion. Also important in this study is the 
foresight, that magnet field distributions can exert energy and are not per se conservative fields. 
According to the presented results, the magnetic field itself is neither conservative nor non-conservative; 
it all depends on the closed path trajectories followed through the field. Non-conservative trajectories 
can be generated which allow netto work while rotating a rotor over one full revolution. The fundaments 
for the forecasted energy source, which is necessary to deliver this netto work, remain a research 
question, and further open-source experiments are indispensable to verify the presented theoretical 
claims. 

References 
[1] L. Kurmann and Y. Jia, “Oscillators with Nonpolar Magnetic Repulsion System and its Use in Rotary 

Nonresonant and Resonant Kinetic Energy Harvesters,” IOSR Journal of Applied Physics, vol. 10, no. 4, 
pp. 57–76, 2018. 

[2] A. D. T. Elliott, L. M. Miller, E. Halvorsen, P. K. Wright, and P. D. Mitcheson, “Which is better, 
electrostatic or piezoelectric energy harvesting systems?,” J. Phys.: Conf. Ser., vol. 660, p. 12128, 2015. 

[3] P. D. Mitcheson, E. M. Yeatman, G. K. Rao, A. S. Holmes, and T. C. Green, “Energy Harvesting From 
Human and Machine Motion for Wireless Electronic Devices,” Proc. IEEE, vol. 96, no. 9, pp. 1457–1486, 
2008. 

[4] F. U. Khan, “Review of non-resonant vibration based energy harvesters for wireless sensor nodes,” Journal 
of Renewable and Sustainable Energy, vol. 8, no. 4, p. 44702, 2016. 

[5] D. P. Arnold, “Review of Microscale Magnetic Power Generation,” IEEE Trans. Magn., vol. 43, no. 11, 
pp. 3940–3951, 2007. 

[6] J.L. Duarte, “Introducing the Yildiz Motor & Modeling the Yildiz Motor,” in Non-patent literature 
(EZ81K3II8231020) cited during the examination procedure of Application no 08801521 with reference to 
"EP2153515 Device Having an Arrangement of Magnets" by M. Yildiz, WIPO Patent Collections, 2017. 

[7] S. J. Chapman, Electric machinery fundamentals, 4th ed. New York NY: McGraw-Hill Higher Education, 
2005. 

[8] D. J. Griffiths, Introduction to electrodynamics, 3rd ed. Upper Saddler River, N.J.: Prentice Hall; London :  
Prentice-Hall International, 1999. 

[9] S. I. Babic and C. Akyel, “Magnetic Force between Inclined Circular Loops (Lorentz Approach),” PIER B, 
vol. 38, pp. 333–349, 2012. 

[10] S. Babic and C. Akyel, “Magnetic Force Between Inclined Circular Filaments Placed in Any Desired 
Position,” IEEE Trans. Magn., vol. 48, no. 1, pp. 69–80, 2012. 

[11] J. L. Duarte, “Modeling the Yildiz Motor revisited,” Eindhoven University of Technology Research Report, 
DOI: 10.6100/6B67487A-BD78-4A24-BDD1-D7B9B3DBD5B7, 2018. 

[12] M. Charu, D. Warren, S. Wallace, and H. Guoqiang, A New Continuously Differentiable Friction Model for 
Control Systems Design. Piscataway N.J.: IEEE, 2005. 

 

 
 
 

PowerMEMS 2018 Conference
Daytona Beach, Florida, USA

PW-17f

5


	MAIN MENU
	Help
	Search
	Print
	Author Index
	Keyword Index
	Table of Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'IEEE_Xplorer'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20140918080338
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     675
     320
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

      
       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     5
     4
     5
      

   1
  

 HistoryList_V1
 qi2base





