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Abstract: Electrostrictive polymers have been of 
significant interest over the last years for energy 
harvesting. Principle is based on the conversion 
of a mechanical deformation into electricity. The 
stored energy basically depends on the 
mechanical strain induced into an electrostrictive 
polymer by the mechanical resonant vibration of 
a microcantilever supporting the electrostrictive 
layer. In this work, in order to obtain large 
strains, polymer materials, which have small 
Young’s modulus, have been considered for the 
vibrating microcantilever. However the 
drawbacks of such materials are their 
viscoelastic properties which cause the major 
losses of the vibrating system. In this paper, 
microcantilever made of viscoelastic polymers is 
simulated with COMSOL using two different 
vibration methods to deduce the losses in the 
system and then the quality factor, which is an 
important parameter for the energy harvester 
design. 
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1. Introduction 
 

Ambient energy harvesting has become an 
interesting topic for powering small scale 
wireless electronic devices, medical devices and 
sensors [1] - [3]. Among the various possibilities 
to convert mechanical vibrations into electrical 
power, there is the use of capacitance variation 
induced into electrostrictive materials. Such use 
of electrostrictive materials is not the more 
common one because in last years, much the 
focus was placed on the development of 
electrostrictive polymers for high-strain actuators 
[4]. In fact for energy harvesting, in order to 
obtain a large capacitance variation of the 
electrostrictive material, a large strain variation 
is necessary into the material. In mechanical 
structures the larger strain is obtained at the 
resonant frequency. As for energy harvesting 
devices using piezoelectric materials, the power 

harvested increases by increasing the average 
strain into the structures [5] - [6]: then the 
resonant frequency of the mechanical device has 
to be adjusted in order to be tuned to the one of 
the ambient mechanical vibration that has to be 
harvested. In order to have low resonant 
frequency and high strain, polymer materials, 
which are more flexible than silicon ones, have 
been considered for the resonant device. 
However, polymers exhibit a viscoelastic 
behavior that affects the quality factor due to the 
viscoelastic losses which are the major losses of 
the system [7] - [8].   

In this paper, microcantilevers with 
parallelepiped geometries have been simulated 
with COMSOL to deduce the resonant 
frequencies, the energy losses and the quality 
factors of the structures.  
 
2. Use of COMSOL Multiphysics 
 
2.1 Geometry 
 

A 3D geometry is considered for the 
simulation. Figure 1 shows the COMSOL model 
of the viscoelastic microcantilever. The length 
and the width of the beam are 600 µm and 300 
µm respectively, while its thickness is 10 µm.  

 
Figure 1. Schematic diagram of viscoelastic polymer 
microcantilever with its mechanical support. 
 
 For a viscoelastic material, the Young’s 
modulus (E) is in a complex form: the imaginary 
part (E”) reflects the viscous energy dissipated 
into the material and the real part (E’) reflects the 
mechanical energy stored into the material. The 
material parameters of the cantilever polymer are 



 

as follows: its density is ρ = 1190 kg/m3, its real 
and imaginary parts of Young’s modulus are 
E’ = 3 GPa and E” = (0.1 GPa, 0.4 GPa and 
0.8 GPa), respectively. The support is made of a 
SU-8 where ρ = 960 kg/m3, ν=0.44 and E = 3 
GPa. 
 
2.2 Methods 
 
 The resonant frequency (fr) and the quality 
factor (Q) of the first out-of-plane mode of the 
cantilever are calculated through frequency 
analysis using the frequency domain and 
“pardiso” as linear system solver. Here the 
“Solid Mechanics” model is used to solve the 
mechanical simulation. Figure 2 shows the two 
methods used with COMSOL to deduce both the 
resonant frequency and the quality factor. Figure 
2 (a) is for an harmonic actuation force at the 
microcantilever free-end, while Figure 2 (b) is 
for an harmonic mechanical vibration of the 
support. In the latter case, the excitation by a 
vertical acceleration ensures the out-of-plane 
vibration of the structure. These simulations 
allow to deduce the resonant frequency, the total 
quality factor and also to separate the quality 
factor due to viscoelasticity of the polymer used 
for the microcantilever and the one due to the 
mechanical losses into the support. 

 
Figure 2. Out-of-plane vibration generated a) by a 
free-end force or b) by a vertical vibration of the 
support. 

3. Theory 
 
 The total quality factor (Qtot) expresses the 
losses influence into the system, low losses 
devices will have a high quality factor. It is an 
important parameter for the energy harvesting 
devices: it defines the bandwidth of the resonant 
phenomenon and also the energy that is lost into 
the system and that consequently cannot be 
harvested.   
 For microcantilevers resonating in air, the 
quality factor depends on the viscous losses and 
acoustic radiation in the surrounding medium, on 
the viscoelastic losses in organic microcantilever 
and on the losses into the support [9]. In this 
paper, the microcantilevers are simulated in 
vacuum, so that the quality factor is function of 
only two losses (viscoelastic losses and support 
losses). In this case, the theoretical total quality 
factor (Qtot) is given by: 
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Where Qviscoel and Qsupp are the quality factors 
associated with the viscoelastic losses into the 
viscoelastic polymers and the mechanical losses 
into the support, respectively.  
 One unconventional way to estimate the 
quality factor of a resonator is to use the relation 
between the undamped natural frequency (f0) and 
the resonant frequency [10]: 
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3.1 Viscoelastic and support losses 
 
 For a cantilever made of viscoelastic polymer 
where the Young’s modulus is in a complex 
form (E=E’+j E’’), energy losses generated by 
this viscoelasticity should be considered. In this 
case, the quality factor due to viscoelastic losses 
can be defined as the ratio between E’ and E’’ 
[8]:  
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 Therefore, for the different materials 
considered in this work, the values of Qviscoel are 
30, 7.5 and 3.7 respectively.  
 In addition, when the structure vibrates, the 
microcantilever produces a mechanical work on 
the support which generates an elastic wave into 
the support. The latter causes a power loss by 
propagation [9].  
 
4. Frequency analysis 
 

Table 1 shows the simulated values of the 
quality factor due to viscoelastic losses in the 
case of actuation by a free-end force             
F = -6x10-3sin(ωt). In this simulation, the entire 
support is fixed, then there is no support losses. 
A good agreement between COMSOL 
simulation and theory is obtained for the quality 
factor associated to the viscoelastic losses.  

 
Table 1: Theoretical and simulated values of Qviscoel. 

 
E” (GPa) Qviscoel 

(Theo) 
Qviscoel 

(Sim) 
0.1 30 30 
0.4 7.5 7.5 
0.8 3.7 3.7 

 
 Figure 3 presents the results of resonant 

frequencies (fr) and undamped natural 
frequencies (f0) obtained in the case of an 
harmonic vibration of the support, with vertical 
acceleration a = 9.8sin(ωt). There is a shift of the 
resonant frequency for different values of E’’: 
this is due to the variation of the total quality 
factor (Qtot) which is modified by the energy lost 
into the viscoelastic polymer (Qviscoel). Table 2 
shows the values of these frequencies, the total 
quality factor and the quality factor (Qsupp) 
obtained from Equations (1) and (2). 
 

 

 
Figure 3. (a) and (b), simulated amplitude and phase 
spectrum of the deflection of viscoelastic polymers 
cantilever. 

 
Table 2: Simulated values of the undamped natural 

frequencies (f0), of the resonant frequencies (fr) and of 
the quality factors (Qtot and Qsupp) for different 

cantilever materials. 
 
E” (GPa) f0 (kHz) fr (kHz) Qtot Qsupp 

0.1 7.0417 7.0370 19 55 
0.4 7.0400 7.0000 6.6 58 
0.8 7.0120 6.8700 3.5 60 

 
 From Table 1 and Table 2, it can be seen that 
for a viscoelastic polymer with high values of 
E’’ the viscoelastic losses are dominant in the 
structure and thus sufficient to calculate the total 
quality factor (Qtot ≈ Qviscoel). Moreover, the 
support losses are almost constant. 
 
6. Conclusions 
 
 In this work, we have validated the ability to 
use COMSOL in harmonic analysis to determine 
the different energy losses into viscoelastic 
polymers MEMS. Two methods were used with 
COMSOL to deduce these losses: the first one is 
by an harmonic actuation force at the 
microcantilever free-end and the second one for 
an harmonic mechanical vibration of the support.  
These simulations confirm that for a low value of 
imaginary part of Young’s modulus of the 
viscoelastic polymer, the support losses cannot 
be neglected. The quality factor associated to the 
viscoelastic losses obtained by COMSOL 
simulation is validated from theoretical 
calculations. 
 
 
 



 

7. References 
 
1. Starner T and Paradiso JA, Human generated 
power for mobile electronics, pp 1-30. In: Piquet 
C (ed) Low-power electronics design, CRC Press 
Boca Raton (2004). 
2. Tan YK, Hoe KY and Panda SK, Energy 
harvesting using piezoelectric igniter for self-
powered radio frequency (RF) wireless sensors, 
in proc. IEEE ICIT, pp 1711-1716 (2006). 
3. Calhoun BH, Daly DC, Naveen V, 
Finchelstein DF, Wentzloff  DD, Wang A, 
Seong-Hwan C and Chandrakasan AP, Design 
considerations for ultra-low energy wireless 
microsensor nodes,  IEEE Trans. Comput., Vol. 
54, pp 727-740 (2008). 
4. Petit L, Guiffard B, Seveyrat L and Guyomar 
D, Actuating abilities of electroactive carbon 
nanopowder/polyurethane composite films, Sens. 
Act. A., Vol. 148, pp 105-110 (2008). 
5. Goldschmidtboeing F and Woias P, 
Characterization of different beam shapes for 
piezoelectric energy harvesting, J. Micromech. 
Microeng., Vol. 18, pp 104013 (2008). 
6. Benasciutti D, Moro L, Zelenika S and Brusa 
E, Vibration energy scavenging via piezoelectric 
bimorph of optimized shapes, J. Microsyst.Tech., 
Vol. 16, pp 667-668 (2010). 
7. Schmid S and Hierold C, Damping 
mechanisms of single-clamped and prestresses 
double clamped resonant polymer microbeams, 
J. App. Phys., Vol. 104, pp 093516(2008). 
8. Wouters K, Gijsenbergh P and Puers R, 
Comparison of methods for the mechanical 
characterization of polymers for MEMS 
applications, J. Micromech. Microeng., Vol. 21, 
pp 115027 (2011). 
9. Lochon F, Dufour I and Rebière D, A 
microcantilever chemical sensors optimization 
by taking into account losses, Sens. Act. B., Vol. 
118, pp 292-296 (2006). 
10. Lemaire E, Heinisch M, Caillard B, Jakoby B 
and Dufour I, Comparison and experimental 
validation of two potential resonant viscosity 
sensors in the kilohertz range, J. Meas. Sci. 
Technol., Vol. 24, pp 1-9 (2013). 
 
8. Acknowledgements 
 
 This work was supported by the French 
National Agency (ELENA project  
no ANR-12-NANO-0002-03) 

 
 
 
 
 
 
 



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


