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Abstract. The model of parallel-oriented compliant mechanism was established. Analysis of
parameters for elliptic flexible hinge plane compliant mechanisms was illustrated. The relationships
between the system frequency and the flexible hinges shapes, geometry parameters, material
parameters were discussed by numerical examples. The conclusion provides a theoretical basis for
elliptic flexible hinges design and application, and also provides references for compliant
mechanisms kinetics research.

Introduction

Compliant Mechanism is a new type of mechanical structure which relying on the flexible
deformation of itself to output the motion, force or energy. The analysis and synthesis of the
compliant mechanism is a new research field relative to the rigid body. Because of there are no
motion pair or less, it can be reduced or didn’t need to assembly, thus the compliant mechanism have
high motion accuracy and greatly improve the motion precision. The compliant mechanism becomes
the key component in the fields of bionics, ultra precision positioning mechanism and MEMS et.al
[1].

Compliant mechanism can be divided into fully compliant mechanism and partly compliant
mechanism. The fully compliant mechanism is all composed of flexible components; and the partly
compliant mechanism is composed by both the rigid body and flexible components. Depending on the
distribution form of flexible, the fully compliant mechanism can be divided into two types:
centralized and distributed, the former is characterized by weaker regions, elastic deformation
occurred in the weaker area, it can be used to simulate the movement of hinge; The latter is
characterized by no relatively weak areas, and the elastic deformation of flexible component is
relatively evenly distributed the entire component [2-4].

Flexible hinge has the advantages of compact structure, small volume, no gap, no friction, no
lubrication, smooth continuous movement and high displacement. At present years, it is widely used
in the aviation, aerospace, precision measurement and biological engineering. Therefore, the flexible
hinge has a broad application prospect in many fields, and there is great significance to study the
flexible hinge.

There are two kinds of the common type of flexible hinge: straight beam type flexible hinge and
circular arc flexure hinge. Straight beam type flexible hinge have larger rotation range, but the
movement precision is not good enough. The circular arc flexure hinge has a good movement
precision, but the rotation range is relatively small. In order to consider both the movement precision
and the range of movement, some scholars put forward the elliptical flexure hinge [5]. In the
engineering design, the numerical integral method and the finite element method (FEM) are the
widely used methods.

This paper based on the elliptic flexible hinge, deduced the formula of inherent frequency, and by
the use of MATLAB software programming, calculated the relationship between the design
parameters and the natural frequency under the condition of the deflection angle, and get the
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influence law of various design parameters on the system frequency characteristics though the
comparison of the calculated results. It can be provide theoretical basis for design and use the elliptic

flexible hinge in application.

Flexible Hinge Parallel Orientation Mechanism Model

Flexible hinge parallel orientation mechanism is shown in Fig.1. In the process of deformation,
connecting rod and the connecting support rod assumed rigid parts, the deformation can be neglect,
flexible hinge bent and its elastic deformation related to the stiffness K. Dynamics analysis of this

flexible hinge parallel orientation mechanism as follows:
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Fig. 1. Simplified model of flexible hinge parallel orientation mechanism
Translational energy of connecting rod:
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Total kinetic energy of the two connecting support rod:
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The elastic deformation energy of four flexure hinge:
U= %(K1 +K,+K,+K,)0* =2K6°
Here, in order to convenient the study, assume that:

K =K,=K,=K,=K
System Lagrange equation:

L :%MI(ZH)Z +J0 +iM2(16)2 —2K6*

System dynamics equation:
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where E is the elastic modulus of the material, / is the section moment of inertia, J is the moment of
inertia of the connecting support rod around the center of mass, / is the total length of the rod, M; is
the quality of the connecting rod, M is the quality of the connecting support rod, 6 is the deflection

angle, K; (i= 1, 2, 3, 4) is the equivalent torsion spring coefficient.
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Frequency Response Analysis

System inherent frequency is one of the important evaluation indicators, it has great significance
on the system dynamic performance optimization, control and optimization design et.al. The system
inherent frequency f'is shown as Eq.7:

w 1 4K
f= =5 1 (7)
TN M 2T +5le2
First, the calculation formula of K is associated with the shape of the elliptic flexure hinge:
Ewb’
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The parameters are shown in Fig.2.
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Fig. 2. Elliptic flexure hinge
Second, the calculation formulas of M1 and M2 are all contain the geometric parameters of the
elliptic flexure hinge, and they are shown as Eq.10 and Eq.11.

M, = (hl +2hl, — rab) pw (10)

M, = (hl—rab) pw (11)

Third, the calculation of the moment of inertia for the connecting support rod around the center of

mass J is shown as Eq.12. Here, on the assumption that the deformation of the elliptic flexible hinge is

turning around its geometric center, ignore the displacement caused by the flexible hinge deformation.
So the formula of moment of inertia is:

J= %lez (12)

We substitute Equations (8)~ (12) into Equation (7) to obtain a final expression for the system

inherent frequency of the elliptic flexure hinge compliant mechanism, the f is relation to the
parameters both on geometric and material.

2
:Ll\/i = R 3 (13)
2zl p S (3l + i+ 6hl, - zab)

By the Eq.13 we can get the following conclusion:
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1. When the section parameters and material parameters of the mechanism is determined, the
system inherent frequency of elliptic flexure hinge compliant mechanism are closely related to the
parameters of ¢, a and b.

2. The system inherent frequency is not related with the thickness w.

Numerical Calculation And Analysis

In order to simplified the numerical calculation, when change one of the parameters of compliant
mechanisms, the other parameters are keep the same. And this paper only calculating first-order
inherent frequency values.

Fig.6 is the finite element model established by ANSYS. The geometry parameters are set as:
L, =50mm, L, =30mm, w=10mm , h=>5mm , the material is polypropylene, and its density is 0.90 g/cm’ ,
Poisson’s ratio is 0.49, modulus of elasticity is £=142GPa. The element choose Structural solid
Brick 20nodel186 unit to free agency. The completely displacement constraints are added to the
bottom node.

Fig. 3. Finite element model

The Relationship Between Inherent Frequency And Minimum Thickness .Fig.4 shows the
relationship between the system inherent frequency and minimum thickness, it can be concluded that,
with the increase of the design parameters ¢, the first order inherent frequency of compliant
mechanisms are nonlinear increase. This can be thought of as the design parameter ¢ increase its
stiffness increases, which is good to improve the motion precision and reduce the vibration of
compliant mechanisms. But the flexibility of the system is reduced which bring a great influence to
the operational flexibility.
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Fig. 4 frequency and minimum thickness ¢

It also can be seen from the Fig.4 that, the relationship between the inherent frequency of elliptical
flexible hinge parallel orientation mechanism and minimum thickness is increased progressively, and
the growth speed slowly greater.
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The Relationship Between Inherent Frequency And The Incision Parameters. Fig.5
represents the relationship between the system inherent frequency and the incision parameters such as
the long half axis a and the short half axis b. It can be seen that, the inherent frequency of elliptical
flexible hinge mechanism is decreasing with the increase the long half axis a, the decrease speed are
gradually lower; the inherent frequency of elliptical flexible hinge mechanism is increasing with the
increase of the short half axis b, but the amplification is small.
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Fig. 5 The relationship between the system inherent frequency and the incision parameters

The Relationship Between Inherent Frequency And The Thickness Of Mechanism. Under
the condition of other parameters constant to change the thickness of mechanism w, the Fig.6 shows
that with the increase of the thickness, the system inherent frequency remains unchanged, so the
thickness of mechanism w has no effect on the first order of inherent frequency. This is anatomize to

the theoretical analysis.
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Conclusions

Through the calculation and analysis above, we can get that, the system inherent frequency of
elliptical flexible hinge parallel orientation mechanism was biggest influenced by the minimum
thickness ¢, second of long half axis a, third of short half axis b, and no effect from the thickness of the
mechanism w. In practical application, the rule in this paper has a guiding significance in the design
or select of elliptical flexure hinge.

235



References
[1] Howell L. L. Compliant Mechanism. New Y ork: McGrawHill, 2001

[2] Kota S, Jinyong Joo, Li Zhe, Steven M. Rodgers, Jeff Niegowski. Design of Compliant
Mechanisms: Applications to MEMS. Analog Integrated Circuits and Signal Processing, 2001, 29:
7~15

[3] Midha A, Norton T. W, Howell L. L. On the Nomenclature, Classification, and Abstractions of
Compliant Mechanisms.ASME Journal of Mechanical Design, 1994, Vol. 116(1): 270~279

[4] Hetrick J. A. An Energy Efficiency Approach for Unified Topological and Dimensional
Synthesis of Compliant Mechanisms.Michigan: University of Michigan, 1999

[5] Smith S. T, Badam I. V. G, Dale J. S. Elliptical flexure hinges[J]. Review of Scientific
Instruments, 1997, 68(3):1474~1483

236




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




