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Abstract. In order to optimize the dynamic performance of a 2-DoF planar parallel mechanism used
in hybrid machines, comprehensive acceleration ellipsoid (CAE) method is introduced. Considering
the inertia, velocity, gravity and external force factors, CAE method can evaluate the dynamic
performance more exactly. Based on the dynamic analysis, the optimization based GA method is
analyzed. From the simulation, it is proved that the dynamic optimization based on CAE method
improves the dynamic performance well.

1 Introduction

These years, the parallel mechanism with less than 6-DoF has been researched more widely [1][2].
The 2-DoF planar parallel mechanism and 3-DoF spatial parallel mechanism have been considered as
the easiest ways to achieve Multi-DoF hybrid machine tools. When being used in a heavy duty
high-speed hybrid machine tool, the dynamic performance of the parallel mechanisms must be
analyzed and optimized. A number of studies are addressed the analysis of the dynamic performance,
such as the generalized inertia ellipsoid (GIE) method [3], the dynamic manipulability ellipsoid
(DME) method [4], the acceleration line (AL) method [5] , the manipulating force ellipsoid (MFE)
method [6], the comprehensive acceleration ellipsoid (CAE) method [7] and so on.

To improve the dynamic performance of a 2-DoF planar parallel mechanism, which is used in a
heavy duty hybrid machine tool, the dynamic performance optimization based on CAE is investigated.
The CAE method considering the effect of the inertia, speed, gravity and external force factors, can
analyze the dynamic performance evaluation of the mechanism more accurately. Based on the CAE
method, the dexterous acceleration index (DAI) and comprehensive acceleration dexterity index
(CAD), give more comprehensive description of the dynamic performance. The global dexterous
acceleration (GDA) and global comprehensive acceleration dexterity (GCAD) can be used in the
dynamic performance optimization of the mechanism.

2 Kinematic analysis and dynamic analysis

The 2-PRR parallel mechanism consists of a base platform, two legs and a moving platform. By
move the active prismatic joints, the moving platform will have two degrees of translational freedom.
As shown in Fig. 1, a base coordinate frame which is denoted as O-XY frame is fixed at the centre of the
base platform, a moving coordinate frame N-xy is located at the centre of the moving platform.

g; (i=1, 2) is the Y coordinate of point 4; on the slider, so the movement input vector is

T
q= [‘11 ‘12] (D
The position vector of point N and A4; can be written as

, T
p=lx » and 4 =|(-1)'4, 4| G=1.2) @)

According to the geometrical relationship of the parallel mechanism, there are
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Figure 1. The kinematic model of the 2-PRR parallel mechanism
The inverse kinematics equations of the mechanism can be written as

g = v+ —=(x+1,) and g, = y++/I* —(x-1,)’ (4)

Then taking the derivative of Eq. (3), there are
B =%/(lcos ) and ¢, = y+1f sin j3 (5)
From Eq. (5), it can be get thatg, = J, [x j/]T , where J, = [—tanﬁl. 1] .

Then the relationship between the output and the input velocity vector can be written as

p=Jq where J=[JT JI| (6)
The velocity vectors of the key points of the parallel mechanism can be written as
p=[x y]'. v,=[0 1]'g and v, =[0 -1]'4, (7)
Then taking the derivative of Eq. (5), there are
B =(¥lcos® B +x*sin B.)/(I* cos’ B,) and §, = y— Blsin S, — 5’1 cos f3, (8)
Then the acceleration vectors of the key points of the parallel mechanism can be written as
. .. ..qT T .. T ..
p=[%¥ ¥].,a,=[0 1] g and a, =[0 -1] g, 9)
The sum of the virtual work done by all forces and torques should be zero. Therefore
2 3 Fl ) F
Jre X[ H) GH[M" }[va GH{MN}O (10)
i=1 j=1 ij N

where, Hj; is the partial angular velocity matrix and Gy is the partial velocity matrix of the slider, leg,
weight, or moving platform. And where:

Flzmst_(aAi—g) and M, =0;

1

.. | cos f. .| sin 3 .. .
F,=m_ [aA,. +1.p, Linﬁ}_lﬁ‘; [—cosﬂlﬂ] —gj and M, =-f1,—-m|, [cosﬂi Smﬁi](% -2);

Fy=my (“G,. —g) and M, =0;
F, :mM(ﬁ—g)—Fe and M, =0.
So the inverse dynamic equation of the parallel mechanism can be written as:

r=—JT(ii[H; GJT][AI;’}{H; G;]LZD (11)

i=l j=1 ij

Based on the factors separation, Eq. (11) can also be written as:

t=M(p)p+C(p,p)+G(p)+F(p) (12)
From Eq. (12), the acceleration performance function (APF) of the parallel mechanism can be get
B=M"t+p,+p,+ P, (13)
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3 Dynamic performance optimization based on CAE

Taking into account the measure of the dynamic performance, the minimum acceleration is an
important performance, so the DAI is given based on the CAE method to evaluate the dynamic
performance. In order to compare the acceleration performance of different parallel mechanisms, the
index of the whole workspace of the mechanism is given too, named GDA. They are defined as

D dw
| and 7, :J-W—a

min | J.W W

A dexterity index named CAD, which is similar to LCI and DCI, is the ratio between the minimum
radius and the maximal radius of the CAE ellipsoid. It can measure the isotropy of the dynamic
performance of parallel mechanisms. Similarly, in order to compare the isotropy of the dynamic
performance of different parallel mechanisms in the whole workspace, a global evaluation index is
proposed based on the CAD, named GCAD. They are defined as follows

aw
K ——”amm and 77, =—J‘WKQ

" a

D, =|a (14)

(15)

max

deW

Genetic algorithm (GA) method can solve the optimization problem of complex multivariable
systems. Here the GDA index and the GCAD index are considered together. In order to get the global
optimum of dynamic performance in whole workspace, the fitness function is defined as

GDA GCAD
J = + (16)
GDA GCAD,,
where GDA;i and GCAD,,; are the original value before the optimization.

In Tab. 1, the geometrical and inertial parameters of the 2-DoF parallel mechanism are given.
Then the original distribution of the DAI and CAD get by simulation is shown in Fig. 2 and Fig. 3.
And the original value of the GDA and the GCAD are 6.7795 m/s*and 0.5213.

Table 1. The geometrical and inertial parameters of the 2-DoF parallel mechanism

ori

Parameter Comment Original Value Optimized Value
/ The length of the link 1.350m 1.398m
L The position parameter of the sliders 1.100m 1.062m
mg, The mass of Slider i 25.000Kg 22.047Kg
m, The mass of Link i 12.000Kg 11.2678Kg
My The mass of the moving platform 25.000Kg 24311Kg

*The mass of the weight m,, can be defined by other three masses.

Yaxis /m Xaxis /m 0

Yaxis /m Xaxis /m

Figure 2. The original distribution of the DAI Figure 3. The original distribution of the CAD
After the GA optimization (Fig. 4), the optimized values of the geometrical and inertial parameters
of the mechanism are shown in Tab. 1. And the dynamic performance of the parallel mechanism of
the mechanism improves in evidence, as shown in Fig. 5 and Fig. 6. The optimized value of the GDA

is 8.6097 m/s’, the optimized value of the GCAD is 0.5759.
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Figure 4. GA optimization based CAE method
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Figure 5. The optimized distribution of the DAI ~ Figure 6. The optimized distribution of the CAD

4 Conclusions

By using the virtual work principle method, the inverse dynamic equation and the APF of the
2-DoF parallel manipulator is derived. Furthermore, the dynamic performance optimization based on
CAE method is given. The GDA index and the GCAD index are chose as the evaluation indices.
From the numerical simulation, it is proved that the GA-based dynamic optimization considering
CAE method can improve the dynamic performance of the parallel manipulator well.

Acknowledgment

This work is supported by the National Nature Science Foundation of China (Grant No. 51405509),
all support is gratefully acknowledged.

References

[1] G. Pritschow. 2000. Parallel kinematic machines (PKM) limitations and new solution. CIRP
annals-manufacturing technology, vol. 49(1): 275-280.

[2] Hao Q, Wang L. P, Guan L. W. and Liu Xin-Jun. 2009. Dynamic Analysis of a Novel 3-PSP
3-DoF Parallel Mechanism. Proceedings of the ASME/IFToMM International Conference on
Reconfigurable Mechanisms and Robots, London: 309- 314.

[3] Asada H. 1984. Dynamic analysis and design of robot mechanisms using inertia ellipsoids.
Proceedings of IEEE international conference on robotics and automation, 1984: 94-102.

[4] Yoshikawa T. 1985. Dynamic manipulability of robot mechanisms. Journal of robotic systems.
2(1): 113-124.

[5] Shiller Z, Sundar S. 1991. Design of robotic mechanisms for optimal dynamic performance.
Proceedings of the 1991 IEEE international conference on robotics and automation: 334-339.

[6] Koeppe R, Yoshikawa T. 1997. Dynamic manipulability analysis of compliant motion. Intelligent
robots and systems, proceedings of IEEE/RSJ international conference on IROS: 1472-1478.

[7] Hao Q, Guan L. W. and Wang J. X. 2012. Dynamic performance evaluation of a 2-DoF planar
parallel mechanism. International journal of advanced robotic systems, Vol. 9, No. 250.

60




<<
  /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




