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Abstract

The paper presents a method that permits the calculus of the generalized coordinates of the Mitsubishi
RV-24J robot mechanism for an imposed position of the tool frame when an optimization criterion is
adopted. The optimization criterion imposes that the angular displacements of the motor axes for
achieving an imposed position of the tool frame of the robot mechanism are minimal compared to a start
configuration. The equations system that is obtained by applying the optimization criterion is numerically
solved. Finally, some simulation results are presented.
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Introduction

In different industrial operations the robots may have more degrees of freedom than are
necessary to accomplish the task, so they are redundant in relation to the task to be performed
and there are an infinite number of solutions for the inverse geometric model [1] of these robot
mechanisms. Sometimes in these cases certain performance criteria [2] (minimum energy
consumption or minimal displacements of the motor axes, the fulfillment of some conditions for
avoiding obstacles or singular configurations of the robot mechanism) are considered.

In this paper a method that allows the calculus of the generalized coordinates of the Mitsubishi
RV-2AJ robot mechanism for an imposed position of the tool frame when an optimization
criterion is adopted is presented. The optimization criterion imposes that the angular
displacements of the motor axes for achieving an imposed position of the tool frame of the robot
mechanism are minimal compared to a start configuration (fig.1).

Theoretical Considerations and Verification Results

In Figure 1, the cinematic scheme of the mechanism of the Mitsubishi RV-2AJ robot system is
presented. The systems of coordinates (O,x,y,z,),i = 0,5, have been attached to each component

module i, i = 0_,5, using the Khalil-Kleinfinger method [1].
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Fig. 1. Mitsubishi Melfa RV-2AJ robot mechanism

The values corresponding to the Khalil-Kleinfinger parameters are given in table 1.

Table 1. The values of the Khalil-Kleinfinger parameters

i Q; d; 6; T
1 0 0 q, 0
2 -90° 0 4> 0
3 0 b q; 0
4 0 c 44 0
5 -90° 0 qs 0

The homogeneous matrix corresponding to the relative position and orientation of two
consecutive modules i and i+1 has the following general form [1]:

cosf,,, —sin®,, 0 d,.,
i (i) . . .
i _{ R 0i0i+1:| _|cosa,,,-sinB,,, cosa,, -cosb,,, -—sina,, -—r, -sina,,, (1)
i+l . . .
0 1 sina,;,, -sin0,,, sina,, -cosb,,, cosa,,, 7, -cosd,,

0 0 0 1

where: 'R,,, is the rotation matrix corresponding to the relative orientation of the modules.



On an Optimal Choice of the Configurations for the Mechanism of the Mitsubishi RV-2AJ Robot 87

By applying the relation (1) and by taking into account the values of the Khalil-Kleinfinger

parameters in table 1, the following expressions for the homogeneous matrices 'T},,,i = 0,4, are
obtained:
cd —s1 0 O c2 —-s2 0 0 c3 -s3 0 b
0 s1 ¢ 0 0f 0 0 1 0|, s3 ¢3 00
0 0 10 -s2 —c2 0 0 0 0 10
0 0 01 0 0 0 1 0 0 01
c4 —-s4 0 c ¢S =55 00
; s4 ¢4 1 0, 0 0 10
T, = DT = (2)
0 0 00 -s5 —=¢5 0 0
0 0 1 0 0 01
where:
si=sing;, = —
{ Y 3)
ci =c0s¢,

The values of the geometric parameters: a, b, ¢ and d (fig.1) are: a=300mm; b =250mm;
c=160mm; d =72mm.

The position of the tool frame (fig. 1) relative to the system of coordinates (O,x,y,z,) can be

determined with the following relation:

(O)OOOT Z[(O)XOT (O)J’OT (O)ZOT ]TZOTS '(S)OSOT 4)

where:
T="T T, T T, T ®)
®0,0, =[00d 1] (©6)

The coordinates of the point O, relative to the system of coordinates (O,x,y,z,) depend only

on the generalized coordinates ¢,,i = 1,_4 (fig. 1). The position of the point O, is imposed and it

is considered an optimization criterion so that the displacements of the motor axes of the robot
system are minimal as against the start configuration of the robot (the configuration in figure 1).

The generalized coordinates g¢,,i=1,4, have the following values in the case of the
configuration in Figure 1: ¢, =0; ¢, =-90"; ¢, =90"; g, =—-90". The optimization criterion
imposes that the following function must take a minimum value:

1
F==la; +(q,+90)" + (g5 =90)" +(q, +90)’] M
The following function is introduced [2]:
L= F+1T '((O)O()OT _[xim yim Zim T) (8)

where: x,,,y,, and z,, are the imposed values of the coordinates of the point O, relative to

the fixed system of coordinates (O,x,),z,) and A = [kl A, M]T , where A,,i= 1,3, are three
unknown parameters (Lagrange’s parameters).
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So, it is necessary to find the values of the coordinates ¢,,i =1,_4, for which the function L is

(0)

minimum and the coordinates of the point O;: (O)xOT » Yo, and (O)ZOT , given by the relation

(4), take the imposed values: x,,,y,, and z,,, from the following system of equations that can

be then solved numerically:

0) —_0n O —_0 O _
xOT_xim_()’ yOT_yim_O’ Zo, = Zim =0

% %

q +%21 +_.ﬂ/2 + 2=
aq; 0q; aq;

A —0ioid ©)

The method has been transposed into a computer program. As a numerical example, by
considering: x;, =210mm; y, =170mm; z,, =100mm, the following values for the

coordinates q[,i=1,_4, have been obtained: ¢, =38.99°; ¢,=-70.75"; ¢q,=105.25";
q,=-8542".

Conclusions

The paper presents a method that allows the calculus of the generalized coordinates of the
Mitsubishi RV-2AJ robot mechanism for an imposed position of the tool frame when an
optimization criterion is adopted. The optimization criterion imposes that the angular
displacements of the motor axes for achieving an imposed position of the tool frame of the robot
mechanism are minimal compared to a start configuration. The method is very useful to be
applied for robotic operations, when the robot mechanism is redundant in relation to the task to
be performed.
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Asupra alegerii optime a configuratiilor mecanismului
robotului Mitsubishi RV-2AJ

Rezumat

Articolul prezintd o metoda care permite calculul coordonatelor generalizate ale mecanismului robotului
Mitsubishi RV-2AJ pentru o pozitie impusa a reperului sculei atunci cand se adopta un criteriu de
optimizare. Criteriul de optimizare impune ca deplasarile axelor motoare pentru atingerea unei pozitii
impuse a reperului sculei sa fie minime in raport cu o configuratie de start. Sistemul de ecuatii care se
obtine prin aplicarea criteriului de optimizare este rezolvat numeric. In final, sunt prezentate o serie de
rezultate ale simularilor.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


