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ANALYSIS OF POSITIONING ACCURACY OF THE EFFECTOR
OF A TRIPLANAR MANIPULATOR

SUMMARY

This paper presents an analysis of positioning of the effector of a spatial parallel manipulator of the triplanar
type. Computer simulation software for examining positioning accuracy and the simulation results have been de-
scribed herein. The paper also contains verification of the examination through stand measurements of a manipu-
lator of a selected configuration.
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ANALIZA DOKEADNOSCI POZYCJONOWANIA EFEKTORA MANIPULATORA TYPU TRIPLANAR

Artykul prezentuje analize dokladnosci pozycjonowania efektora manipulatora przestrzennego typu triplanar. Omo-
wione zostalo oprogramowanie przygotowane do wyznaczania dokladnosci pozycjonowania. W artykule zamiesz-
czono rowniez weryfikacje przeprowadzonych badan na laboratoryjnym stanowisku pomiarowym z wybrang konfi-
guracjq manipulatora.

Stowa kluczowe: wzgledna plaszczyzna odniesienia, manipulator rownolegly, doladnos¢ pozycjonowania

1. EXAMINATION OBJECT AND DEFINITION position changes on the bearing position change depending
OF EFFECTOR POSITIONING ACCURACY on the location in the working space. The accuracy of the

drive bearing position changes is a function of the minimum

Accuracy is a measure of the manipulator’s ability to attain  effector position change and the manipulator’s geometrical
a programmed position of the working unit. It is the diffe-

rence between the programmed and actual position of the
effector. The examination object was a parallel spatial ma-
nipulator of the triplanar type (Fig. 1). It is a mechanism
with one passive unit having 6 degrees of freedom. The tree
arms connecting the passive unit (effector) with the mobile
drive bearing form — along with — the effector —a V category
rotary pair V (D, E, F) and a III category spherical pair (A, B, Ax, = 8x_A Axp + Ayp +—A Azp, +

C). Each bearing moves over a stationary base in two per- oxp Yp dzp

pendicular axes forming a IV category planar kinematic pair. 3 3 3 @

The analysis of positioning accuracy of the drive bear- +& Axy +ﬂ Ayy +ﬂ Azy
ings comes down to determining the effect of the effector oxy WN ozy

parameters.

The value of position errors in X-axis and Y-axis deter-
mined by means of partial differentiation for A bearing re-
sults from equations (1) and (2), according to Figure 1 de-
notations.
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Rys. 1. Triplanar type manipulator
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where:
X4, Y4 — coordinates of drive bearing (point A) on
a plane,
Xp, Yp, Zp — coordinates of the connecting point of the

effector with the kinematic arm (point D),
Xy, Yy» 2y — coordinates of the effector vertex (point N).

If the required error values limits of the effector points
are known, the bearing position error can be determined and
so can the accuracy with which it has to be positioned for
a particular manipulator configuration.

2. TRIPALNAR ACCURACY SOFTWARE
FOR POSITION ACCURACY DETERMINING

The accuracy with which the bearing supports should be
positioned depends on the manipulator’s geometrical
parameters, the assigned linear accuracy and the effector’s
orientation angular accuracy. With the assumed effector’s
position accuracy the error of the bearing positioning will
be different in various manipulator configurations and va-
rious places of the working space. To examine the bearings
positioning maximum error limit the author of this paper
has developed Tripalanar Accuracy Software. The software
makes it possible to examine both the positioning error for
any given configuration parameter and the effect of the pre-
cision with which the manipulator’s elements were made on
the effector’s accuracy performance.

The principal assumptions and tasks of the software:

— ability to examine the error limit of the drive bearing posi-
tioning for any given configurations of the manipulator,

— ability to examine the error for the whole range of any
given parameter and for any given change of the exami-
ned parameter,

— arbitrary defining of the required effector’s positioning
in space,

— ability to independently define the required linear accu-
racy (position) and the angular accuracy (orientation)
of the effector,

— arbitrary defining of the manipulator’s geometrical di-
mensions,

— ability to examine the effect of the precision with which
the effector and the unit connecting the effector with the
mechatronic bases were made,

— presenting the error maximum and minimum values
along with presenting a parameter value at which the
extrema are reached,

— ability to export the calculated data to a text file.

According to the developed algorithm the software cal-
culates the bearing positioning error limit for the whole
range of the examined parameter (an arbitrarily selected
one). For each of its values two bearing positions for extre-
mal values of the effector’s permissible positioning accura-

cy and orientation in space are calculated. The effector’s
linear position accuracy and its angular orientation accura-
cy can be presented independently. Supports position calcu-
lating is done by solving a converse problem of the manipu-
lator’s kinematics. The next step involves calculating the
differences between the calculated values of the bearings
positions, the value of the examined parameter being the
same. Of the results obtained for the tree bearings, in
two axes each, the minimum value is selected. The value is
assumed to be the maximum error limit with which each
bearing can be positioned lest the assumed minimum accu-
racy of the effector’s position should be exceeded. The
examinations are done for the effector position described
in the global co-ordinate system by the position vector of
(0, 0, H) co-ordinates, where H is the distance of the effec-
tor’s center from the base. The positions relative to X and
Y — axes of the global system do not affect the calculations
result, therefore zero values were assigned to them.The
effector’s orientation is described by means of inclination
angles relative to axis OX — o and relative to axis OY — f3.
The angle of rotation relative to axis OZ — 6 — assumed zero.
After doing calculations for the whole change range of the
examined parameter, the software draws a graph and gives
its maximum and minimum values along with their lo-
cation. The presented above software has been used to
examine the required positioning accuracy of the bearings
supports of the triplanar type manipulator with various
assumed accuracies of the effector in space.

3. EXAMINATIONS
OF THE EFFECTOR POSITIONING ACCURACY

The examinations of drive bearings positioning accuracy
have been done for an equilateral angle effector of 0.1 [mm]
— the assumed required value of the linear accuracy of the
effector position and 0.1 [°] — the angular accuracy of
the effector orientation. The effect of the effector centre
working point height — H, the effector side size — m and the
length of the kinematic arm connecting the effector with the
bases — k and the inclination angles relative to the global
system of axes — o i B on the bearings positioning error limit
have been investigated. The examinations have been done
for the whole range of the manipulator’s working space.

3.1. Value of bearings positioning error limit
for particular Sy spaces

Examinations of angle o and angle B changes correspond-
ing to working space Sy, 0 = f (0, ) have been done for
value H = 20, 40, 80 and 100 [mm)].

After examining the working spaces in terms of the value
of the effector positioning error limit, the following conclu-
sions have been reached:

— The value of error limit for 90% of area of a given Sy
space does not exceed 50% of the assumed value of the
effector position and orientation. It means that the drive
bearings positioning accuracy of should be no more
than twice as big as the assumed accuracy of the effec-
tor position and orientation. Assuming that the effector
position accuracy should be 0.1 [mm], the bearings po-
sitioning accuracy should be 0.05 [mm].
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— The value of the bearings positioning error limit incre-
ases from 2 to 4 times on the edges of the effector’s
working space. When the effector comes near to the
limit values of the angular inclination, the accuracy
with which the bearings should be positioned de-
creases. The study shows that the required accuracy of
the bearings position should be the same or no more
than twice as small as the required accuracy of the
effector position.The bearings positioning precision,
when the effector is on the edge of a working space, can
even be twice as small as when the effector is within
a working space.

— The area of the error drafted graph strictly corresponds
to the area of the working zone for a given configura-
tion of the manipulator.

The above described situations are shown in the graphs
of error limits (Fig. 2).

The demonstrated properties of the positioning error li-
mit do not depend on the manipulator geometrical parame-
ters. The graphs are similar for various sizes of the effector
(m — dimension) regardless of the length of the unit connect-
ing the effector with a bearing (k — dimension). The changes
of the m/k ratio have been found insensitive to the changes
of the positioning error limit.

It is noticeable that the error value increases in the border
area of the working space. The precision of bearing posi-
tioning can be smaller for the height H approaching the
maximum (when H—k).

3.2. The effect of the effector size
and the height of the working point
on the value of positioning error limit

As a result of the examinations of the error limit in the m
parameter function (effector side length) for the whole
range of the working point (H parameter) a uniform course
of positioning error changes have been noted. It is notice-
able that the positioning error value for a given H height
maintains a constant value for the whole range of m para-
meter changes.

The error limit value is bigger for manipulators of longer
units connecting the effector with the manipulator (k para-
meter). The conclusion can be drawn that the bigger the
height of the kinematic arm is, the easier the effector posi-
tioning in space is. The graphs in Figure 3 show the de-
scribed error dependence in the function of m and H para-

meters (0 = f (m, H)).
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Fig. 3. Value of positioning error limit in the whole range of m and H parameters changes
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Fig. 4. Value of bearing positioning error limit depending on k length in the whole range of H height changes
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Fig. 5. Results of drive bearing positioning error limit determined by means of a) computer simulation;
b) stand measurements and c) their differences for the examined height of the working point A = 100 [mm]
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3.3. The effect of the kinematic arm length
and the working point height
on the error limit value

The graphs in Figure 4 show the values of the manipulator
drive bearing positioning error limit depending on the
length of the unit connecting the effector with a support
(k parameter) in the whole range of the effector work-
ing point height changes (H parameter) (& = f (k, H). They
also present the examination results for a manipulator of
two different effector side lengths (for m =30 [mm] and
m = 100 [mm]).

The graphs show that as the height of the effector opera-
tions increases, the value of bearing positioning error in-
creases, too. The effect is even more noticeable when the
measurement point approaches the border of the working
space.

The above accuracy examinations allow forming the
conclusion that the precision of the manipulator bearings
positioning is relatively uniform and must be twice as big as
the assumed required accuracy of the effector position de-
scription in space when the effector operates within the
working space. When it approaches the working space bor-
der, the change of the bearings position has a smaller and
smaller influence on the effector position. Manipulating
can be less precise on the edges of the working space and
yet the effector will be placed within the required positional
tolerance.

4. COMPARISON OF SIMULATION
WITH STAND MEASUREMENTS
OF BEARING POSITIONING ACCURACY

Figure 5 shows graphs of differences in accuracy error mea-
surements for the particular effector centre heights obtained
as a result of computer simulation and stand examinations
of positioning accuracy for a selected manipulator configu-
ration.

The difference in the error value is bigger in the centre
area of the working space and smaller on its edges. It results
from the fact that the defects in manipulator structural ele-
ments engineering and the clearance in the kinematic pairs
on the edges neutralize each other when the elements take

their edge /border positions. The difference is bigger inside
the space where the clearances do not only neutralize each
other but also add up.

The stand measurements have confirmed that the biggest
error limit is within the borders of the working space and in
the upper range of the effector working point height and it
becomes smaller as the effector working point height di-
minishes when it approaches the inside of the working
space Sy.

5. SUMMARY

Error limit determined by means of stand measurements has
always been bigger than the one calculated by means of
computer simulation. It means that if the simulation calcu-
lated minimum error limit is observed while manipulator’s
operating, it is certain that the effector will always fit in with
the assigned area of positional tolerance in real operations.

The analysis of the obtained results has made it possible
to develop working spaces of the manipulator in which the
value of positioning error is approaching the assumed
one. Further the spaces have allowed optimalizing the algo-
rithms of mechatronic bearing steering on a plane. The re-
search into the effect of manipulator elements positioning
accuracy allows developing optimal guidelines for con-
structing the triplanar type manipulators designed to oper-
ate in a complicated working space.

References

Kuzmierowski T., Control system of the mechatronics aerostatic planar
drive. 6th International Carpathian control Conference: ICCC’2005:
Proceedings, University of Miskolc, IEEE IAS, VSB-Technical Uni-
versity of Ostrava, AGH-University of Science and Technology,
Technical University of Kosice, Miskolc-Lillafiired 2005, pp. 293—
298.

Kuzmierowski T., Karpowicz $., Siemieniako F., Warunki bezkolizyjnej
pracy podpor manipulatora przestrzennego rownoleglego. XIX Kon-
ferencja Naukowo-Dydaktyczna Teorii Maszyn i Mechanizmoéw, Zie-
lona Gora 18-19.09.2006, pp. 179-184.

Kuzmierowski T., Siemieniako F. 2001, Wspomagane komputerowo wy-
znaczanie parametrow ruchu efektora manipulatora. Rozprawa
Naukowa Politechnika Biatostocka, Biatystok.

Kuzmierowski T., Siemieniako F., Generation the trajectories of effector
parallel mechanisms 3d. ICCC’2008: Proceedings, Sinaia, Romania,
May 25-28, 2008.





<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


