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ABSTRACT: The paper deals with some questions regarding worRpiece clamping in fixtures from the point of
view of production inaccuracies. These inaccuracies consist of deviation of medium economical accuracy,
deviation of seating and deviation of the fixture. The final achievable workpiece accuracy depends on the
components of the mentioned deviations. The paper describes influence of the support point choice on
deviation extend of the surface machined. Way tor workpiece seating deviation calculation is given in the

aper when the workpiece seats on various supporting points.

BYWORDS: seating deviation, non-identity deviation, clamping deviation, basic positioning surface, basic
dimensional surface, supporting element

«+ INTRODUCTION

We usually meet great amount of products different in shape and in their dimensions within
engineering production praxis. The requirements on workpiece accuracy, and such way also on
workpiece seating are permanently higher. For that reason it is important to appreciate suitability of
the clamping equipment design for each actual case. Among various factors influencing the final
achievable accuracy of the surface machined belong primary inaccuracies brought into production
process.

*

% DEVIATIONS INFLUENCE ON DIMENSIONAL ACCURACY OF THE SURFACE MACHINED

Various requirements concerning accuracy of the individual surfaces machined are set by
designer for components production. Possibility to achieve the required dimensional accuracy for the
concrete component depends on more factors. The important factor having influence on accuracy of
the surface machined is way of workpiece positioning and its clamping in fixture. Another factor is the
accuracy of fixture positioning within machine tool. The accuracy of the final dimension also depends
on values of cutting parameters chosen for machining, on stiffness of the entire system and on
accuracy of mutual position between tool and workpiece. The said factors generate great amount of
deviations, which can be divided into following three deviation groups:

O deviation of medium economical accuracy s,
O seating deviation ¢,
O fixture device deviation ¢,

The required dimension accuracy v given by dimension tolerance T, prescribed in drawing is
stipulated by the formula:

T =z [ed+s? te, (1)

Value of the deviation of medium economical accuracy s is usually obtained by practical
experiences and is elaborated for individual technological machining techniques of various surfaces.
Requirement for economical production is considered within this deviation, because to close tolerances
can cause inadequately high production costs connected with surface machined and to cause increase
of the final product price.

So as to find out the deviation of the fixture device ¢, for the concrete workpiece it is to find out
the individual components which are part of the total deviation. The deviation of the fixture device
consists of sum of the clamping deviation &,,, the deviation of fixture positioning within machine tool
£p0, the deviation of tool adjustment &,, and of the dividing device deviation &,4. So value of the fixture
device deviation can be calculated as:

€p =y +€p0 +€pn +€pd (2)
The seating deviation is to be taken as:
g=¢, e, 3)
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where: & - means the deviation (value) by which the produced dimension is modified as influence of
workpiece seating through support surface, €, - means the non-identity deviation of the basic
positioning surface against basic dimensional surface, when it is to be taken as:

8n= Zl Tzi COSﬁi (4)

where: T,; - means tolerance of the distance between positioning and basic dimensional surface;
cosB; - means angle between perpendicular line of the positioning surface and perpendicular line of the
surface machined.

+«+  SUPPORTING ELEMENT INFLUENCE ON DEVIATION OF THE DIMENSION PRODUCED

An important decision step is choice of the clamping and positioning surfaces of the workpiece.
In the end, this step influences achievement of the required dimensional accuracy of the surface
machined. It is to take into consideration the basic dimensional surface, i.e. the surface from which
the distance required machined surface is given on the drawing, when making decision, which surface
should be taken as positioning surface. The most common cases of workpiece seating in the fixture are
when the positioning workpiece surface is:

O plane,
O external cylindrical surface,
O cylindrical opening.

When a prismatic component is positioned on two parallel stepped planes (Fig. 1), the deviation
of supporting elements &, occurs because of allowed workpiece inaccuracies an because of shape of
fixture supporting elements. The component of the deviation &, into direction of the dimension
produced is &;. In this case means:

b ¢,=L, tang, 5
— 4 &7 (5)
e —— at When positioning is made through

\
| ‘ cylindrical opening, the line contact

) g between supporting elements and
\ : = workpiece comes into existence. Value
Loy — < - of the deviation &;is given as:

sszse=A+Td+Td, (6)

When a cylindrical surface is
positioned in a prismatic support, the
supporting contact is made through two
straight lines. The value of the deviation

& depends on the dimensional basis. The
said basis can be axis of the positioning
surface or creating line of the rotary
profile (Fig.2). For the first mentioned

case means:
T,cos
£, = d—J (7)
2sin—
; 2
d-Tg The influence of the maximal
Fig. 2 Cylindrical surface in a prismatic support deviation of machined surface distance on

the surface angle of inclination and on choice of the basic dimensional surface is shown on workpiece
positioned in prism. The results are summarised in the table 1.
Table 1

Positioning deviation €., for ©40h8 and prism angel a=90° [mm]
Inclination angle of the Basic dimensional surface — . =
surface machined More distanced creating line Axis of the positioning li$15e (1? tahnece os%{ie(?ni]gg
Y of the positioning surface surface surfgce £
0° 0,008077 0,027577 0,047077
15° 0,007137 0,026637 0,046137
30° 0,004382 0,023882 0,043382
45° 0,000000 0,019500 0,039000
60° 0,005711 0,013788 0,033288

+ CONCLUSION

The proper design and construction of some clamping or fixing devices is not so simple task. Such
equipment should meet many various requirements, which can influence its proper function and
utilization. That is why it is to take into consideration and to analyze which requirements are the most
important ones and in this connection decide which deviations should be mineralized primary.

68 Tome IX (Year 2011). Fascicule Extra. ISSN 1584 — 2673



ANNALS OF FACULTY ENGINEERING HUNEDOARA - International Journal Of Engineering

< ACKNOWLEDGMENT

OPVaV-2008/2.2/01-SORO — 26220220055 — Laboratory of flexible manufacturing systems with robotized
manipulation supported by no drawing production

1 3 " 1
This article was created with the support of the A
OF Research and development for the project I T B
Laboratory of flexible manufacturing systems with robotized ~ _ l"lll |t | - Support_reg:aarcpaafchvmes
manipulation supported by no drawing production g r—— e
ITMS 26220220055, L VYSKUM aVyVo) s ?I:’J]e is Co- |nané::d1g
co-financing from the resources of European Regional Development B 2 , 0m resources Eurépska tni

3 . urops unia
AL - turapsic -u-u-Fu' P —

«+ REFERENCES

[1]  CHARBULOVA, MARCELA - MUDRIKOVA, ANDREA - DANISOVA, NINA: Fixture devices for production systems. - Vega ¢.
1/0163/10. In: AMO Conference. - ISSN 1313-4264. - 10. International conference, 27 - 29 June 2010 AMO 10, 27
June - 01 July 2010 CEEPUS (2010), s. 1-6

[2.]  CHARBULOVA, MARCELA - MUDRIKOVA, ANDREA: Clamping Devices for Intelligent Production Systems. In: AMO
Conference. - ISSN 1313-4264. - Vol. 3. 9. International Conference Advanced Materials and Operations : Scientific
Reports. Project CII-BG-0203-02-0809 CEEPES. Bulgaria, Kranevo 24-28 June 2009. - Sofia : Technical University of
Sofia, 2009, s. 597-601

[3.]  CHARBULOVA, MARCELA: Modular clamping systems. In: Annals of Faculty of Engineering Hunedoara - Journal of
Engineering. - ISSN 1584-2673. - Tom V, Fasc 3 (2007), s. 49-54

[4]  KOSTAL, PETER - VELISEK, KAROL - ZVOLENSKY, RADOVAN: Intelligent Clamping Fixture in General. In: Lecture Notes in
Computer Science. - ISSN 0302-9743. - Vol. 5315 : Intelligent Robotics and Applications. First International
Conference, ICIRA 2008, Wuhan, China, October 15-17, 2008. Part II (2008). - ISBN 978-3-540-88516-0, s. 459-465

[5]  KOSTAL, PETER - VELISEK, KAROL: Flexible manufacturing cell’s clamping fixture. In: Proceedings of the 9th Biennial
ASME Conference on Engineering Systems Design and Analysis (ESDA2008) : Haifa, Israel, 7.-9.7.2008. - : ASME,
2008. - ISBN 0-7918-3827-7. - CD Rom

[6.]  MATUSOVA, MIRIAM - HRUSKOVA, ERIKA: Element selection algorithm of modular fixture system. In: Annals of Faculty
of Engineering Hunedoara - Journal of Engineering. - ISSN 1584-2673. - Tom V, Fasc 3 (2007), s. 36-40

[7.] MATUSOVA, MIRIAM - JAVOROVA, ANGELA: Modular clamping fixtures design for unrotary workpieces. In: Annals of
Faculty of Engineering Hunedoara - Journal of Engineering. - ISSN 1584-2673. - Tom VI, Fasc 3 (2008), s. 128-130

[8]  MUDRIKOVA, ANDREA - HRUSKOVA, ERIKA - HORVATH, STEFAN: Areas in flexible manufacturing-assembly cell. - ¢lanok
vysiel v Casopise: Annals of Faculty of Engineering Hunedoara - Journal of Engineering, ISSN 1584-2673, Tome VI,
Fascicule 3, 2008, str. 123-127. In: Scientific Bulletin. - ISSN 1224-3264. - Vol. XXII (2008), s. 293-298

[9]  MuDRIKOVA, ANDREA - VELISEK, KAROL - KOSTAL, PETER: Clamping fixtures used for intelligent assembly systems. In:
ISCCC 2009 : Proceedings of the 2009 International Symposium on Computing, Communication and Control,
October 9-11, 2009, Singapore. - Singapore : International Association of Computer Science and Information
Technology Press, 2009. - ISBN 978-9-8108-3815-7. - S. 9-15

[10.] ORAVCOVA, JARMILA - KOSTAL, PETER - RIECICIAROVA, EVA: Active parts of clamping devices. In: Annals of The Faculty of
Engineering Hunedoara. - ISSN 1584-2665. - Tom VIII, Fas. 1 (2010), s. 235-236

[11.] VELISEK, KAROL - KOSTAL, PETER - ZVOLENSKY, RADOVAN: Clamping Fixtures for Intelligent Cell Manufacturing. In:
Lecture Notes in Computer Science. - ISSN 0302-9743. - Vol. 5315 : Intelligent Robotics and Applications. First
International Conference, ICIRA 2008, Wuhan, China, October 15-17, 2008. Part II (2008). - ISBN 978-3-540-88516-
0, 5. 966-972

E 000D mmmE
IR OO0 sEmE

_ ANNALS |28

oQ E'Fﬂ.clllty aE

ngineering

BE
||
eE

ag Hunedoara ag
se [J601E] |an
—mm
lllll LoD oEm®
Use OO0 @m@mc

ANNALS OF FACULTY ENGINEERING HUNEDOARA
— INTERNATIONAL JOURNAL OF ENGINEERING
copyright © University Politehnica Timisoara,
Faculty of Engineering Hunedoara,

5, Revolutiei, 331128, Hunedoara,
ROMANIA
http://annals.fih.upt.ro

© copyright FACULTY of ENGINEERING - HUNEDOARA, ROMANIA 69




<<
  /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


