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ABSTRACT: This paper deals with a proposal of device for measurement of clamped joints. A computerized
model of clamped joint is proposed. In the experimental part shaft surface roughness is measured and
tinally, values of the friction torque depending on twisting moment are evaluated.
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¢ INTRODUCTION

One of the basic construction elements for construction production either in engineering or
building and construction industries are clamped joint claws. From the point of view of working life
and criteria on the clamped joint jaws, the main importance belongs to stating the correct clamping
power, as well as stating the correct friction torque in the joint. If there is a small clamping power on
this joint, it can cause an insufficient friction torque and subsequently damage the clamped joint and
thus damage the whole mechanism. On the contrary, high clamping power can cause a big deformation
either on the hub or clamped joint claws, which can lead to cracks in the claws or disabling the mutual
re-assembling and disassembling of the hub and claws [1].

«* BASIC REQUIREMENTS ON JOINTS

In appliances, there are two types of binding between components and knots - movable and non-
movable. The type of movable binding results from the required function and kinematics scheme. The
non-movable bindings ensure a constant position of components and knots. The non-movable bindings
are obtained by linking the components and knots.

The binding elements and methods are to ensure sufficient resistance and required constant
position of the components and knots. In precise mechanics, a higher number of binding methods is
used. Reasons:

O Power and deformation ratios,

O Requirements on simple assembly and disassembly,

O High requirements on precision,

O Simultaneous use of heterogeneous materials in one knot,
O Requirements on outward form [2].

«¢»  PROPOSAL OF 3D DEVICE FOR FRICTION JOINT MEASUREMENT

Fig. 1 shows the solution of proposed device. s 7 > 3 119 10 35 13 17 4 0
The device consists of following components: frame 1, 14" ooy [N [
to which bearing shell sliding surface 14 is screwed. R T T T TR e .
Holder 8 is welded to the frame and there are pegs 11 ' ok
screwed in it. Via screw 4, through collar 13,
dynamometer 5, peg holder and peg, the clamping
power is transferred on claws 3. Weight 12 slides
axially along lever 6. Shaft 2 is from both sides placed
in bearings 9, which are in shell 10. Screw 7 serves to
ensure the shaft position.

PROCEDURE OF THE MEASUREMENT

By the screw rotation, clamping of the shaft by
means of claws is generated. From the dynamometer,
the clamping power is acquired. By means of the  Figure 1. 3-D model of the proposed device
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weight, it slides axially in the direction from the shaft axis along the lever until the clamped joint is
broken. From the weight mass and the distance from the shaft, twisting moment of the clamped joint
breach is calculated. The friction torque is determined from the equations for transfer of the twisting
moment. The disadvantage of this device is measurement scope restriction by the lever length and
relatively complicated construction, which, however, eliminates former shortcomings.

EXPERIMENTAL DEVICE SET-UP

Device was proposed using normalized semi-finished product according to constructional
principles. The machinery passed through process of evaluation in accordance with safety needs. The
main unit for measurements was selected force strength on screw that was measured by dynamometry
and twisting moment of lever. Moment of friction can be calculated using the medium formula for
transmission torsion moment. Moment of friction has been calculated using the medium formula for
transmission torsion moment.

Firstly, 8 holes were drilled into the construction frame, into which coils M8x1.25 were cut. Into
these holes, sliding surfaces of bearing shells were screwed by means of screws with fixed head and
internal hexagon. The bearings were inserted into shells and ensured by snap rings 68.

The pegs were screwed into the peg holders either into the external holes for big claws or into
the internal holes for small claws. The holder with the sliding surface and collar were inserted into the
tubes with the internal diameter of on the construction frame.

The claws were put on
the pegs according to the
peg distribution. The shaft
was forced into the bearings
and subsequently ensured
against drop-out by snap
rings 40. The lever was
screwed by a screw with a
washer. Afterwards, a
locking element against lever
fall was screwed into the
frame. The weight was put
on the lever. The
dynamometer was screwed B
into the collar on the peg holder and on F
the opposite side of the dynamometer
the collar with bearing was screwed. The
frame was supplemented by screw M24 x
2, which presses on the dynamometer
collar and serves for generation of the
axial power. Finally, the whole
construction was fixed to the worktable.

Important  parts of locked
connection are displayed on Figs. 2-4. Figure 3. Jaws ® = 90 mm (left). Jaws ® = 60 mm (right)

The sample for the measurement
with shaft diameter ® = 40 mm and two types of jaws were used:

a. For uniform distribution of pressure around the hub of the jaw with an outer diameter ® = 90 mm,
b. For the cosine distribution of pressures around the hub of the jaw with an outer diameter ® = 60
mm.

Examples of manufactured components (Fig. 4) comprise: a) the sleeve bearing dynamometer b)
shaft, c) sleeve bearing with bearing d) pin e) weight; f) lever.

The sample for the measurement was a shaft with the diameter of ® = 40 mm and one type of
claws. For equal pressure distribution on the claw hub perimeter with external diameter of ® = 90 mm.

Figure 2. Complete clamped joint device (left). Dynamometer with
range 2 kN (right)
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Figure 4. The completed frame (left). Examples of manufactured companents (right)
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«»  METHODS OF MEASUREMENT

Measurements began by clamping the joint by power of 2 kN using a screw. On the lever, the
weight was set on 33 divisions, whereas every division corresponds to a different twisting moment and
afterwards the screw was slowly loosened until the clamped joint was broken. The breach occurs if the
lever moves. When the lever moves, we read the number of divisions from the dynamometer.

Gradually, the weight moves towards the rotation axis by two divisions up to 9 divisions.

Subsequently, the measurement was performed from 9 divisions to 33 divisions. After these
measurements, measurements of the surface roughness using Mitutoyo SJ 301 (Fig.5) were carried out
with consequent soft regrinding of claws by brush paper and repeated measurement.

SURFACE ROUGHNESS MEASUREMENT

Fig. 5c presents resulting surface of the finished part after roughness measurement. On this
surface is present one part with the more worn zone. Fig. 5d illustrates the record of measured

roughness of the shaft surface with diameter of 50 mm.
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MEASUREMENT OF UNIFORM PRESSURE DISTRIBUTION ON HUB PERIMETER

For this measurement, we used big claws of the clamped joint, which were put on the pegs and
subsequently tightened by the screw to 2 kN. The measured values of the clamped joint breach, as well
as the calculated clamping power are summarized in Table 1. Conversion of the number of
dynamometer divisions to power F was performed according to the equation (1)

F:2000/5521'ndivisions
The calculation of the friction torque for equal pressure distribution was performed according to

equation (2), where f ranges from 0.15 to 0.2.

roughness of sha%t

vz 1K

d

(b) an;i

(1)

, T
My =Fy.f'd=Fy..fd (1)
Table 1. Measurement on claws with external diameter of @ = 90 mm.
Lever division 33 31 29 27 25 19 17 15 13 11
Dynamometer division | 155 145 131 122 120 71 56 43 40 32
F [N] 561,5 525,3 474,6 441,9 434,7 257,2 202,9 155,8 144,9 115,9
Lever division 13 15 17 19 21 27 29 31 33
Dynamometer division | 55 55 78 80 81 101 105 109 110
F [N] 199,2 199,2 282,6 289,8 293,4 365,9 380,4 394,9 398,5
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Table 2. Calculated friction torques for claws of @ = 90 mm.

F [N] 561,5 525,3 474,6 441,9 434,7 257,2 202,9 155,8 144,9

Mr [N.m] | 5,2920 4,9508 4,4730 4,1648 4,0970 2,4241 1,9123 1,4684 1,3657

F [N] 289,8 199,2 282,6 289,8 293,4 365,9 380,4 394,9 398,5

My [N.m] ] 1,0923 1,8774 2,6634 2,7313 2,7652 3,4485 3,5852 3,7218 3,7558
6,00 1 Fig. 6 summarizes the friction torque
500 4 dependence on twisting moment, which results in
' the fact that the measurement on the device was
4,00 with minor errors during the first measurement,

when the weight was moved from the end of the
lever towards the axis of rotation. During the

Friction torque
w
()
o

2,00 4 measurement from the axis, a bigger dispersion
100 | arose.
0,00 F <+ CONCLUSIONS
N T S T 2 TP S-S AN S L.
KRR S R S SRR The calculated values of the friction torque
) o Tiwisting moment L dependency are distorted. They depend on many
Figure 6. Friction torque dependence on twisting factors, among which there are e.g.: precision of
moment clamped joint performing; surface roughness;

clamping power; conditions that can influence the measurement; number of measurements etc. This
causes the fact that when more measurements are carried out, the value of friction torque varies,
which causes the dispersion in measurements. Finally, for the purpose of application demands, it is
suitable to recommend modern hydraulic tightening machines to ensure higher precision and precise
digital torque wrenches for performing the clamped joint breach.

+ ACKNOWLEDGEMENT

This work was partially supported by Slovak grant agencies: VEGA, project No. 1/4156/07 and KEGA, No.
3/6279/08

+«+ REFERENCES

[1.] Medvecky, S.: Z&Rlady Ronstruovania. EDIS, Zilina, 1999 (in SlovaR).

[2.] Pavlenko, S., Halko, I., Mas¢enik, J., NovdkRova, M.: Navrhovanie sucasti strojov s podporou PC. PreSov, FMT TU,
2008. ISBN 978-80-553-0166-2 (in SlovaR).

[3] Rovhakova, S., Liska, O.: Predchadzanie kolizidm pri automatizovanych pracoviskach vyuZitim modelovania a
simulaé¢nych programov. PreSov, FMT TU KoSice, 2008, pp. 339-342, ISBN 978-80-553-0044-3 (in Slovak).

UiEel OO0 mmemQ
g oo E
[ ;ANNAII'J;S ala
%% E.E;iilnﬁlo}ring @@

Huned @@
unedoanra DG

ug s

roation:
@ Imaj \@m
EEEE OD0D cTaem
U 0D e@emo

€\

»

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

298 Tome IX (Year 2011). Fascicule 3. ISSN 1584 - 2673




<<
  /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


