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Abstract

The aim of the article was to show how different strategies for making a round
pin influence the properties of the surface layer. Measurements will be made of
the circular interpolation and accuracy of movement of the rotary axis. The first
strategy was to make circular interpolation using a work X and Y-axis. The
second embodiment of the method is presented using the rotational C-axis,
while the third method covered the execution of the round pin in the
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implementation of circular interpolation X- and Y-axes and the displacement of
the rotary C-axis. Thus, the formed samples were subjected to measurement of
surface roughness. The analysis led to showing how different strategies affect
the processing properties of the surface layer around the pins.

INTRODUCTION

The purpose of machining is to seek to achieve a given shape and dimension of
the workpiece and quality of the surface layer. For such requirements, the
relevant machine is adapted for this purpose as well as the appropriate method
of implementation of the subject [L. 1]. The basic methods of obtaining this are
to choose the appropriate treatment parameters. They depend on the type of the
material to be treated and the tools used for this purpose. We must also
remember that machine designed for these tasks must properly fulfil them.
A properly chosen method of implementation of the subject will also be
reflected in its accuracy. An item should be made with the minimum movement
of the axis of the machine with the maximum amount removal of material. This
article aims to show the impact of different strategies to mill a round pin on the
properties of the surface layer. The first strategy will be executed with circular
interpolation with the statement of work in X- and Y-axes. The second will
present a method of execution by the rotary C-axis. The third would include the
making of a round pin in compiling circular interpolation of X- and Y-axis and
simultaneous movement of the rotary C-axis. Then, the formed samples will be
measured of roughness.

DESCRIPTION OF INSTRUMENTS AND POSITIONS
OF RESEARCH

The study was conducted on a vertical 5-axis DMU 50 milling centre. With this
machine, the first step is heating following the displacement of each axis, and
then subjected to the diagnosis. For these purposes, a kinematic-ball rod Ballbar
QC10 was used [L. 2, 3]. The machine was programmed for a set point of the
spindle circular interpolation in the X-Y plane (Fig. 1a).

Fig. 1. (a) Kinematic-ball rod Ballbar QC10, and (b) RX10 position for rotation axis
Rys. 1. a) pret kinematyczno-kulkowy Ballbar QC10, b) stanowisko do pomiaru ruchéw obro-
towych osi obrabiarki CNC z zastosowaniem sondy RX10
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The next step was to check the accuracy of movements with a rotary axis
machine tool. For these purposes, the Renishaw RX10 probe was used (Fig.1b),
which was mounted on the rotary axis of the table. The table performs rotation
in two directions, and the probe remained in a fixed position, which allowed
a reading of the accuracy of rotary axis motion [L. 4, 5, 6, 7]. After measuring,
machining was performed on the samples (Fig. 3Db). For this purpose, C45 steel
rods (C 0.42-0.5%, Mn 0.5-0.8%, Si 0.1-0.4%, P 0.04% max, Cr max 0.3% Ni
max 0.3% Mo max 0.1%, Cu max 0.3%) were used, which were then assembled
in a three-jaw clamp on the machine table. An end mill ORION Type N
1682812 with a diameter of 12 mm to perform end pivots. Three different
methods were used, with the use of circular interpolation with work in the X-
and Y-axes (Fig. 2a), by maintaining a constant position of the rotating tool and
rotary motion of the table (Fig. 2b).
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Fig. 2. (a) The first method of making a round pin, and (b) The second method of making
round pin

Rys. 2. a) pierwsza metoda wykonania czopa okraglego, b) druga metoda wykonania czopa
okraglego
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Fig. 3. The third method of making a round pin
Rys. 3. Trzecia metoda wykonania czopa okraglego

Moreover, by using the movement axes X and Y with the rotation of the
table (Fig. 3a), all round pins are made of the same parameters: v, = 189 m/min,
n = 5000 rev/min, and f =200 mm / tooth, a, = 25 mm a, = 0.25 mm.
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MEASUREMENTS

Analysis of the diagnostic machine led to the conclusion that the errors affect its
geometric accuracy. These are the deviation in the positioning, which was
-10.1 microns, the deviation in squareness, which was -21.8 um, in straightness,
which was Y = 2.9 um, the error recurrence, which was Y = 1.4/ 1.1 um, and
backlash return, which was Y = 1.2 / 1.2 mm. Diagnostic measurements showed
that the roundness deviation amounted to 9.7 um. The next step was to analyse
the accuracy of rotary C-axis. Based on the collected data, the positioning
accuracy of the rotary axis was 5.24 um with 1.34 um backlash return. The
samples made using a variety of strategies were analysed using the following
instruments: Topo L120 and Tayysurf CCI Lite allowing the creation of profiles
and topography of the sample [L. 8, 9]. The samples were measured at the entry
and exit tool on the side surface, and at the point for reversing the movement
axis during machining. Below is a diagram showing the results of the place
made for surface roughness measurements strategy with the circular
interpolation with the statement of X- and Y-axes (Fig. 4).

The surface changes the
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Fig. 4. Places for the measurements strategy with the statement of the X-axis
and Y-axis
Rys. 4. Miejsca dokonanych pomiaréw dla strategii z wykorzystaniem zestawienia osi X i Y
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Fig. 5. Measurement 1 at the points of entry and exit tools: (a) the surface profile, and (b)
the surface topography

Rys. 5. Pomiar 1 w miejscu wejcia i wyjscia narzgdzia: a) profil powierzchni, b) topografia
powierzchni
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Fig. 6. Measurement 2 on the surface of the side: (a) surface profile, and (b) surface
topography
Rys. 6. Pomiar 2 miejscu powierzchni bocznej: a) profil powierzchni, b) topografia powierzchni
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Fig. 7. Measurement 3 at the point of axis shift: (a) surface profile, and (b) surface
topography
Rys. 7. Pomiar 3 w miejscu zmiany przemieszczania si¢ osi:
b) topografia powierzchni

a) profil powierzchni,

Figures 57 shows the surface subjected to measurement of roughness.
Table 1 summarizes the parameters of the examined samples.

Table 1. Summary measurement strategy I
Tabela 1. Zestawienie pomiarow strategii [

Strategy | Sq [um] Ssk Sku Sp [um] | Sv[um] | Sz [um] | Sa[pm]
Measurement 1 0.4299 0.2554 | 2.9907 | 2.1452 2.0055 4.1506 0.3443
Measurement 2 0.6446 | -0.0536 | 2.8724 | 2.6794 5.5144 8.1973 0.5169
Measurement 3 0.7298 | -0.1483 | 3.0648 | 2.9883 4.1436 7.1319 0.5788




100 TRIBOLOGIA 5-2016

Data analysis of the first strategy led to the conclusion that, at the entrance
of the tools, the lowest values were observed: Sq, Sp, Sv, Sz, and Sa. The
lowest values were observed of roughness on the lateral surface of the round
pin. On the topography of the surface, cyclic repeated bumps and indentations
surface were observed, as the movement of the arc is carried out with
a combination of two axes. Where there was a change in the direction of the
movement of the axis, increased parameters Sp and Sa were observed. On the
surface topography, a spike on the surface of the sample can be seen. It is
caused by clearances in the control axes of the machine tool and the late
response of the mechanical system machine control signal. The following
diagram and test results show the location of measurements of surface
roughness for the strategy at a fixed tool position and movement of the rotary
C-axis (Fig. 8).

The measurement | Place output
of the surface 4 [ and input tools

The measurement
of the surface 5

The lateral surface of the spigot

Fig. 8. Location of the measurements with a fixed tool position and movement of the rotary
C-axis

Rys. 8. Miejsca dokonanych pomiar6w dla strategii przy statym potozeniu narzgdzia i ruchu osi
obrotowej C
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Fig. 9. Measurement 4 at the point of entry and exit tools: (a) surface profile, and (b) surface
topography

Rys. 9. Pomiar 4 w miejscu wejScia i wyjscia narzgdzia: a) profil powierzchni, b) topografia
powierzchni
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Fig. 10. Measurement S on the side surface: (a) surface profile, and (b) surface topography
Rys. 10. Pomiar 5 na powierzchni bocznej: a) profil powierzchni, b) topografia powierzchni

Figures 9-10 shows the profiles and topography of the surface assessed in
Strategy II. Evaluation parameters of the surface are summarized in Table 2.

Table 2. Summary measurement Strategy I1

Tabela 2. Zestawienie pomiarow strategii I1

Strategy Il Sq [um] | Ssk Sku Sp [um] | Sv[um] |Sz[um] |Sa[um]
Measurement 4 0.6806 | 0.2550| 5.1620 8.6891 6.3710| 15.0603 0.5310
Measurement 5 0.7279| 0.1900| 2.9881 3.2107 3.7526 6.963 0.5775

The measurement
of the surface 6

The measurement
of the surface 8

The side SUF%EE g
of the the spigot

Place of output
/ un__c! input .Toogg

e changes the

—.| The measurement
of the surface 7
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Fig. 11. Location of the measurements strategy with movement in the X- and Y-axes and
rotational axis C

Rys. 11. Miejsca dokonanych pomiarow dla strategii z zestawieniem pracy osi X, Y oraz osi
obrotowej C



102 TRIBOLOGIA 5-2016

In the next analysed strategy of milling a round pin, two characteristic
surfaces can be observed, which are the surfaces of input/output tools and the
surface of the side. The maximum height of the surface irregularities were
found in the course of the input tools. This is caused by differences in the
positioning tolerances of the test machine. In contrast, the side surface of the
spindle had parameters of constant height by virtue of the type of treatment.
This means that the rotational axis of the machine worked properly. The
following diagram and test results show the location of measurements of surface
roughness for Strategy III with movement in the X- and Y-axes and the
rotational C-axis (Fig. 11).
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Fig. 12. Measurement 6 at the entry and exit tools: (a) surface profile, and (b) surface
topography

Rys. 12. Pomiar 6 w miejscu wej$cia i wyjscia narzedzia: a) profil powierzchni; b) topografia
powierzchni
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Fig. 13. Measurement 7 on side surface: (a) surface profile, and (b) surface topography
Rys. 13. Pomiar 7 na powierzchni bocznej: a) profil powierzchni, b) topografia powierzchni

Figures 12-14 shows the surfaces subjected to measurement of roughness.
Table 3 summarizes the roughness parameters tested sample.
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Fig. 14. Measurement 8 of the change in direction of the axis: (a) surface profile, and (b)
surface topography

Rys. 14. Pomiar 8 na powierzchni przy zmianie kierunku osi: a) profil powierzchni, b) topo-
grafia powierzchni

Table 3. Summary measurement Strategy I11
Tabela 3. Zestawienie pomiarow strategii ITT

Strategy IlI Sq [um] Ssk Sku Sp [um] | Sv[um] | Sz[um] | Sa[um]
Measurement 6 1.4873 0.3965| 3,1381 4.2552 2.8668 7.1228 1.1941
Measurement 7 0.7750| -0.2479| 3,5085 3.2521 4.8536 8.1057 0.6008
Measurement 8 0.5795| 0.3050 | 3,0980 1.7272 1.2600 2.9871 0.4614

The third sample has the largest diversity of the surface, which is caused by
using a three-axis machining. They appear at the input / output attachments. In
addition, due to the use of a rotary axis, increased inequalities resulting from
poor geometrical precision of the machine tools can be seen. As a result of the
linear movements in the X- and Y-axes and a rotational C-axis, the machined
surface has aggravated geometrical parameters of the surface layer.

CONCLUSIONS

The study helped show how the choice of an appropriate strategy is reflected in
the accuracy of the manufactured items. Depending on the selected method, one
can get various properties of the surface layer. When selecting the strategy, one
should pay attention to the performance of the machine as well as the selection
of appropriate processing parameters. It was observed that the side surfaces,
using each method, maintained a constant level of roughness parameters of the
top layer. The best results were obtained with the combination of work in both
the X and Y-axes, and at the worst results were obtained with a combination of
working in all three axes — the X- and Y-axes along with movement in the
rotational C-axis. Due to the presence of geometrical inaccuracies in the
machine tool, there are significant jumps of individual roughness parameters of
the surface layer at certain measurement locations, i.e. at input and output tool
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point and at the change in the direction of the axis. This is due to the occurrence
of a machine error causing deviations in positioning and errors of recurrence
and backlash. In extreme cases, these problems may significantly affect the
parameters of the milled surface. Based on this study, the best surface is
obtained in milling a round pin by performing work in only the X- and Y-axes.
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Streszczenie

Celem artykulu bylo przedstawienie jak rézne sposoby wykonania czopa
okraglego wplywajg na wlasciwos$ci warstwy wierzchniej. Wykonane zosta-
ly pomiary interpolacji kolowej oraz dokladno$ci przemieszczenia osi obro-
towej. W pierwszej strategii dokonano interpolacji kolowej z zastosowa-
niem pracy osi X oraz Y. Druga przedstawiala metode z wykorzystaniem
osi obrotowej C. Trzecia natomiast obejmowala wykonanie czopa przy
realizacji interpolacji kolowej osi X i Y oraz przemieszczenia osi obrotowej
C. Tak przygotowane probki zostaly poddane pomiarom chropowatosci
powierzchni. Analiza pozwolila wykazaé, jak rézne sposoby obroébki wply-
wajq na wlasciwosci warstwy wierzchniej czopa okraglego.



	Wojciech HORAK, Józef SALWIŃSKI, Marcin SZCZĘCH
	Analysis of the potential usage of selected magnetic fluids in thrust slide bearings
	Analiza możliwości zastosowania wybranych cieczy magnetycznych we wzdłużnych łożyskach ślizgowych  41
	Wojciech HORAK, Józef SALWIŃSKI, Marcin SZCZĘCH
	Aleksandra PERTEK-OWSIANNA
	The iron boride wear-resistant layers on constructional C45 steel, modified by chromium and the laser process
	Przeciwzużyciowe warstwy borków żelaza na stali konstrukcyjnej C45 modyfikowane chromem i laserem  147
	Elżbieta ROGOŚ, Andrzej URBAŃSKI
	The antiwear and extreme-pressure properties, and viscosity-temperature characteristics of the lubricants containing vegetable oil and AW/EP additives
	Właściwości przeciwzużyciowe i przeciwzatarciowe oraz charakterystyki lepkościowo-temperaturowe kompozycji olej roślinny-dodatki AW/EP  159
	Grzegorz SIKORA, Andrzej MISZCZAK
	The change of friction and load-carrying capacity of the journal bearing with the consideration of the oil ageing
	Zmiany siły nośnej i siły tarcia w poprzecznym łożysku ślizgowym przy uwzględnieniu starzenia się oleju  171
	Wojciech TARASIUK, Mariusz LISZEWSKI, Bazyli KRUPICZ,  Ewa KASPRZYCKA
	The analysis of the selected processes of thermo-chemical heat treatment of 20MnCr5 steel in the context of abrasive wear
	Analiza wybranych metod ulepszania cieplno-chemicznego stali 20MnCr5 w kontekście zużycia ściernego  183
	Y.O. TLEUKENOV, A.D. POGREBNJAK, S.V. PLOTNIKOV,  N.K. ERDYBAEVA
	The physical and mechanical properties of (Ti, Hf, Zr, Nb, V, Ta) N coatings deposited in the vacuum-arc process
	Właściwości fizyczne i mechaniczne powłok (Ti, Hf, Zr, Nb, V, Ta) N otrzymanych metodą łukowego osadzania próżniowego  195
	The effect of the exposure-in-oil on the contact angle of the polymers forming sliding layers in  hydrodynamic bearings
	Wpływ ekspozycji w oleju na kąt zwilżania polimerów stosowanych  na warstwy ślizgowe w łożyskach hydrodynamicznych  219

	Jan ZWOLAK, Martyna MAREK
	Wojciech HORAK3F*, Józef SALWIŃSKI*, Marcin SZCZĘCH*
	Wojciech HORAK4F*, Józef SALWIŃSKI*, Marcin SZCZĘCH*
	Ewa KASPRZYCKA5F*, Bogdan BOGDAŃSKI6F**

	Based on the results of the conducted tests, it can be concluded that Creusabro 8000 steel was characterised by the lowest loss in mass among the examined materials, both in light and medium soil. For light soil, the difference in the loss in mass bet...


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages false

  /AutoFilterGrayImages false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /FlateEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /POL (PDF 1.4

300 DPI kompresja bezstratna

spady dokumentu

)

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /FlateEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /FlateEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed true

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



