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ABSTRACT: This article is a study of the use of characteristics of Abbott-Firestone curves and impact of cutting
conditions to determine the quality of surface roughness in turning. The quality of machined surface can be
evaluated by roughness, while as the main parameter of surface roughness we consider median arithmetic
deviation of surtace profile. From the Rey factors affecting the quality of machined surface can be
particularly chosen the impact of cutting parameters (cutting depth, feed rate, cutting speed) and tool
geometry (anglle of the main cutting edge, minor cutting edge and tip radius) on the surface roughness of
components. This contribution to the 3-element experiment evaluates the impact of the chosen cutting
parameters on surface finish in turning.
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«+ INTRODUCTION

Accuracy and quality of turned surfaces depends primarily on cutting conditions, especially the
feed rate. Also the great influence has cutting edge geometry (especially k;, k/, r¢), the quality of the
cutting edge of the selected instrument and method of lubrication and cooling. For accuracy and
surface roughness of turned surface, trembling has negative impact, therefore is very important the
overall stiffness of the system: machine - tool - workpiece.

< ABBOTT-FIRESTONE CURVES AT TURNED SURFACES

When turning the machined surface is generated by moving a one cutting knife. During the
process of surface formation by tools with defined cutting edge geometry, the tool profile is
transferred to the work component. On the resulting structure of machined surface affects number of
impacts associated with the conditions of production of parts, which determine the height, shape,
layout and direction of inequality. Diversity can be observed according to the nature of profile curves,
which illustrates the distribution of material within the profile height. With these curves we can
characterize quality, surface roughness or bearing capacity, and also predict the behavior of the
surface produced in different cutting conditions.

The problem is the roughness prescription and evaluation of turned (and not only turned) surface
area. Surface roughness is not just a one-dimensional problem. Parameter Ra is only a height
parameter. And because the measurement of roughness profile scans mostly the roughness in the
expected direction of greater roughness, therefore is necessary to prescribe or evaluate another
(linear) roughness parameter. There may be prescribed the shape of so-called curves of material
profile share, also known as Abbott-Firestone curve.

Abbott curve has typical progress for some ways of machining process. For turning is generally
concave, initially quite steep parabola similar course, exploitative area (30% - 40% from peak level) is
relatively low adherenced to the axis of abscissas, bearing capacity of such a turned area is not very
big. When turning, usually the ratio of depth of cut a, and tip radius r, is smaller than for example in
planing, which influences the shape of the so-called residual inequality shape of the profile formed
over machined surfaces.

< EVALUATION OF ABBOTT-FIRESTONE CURVE BEARING CAPACITY

Bearing capacity of the area can be assessed by material ratio and by the shape of the so-called
curves of surface profile material share (Abbott-Firestone curves).

Abbott-Firestone surface curves have a characteristic shape according to the method of
machining, which may even be modified by the cutting conditions. These curves can graphically
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describe the distribution of material within the profile height. Abbott curves are also suitable
characteristics for assessing the functional properties of surfaces and their possible exploitation.
Course of Abbott-Firestone curve also allows to anticipate the surface wear of part.
Abbott-Firestone curve is not a simple curve, but | -
it is possible to distinguish three parts: o
v Projection part - contains a summary of the highest &=
projections of the profile surface and generally it
will disappear in the running-in operation (function)
of part surface.
v' Central exploitation part: is the most important i i
and it also determines the life of parts.
v' Low depression part: it is not available for the

|ELRJ

functioning of parts and serves for anchoring the Zhea
lubricating film. Figure 1. Illustration of the Abbott-Firestone
We expect that it would be sufficient to prescribe curve

the shape of Abbott curve only in its exploitative zone.

Three-segment approximation of Abbott curve can be changed to one-segment, if we approximate only
its exploitation part, and we would be interested in particular section between 30% and 40% of the
surface profile (position of profile cut).

+«+ INFLUENCE OF TURNING CONDITIONS ON ANGLE A,

Angles oy, ay, o are important, in them particularly angle ap of line j with central profile line m
(Fig. 1). Angle ao mostly represents character of material share curve of profile and it could be also
prescribed for functional surface area by designer.

+«+ DLANNING OF AN EXPERIMENT

Planning of experiments and the results analysis are important stages in the revelation of the
nature and course of the technological process. For a description of technological process we use the
linearized model. Linearization is performed with logarithm of power function model.

Experimental schedule presume to set values (called levels) for factors to be adjusted for
experiment. For the linear model factors must have lower level (bottom, minimum) and upper level
(top, maximum). Full factor experiment allows obtaining a mathematical description of examined
technological process in the local area of factor space, which is lying around the selected point with
coordinate’s xjo. This is a plan of 1st order and it’s used to create a linear model. It is appropriate to
organize coded values of factors for the individual experiments into the table, which is called the
matrix of planned experiment.

+* MATHEMATICAL MODEL OF AN EXPERIMENT

Parameter under consideration will be an inclination angle of central exploitative part of Abbott
curve qp (Fig. 1). Owing to the depth of cut a,, feed f and cutting speed v, we can consider the
dependence of power type:

a,=C, -ay-f=-v? (1)
where C_ - is empirically determined constant Cq, C3, C3 - are constant exponents
equat1on is transformed by logarithm into a lmear relation:

loga, =logC, +c,loga,+c,log f+c,logv, (2)
which can be presented as following linear Mathematical model of the form:
Y = Bo +B X1 + BzXZ + B3X3 (3)
and if this model is introduced to xo = 1, we get
Y = BoXo + B4X; + BoX; + B3X3 4)

The task is to determine the coefficients by, by, b,, bs. These must be ascertained
experimentally, for example by method of experiments planning. The above variables a,, f, v. we call
natural factors and variables Xg, Xy, X2, X3 we call coded factors. For natural factors we determine the
upper and lower level setting of values for experiments, thus apmax, @pminy fmax, fminy Vemax, Vemin @nd by
transformation:

2(loga, —loga,, ... 1 -1 1 -1

_ ( g p g p )+1 (5) x2:2(0gf ngmax)+1 (6) x3:2(ogvc Ogvcmax)+1

loga - lOgap min 10g fmax - IOg fmin 10g Uemax — 10g v

We receive the upper and lower level of coded factors x4, X, X3 in denominations of 1, -

(7)

pmax cmin

¢ REALIZATION OF EXPERIMENT

For the evaluation of surface roughness and exploitation properties of components is particulary
assumed the impact of cutting parameters (cutting depth, feed rate, cutting speed) and tool geometry
(inclination angle of the main cutting edge, minor cutting edge and tip radius).

Ra:g(ap)f) VC) Kr’K,r) rg) (8)
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where: a, is depth of cut [mm]; f isfeed [mm]; v, is cutting speed [m.min"']; r, is tip radius [mm];
K, is setting angle of the main cutting edge; k, is setting angle of the minor cutting edge

This is the default equation for roughness, which is related with Abbott curve.

Experiments were carried out in order to track the impact of changes of cutting parameters and
tool geometry on surface roughness of components. According to the plan, in the first experiment
varies the depth of cut, feed rate, cutting speed; in the second experiment varies the setting angle of
the main cutting edge, minor cutting edge and tip radius. Planning experiments were applied to the
linear model: 3-factor experiment.

To obtain samples of material was used machine: center lathe SUI 500 combi. Samples were
treated with external turning action of a one cutting knife, while the surface roughness is also
examined in terms of Abbott curves shape (curves of material share of the surface profile).

For experiment the tool was used: direct detracting right turning knife with a cutting plate of
sintered carbide group P 20 (cutting plate mark DNMG 15 16 08 EM from Pramet, Czech Republic).
Worked without cooling.

Workpiece: carbon constructional steel 12 050.1, non-alloyed, standartized anneal. Rod has
a diameter g 52,8 mm and consists of individual areas separated by grooving. Areas were turned by
different cutting parameters according to the experiment.

On machined sample was measured profile roughness with
profilometer Surtronic 3+ fy Rank Taylor Hobson connected to
computer (Fig. 2), and with assistance of program ST3PL was
achieved graphical output of Abbott curves. Each measurement was
carried out three times and from the measured values was made the
arithmetic mean. In the 1st experiment were constant values:

O main setting angle k. = 81",
O minor setting angle k', = 44°, szt
O tip radius re =0,8 mm; Figure 2. Profilometer Surtronic 3

O tip angle € =55°. and prepared samples for
Turning conditions from 1st experiment are in the table 1. experiments  (steel 12 050.1)
Table 1. Matrix of ag plan for experiment no.1
géiar?t A, F Ve Xo | X X2 | X3 A,\';\ggm ej:)c LO;iCIo X1i,Yi Xa1,Yi X3i,Yi
1 0,5] 0,1 100 | +1 -1 -1 -1 19,166 1,282 -1,282 -1,282 -1,282
2 2 0,1 100 [ +1T ] +1 1 -1 -1 14,666 1,166 +1,166 -1,166 -1,166
3 05] 04 100 | +1 ST +1 -1 24,333 1,386 -1,386 +1,386 -1,386
4 2 0,4 100 | +1T ] +1 | +1 -1 35,333 1,548 +1,548 +1,548 -1,548
5 0,51 0,1 400 | +1 -1 T+ 15,166 1,180 -1,180 -1,180 +1,180
6 2 0,1 400 | +1 | +1 T+ 18,833 1,274 +1,274 -1,274 +1,274
7 |05 0,4 | 400 | +1 [ -1 [ +1 | +1 20 1,301 1,301 +1,301 +1,301
8 2 0,4 400 [ 1T [ +T ] +1 ] +1 32 1,505 +1,505 +1,505 +1,505
2 8 0 0 0

After calculating the regression coefficients (by, bs, by, b3) and coded factors (xo, X1, X2, X3), we
inserted values to the equation of regression line:

Y = Bo + B1X1 + BzXz + B3X3 (9)
1 . . -
Y =1,33+0,043 - 8% . 0,104 ~[—2 log f +1,397 ) +(- 0,015)-[—2 log v 4’602j (10)
0,301 0,602 0,602
By adjustment and reverse logarithm we get linear model:
4p 8”2 v (11)
A0—485 A01 34,y 005 (12)
Jag = O az f* s (13)
,ao = 6,9 . ap0,07‘ f0’17. vc-0,025 (14)
In the 2nd experiment were constant values:
O depth of cut a, =1 mm;
O feed f=0,2 mm;
O cutting speed V¢ =200 m.min™

Turning conditions from 2st experiment are in the table 2.
Table 2. Matrix of ay plan for experiment no.2

gé?r?t Ky K r le Xo X1 X2 X3 Agégr#’eg:)c log]ao X, Y Xa1,Y) X31,Yi
1 63 2/ 0,4 +1 -1 -1 -1 23,666 1,374 -1,374 -1,374 -1,374
2 90 30 0,4 +1T 1 +1 -1 -1 21 1,322 +1,322 -1,322 -1,322
3 63 67 0,4 +1 -1 +1 -1 21,666 1,335 -1,335 +1,335 -1,335
4 93 52 0,4 +T [ +1 1 +1 -1 17,666 1,247 +1,247 +1,247 -1,247
5 63 27 1,2 +1 -1 -1 +1 19 1,278 -1,278 -1,278 +1,278
6 90 30 1,2 +1 | +1 -1 +1 19,333 1,286 +1,286 -1,286 +1,286
7 63 57 1,2 +1 -1 +1 1 +1 17,166 1,234 -1,234 +1,234 +1,234
8 93 52 1,2 T+ +1T 1 +1 18,666 1,271 +1,271 +1,271 +1,271
2 3 0 0 0
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After calculating the regression coefficients (by, by, b, b3) and coded factors (xo, X1, X2, X3), we
inserted values to the equation of regression line:

Y = Bo + B1X1 + BzXz + B3X3 (15)
y=120+(- 0,012).(2~l<>g'@7—&767j Na 0,21).(MJ e 0,026)_(210%7+<>»318J (16)
0,169 0,324 0,476
Frafile Pl TagTor Fiaksen By adjustment and reverse logarithm we
get linear model: c
ay=C -kt k) (17)
Ao=3981 . Kg®™. K'g 7. RO (18)
S c 6
|| BB R Jao = \[Cly K2 Ky oy (19)
e L
& 8 S = -0,07 - -0,63 -0,05
: TN sen s ;;c—?’ N 63,1 K. K¢ RE™™  (20)
Rotric The resulting statistical equation for angles
Bearing Ratio Uu 108878 Anplitude density 00 accord‘ing to basic equation
Figure 3. Graphical output from a computer cutting Ra =@ (ap, f, Ve, Krs K'ry Tg ) (21)
parameters: a, 0,5; f 0,1; v 100; & 55° can be for example like this:
S 4 c Ce
Uy =& "\ = C%'C; (12 f2 U2 K2 'K;?s'rgz (22)
Ag= 4354 . ALY F OV V0B KO KR8, Re¥P (23)

The figure (No. 3) is a graphical representation of one measured profile from workpiece
machined by turning, with values of surface roughness parameters, with the curve of the surface
profile material share and the measured angles.

In our article we have pointed out to one possibility for the evaluation and utilization of the
Abbott-Firestone curves characteristics for the determination of machined surfaces attributes. There
are several ways to evaluate the angle of Abbott-Firestone curves inclination, but in this article we
have suggested expression through so-called “figurative angle“, which means the angle between the
axis of the base length and Abbott curve. We called this angle as “figurative®, because we can explain
it as angle, where x-axis is the axis of the measured length and it is proportional 5-multiple lenght of
base in millimeters. Axis z is relative value of roughness parameter Rz in micrometers. The size of
diagram will remain the same. Height of diagram is always Rz and width is measured lenght. For Rz will
always be valid this equation:

Rz =5,67 -Ra (24)
From previous calculations, which resulted from the dlssertatlon we get calculatlon

RA=2,16 . A0, P05,y 007, K010, K00 R0 (25)
then Rz=1225-a -0,08 f058.v303.K,OIO.K’MQ}"_MO (26)

If we want to plot the Abbott - Firestone curve, we have to know the segment z;.
Z; is the distance from point (0,0) in direction of z-axis to intersection of the line j with z-axis.
(Fig.1) From the measured values of z;, we §et the resulting statlstlcal eguatmn
- 3,008 . a 09 f o, 38 0 035 K, o, 07 4 006 (27)

+« CONCLUSIONS

Benefit of this article is to create a simple methodology for research the parameters of Abbott-
Firestone curves in the various possible ways of machining. We showed a case of turning. Such a
methodology can be used to research the parameters of surface roughness, also for the research of
cutting forces, cutting temperature and similar. Methodology of planning an experiment is still not very
common.

+» REFERENCES

[1] BEKES J., ANDONOV, .: Analyza g syntéza strojarskych objektov a procesov. Bratislava: Alfa, 1986

[2] BUMBALEK B., ODVODY, V., OSTADAL, B.: Drsnost povrchu. Praha: SNTL — Nakladatelstvi technické literatury,
1989,

[3] JANAC A., BATORA, B., BARANEK, I, LIPA, Z.: Technolodgia obrébania. Bratislava: ¥ STU, 2003. ISBN 80-227-2031-3

[4] JANAC, A.., LIPA, Z,. PETERKA I.: Teona obrabania. Bratislava: STU Bratislava, 2006.

[5] LIPA, Z., TOMANICEK S.. TOMANICKOVA, D.: Prispevok k teérii experimentov. In.: Zbornik Vedeckych prac MtF
STU Trnava, 2003, 5. 55-61.

[6] LIPA, Z, TOMANICEK S., TOMANICKOVA, D.: Prispevok k trojise¢kovej aproximacii Abbottovej krivky. In.: CO-
MAT-TECH” 2002, 10. medzinarodnd vedecka Ronferencia, MtF STU Trnava, 2002, 5.327-332.

%

226 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


