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EVALUATION OF THE SURFACE TOPOGRAPHY AFTER PRECISION
MACHINING

Analysis of the geometric features and determimatid the condition of the surfaces machined duramg
abrasive process is of crucial importance for eatém of their wear properties. Numerous parametarsbe
used for assessing topography of technical surfadasy of them contain information that is genevapoorly
correlated with the wear features. The group oapeters used for such purpose should include tthagedo
not cause information redundancy and provide distirformation. Evaluation of the surface geomestiticture
after precision machining is a difficult procesgedo the limited scope of unevenness heightsfithatthin the
range of a few micrometers to a few nanometershigipaper the synthetic indexes of the evaluabibaxtra
smooth surfaces were created, taking into condidaraumerous elementary parameters. The valuéhef t
synthetic index was determined as the geometricageeof the partial indexes which, when comparethéo
arithmetic average, is more dependent on the ddiavied to be disadvantageous.

1. INTRODUCTION

Surface topography has always been a subjectereisit of engineers, researchers and
users. The general influence of the surface chenatits on the utility values of objects has
been well known for years now.

It was proved that the geometric structure of tméage exerts significant influence on
a variety of processes [1], including abrasion psses, wear of combined roll and slide
surfaces, contact endurance and deformations sstmentration and fatigue endurance,
resistance to corrosive influence, suppressionsofllations, connection tightness, contact
resistance, contact heat conductivity, magnetic pgnes, reflection phenomena,
absorptions and transmissivity of (light, electrgmetic etc.) waves.

The increasing demands in the field of propertiésthe elements, as well as
minimization of the material wear, elements’ masd aize, increase of their load capacity
and resistance, as well as growth of the productsmhnology led to the development
of numerous measurement methods and a large gfopgrameters used for evaluation of
the stereometric features of surfaces [2],[3],[4].
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The selection of evaluation parameters, which lgnidrm a complementary system,
requires the knowledge on numerous problems andabildy of decision-supporting
systems [5].

Machining precision, achieved for given processessults from a number
of limitations and is considerably lower than threqgision that could be obtained using the
given method of shaping object surface.

The most important limitations that influence threqsion of the produced elements
include:

*The limitations resulting from functional, expldiige, reliability-related and

aesthetic demands, as well as the recipients’ etes.

* The limitations resulting from the acceptable pridorice as a whole depending on
the quality, prices of competitive products, coiutis on the given products’ market.

» Technical limitations that influence the selectioh requirements concerning the
achieved precision, and therefore the choice ohrelogical devices, tools,
machining parameters, supervision and control nestho

* The limitations resulting from the features of ai@ms of production of semi-
products and the operations that precede the fmethining stage, and many others.

Evaluation of the machining precision that would &aehievable in the given
production method assuming that all the econoreithriical and organizational limitations
were non-existent, is not easy. However, a rathmpls relation can be stated: the border
machining precision depends on the lowest layektigss of the layer that can be removed
as a result of elementary influence of the toaksive elements (single blades, abrasive
grains or micro grains) (Fig. 1).
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In the microcutting processes, especially in peeamchining, numerous phenomena
and factors gain decisive importance in relationthe process results. They include:
discontinuity of the process of creating microchjpsmicro- and submicroscale), heat and
mechanical deformations of the tools and the machimaterial, in areas surrounding the
grains, depressed in the workpiece surface. Edpetie linear and angular dislocations
of the abrasive grains under the influence of ogttresistance and randomness of the
microcutting process itself are the greater thellemare the average sections of the cut
layers with particular blades.

In abrasive micromachining or precision grindinge thollow of the blade in the
machined material is considerably smaller than rivending of its nose radii and is
comparable to the height of the surface uneverindbe micro—cutting zone.

2. EVALUATION OF SURFACE TOPOGRAPHY

2.1. METHODOLOGY

The problems connected with analysis of the steetenfeatures and determination
of the condition of surfaces machined abrasivelgfibasic importance [6—8]. What can be
now used in evaluation of the machined surface’sditmn are over three hundred
normalized parameters. Some of the parametersriiesc the surface’s condition in
a general manner, are strongly correlated with eshlr. Characterizing given, detailed
surface features, they show high correlation wittmarous general parameters and low
correlation with other detailed ones.

Evaluation of the surface topography after micnod aanosmoothing is difficult due
to the low measurement range. These are often vahrging from a few micrometers to
a few nanometers of the surface unevenness helgth. such low amplitude parameter
values of the evaluated surface, its other feataresstarting to gain importance in its
correct description more and more often. Evaluabbrthe microtopography is far more
complicated here and can be considered both itiaelto the proper selection of evaluation
parameters of creation of new surface topographjuation indexes.

The aim of the realized analysis of the surfaceradtarized by the greatest
smoothness, which is covered mainly with flat oatflke areas, was to develop
a methodology of evaluation of such a surface.

A synthetic coefficient, defined as the geometkierage of components according to
the following formula, was suggested:

Ws :('I::lLWij (1)

The coefficient consists of four description eletsefromw; to w;,.
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W = mean radius of islands _ SPW
1~ meandistance between islands = SOW

w. = nean radius of field of the flat summit _ SPPWP
27 meandistance betweenflatfields =~ SOPP

W = arithmetical mean height of thesurface _ Sa
3 maximum height of the surface Sz

w. = mean distance betweensummits ~_ Lwrs
4 maximum distance between summits  Lw max

In order to calculate the values of these partaifficients, procedures directing their

determination were developed. The procedures irstopre contain calculations of the
components, the subsequent steps of calculatingpdéingal coefficients, as well as the
supplementary parameters. The methodology is s\l

In the first step the surface parameters must berméened, e.g. amplitude
parameters, i.eSa Sq Sz Spetc.

In the next step the levll on which the input surface will be ctitwas assumed to
be 0,25Sp due to the fact that only a small number of sutmmooperates with the
surface that is characterized by similar stereampairameters. The cut is performed
to identify the remaining islands as the subseqseriace summits.

The top part of the surface created as a resultutting must be changed into
a binary image. The numerical operations on binargges are much faster and
enable application of the existing functions in@pkst applications used for image
analysis.

What is searched for in such a binary image arenected fields, identifying
subsequent summits; next, parameters of theses faekel determined, i.e. their areas,
centers of inertia, distances between the fieltsr radii and the average values.
What is also looked for among the selected fields such islands that can be
gualified as flat in accordance with the assumduahidien.

Calculation of the partial coefficients was begug Oetermination of a few

supplementary parameters, which the following iteiegend on:

Lwh— the number of islands on heidht

Pwih — the area of islands on heidht

Lsh— the number of flat islands (for the assumed caile
psih— the area of flat islands,

Lwi — the average distance between the islands.

Using the above mentioned supplementary parameigos dependencies were

developed in which the following elements are coraga
a) the number of flat summits in relation to allhrsuits on the given cutting level —

U, (2,

b) the sum of areas of islands defined as flaeiation to the sum of all the considered

areas Y, (3).
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.+ _ Lsh

1= Twh (2)
. _ 2 Psih
1 = ¥ Pwih (3)

First, the following are determined respectivehe tiverage radius of the islands, and
the average distance between the islands. Nextirsh@artial coefficient is calculated — the
relation of the average radius of the islands &aberage distance between them, described
with dependence (4).

_ Rw
Wi = Tws (4)
When proceeding to analysis of the flat summishduld be remembered that in order
to determine them or rather choose from amonghalliglands the following methodology
was followed:
» Each island was separated from the binary images ¢theating a board of objects,
consisting of identified islands in the originalfaice image,
» Each object had its views developed in two directiX andY (Fig. 2),
» A derivative, for which the condition described hidependence (5) was checked,
was calculated for each of the developed views.

Fig. 2. Determination of the parameters of a simgjind

—-& < < +£ (5)

dxdy
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Value £ was adopted as a pre-determined percentile ofdhee of Spsummit. If the
given summit fulfilled the condition assuming thatlues of the derivative of the summit
height (calculated for the data on the develope@siof this summit in both directions) fit
by 80% int&, the summit was declared flat.

Having decided which of the analyzed islands wdad $ummits, the following
parameters were calculated: the field of flat sute®sih their average radiuRws and the
distance between thebws

These parameters allow for determination of theomséc partial coefficient,
analogically to the previous one, i.e. the ratidhef average flat summit’'s radi&svsto the
average distance between these sumimvis(6).

_ Rws
Y2 7 Tws (6)

The next partial coefficient is the ratio of twodan surface amplitude parametefst
andSz(7).

Sa
W3 =35, (7)

The last partial coefficient that refers to the suitrdispersal on the surface is the ratio
of the average distance between the summits anuakenal distance (8).

W = Lwi
4 7 Lwmax (8)

Having calculated all the partial coefficients tynthetic, dimensionless coefficient
was determined on basis of the previously stateal (&).

When analyzing the components of the obtained miefit it should be noticed that
only one of them uses the existing description tsf input parametersSa and S3J.
The remaining ones are new. This results from élcethat the standard parameters (authors
mean the normalized parameters) often do not teteccharacter of the surface. This is the
case with analyzing surfaces with low or very lowveuvenness’ values.

3. EVALUATION OF THE SURFACE

3.1. OBJECTS OF ANALYSIS

Samples made from various exploitative materialsrewsubject to research.
The materials included, among others, steel, zicwonceramics, aluminum and brass.
Moreover, the samples were machined with variouasaze machining types, i.e. through
grinding, smoothing and polishing. For each mat&@ameasurements were made.
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3.2. MEASUREMENT SYSTEM

Talysurf CCl 6000 measurement system by Taylor dolmpany was used for the
measurements of the surface topography. It is déhieeomost advanced non-contact optical
systems that offers the possibility of spatial easibn of the surface topography.
The general view of the system used in the Laboyatd Micro- and Nanoengineering at
the Department of Precise Mechanics at Koszalirvérsity of Technology is presented in
Fig. 3.

Fig. 3. The general view of the Talysurf CCI 6008asurement system by Taylor Hobson company

The measurement method was based on an algorititrthéihproducer calls coherence
correlation interferometry, CCI. The registered gmaf the interferential lines is processed
by the computer with a Xeon processor. On basithefprocessed data, a precise spatial
map of the measured surface is created in highuteso. The device enables obtaining
vertical resolution up to 10pm (0,1 A), with the asarement range (in axis Z) to 10mm
(dependent on the device configuration). Regardt@sshe applied magnification such
a map may contain over 1 million of measurememsq(1024 x 1024 points).

Due to its high flexibility, the Talysurf CCI 600@ieasurement system can be used in
a wide variety of fields, including material engeneg (analysis of polymeric materials),
mechanics (measurements of the topography of phgaisachined smooth and supersmooth
surface), electronics (measurements of backingssarhiconductor systems, analysis
of MEMS, MOEMS structures), microoptics (microlesseliffractive optics), biomedicine
(implants, endoprosthesis).
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3.3. SURFACE ANALYSIS

Samples made from various exploitative material eveubject to research. The
materials included, among others, steel, zirconigaramics, aluminum and brass.
Moreover, the samples were machined with variouasaze machining types, i.e. through
grinding, smoothing and polishing.

Table 1. Comparison of parameters and coefficiimtsurface after grinding
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A series of tests with special interest in surfageligh smoothness was realized on
basis of the developed methodology. A group ofae$ after various abrasive machining
was created. First, the group underwent paramatiatysis using the TalyMap 5.1 software,
Platinum version. The next step was analyzing thréase topography using the evaluation
coefficients developed by the authors. What carsden below are some results selected
from a large set of data, analyses for the prelyaugntioned samples.

Having analyzed both the partial coefficients, asllvas the end synthetic index
included, inter alia, in the hereby work, it mustrmoticed that they are highly dependent on
the cut leveh, on which the analysis will be made. This is olgily not a flaw. It is merely
a cue hinting that this depth should be selecteigih a way so as to take into consideration
e.g. destination of the analyzed part and the ckeraf the work it performs. The authors
suggest that the h oscillated from 0,1 to 0,3 efSp summit parameter value. Moreover,
what should also be kept in mind is the proper céigle of valuee, as the proper
classification of the given summit as a flat on@otr depends on it.

4. SUMMARY AND CONCLUSION

This coefficient can be successfully used in ev@unaof the surfaces that are
characterized by high surface finish. The followipgrameters are often selected for
classification of surfaces from the group of amyulé parameter$Sz SskandSku Crucial
conclusions result from the ratios 8%:Saand Sz:Sp Parameter§&skand Sku show low
correlation with the following parameters in thi®gp.

ParametefSzindirectly informs about the unevenness height iamsl not sensitive to
the influence of single random summits and pitaldb shows definite correlation resulting
from the character of the layout of surface ordisawith parameterSaandSq The ratios
Sz:SaandSz:Spare a good measure of the unevenness slenderness.

However, the most important parameters should ré&suh the relation between given
2D parameters (e.g. distribution of summits) in wally perpendicular directions as the
shape and layout of the areas of probable cortattre being shaped are highly important.
Selecting one set of parameters for all purposastigustified.

Depending on the conditions of the planned exgdioiaand, to some degree, also on
the features of the surface shaping process, grbparameters should be created that will
maximize the informational usefulness, meet thedimn of complementarity, include
information on dispersion and changeability of ge@metric parameters and also fulfill the
condition of relation between parameter valuesthrdgiven surface features and will also
enable determination of possible process correstion
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