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Abstract: The surface texture measurement results obtaiitedise 2, DEPTH MEASUREMENT STANDARD (TYPE A)

of stylus profilometers have to be both reliablel egproducible.

One of the !T_]OSt_ impor;ant factors affecting_ the_ecm*ability One of the artefacts devised to calibrate the nmeagu
and repeatability is the instrument gauge calibratiHowever, gauge of a stylus instrument is a depth measurestemtard,

as there is a wide variety of the applicable catibn artefacts, both L 1.
standardised and non-standardised, a choice ajrpone becomes which is recom.mend.ed b.y 1SO 5‘.136 1'2900' Therehaice
subtypes of this calibration specimen (fig. 1): Aldeep

difficult. As a contribution to the systematisatiofi the specified ’ g )

calibration standard applications, this paper dessrthe most 9grooves with flat bottoms (characterised by thesptt d

popular calibration artefacts and outlines theirvamdages and widthw), and A2 — deep grooves with rounded bottoms

and drawbacks. (characterised by their depthand radius). It is also worth
mentioning that wide ridges with flat tops are inteangeable

Keywords: stylus profilometer, calibration standard, gaugevith the Al type artefacts.

characteristics

a)

1. INTRODUCTION

For the last few decades, surface roughness measue groove
have played a crucial role in predicting the parfance \
of industrial objects, their wear and frictionaloperties.
As aresult, it has become vital to ensure thaesmnacted W ridge
profile and calculated values of roughness paraméte.Ra 9 .

Rz RSn) are reliable and reproducible. In order to erddhds,
proper calibration of a measuring instrument gauge b)

of immense importance. Also, a selection of catibra <
standard plays a key role in achieving adequatdiluiity !
of surface texture properties assessment, as thsurament .
results obtained with the non-calibrated or imprope
calibrated equipment may cause reaching not ordjeanding, !
but even erroneous, conclusions.

However, as there is a wide variety of both stadidad
[1] and non-standardised [2, 3] calibration artefaand there
is no information concerning their impact on thébration
uncertainty, a choice of an appropriate one hasorbec
extremely difficult. Before making a decision, numgs
factors should be taken into consideration, i.easneng
instrument type (stylus or non-contact one), itsasuging
range and resolution. So, the core objective ofplaper
is to compare the most widely used calibration facts,
especially taking into account the possibilitied &imitations

of their applications for stylus instruments. Also : ) L
= L refers to the height of assessed profile at anifipps<. Also,
the repeatability of the calculated calibrationftioent values, the parts of the measured profile surrounding toewe

while each of the mentioned standards being useg

. : . : orners should be ignored to avoid the influenceahef
is compared. The instrument to be calibrated id-thren . o N
Talysurf PG| 830 by Taylor Hobson [4]. rounding of these faults as it is shown in figura. 2

The variablej should be set to either +1 (in regions | and Il)
or-1 (in region Ill) respectively. Then, the rédet
of the calculated depth of the groove equahtto the nominal

Fig. 1. Depth measurement standards: a) groovésflatt
bottoms and ridges with flat tops, b) grooves withnded bottoms

When the Al type standard is used, the first step
of calibration coefficient Z determination is fitting
the equation:

YaxX+pB+hxo Q)

with unknowns:a, 8, h, to the profile three times longer
than the width of the groove using the least squeiterion. Y



one d is estimated. The obtained value is the calibmatio

coefficient Z.

Whereas the A2 type standard is used, the leaatesaquc
is fitted through the centre of the groove andl¢iaest square
line referring to the upper level is fitted, to@m(f2b). A least
squares mean line representing the upper levehisrdover
the groove. The calibration coefficienZ is estimated
as the relation of the distance assessed
to the lowest point of the fitted arc and the naahidepth
of a groove.
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Fig. 2. Calibration coefficient evaluation
a) Al type standard, b) A2 type standard

However, in order to limit the impact of the stardla
defects, a few (at least five) profiles, evenlytrilsited
over the groove, should be  measured
to the normative documents [1]. Another way to dvtiis
influence is measuring the standard with more tmengroove
onit[5], as it is shown in figure 3. This measuent

procedure has been applied to assess the repagtabil

of the obtained calibration coefficient values. Thesults
of the research are presented in figure 4.
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Fig. 3. The standard with three grooves measurerasuotts

In spite of their simple construction, economica-
facturing and high precision, these standards atefree
of drawbacks. The fundamental of them is the fhat it is
impossible to reveal and compensate numericallygthge
non-linearity. It is an effect of calibrating theofilometer only
for isolated points (reflecting the groove depthjthim
the measuring range. It makes the A type calibnegiandards
non-applicable, when the performance of a wide eastglus
profilometer gauge, such as one of the Form Taly3@t 830
used as a reference machine, is investigated.
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Fig. 4. The calibration coefficient valZerepeatability
(three-groove Al type standard with a nominal dejpt 2.55 pm)

3. SPACING MEASUREMENT STANDARD (TYPE C)
Another calibration artefact, not only being thest

but also the most common, is the spacing measutemen

standard (type C) [1] (fig. 5), which is characied

by the averagedRa or RSmparameterRa parameter refers

to arithmetical mean of the absolute ordinate \alwithin

a sampling lengtRSms a mean value of the profile element
widths within a sampling length.
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Fig.5. Spacing measurement standard [8]

The calibration coefficien? is evaluated as a relation
of the calculated and nominal roughness parameikres.
Similarly to the A type standard, the impact of dr¢efact
defects has to be minimised and the measurementbHzaes
repeated at least 12 times [1], what makes thédredion
procedure time-consuming. What is more, the cdiitma
standard itself has some significant disadvantaigesit is
vulnerable to wear and damages. Also, the sameeadepth
standard it enables a user to calibrate instrumange only
within small measurement range.

In order to evaluate the repeatability of the caliion
coefficient estimation with a use of the C typenstrd,
the measurement has been conducted 10 times. Fbr ea
of the profilesRa parameter has been calculated and divided
by the nominal value. The results obtained this way
are presented in figure 6.
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Fig.6. The calibration coefficient valZerepeatability
(C2 type standard with a nomirRh = 2.5 um)

4. PRECISION HEMISPHERE STANDARD (TYPE E1)

The novel calibration method and standard ha
to be introduced due to the numerous profilometet
with extraordinarily wide, exceeding 10 mm, gaugege
coming onto the market. The solution devised bynieérology
equipment manufacturers is founded upon using ditadp
quality, high precision hemisphere (fig. 7) [6, Th spite
of being perceived as worth popularising and statided [1],
there is nearly no information concerning the aacurof
the method available [8].

CAUTION -

Fig.7. The precision hemisphere standard

According to the manufacturers’ and standard
recommendations, the first calibration step is heil@ing
the position of the hemisphere crest. However,piteious
authors’ research [8] has outlined, that even shift
of the determined and true hemisphere top exceetingn
have a negligible impact on the calculated calibrat
coefficient value.

Then, the hemisphere profile data should be acdjuire
symmetrically to the determined crest. Also, thagth
of the registered  profile should be limited only
by the instrument measuring range and the hemispher
geometry, as the stylus flanking on the surfaceatibration
standard is impermissible. Afterwards, the mearshould be
fitted to the obtained signal via a least squangé®ron.
What is more, the maximum hemisphere form deviatPin
should be calculated. The values acquired this stiayld be
compared with the nominal ones. Then, the calibrati
coefficientZ should be determined, as it is equal to the ozlati
of the fitted arc radius to the nominal arc radius.

Similarly to other calibration methods being ddsed, the
repeatability of the calibration coefficient Z,

5.

In the Figures 8-9, there are both the obtainedesbf this
coefficient andPt parameter collated.
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Fig. 9. The repeatability d*t parameter
FINDINGS

The consistency in the calibration coefficiehtvalues

obtained through use of the calibration standardationed
above has been assessed. The differences betwégaticm
results are presented in the box-whiskers chdigime 10.
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Fig. 10. The comparison @fvalues obtained
while various calibration standards being used

It can easily be observed that the

while the precision hemisphere being used, hasdeasinated. of the calibration coefficient value when the Alpdy

Zeszyty Naukowe Wydziatu Elektrotechniki i AutomdgkiISSN 2353-1290, Nr 38/2014

87

repeatability



calibration artefact is applied is significantly e All the matters mentioned above show how diffiguls
(the standard deviation being more than 100 tinsegel) to perform the calibration of a profilometer gaygeperly.
than when other standards are used. However, tias dot Not only is there a variety of standards to chofrsen
disqualify the calibration method performed through of the differing in their metrological properties noticégalbut also
deep groove standard, as the relative divergeneeuser has to take a hard look on the economiessiefore
of the acquiredZ parameter values (referring to the meamaking a decision which calibration method showddibed.
value) does not exceed 1.5%. When other factoestifiy the
uncertainty of surface texture measurement are ntak& REFERENCES
into consideration, this impact seems to be ndgkgi

Also, it has been outlined that the calibrationficients 1. 1SO 5436-1:2000. Geometrical Product Specifications
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hemisphere standard may be observed. It may beudt of the vertical scale of a stylus profilometer gsmultiple
the different calibration artefacts’ constructiomsd hence, delta-layer films, Meas. Sci. Technol., Nr 18, Bxi2007,
a different part of the measuring range at whiehitistrument S. 2750-2754.
has been calibrated. However, this statisticaliynisicant 3. Giusca C.L. et al.: Calibration of the scales ofahr
diversity of the results also may be perceived has dne surface topography measuring instruments: part 2.
of no practical importance, as the relative diffexe between Amplification, linearity and squareness, Meas. Sci.
the calibration coefficient values does not exce&dbo, too. Technol., Nr 23, Bristol 2012.

4. Form Talysurf PGI 830. Bearing measurement systems,
6. CONCLUSION Taylor Hobson Precision, Leicester 2006.
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performance, but also enables user to calibratesuneqy 7. Scott P.J.: A metrological apparatus and method
machines of the extra-ordinarily wide measuringgem of calibration using a surface of known form. Ulatént.
exceeding a few millimetres. GB 2 429 291 A. Publ. 21.02.2007.

On the other hand, the hemisphere standard is o8e Wisniewska M.Zebrowska-tucyk S.: Stylus profilometer
of the most expensive standards commercially aviaila calibration results obtained with a use of the isien
The problem becomes even more significant, whestylas hemisphere standard, Coordinate Measuring Techpique
flanking on the standard surface is consideredaviad this, Bielsko-Biata, 2014.

it may be necessary to equip the laboratory wideparate
hemisphere standard for each type of measuringimsint.

POROWNANIE WZORCOW U ZYWANYCH
DO KALIBRACJI PROFILOMETROW STYKOWYCH

StreszczenieProfile zaobserwowane i wakt parametréw, stigce do oceny chropowaim powierzchni, uzyskane przyyciu
profilometrow stykowych mugzbyé wiarygodne i odtwarzalne. Jednym z najniajszych czynnikéw, decydagych czy te
warunki g spetnione, jest przeprowadzenie wzorcowania gippaomiarowej przyrgdu ze szczegéinym uwzglnieniem doboru
odpowiedniego wzorca. Jednak, ze wrdgl na mnog& dostpnych wzorcéw kalibracyjnych, zaréwno znormalizoyetn
jak i nieopisanych w dokumentach normalizacyjnyeybhor wiaciwego stanowi trudne wyzwanie nawet didwiadczonego
metrologa. Wzorce te #@ig sic nie tylko struktug geometrycza powierzchni, ale teksztaltem, wymiarami, materiatem,
z ktdrego g wykonane czy cen W zwigzku z tym, usystematyzowanie wiedzy doyes wzorcow kalibracyjnych, ich
wiasciwosci oraz potencjalnych zastosofwavydaje s¢ niezkedne. W artykule poréwnano najbardziej rozpowszemmi
spasréd wzorcOw stagcych do wzorcowania gltowic pomiarowych profilometréstykowych. Poza przedstawieniem
najwazniejszych zalet i wad tych wzorcéw, dokonana teeny powtarzalri@i wyznaczanych przy ichzyciu wartgci
wspotczynnikbw wzmocnienia.

Stowa kluczowe:profilometr stykowy, wzorzec kalibracyjny, charaktstyka gtowicy pomiarowej.
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