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Abstract:

Its requested for many products to make a goo@oef‘ficients of friction change or visibility of ¢hscratch
aesthetic impression. This feeling cannot be peemaof track) and at least several specific scratch tipengetry
course, but manufacturer takes care of a scratistaece applies (Vickers, Rockwell, cube corner, ball andnm
coating, as surface appearance is one big parthisf t others)[5].
impression. The paper discusses new method fosdizch Considering most common methods scratch resistance,
test, as an answer to the industry need for tHentque that that corresponds to material hardness, can beedkéis the
is quick, reliable and economically acceptable. ¢éemew ability of one material to abrade another [6]. Dgmds the
test stand was designed to improve existing mettfods results of a complicated process. However, undedstig
economical aspect especially. Construction of thidhis mechanism leads to the conclusion, that theme
instrument is described. Discussion of strong moiig always two important factors common for every metho
presented but also a list of weaknesses and dtriachat l0ad and contact area [6]:
were neglected is given. F

To prove reliability of this test stand some expenmts = H A5 (1)

were carried out. All results were verified using

contour. Every scraich was evaluated with this espst 1S the indentation hardness andeAis the projected load

before the load application on the specimen (passcThen bearing area resisting the horizontal force.

all scratches were measured at several cross-3gctimne Indentation mechanism differs from scratch mectmanis

cross-section for each load. but general formula that describes scratch hardizesise
New method was compared to the one described in IS8RMe [6]:

19252 standard for determining the scratch progertf Fs

plastics under defined conditions. Also the insteainitself = Hs[AS, )

was compared to the advance scratch tester CETR:-UMT ) ) ) _
the last section all planned modifications of ttéster are Where Fsis the horizontal force applied to the specimeg, H
described, considering adjustment to industry nesog IS the indentation hardness and Ais the projected load

flexibility for didactic use at technical schoolsnca Pearing area resisting the horizontal force.
universities. The formula (2) is a base to emphasize the need to

implement a new scratch method that can charaeteriz
scratch properties of varnishes at the microsdégebased
Keywords: Scratch Test Stand, Sclerometry on the current state of art, fast and repeatablé san be
widely accepted for the quantification of coatimpperties.
Custom-built test device is easy for operationtadde and
free from operator influence, which leads to the
1. INTRODUCTION reproducibility of experimental results. It can kelled
comparator because of the limited functionalities fest

The very first documented scratch tests were ahirie Parameterisation. In more advanced instrument l@&ad
the 1722 by Reaumur [1]. It means that this meibaeally ~ applied continuously, speed is constant or it'sréasing
old, because it was described a century beforeplao during the test to keep acceleration constant, ritete
Mohs scale, based on 10 minerals, was proposed f@@sition is adjustable to achieve correct attacjieandin
hardness of materials determination [2]. Since thefitu data acquisition system, even including visualtesys
numerous modified techniques have been developeneS for scratch visibility evaluation, are implementells the
of them are very simple, like the one from ISO 1®25 device was not developed for researches but fastaewe
standard [3], but on the other hand there are highly ~test most of those parameters are neglected. Cmy t
sophisticated instruments designed in complianda 180  Vertical load, which i_s a critical point f(_)r tesmr[abilit_y on
14577 standard [4], where coating parameters aesuned SOft and hard materials, has to be adjustable. frtthod
without any horizontal motion of the specimen isgect to  d0oes not involve additional system to base coaingy on
the indenter position (pure hardness test). Genigleh acoustic emission signal. Also after-scratch veation
remain the same, while scratch loads and speedssyar Method will not be included to get only quick infuation
different parameters are considered as a resailt (i. about the specimen.
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2. SCRATCH METHOD AND MATERIALS

2.1 Test stand

For lacquer based coatings there is no need teargesharp
indenter like Vickers diamond, because only a srwat
can be applied during the test. That makes scnaietinod
hard to introduce for the industry. Bigger radiusrks also
as an mechanical filter, that makes the systemdessitive

Custom-build test stand (Fig. 1) consist of two maj to surface roughness.

parts: slider (2) and indentation unit (3). Theyaispace for

Critical vertical load applied on the indenter was

moves 100 mm in the horizontal direction. Velo@tyal to
scratch speed is determined by the gravity fordmgon
the dead weight located at the end of a flexibleneation.
Slider wheels and pulley are installed on low-faot
bearings.

w

Fig. 1. Scratch test stand (1 — counter-balance, 2
specimen on the stage, 3 — weigliteorma
load), 4 — indenter, 5 — dial gauge, 6wneigh
(stage movement)

Indentation unit consist of the indenter (4), ingen
holder and set of weights for vertical load apglma There
are also two auxiliary components. Counter balafigeto
achieve accurate loading without any influence frtra
load application unit and dial gauge for indentatibepth
measurement. Gauge tip is connected in a directimity
to the indenter tip to allow position zeroing befdhe test
(without any load applied) and to read depth adelya
Certified accuracy of this gauge is equal to i@ with
resolution 0,2um.

2.2  Scratch test method

This method was developed to compare coatings witho

determination of numerous material parameters tines
principal assumption were made. First one in refer
resistance to penetration — resistance to permiréitaken
as a material constant independent of the penegrati
direction (vertical indentation or horizontal sct@t Second
one in refer to friction — adhesive friction is dted as
independent of the portion responsible for deforomat
Both assumptions were verified [6] up to the 12@einter
angle which means that significant part of balleintér is in
touch with specimen coating.

Load necessary to carry scratch test increases tiwth
tip radius [7]. Because of that it is better toedatine widely
available indenter first and then calculate neagstzad.

between the critical load of the scratch adhesiod the
composite hardness based on the elastic—plasticrdafion
model of the coated material:

Fe

= ZT [R BY [BCF [Hcr (3)

where Rk is the critical horizontal force applied to the
specimen, R is the indenter radiéig,and H, are the scratch
depth and the composite hardness and at the maxioagn
andy is a dimensionless quantity equal to 0,7.

Assuming varnish hardness of 15 N/mrtMartens
hardness) to test with load in macro range radiushe
indenter should be close to 1,0 mm. Under this itmmd
device can be equipped with weights to cover 5 —N15
range. For parameters determination with a snalDib N
resolution is requested [9], but for qualificatitest 1,0 N
resolution is sufficient. Starting from 5 N onlywights are
necessary: 2x5N,2x2Nand1N.

3. VARNISH SCRATCHING EXPERIMENT

Eight samples of steel plates coated with varnighnew
taken from automotive industry. Type of coating was
changed during this experiment to avoid influence o
material properties on the test stand capabilit@s. the
Fig. 2 general position of the indenter tip (2)idgrthe test
is presented with respect to base material (1)caating (3).

First part of the test was oriented on coating nelte
study. With FMP100 instrument that utilize magnetic
inductive method, coating thickness was measured.
Accuracy of measurement is equal to Qu&m. Averaged
thickness for each specimen are presented in Thblt
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Fig. 2: Contact area during scratch-test
(1 - base material, 2 - spherical indenter,
3 - coating
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next stage flatness was tested with combined rcegghand
contour system T8000. Direction of the tip movemeas
perpendicular to planned scratch vector to ensuopgy

reading at the full load range from 0,5 to 50,0R¥solution
is equal to 50 mN, so it's 20 times better thathm custom-
built device. Load profile simulates dead weighstatied

measurement of indentation depth H [10]. Signiftcanover the indenter tip and every test was carrigti sonstant

flatness deviation can be read as a bigger depkbading to
unexpected errors.

The most important part of this experiment is aeseof
scratch tests. There is an interesting techniqeeribed by
Vencl [11] that requires scratch testing on coatilcgoss-
sections. Hardness type test (with indenter pelpalad to
the surface) is not the best to describe adhesremgth.
However it won't be possible to determine crosspugnt
between base material and coating with any simpst t

speed of 10 mm/s, the highest speed of the computer
controlled x slider. This device is a sophistica®dtem
capable to apply different loading profiles (indhgl sine
and trapezium profiles). With linear increase ofadp
resolution of friction measurement is increasedespect of
similar test with constant load. This more accuragthod
allows verification of custom device. Unfortunatehith
custom-built stand load can’t be changed duringekée

stand. Hence, specimen material moves in a hoakont

direction under vertically placed indenter. Scratetocity

also influences results, however for the range fidmmm/s
to 50 mm/s values are almost comparable [12]. érsistem
without motorized stage only average speed can
calculated. To achieve speed of 30 mm/s set ofrerpats

were carried with different weights causing stagezement.
For the actual scratch tests weight wasn't charsgedpeed
remains constant.

4. RESULTSAND DISCUSSION

Averaged results of tests carried on 8 specimems ar
beresented in Table 1. On the Figure 3. graphicasgrtation
of results is plotted. Thickness of the coatinquésrly the
same indicating very stable painting process, slpior
automotive industry. At the short trace of 1,0 mmasured
flatness was not bigger thanub, not affecting scratch test

At next stage T8000 system was used to evaluafédepro results. This pre-scan has proven that specimens we

of the scratch. During every scratch pointer ofl diauge
indicates maximum depth of the scratch.
measurement was necessary to verify whether thiding
corresponds to the H max depth or maybe on tonttheniter
position. In case of a soft core under the coatifigence of
base material doesn’'t withstand high pressure fithm
indenter tip and compressed increases depth reading
factor is always considered for standard hardness -+
according to the Buckle’s one-tenth rule indentataepth

must be 10 times smaller than coating thicknesg. [13

However during the scratch test this rule doesaitehto be
followed and real scratch depth has to be evaluatgavay.
Hence, change of the indenter position during ttratsh
test was observed and finally compared with H mabkies
measured with contour system.

The last stage of this experiment was carried waith
professional scratch tester CETR-UMT 2. Servo-ailed
carriage position with indenter holder applies laad the
coating. Accuracy of measurement is equal to 1%hef
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Fig. 3 Comparison of indentation depth measure!
with respect to the coating thickness

Profile

prepared properly.

In every scratch-test with load over 8 N dial gauge
pointer stopped at ca. 150m. This value is close to the
coating thickness which means, that indenter tip slaing
on the base material surface. For every softerirmpa N
load will not be high enough to perform such a dsematch,
however it can’t be concluded from the resolutionether
any value between 7,0 N and 8,0 N is not capab&ehieve
the same depth.

Real scratch depth was a little bit smaller thadrfom
the custom-built device. Difference is equal to 8 pm and
it's reproducible for every tested specimen. Anmegke of
the profile is presented on Figure 4. Because yiseem is
not designed to study material parameters themne ieason
to measure profile over the surface and the shdptheo
same profile right under the surface. This is ajestbfor
another research work. Penetration depth measuitadhe
profilometer proves repeatability of the indentesitioning
device and stiffness of the stand. Results fromdbedn
indenter tip will be higher (deeper penetratiotiyst also
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Fig. 3 Example of scratch profile
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scratch-resistance will be considered as higheis Tdttor
can be neglected if only comparative tests are uwcted.

Table 1: Experimental results of scratch-resistance  [1]

evaluation
Normal Coating Penetration depth H max, [2]
load ks, N thicknesspum pm
Custom Device Profilometer
5 150,8 92 88,9
6 153,5 113 108,8 [3]
7 1511 132 128,5
8 152,1 152 147,2 4]
9 151,7 153 147,9
10 152,4 153 148,0
11 152,6 153 147,8
12 153,6 154 148,3 5]

4. CONCLUSION
(6]

From results of carried tests and from the analgdis
those results several points of conclusion canrbermt

this simple scratch test method can't be used tg]
determine material parameters, but accuracy of the
indentation depth measurement is good enough t&]
distinguish different varnishes on steel base;
comparison between simple test stand and
sophisticated computer based system points
acceptable difference in scratch-resistance result
however it can be only neglected at industry level,
not in material science;

repeatability of results proves small influencetroé  [10]

operator and shows good reproducibility of custom-
built test stand,;

better load resolution, that can be easily achigevedll]

will improve ability to recognize proper coating
further researches will be focused on speed inereas
but first influence of carriage velocity must be
investigated;

requested surface flatness is the weakest point &2

custom-built test stand and there is no method to
improve that at this stage of researches work;

test stand is ready for comparative tests on viaesis [13]

in industry and it can be used by university stuslen
to observe basic idea of scratch-testing.

Further work is required to perform better accurady
depth penetration reliability and to decrease arite of
surface flatness. All popular sensors applied inremo
advanced systems are unfortunately not useful sitise
requested to use data acquisition system. Thisawgonent
affects one of the very basic requirements — dewiast be
simple and easy for operation. Current version igoad
proposal for laboratories where students have tfiest
contact with scratch testing. Load can be changaduaily,
S0 as specimen velocity and type of indenter tcetstend
better complicated theory of scratching.
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