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\SIO Why shall | design my contact experiments?

-

Example: Rockwell hardness test HRC on 20 um TiN coating

20 pum TiN

steel substrate

99.3% of measurement
sensitivity in substrate

\ ¢

Only 0.7% coating
information!

Worse on thinner or multi-
layer coatings!
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\Slo Why shall | design my contact experiments?

~N

J

-

Example: Scratch test as per DIN EN 1071-3 on 20 um TiN coating
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. requires properly designed experiments:

(nano indentation of layered sample
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references:

[1] O&PfC® www.siomec.de/O&PfC
[2] ISA, www.siomec.de/ISA

[3] FilmDoctor®, siomec.de/FilmDoctor
[4] SSA®, www.siomec.de/SSA

[5] Test Optimizer, siomec.de/TestOptimizer
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Sﬂ@ How do | design my contact experiments?

\_
-

3 simple steps:

15t step:

material definition

2"d step:

aim of investigation —

est

ptimizer

E Test Optimizer C5M v 0.2.0.7 - time-limited edition - 77 days left - unnamed projectl

. o

4

>

Project Help

4 Poisson's ratio Young's modulus

select from database

lawerthickness

layer 1: w0z E: 400 GPa@ [user defined

v b1 Um

substrate: W 03 E: 200 GPa (1) [userderined

)

estimated hardness and constraint factor

CIRIED
CIRIED

GPa~| 15 @

J

scratch friction coefficient: |03

r

optimum design far: | coating investigation

N
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3'd step: types of experiments to be dimensioned
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5@@4 1st step: Material Definition

« mechanical properties of coating and substrate:
* enter as far as known (from literature)
 select (similar) material from provided database
 estimate them

FPoisson's ratio Young's modulus selectfrom database lawer thickness estimated hardness and constraint factor

V| layerl:  y: 02 E: 400 GPa (1) |user defined v| h 15

GPa -
substrate: W 03 E: Zz00 GPa [user defined /u 20 GPa v

« choose whether you want to enter hardness H and constraint
factor C or yield strength Y which are related under H = C-Y
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( )
Sﬂ@ 2nd step: Aim of Investigation
\, ——
\_ J
( )
« select which point of your sample is of interest for you (POI)
« the experiments will be dimensioned to investigate this region
ﬁ optimum design for; [u::u:uating investigation v] selected point of interest (poi); 0.5 pgm
;E:?Q r?agllz?eni nvestigation
coating investigation
substrate investigation
click in the graph to position your point of interest
0pm
. &
coating
1.00 pm
substrate
3.00 P
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3rd step: Types of Experiments

slo

[¥]indentation with:
sphere
berkowvich
[¥]wickers
cube corer
[¥] flat punch

[¥] calotte grinding

» select the types of experiments you want to have dimensioned

\ r‘nEﬂEurEFﬂEﬂttypES:
[¥] scratch
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" Example: 1 um TiN coating on steel substrate

Result: Dimensioned Scratch Test

slo

theoretically
optimum key =—>
parameters

) _
§ TeoptmasCompinchent N e =

Optimal parameters for scratch test with a sphere

© 2D view
indenter radius: 4,1 um force range: 3,9 mN to 77,5 mN

min. distance between scratch tracks: 3,9 ym

© 3D view
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\ 4
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Accuracy depends on your inputs, especially yield strength and elastic modulus of the constituents of your
system. Meaning pure coating or pure substrate values. These parameters can be obtained by the means of
nanoindentation with subsequent "Oliver & Pharr for Coatings® analysis (incl. in FilmDoctor Studio). In addition the
Scratch Stress Analyzer (incl. in FilmDoctor Studio) allows complete correction for surface roughess. tilting.
twisting moments and can take the post scan (residual depth resp. plasticity) into account.
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Result: Dimensioned Scratch Test

( Sl " Example: 1 um TiIN coating on steel substrate
\\_ —

Optimal parameters for scratch test with a sphere
indenter radius: 4,1 pm force range: 3,9 mN to 77,5 mN
min. distance between scratch tracks: 3,9 ym

© 2D view

© 3D view

16,7164

3D view

0,78
1,00171 1085,78

twisting moments and can take the post scan (residual depth resp. plasticity) into account.

von mises stress (GPa)

e
—_
e

0,00

Accuracy depends on your inputs. especially yield strength and elastic modulus of the constituents of your
system. Meaning pure coating or pure substrate values. These parameters can be obtained by the means of
nanoindentation with subsequent "Oliver & Pharr for Coatings® analysis (incl. in FilmDoctor Studio). In addition the
Scratch Stress Analyzer (incl. in FilmDoctor Studio) allows complete correction for surface roughess. tilting.
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o Exa

mple: 1 um TiN coating on steel substrate \

Result: Dimensioned Indentation Test

J

theoretically

) TestOptimizerCompleteResult

Optimal parameters for indentation test with a Berkovich indenter © 2D view

Optim um key — || Mmax indenter tip rounding: 298,0nm  force range: 7.3 mN to 10,9 mN © 3D view

parameters

estimated —>

sensitivity profile

\ 4

well-designed
for coating
investigation

min. distance between measurement positions: 4,0 ym

x (nm)

0.05 GPa

Full plasticity resp. development of complete plastic zone assumed. Result depends on inputs, particularly
elastic modulus and yield strength. These material parameters can be computed by the means of

h | ntS E nanoindentation with subsequent "Oliver & Pharr for Coatings” analysis (incl. in FilmDoctor Studio).

~
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810 Example: 1 um TiN coating on steel substrate
Result: Dimensioned Indentation Test

iInfo@siomec.de

www.siomec.de

J
( )
( ¢ TestOptimizerCompleteResult )
Optimal parameters for indentation test with a Berkovich indenter © 2D view
max indenter tip rounding: 298,0 nm  force range: 7,3 mN to 10,9 mN @ 3D view
min. distance between measurement positions: 4,0 ym
15,1279 von mises stress (GPa)
&0, 000
0,0538615 106870 ©F
Full plasticity resp. development of complete plastic zone assumed. Result depends on inputs, particularly
elastic modulus and yield strength. These material parameters can be computed by the means of
nanoindentation with subsequent "Oliver & Pharr for Coatings® analysis (incl. in FilmDoctor Studio).
-
e




S@@ Conclusions

« design of contact experiments is crucial for investigation of
treated/coated surfaces

« Test Optimizer allows quick & easy design of

 scratch tests

+ indentation measurements 3513 3
* sphere
« Berkovich ptlmlzer
* Vickers
* cube corner
« flat punch

* calotte grinding

on coatings

 as thinas 0.1 nm

* with up to 100 layers
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