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Why should contact experiments on thin films be designed properly?
Unfortunately, many industry stan- Rockwell HRC test on 20 um TiIN on Scratch test as per DIN EN 1071 or HV 0.1 on 1 um TiN on steel substrate
dards are not or only ill-suited to steel substrate ASTM C1624 on 20 um TIN on steel
coatings — particularly thin films or o -100-
complex coating structures — or lack 10
of physical substance (see examples ;
on the right). In addition, such stan-
dard experiments do not match opera- QOO_
ting conditions often and hence, their  2%0"
results do not correlate to perfor- 300~
mance of the surface in operation. 400-
However, significant measurement in- 500~
formation Is necessary for a sound de-  600- | . A .
o . . @uatings solely fails as a resulNo
termination of mechanical properties 700- Nl e
of the coating or interface as well as a  800- , , , I , S@VF@ ,U S ,' & e, £ am,@,
physica| ana|ysis of faillure mecha- -600 -300 0 300 600 -300 -200 -100 Om 100 200 300
nisms. In this regard the 1/10 rule do- % (Hm) %
es help in any way. — — S— —
0,05 (GPa) 2,23 0,08 (GPa) 2,28 0,10 (GPa) 4,06
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Are there any pitfalls? Yes, E-Shadowing due to egg shell effect!
Example: 1Tum a-C:H (E=300 GPa) on steel (E=210 GPa) Example: Tum TIN (E=590 GPa) on steel (E=210 GPa)
von mises stress von mises stress o 10 MmN —————ll—— 11 MmN
cross section at cross section at
z=0,707 ym: z=0,470 pm:
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=-0,043 pm: = -0,030 pm:
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z (um) X (pm) X (Hm) z (um) X (um) X (Hm)
intersection point | intersection point RU—
value: 4,05 GPa 0,12 (GPa) 4,05 0,14 (GPa) Aips. | VElS3.02GRa 0,08 (GPa) 3,82 0,09 (GPa) 3,92
There are unascertainable areas in layered surface structures due to different elastic properties. The more compliant substrat shadows a part of the coating.
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Are there even more pitfalls? Yes, Y-Shadowing due to yield strength ratio!
Example: 1um Si10, (Y=6 GPa) on PMMA (Y=0.2 GPa) Example: WC (Y=20 GPa) on Cr (Y=8 GPa) on steel (Y=3 GPa)
von mises stress von mises stress  -0,2- 2 2 MmN — ss——— > 3 MN
0._
cross section at 0,2- cross section at -
z=1,155 ym: 04 z=0,870 ym: ’ -
2,57 . ! 20~ —
2 | 0,6- 16
b 0,8 .
fmom e 01407 0 07 14
X (pm) 1,2- X (um)
cross section at 1,4 cross section at
X =-0,031 um: X =-0,020 ym:
25 | ‘ 1,6~ S il
= Hi
1 | 2— 8
0.5] N | : ; | : | O ——
0% 04 08 F 1,(/3/ 24 -16 -08 O 08 16 24 ® 04 08 12 16 2 , , ; , ; ;
z (§m) X (Mm) z (um) X (Hm) X (Hm)
intersecti i | intersection point ) *
value<0,19 GPa 0,03 (GPa) 2,32 0,03 (GPa) 232 | Value: 9,97 GPa 0,67 (GPa) 1949 0,69 (GPa) 19,96
It IS not possible to extract information (e.g. determin elastic modulus E, hardness H, or yield strength Y) from any depth of interest due to the softer substrate.
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How to design contact experiments on coated or treated surfaces?
15t step: R ., -cee a well-designed indentation test on 1 um TiN a well-designed scratch test on 1 um TIiN
material defini-— . 507 0 e b i War T T = 515 m] + e e veral T = somn] s
t|on substate: Vi 03 E 20 gra(] Ho|45 Gea~| 15 () min. distance between measurement positions: 2,9 ym N min. distance between scratch tracks: 3,3 ym
i oo, [ G Bl mm:';m“ | 15,1228 von mises stress (GPa) 16,2503 von mises stress (GPa)
2" step: —
define design Qa/ e | |
goal (point of |
Interest POI) — " »
3 step: —T o7 R | I 0 - =¥ m)
select experli- S |
Test . Y (um)
ment types to Optimizer n ol
b e de Slgne d | - ( start calculation | [ showresults | ~celculate stress fields in high resolution (1) | ‘ Hoatcare 1205-%7 0.00 ‘ M o aas e !
Only three simple steps are necessary using easy tools like Test Optimizer (www.siomec.de/TestOptimizer). It can help you to properly design contact experiments on
arbitrarily structured surfaces (e.g. coated or treated surfaces) avoiding pitfalls like the above mentioned shadow effects.
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Conclusions
Proper design of contact experiments Is important and possible using the method presented.
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