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A characterization of a CrN multi-layer coating was completed on behalf of Cummins Fuel Systems. Three samples, each
subjected to a different post-grind polishing method, were examined. The following properties were tested in each sample:
residual stress, hardness, elastic modulus, surface roughness, and adhesion. Based on adhesive performance, sample 12 proved
superior to samples 4 and 8, because less cracking and no delamination occurred. Greater variation in residual stresses present
in the coatings are likely what resulted in more extensive cracking and delamination 1n samples 4 and 8. A large variation 1n
hardness and elastic modulus values, similar to the variation for the residual stress, was seen 1n samples 4 and 8.
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systems using physical vapor deposition (PVD).

> The mechanical properties and effects of coating
processing are not well understood.
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ADHESION
Samples 4 and 8 exhibit cracking and delamination at 60,
100, and 150 kg indent loads. Sample 12 exhibits

> Hardness/Elastic Modulus measurements were made cracking at 60, 100, and 150 kg indent loads.
by nanoindentation on a Hysitron TriboIndenter with a T R T o NS R S
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> Adhesion was qualitatively assessed via an
indentation test. Optical images were captured to
measure indent radius and crack length using Imagel.

> Surface Roughness Ra and Rz were measured from From left to right at 100x magnification: samples 4, 8, and 12 with indents
10, 20, 50, and 100pum scans using a Bruker Multi- made at 150kg. Cracks are highlighted by red ovals. On sample 4, ‘a’ and
mode AFM and GWYddiOIl 7’ denote indent radius and indent radius plus crack length, respectively.
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Average crack length, average indent radius, and crack ratio for samples
4, 8, and 12 at 60kg, 100kg, 150kg indent loads.

samplo | Lo | “Crack | Averagendent| _crac,

Length [um] ’ ’

60 14.128 24.174 1.58

4 100 5.895 16.677 1.35
150 19.187 20.622 1.93

60 6.547 12.201 1.53

38 100 6.570 8.266 1.79
150 11.097 10.607 2.10

60 5.557 6.304 1.88

12 100 7.334 8.118 1.90
150 0.448 10.270 1.92

SURFACE ROUGHNESS

For a 95% confidence interval, microscale (<50um)
roughness measured 1n visible scratches was lower than
values taken outside of scratches (on the surface), which
1s 1ndicative of differences 1 mitial film growth.
Macroscale (>50um) scratch and surface roughness 1s
indistinguishable 1n all samples.

Microscale roughness for 4 and 8 were comparable,
while 12 was larger than both. At the macroscale, 8 was

the smoothest, followed by 12 and then 4.
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Discussion
> Sample 12 exhibited the least variation and greatest
uniformity 1n property measurements. A single

conclusion or average value for each property was
more easily converged upon for sample 12 than for
samples 4 and 8.

> Residual stress in samples 4 and 8 have regions of
both high tension and high stress. Such variation
effects adhesion and crack behavior across the surface.
Areas of the coating 1n tension are more susceptible to
film fissure and areas in compression are more likely
to experience delamination.

Recommendations

> Tape polishing correlates with uniform property
measurements, and should be used as the preferred
post-grind polishing method

> Residual stress mapping should be used to predict
coating fracture behavior
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