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Advanced chrome coatings with hemispherical surface
structure

SERBAN RADU
Transilvania University of Brasov, Department of Mechanics, 29 Eroilor Blvd, 500036 Brasov, Romania

Using basic surface values, a method to appreciate the properties of the chrome coating bearing with hemispherical surface
structure was developed. Due to the manufacturing process of tailored chrome coatings which enables adjustable surface
topography, an effective surface evaluation tool seemed to be necessary. Four main types of chrome coatings were used
for this study. By using a scanning electron microscope, the materials underwent first an optical investigation. The bearing
area diagrams were obtained from the roughness profiles, measured for each type of chrome coating. By using the
multidimensional vector method, an effective value of the bearing area was calculated. This enables a direct comparison
between the four types of coating
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1. Introduction

High performance coatings have nowadays a
widespread field of applications, providing superior
properties to parts manufactured from common materials
[7]. They could represent a viable solution for an era
dominated by environmental friendly product design and
cost efficient manufacturing [1],[8].

The manufacturing technology for coatings has had a
tremendous development, so that producers could offer Fig. 1. SEM view of the four types of chrome coatings
basically an unlimited number of solutions to their investigated (500x magnification).
customers. For chrome coatings which have a
hemispherical surface structure, the manufacturing process
enables an adjustable surface topography: the density of
hemispheres per mm can be controlled as well as their
height, resulting virtually unlimited variants of coating
types [3]. Thus, the development of an efficient and simple
method to characterize and evaluate such a large amount
of coating types seems to be necessary.

For this study, four main types of chrome coatings
with hemispherical surface structure were chosen. Their
main mechanical properties are presented in Table 1.

Table 1. Mechanical properties of the four types of chrome
coatings investigated.

Coating | Coating | Coating | Coating

2. Chrome coatings with hemispherical A B C D

surface structure
Structure type Open Open Open | Closed

Chrome coatings are mainly used for metallic parts
subjected usually to high cyclic mechanical stresses.
Between the base material and the coating, an intermediate

Maximum
roughness profile | 9,51 36,47 | 79,45 19,25

Cu or Ni layer is inserted. As pictured in Fig. 1, the helgh_t Ri [pm]
surface structure can be open (A, B, C) or closed (D), with Den§|ty of

high (A, D) or low (B, C) density of hemispheres. The hemispheres 227 87 57 132
roughness profile height can be high (B, C) or low (A, D). [hem./cm]

The profiled surface of these coatings has two major Hardness HV0,1 1000 1000 1000 1000
advantages: it provides better grip when brought in contact

with a softer surface and generates less wear and friction Coating thickness |, 70 140 70
when brought in contact with a harder surface [3, 5]. [um]
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2. Determining the surface bearing area

The engineering term known as the bearing area,
refers to the properties of the contact area between two
surfaces [4]. It is usually defined as:

B, = A /A 1)

The real contact area A, is defined as the sum of
micro contact areas between two surfaces, whereas the
nominal contact area (geometric contact area) A, is
obtained by projecting the smaller surface on the larger
one. Determining these two parameters is difficult, so
another method for calculating B, had to be developed.
Measuring the roughness profile of a surface is a common
laboratory procedure and it enables the representation of
the Abbott-Firestone diagram, shown in Fig. 2.
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Fig. 2. The Abbott-Firestone diagram

This diagram is obtained by intersecting the
measured roughness profile with a minimum of 10
parallel, equidistant lines (perpendicular to the profile).
The resulting segments, representing the material fraction
of the corresponding intersection line, are then represented
on the diagram in percentage. The dashed horizontal line
corresponds to the total profile height R;, of the roughness
profile. The resulting area above the curve (delimited by
Ry) is proportional to the material fraction included in the
roughness profile. The roughness profile of the four types
of chrome coatings are shown in Fig. 3 and Fig. 4. [4].
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Fig. 3. The roughness profile measured for coatings
Aand B
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. 4. The roughness profile measured for coatings C and D.

The Abbott-Firestone diagrams for the four coating

types are shown in Fig. 5 and Fig. 6 [4].
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Fig. 5. The Abbott-Firestone diagram for coatings
Aand B.
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Fig. 6. The Abbott-Firestone diagram for coatings C and D.

3. Theoretical aspects of the
multidimensional vector method

This method allows estimating relative or absolute
distance between two or more data series having the same
amount of “n” elements. The series can be analytical
defined curves or sequences of discrete data measured
experimentally. For example, for two given curves A
(a=a(x)) and B (b=b(x)), as shown in Fig. 7, by using the
multidimensional vector method, the absolute or relative
distance between the two curves can be calculated [2].

Y
by B

"N

0 X1 X ¥n

Fig. 7. Determining a distance between two curves.

By intersecting the two curves with “n” parallel lines,
two data series are obtained:

a=(a,a,....a,) (2)

b= (by,by.....by) 3)

The absolute distance between the two curves is
given by the following equation:

1/n
dpa(a,b):[\al—bl\n +lap ~by|" + ..+ fan —bn\”} [im] 4

The relative distance between the two curves is given by
the following equation:

dpr(a,b)zlooﬂl—bllal\" +1-b, /a," +...+[1-b, /an\”]””[%] (®)

4. Determining the bearing area using the
multidimensional vector method

The method described above will be used to estimate
the bearing area from the Abbott-Firestone diagrams (see
Fig. 5 and Fig. 6). This is done by calculating the distance
between the curve and the line corresponding to the total
profile height R;. The calculated values for the four types
of coating are shown in Table 2.

Table 2. Calculated values for the absolute and relative
distance between the curves.

dpa (a,0) [um] | dor (a,b) [%0]
Coating A | 9,545964 100,3781
Coating B | 36,919618 101,2328
Coating C |  79,722308 100,3427
Coating D | 18,891464 103,3322

For evaluating the coatings, only the relative distance
is being considered. It can be assumed that for a high value
of d,r, more material is included in the roughness profile.
Thus, the contact area between two parts becomes higher,
determining a decrease of contact pressure and wear.

According the results shown in Table 2, Coating type
D. has the best surface properties with a d,, of 103,332%.
This was somehow expected because of its closed
structure and low roughness profile.

5. Conclusions

A method for characterizing the bearing area of
chrome coatings with hemispherical surface structure was
developed. The method is based on the multidimensional
vector principle [6] which enables the estimation of the
distance between two curves. For verifying this method,
four types of chrome coatings with different surface
profiles were chosen. The value of the bearing area was
estimated by calculating d,, which represents the relative
distance between the bearing area curve and the maximum
profile height, R.. The best value for d, was calculated for
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coating type D, which has a closed surface structure and a
relative low profile roughness.

The purpose for developing this calculation method
was to create a simple tool for manufacturers and product
developers, which enables a fast and effective evaluation
of coatings.
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