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The mechanical and thermal contact behaviour between two solids depends mainly on
the contact geometry and the nature of these two solids. It is concluded that for rough
surfaces in plastic contact the real contact is affected by the materials hardness, the
surfaces roughness and the evolution of the mechanical contact deformation. The aim of
the present study is to compare results obtained from experimental work on Vickers
hardness of brass to those of the real contact pressure (RCP) obtained by numeric
simulation. Hardness and RCP have been selected as physical quantities. For the
numerical simulation, three three-dimensional element models are developed; firstly, we
simulated Vickers assay using rigid indentor and a deformed plane surface of brass. In
the second model we considered a brass indenter in contact with hard plane surface. The
dimensions of the second model were changed to create the third model. The obtained
results from the numeric models were in agreement with the experimental findings and
confirmed the hypothesis of Abbott and Firstone. The three models of simulation may

help to select the model that give the best results in short time.

1. INTRODUCTION

The thermal transfer is widely studied in literature [1-14]
and all these studies were based on the correlation between the
real contact rate and the hardness of the deformed material.
This important correlation was combined to the mathematical
description of the rough surfaces which is developed to update
the definition of the real contact rat. Thus, the scientists
discovered that the real contact is not only related to the
hardness of materials but also to the roughness of surfaces in
contact and the evolution of the mechanical state of in-contact
materials [15-28]. We used ANSYS software to simulate
solid-solid contact since getting all the required information
about the mechanical characteristics and behaviour of the
asperity peaks are highly difficult. Numerical simulation is
widely used to predict the mechanical behavioral of materials.
It is a solution that excels mainly during the development
phases and leads to reduce number and cost of realized
prototypes. Numerical simulation remains a valuable tool in
different fields by changing wide range of multiphysics and
multiscale parameters such as geometry, laws of behavior of
materials and boundary conditions [27].

The aim of the present study is to compare results obtained
from experimental work on Vickers hardness of brass to those
of the real contact pressure (RCP) obtained by numeric
simulation.

Three-dimensional (3D) finite elements models are
developed and validated by experimental results [27]. Thus,
the real contact pressure (RCP) could be used in the semi-
empirical models to predict thermal contact resistance (TCR).
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2. THEORY

Thermal and mechanic behavior of solid-solid contact is
mainly related to the geometry of contact and the nature of
these two solids. The contacting of two virgin surfaces leads
to a quasi-isostatic contact and the mechanical loading helps
to bring closer the in-contact surface plans by increasing the
contact points. Therefore, strong increase of the load leads to
the spreading and coalescence of contact points. Compression
mechanical load results in a complex and discrete deformed
area due to the distribution of contact points. These
mechanisms in combination lead to: increase the real rate of
contact S* and contact point density N; decrease the distance
between in-contact surface plans d and so decrease the TCR.
The three parameters S*, d and N have a significant role in the
characterization of the real contact. These parameters can be
determined by two different methods. The first one is based on
mathematical expressions using the mechanical properties of
in-contact materials [28, 29], while in the second method these
parameters are measured directly by analyzing topographic
data of in-contact surfaces [19-21].

Regarding the asperity on Figure 1, the compression loading
gives rise to a stress concentration at the highest in-contact
asperity peak. In the two embraced environments, the normal
stress field o, is defined by the ratio of the applied load F by
the straight section of the asperity to the abscissa x s (X, t) [29,
30]. Since on(X) is lower to the elastic limit of a material oz, the
deformations remain elastics, however, as soon as on(X) gains
o all deformations become plastics.
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Figure 1. schema of a loaded contact between two rough
surfaces

If the flow of material is plastic at solid-solid contact area,
the deformation of the rough surface would be equivalent to
its truncation at its intersection with the hard plan. The real
contact area is defined by the geometric intersection of plan
surface with the original profile of the rough surface [15]. The
volume of the displaced material by the indentation is not
preserved. The average pression at the real surface of contact
equals to the asperity hardness H, therefore the total load F is
proportional to the real contact area.

A hardness test involves the contact of a shape indenter and
controlled properties with a plane surface subject to the study
of the mechanical properties [31].

For the hemispheric asperities, the hardness H represents
Brinell hardness HB of the softest material [18]. Therefore, the
real pression of contact is expressed by HB. The plastic flow
is formed when Hertz maximal contact pression (PH) equals
to 0.6 HB [18]. From these results is introduced the plastic
displacement &, related to Brinell hardness HB and plasticity
index ®[19]. For more important loads, it has been confirmed
that the volume of asperities is conserved throughout the
plastic deformation [22]. The adjacent asperities influence
becomes predominant as the applied force against the
asperities is very high [25].

To take into consideration the asperities form and its
microscopic scale, Brinell hardness is replaced in Bowden and
Tabor formula by Vickers micro-hardness of soft and smooth
plans [32-34]. It is not possible to make this correlation as a
standard as it ignores the evolution of asperities micro-
hardness due to the hardening phenomenon during the loading
and its dependence to the roughness parameters. These two
points must be taken into consideration especially in case
where asperities of rough surfaces deform instead of
penetrating the smooth surface. Collaghan et al. [34] proposed
a new basic notion, the effective hardness Hc, which is
expressed in relation to either micro-hardness Hy, the applied
load P and the roughness of the surface. The real level of
contact keeps the same expression where Hc replaces Hy.

Hc is expressed in terms of Hv. The apparent applied
pressure is ten times higher to Vickers micro-hardness value.
The hardness measures reveal that for low loads, the
hardness decreases in accordance to the applied load and the
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depth of the indenter penetration [8, 27, 35, 36]. The increase
of the obtained micro-hardness, going gradually to the
superficial layer of the tested surface is due to the hardening
and/or different processes of machining or treatment of the
surface [37]. According to the nature of material, it is noted
that from a certain value of the pressure, the value of hardness
becomes constant and equal to the Brinell hardness. Because
of this evolution which precedes the limit value given by
Brinell hardness, many scientists confirmed that the micro-
hardness cannot be separated from the surface state and
therefore, they proposed a new definition, the effective micro-
hardness Hc [5, 7, 8, 13, 24, 26, 34, 38]. Many experiments
revealed that Hc is more important than Vickers hardness [8].
The effect of micro-hardness on Thermal Contact Resistance
TCR revealed that Hc gives a valuable estimation of TCR
without indicting the level of precision [36]. Aiming to verify
Abbott and Firstone hypothesis, and validating the Hc notion,
we compared the experimental values of Vickers hardness of
brass with the RCP values obtained by numeric simulation.
For this end we used three different configurations of sapphire-
brass contact.

3. NUMERICAL SIMULATION

It is difficult to have clear details about mechanical
proprieties and behavior properties of asperities peak;
therefore, we used a numeric simulation to model solid-solid
contact. It is a solution that excels mainly during development
stage helping to reduce number and cost of the real prototypes.
Furthermore, the numeric simulation remains a useful tool in
different fields by changing all the multi-physics and
multiscale parameters such as geometry, laws of material
behavior and boundary conditions.

The experimental validation of the numeric model of
Vickers hardness assay will help to evaluate the performance
of the calculation tool and validate the numerical model of
hard plan-deformed pyramid contact, giving that the latter has
the same dimensions as Vickers indenter. Thus, the
mechanical behavior of asperity’s peak and the evolution of its
mechanical deformation could be determined. Based on the
results obtained from the two models, we developed a third
numerical model which reproduced exactly the configuration
of the experimental contact studied by Bensaad [27, 36]. These
findings could be used successfully to predict TCR by semi-
empiric models.

The calculation of finite elements simulation in this paper
were conducted using ANSY'S software. We realized the mesh
finite elements using solid226 element to model the deformed
part of the structure presented by the brass. Hard
plate/deformable (brass) contact was conducted using hard-
soft contact elements (170-174). Solid226 is a 3D quadratic
element and can treat all thermodynamic non-linear
phenomenon in strong coupling. Furthermore, we used the
contact element 174 and 170 to model and simulate the 3D
contact without friction between the hard surface 170 and the
deformed surface 174 in couple field, taking into consideration
the thermal resistance of contact.

3.1 Studied models
Using finite elements method, ANSY'S software allows to

create numeric models of three studied contacts; Figure 2
represents geometric models and mesh.
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Figure 2. Geometric models and mesh of studied cases
3.2 Boundary conditions

In order to accurately reproduce the experimental
conditions, we applied a pressure type loading. For the first
model, Figure 3a, we applied a displacement to a pyramid
which represents the indenter while the tested sample recessed
at its base. For the second model, Figure 3b, we applied a
displacement to the hard surface while the brass indenter is
recessed. In the third model, Figure 3a, a displacement is
applied on the plate that represents the hard surface whereas
the teste sample is recessed.
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(a) Model 1

(b) Model 2

(c) Model 3
Figure 3. Boundary conditions of the studied models
3.3 Material properties

The thermomechanical properties of the studied brass in the
present study are [27]:

- Young’s module 97(GPa).

- Poisson coefficient 0.35.

- Vickers hardness 1260 (Mpa).
- Conductivity 115 (w/m.k).

- Density 8400 (kg/m?).



The stress-strain characteristic curve of brass is given in
Figure 4 [27].
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Figure 4. Stress-strain characteristic curve of brass [27]

4. RESULTS AND DISCUSSION

For the three models, the evolution of the RCP and the
measured hardness according to the applied displacement is
summarized in Figure 5. In the first model, we found that RCP
decreased gradually with the increase of the applied load.
Starting from the second load, the RCP value remained
unchanged and equal to the experimental value of Vickers
hardness. Furthermore, we found that for the first load the
difference between the calculated RCP and the measured
hardness equal to 17.7% of the measured hardness. For other
loads the mean value of the difference between the calculated
RCP and the measured hardness equal to 6.38% of the
measured hardness. We found that the obtained results from
the numerical simulation are in good accordance to the
literature.
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Figure 5. Evolution of the RCP and the measured hardness
Hv [36] according to imposed displacement

For the second model, we inverted the configuration of
Vickers assay, where the brass indenter must be crashed
against the hard and smooth plane. For first load we found a
difference of 20% of the measured hardness for RCP values.
Starting from the second load, the difference becomes low and
reaches 9%.
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For the third model, we found, for the first load, that the
difference between RCP and Vickers hardness values is about
20% of the measured value of Vickers hardness. Starting from
the second load, the mean difference became equal to 12% of
the measured hardness.

In Figure 6 we present the comparison of the average value
of Vickers hardness with the average values of real contact
pressure for each model. The average value is calculated for
the last four points of each curve in Figure 5

In Figure 6, for the three studied cases, the distribution of
the real contact pressure is visualized at the level of the top of
the pyramidal asperity in contact with the smooth and flat
surface.
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Figure 6. Comparison of RCP and Hv values for the three
studied cases

5. CONCLUSION

The present study aims to verify and confirm the hypothesis
of Abbott and Firstone which stipulates that Vickers hardness
is equal to RCP.

We present a comparative study between the experimental
results of the Vickers hardness obtained by Bensaad, and the
calculated values of the real pressure of the contact obtained
by the numeric simulation. We have considered three models:

For the first model, we have simulated the Vickers test with
a rigid pyramidal indenter and a brass plane, a deformable
surface. In the second model, we considered a deformable
indenter in contact with a rigid plane, inversely to the Vickers
test. In the third model, we have reproduced faithfully the
same configuration of the contact studied by Bensaad.

We confirmed that three different models of numerical
simulation were in good accordance to the experimental
findings and literature. It is clear that the maximum contact
pressure is concentrated at the point of contact and close to the
hardness Hy.
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NOMENCLATURE
CP Contact pressure
RCP Real contact pressure
3D Three-dimensional

TCR Thermal contact resistance
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S Real contact rate

N Contact point density

d Distance between in contact surface plans
On Normal stress

e Elastic limit of the material

H Hardness

HB Brinell hardness

PH Hertz maximal contact pressure
3p Distance plastic

Hc Hardness effective

E Young’s module

Hv Vickers hardness

K Conductivity

D Density

Greek symbols

D Plastisity index
% Poission coefficient
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