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Abstract
In this work, two methods of rough surface generation for
different roughness values has been developed by using
random number generation using universal FEA, ANSYS.
The resulting geometry is meshed by different meshing
method to convert the solid model into FE model. To create a
contact pair between rough surfaces 8-noded surface to
surface contact elements (CONTACT 174) and 3D target
element (TARGET 170) are applied to the rough surface to
create the contact and target surface and to allow 3D
mechanical contact to occur and forces to be transmitted
across the interface in the model. The analysis has been
performed on the FE model with varying loading condition of
different surface roughness and Mild Steel and Al materials to
get the real contact area and thus thermal contact conductance
analysis.
Keywords: Thermal contact, Conductance, FEA, Roughness,
Modeling.

INTRODUCTION
Thermal contact conductance plays an important role in all
thermal systems where a mechanical contact is involved.
More recent attempts at predicting thermal contact
conductance at an interface, especially focusing on the low
contact pressures allowable in electronics cooling, have taken
advantage of the speed and processing power of modern
computers to track the number of asperities in contact at a
surface by directly using surface profile data. Inputs to the
model include the surface profiles, mechanical and thermal
material properties, nominal contact area, and specified loads.
Surface roughness is a measure of the microscopic
irregularity, whereas the macroscopic errors of form include
flatness deviations, waviness and, for cylindrical surfaces, out
of roundness.
Leung et. al. [1] presents a theoretical investigation, directed
towards the application of statistical mechanics to the
prediction of contact conductance. This paper addresses
contact conductance from macroscopic and microscopic
viewpoints in order to demonstrate the promise of the
statistical mechanics approach. Cooper et. al. [12] developed
a thermal contact conductance model (CMY Model). They
consider the resistance to the flow of heat between two thick
solid bodies in contact in a vacuum. Existing analyses of
single idealized contacts are summarized and compared, and

then applied, together with results of recent electrolytic
analogy tests, to predict the conductance of multiple contacts
“Appropriately” or “inappropriately” distributed at the
interface.
Mikic [14] considered the thermal contact conductance of
nominally flat surfaces in contact was considered. The
emphasis of the work is on effect of the mode of deformation
on the value of conductance. For rough nominally flat
surfaces in contact thermal contact resistance was explicitly
evaluated for assumed pure plastic deformation, plastic
deformation of asperities and elastic deformation of the
substrates and pure elastic deformation. In addition, a criterion
determining mode of deformation for given surfaces in
contact (given geometry, and materials) was given. Sayles
and Thomas [15] derived a completely general relationship
for the conductance of the elastic contact of an isotropic
Gaussian random surface with a flat in terms only of
properties of the bulk material and quantifiable parameters of
the surface topography.
Gibson [16] considered the flow through abutting cylinders
having, in general, different conductivities. As Cooper has
shown that the contact spot may be considered as an isotherm.
Thus the simpler problem of one cylinder with heat flux
specified over part of the boundary and the remainder being
an isotherm had been considered. McGee et. al. [18]
developed a line-contact model for the thermal resistance of a
cylinder-flat contact. Resistance due to heat flow constriction
across the solid-to-solid contact was calculated. The model
was also accounted for the variation in resistance across the
gas-filled gap, on either side of the contact, as a function of
gas pressure. Experiments measurements was performed to
compare with the theoretical models and also to enhance the
understanding of the mechanisms controlling the resistance to
heat transfer across a cylinder-flat joint and good agreement
was obtained over a limited range of experimental parameters.
Tsai and Crane [20] presented an analytical temperature
distribution solution to the one-dimensional symmetric system
with heat flux on one outside surface and insulation on the
other. The analysis provided theoretical basis for transient
measurement of thermal contact conductance. Two
contacting, one-dimensional, cylindrical blocks of the same
material and dimension were considered. The thermal
properties were assumed constant. Antonetti et. al. [21]
developed a correlation for an approximate thermal contact
conductance which does not depend upon the surface asperity
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slope. In this study a strong correlation exists between the
surface roughness and the asperity slope, and regression
analysis established an equation relating the two parameters.
Madhusudana [22] demonstrated that in many applications
involving contact heat transfer, including electronic
components, the contact pressure is low or moderate. It is
shown that at these pressures conduction through the
interstitial gas is the dominant mode of heat transfer. Nishino
et. al. [23] was studied the thermal contact conductance in a
vacuum environment under low applied load with square test
plates made of aluminum alloy. Two kinds of contact
geometries were examined: the contact between a practically
flat rough surface and an approximately spherical one, and the
contact of similarly flat rough surfaces.
Sridhar and Yovanovich [25] proposed a new thermal
elastoplastic contact conductance model for isotropic
conforming rough surfaces. This model is based on surface
and thermal models used in the Cooper, Mikic, and
Yovanovich plastic model but it differs in the deformation
aspects of the thermal contact conductance model. Benigni et.
al. [29] carried out an investigation which deals with the
possibility and the first measurements of thermal contact
conductance of cylindrical joints by the periodic method at
high temperature. The mathematical principle is presented.

FACTORS INFLUENCING
CONDUCTANCE

THERMAL

CONTACT

Contact Pressure
The contact pressure is the factor of most influence on contact
conductance. As contact pressure grows, contact conductance
grows (And consequentially, contact resistance becomes
smaller). This is attributed to the fact that the contact surface
between the bodies grows as the contact pressure grows. Since
the contact pressure is the most important factor, most studies,
correlations and mathematical models for measurement of
contact conductance are done as a function of this factor. The
thermal contact resistance of certain sandwich kinds of
materials that are manufactured by rolling under high
temperatures may sometimes be ignored because the decrease
in thermal conductivity between them is negligible.

Effect of Loading–Unloading Cycles
As the interface between two rough surfaces is subjected to
loading–unloading cycles, an increase in thermal contact
conductance is observed for the second and subsequent
loadings compared to the first loading, mainly due to the
progressive nature of the deformation of asperities on the
surfaces in contact. An increase in thermal contact
conductance is observed for successive loadings, but only
during the first few cycles. After the second loading cycle, the
TCC comes to a steady value with respect to loading cycle.

Surface Roughness, Waviness and Flatness
One can characterize a surface that has undergone certain
finishing operations by three properties: roughness, waviness
and flatness. Among these, roughness is of most importance,
and is usually indicated by an rms value, σ.

Effect of Material Properties
Material properties of the two surfaces in contact have a
significant effect on the observed TCC. The effects of
material properties such as micro-hardness and yield strength
are less easily discerned. Although aluminum has a much
higher conductivity, aluminum and brass contacts have similar
TCC values for pressures in the region of 0.5–1.5 MPa. This
indicates that higher yield strength leads to a reduction in
TCC. The higher yield strength of aluminum means that
geometrically equivalent asperities on brass begin to deform
plastically before those on aluminum. This results in a greater
contact area for brass at a given load, increasing the contact
conductance to the same value as for aluminum, even though
aluminum has a higher thermal conductivity. However, as the
yield strength of aluminum is reached at higher loads, the
contact area for aluminum contact begins to increase due to
plastic deformation, leading to a more rapid increase in TCC
for the higher-conductivity aluminum.

Effect of Temperature

Interstitial Materials

There does not exist any direct influence of the temperature
on the contact conductance, rather its increase results in term
of change in the hardness of the body; and subsequent change
in applied load leads towards plastic deformation.

No truly smooth surfaces really exist, and surface
imperfections are visible under a microscope. As a result,
when two bodies are pressed together, contact is only
performed in a finite number of points, separated by relatively
large gaps. Since the actual contact area is reduced, another
resistance for heat flow exists. The gasses/fluids filling these
gaps may largely influence the total heat flow across the
interface. The thermal conductivity of the interstitial material
and its pressure are the two properties governing its influence
on contact conductance. In the absence of interstitial
materials, as in a vacuum, the contact resistance will be much
larger, since flow through the intimate contact points is
dominant.

For the conservation and efficient use of thermal energy it is
important to be able to control the heat transfer properties of
the engineering constructions involved in its use. This may
require on the one hand the minimization of heat transfer to
reduce losses or, on the other, its maximization to avoid
unacceptably high temperature gradients for a given thermal
flux. Thermal contact conductance is an important factor in a
variety of applications, largely because many physical
systems contain a mechanical combination of two materials.
Some of the fields where contact conductance has importance
are electronic packaging, microelectronics, biomedicine,
nuclear reactor, space applications, I.C. engine, Heat
exchanger, metal forming, and super conductor.
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DESIGN AND MESHING
Two surfaces have been designed and meshed using different
methods. The mesh geometry created by moving all nodes is
shown in figure 1. The mesh on the left is shown with actual

displacement scaling. The mesh on the right was created with
displacement values one hundred times larger than those used
to solve the model and is included to allow easy visualization
of the generated surface.

Figure 1: Mesh Created by Moving All Nodes – Actual Scale (left), 100x Displacement (right)

The mesh geometry created by moving nodes by location is
shown in figure 2. The mesh for the “by location” case is
twice as dense as the previous case. The asperities have the
same heights at the same locations as the previous case but the

asperities are visibly different. The geometry of the new rough
surface is more discontinuous with much less of the surface
area covered by asperities.

Figure 2: Mesh Created by Moving Nodes by Location–Actual Scale (left), 100x Displacement (right)

The mesh geometry generated by creating key points is shown
in figure 3. The surface topography for the “key points” case

is nearly identical to the “all nodes” case; however the mesh
quality is significantly better and can be refined if necessary.

Figure 3: Mesh Created by Creating Key Points – Actual Scale (left), 100x Displacement (right)
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The mesh geometry generated by creating shell primitives is
shown in figure 4. As in the “by location” case, the surface
topography in the “shell primitives” case is discontinuous
since the base of each pyramidal shell is at the nominal

surface. Two adjacent asperities with similar depths would
create two adjacent pits for the “shell primitives” case where
the same asperities would create one longer pit in the
“creating key points” case.

Figure 5: Mesh Created by Creating Shell Primitives – Actual Scale (left), 100x Displacement (right)

Overall, the method of creating rough surfaces by generating
key points produces the best results in terms of nodal/element
solution agreement, structural energy error, flexibility, and
robustness. Creation of surfaces by generating primitive shells
may be a useful method, especially for verification of
analytical models that are based on assumptions about
asperity shape. While the creation of rough surfaces through

the modification of finite element entities produces better
results in terms of nodal/element solution agreement and
structural energy error than anticipated, especially for small
asperity heights, the user is still cautioned to examine results
very carefully to ensure validity of solution when using said
method.

Figure 6: Rough surfaces in contact to create interface

GRID INDEPENDENCY TEST
To save the computational time the grid independency test has
been performed. We can use more and more fine mesh in the
model which results increase in computational time. This test
has been performed to find out after which element shape the
results do not have significant change. To perform the test the

model is meshed by varying number of element divisions
from 1 to 6 and performs analysis to get the results in the form
of real contact area. The real contact area first changes with
large amount with the increase in number of elements and
becomes almost constant at 6 number of element division as
shown in the figure 7.
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Element
Division

No. of Elements
in Contact

Contact Area
(μm)

% Change
in Contact Area

1

225

0.08

NA

2

900

0.68

88.2

3
4

2025
3600

0.93
1.08

26.8
13.8

5

5625

1.18

8.4

6

8100

1.22

3.2

1.4

6
4

CONTACT AREA (µm)

1.2

5

1

3

2

0.8

0.6

0.4

0.2

1
0
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

No. OF ELEMENTS IN CONTACT
Figure 7. Contact areas vs. number of elements

As the number of element divisions increases from 1 to 6, the
total number of elements as well as the number of elements in
contact also increases. The real area of contact first changes
and become constant at 6 number of element divisions as
shown in the table. The change in real contact area remains
less than 5% at 6 number of element divisions so for this
model to evaluate real contact area we freeze 6 number of
element divisions to get FE mesh.

RESULTS AND DISCUSSION
After meshing and creation of contact pair the analysis can be
start with properly constrained model. To perform the analysis
on the FEM model, all of the key points on the bottom of the
block were constrained in all three direction i.e. x, y and z and
all the key points at the above side of the block were
constrained in x and y direction to prevent the rigid body
displacement and rotation, leaving the surface free to deform.
A varying load is applied on all the key points at the above
side of the block to move the contact surface towards the
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target surface and analysis starts. Results have been produced
(I)
CONTACT PRESSURE PLOTS

with varying loading condition and varying roughness.

Aluminium

Mild Steel

F=0.1 N

F=0.25 N

F=0.5 N
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F=0.75 N

F=1 N

F=2 N
Figure 8: Comparison of pressure plots between aluminum and mild steel models of roughness 40µm
with different loading condition

In the contact pressure plots it is clear that elements having
zero pressure are not in contact and the elements having some
value of pressure are in contact hence the pressure plots also
shows the area of contact. It is clear that for the same loading
condition the area in contact for mild steel is less than as
compared to area in contact for aluminum for both the
roughness of 10µm and 40µm. The maximum contact

pressure is located at the same place for both the materials
because both materials have same roughness but the value of
maximum contact pressure in case of mild steel is greater than
as compared to aluminum. The percentage of real contact area
in case of aluminum at 2N is about 21% and the percentage of
real contact area in case of mild steel at 2N is about 19%.
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(II)

Roughness Effect: Aluminium Model

CONTACT AREA (μm)

12
F=0.1N
F=0.25N
F=0.5N

9

6

3

0

0

25
50
ROUGHNESS (μm)

75

25

100

F=0.75N

CONTACT AREA (μm)

F=1N
20

F=2N

15
10
5
0
0

25
50
ROUGHNESS (μm)

75

100

Figure 9: Contact area vs. roughness

Figure 9 shows the effect of surface roughness on real contact
area at different loading condition. The analysis has been
performed on the rough surface model of the surface
roughness of 10µm, 25µm, 40µm and 80µm at 01.N, 0.25N,
0.5N, 0.75N, 1N and 2N to see the effect of roughness at
different loading condition on real contact area. As the
roughness increases, real contact area decreases for all of the
loading conditions.

CONCLUSION
To convert the solid model into FEM model different meshing
method has been used. The main aim of meshing in this model
is to create a fine mesh at the contact and create coarse mesh
at the remaining model to reduce the computational time. The
analysis has been performed on the FEM model with varying
loading condition of different surface roughness and different
materials to get the real contact area and thus TCC. Effect of
varying parameters on real contact area has been obtained.
Increase in Roughness (40μm) results in increase in real
contact area for Al.
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