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Analysis and Simulation of Contact Stresses of Convex Punch
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Abstract: - This paper presents a modeling and simulation of calculating contact stresses using fractal geometry
and solidworks utilities. The problem is treated in two approaches: in the first approach, the problem taking into
account the existence of friction between the convex punch and the flat surface while the other by neglecting
the effects of friction between the two contact surfaces with presence of heat effects. It is found that the
deformation with friction is higher than the deformation without friction from numerical simulation.
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l. INTRODUCTION

One of the most important task of theory of elasticity is the determination of specific pressure and
deformation in the contact zone. The basic solution of contact problems was proposed by Hertz, who assumed
that the surface of contacting solids is topographically smooth. Consequently the contact among solids is
continuous within the nominal contact area and absent outside. This assumption excludes from consideration all
real solids among which the contact is discontinuous and the real area of contact is a small fraction of the
nominal contact area. When a compressive load is applied between a punch and a flat surface, the presence of
surface roughness produces imperfect contact at the interface. Such contact is characterized by a large number
of contact spots of various sizes spread over the whole contact interface. The degree of imperfect contact is
measured by both the size of distributions of these contact spots as well as the actual area of contact, which is a
fraction of the apparent or nominal surface area. The prediction of the degree of contact is of great importance to
several engineering problems such as power transmission systems, belts-pulleys, gears, friction, wear, thermal
and electrical contact resistance.

The topography of rough surfaces strongly influences the contact between two surfaces. Roughness
measurement on a variety of surfaces has shown that their structure follows a fractal geometry whereby similar
images of the surface appear under repeated magnification. Such a structure is characterized by the fractal
dimension D, which lies between 2 and 3 for a surface and between 1 and 2 for a surface profile.

The contact model proposed by Borodich and Mosolov (1992) adapted as a base of this study. However the
effect of the temperature on the force-deformation relationship is not studied in that work. Another study that
forms a base for this work made by Abuzeid (2002).

The objective of this work is to incorporate the effect of temperature on the convex punch model
proposed by Borodich and Mosolov (1992). A novel analytical thermo-elastic force-deformation relationship of
a nominally convex surface is proposed. The surface will be considered as a cylindrical surface and its
roughness will be modeled utilizing the fractal geometry. A power law relationship between the force applied
and the approach is determined using fractal geometry analysis and Cantor structure.

The closed form solution to the contact problem was first proposed by Hertz (1892). The term Hertzian contact
is often encountered in contact problems.

Early studies of the contact of rough surfaces are described in Arc hard (1957), Bowden and Tabor
(1951, 964). The analysis of the effect of roughness on the contact interaction parameters has attracted wide
attention. One of the key studies in this field was conducted by Greenwood and Williamson (1966), where the
rough surface was modeled by identical spherical asperities with either exponential or Gaussian (normal) height
distribution.

Greenwood and Tripp (1967) studied the elastic contact of rough spheres. A review of experimental
work for the contact of rough surfaces was made by Woo and Thomas (1980). More studies were presented by
Johnson (1985). These studies concluded that rough surfaces are very difficult if not impossible to create and so
that surface topography is not a stationary random process and the surface parameters are related to the length of
the sample. Tripp (1985) studied the Hertzian contact in two and three dimension. More recent studies was made
by Liu et al. (1986), where fractal surface is constructed using the Cantor set, which is used to simulate the
electrical contact properties of a rough surface interface . Chang et al. (1987) modified the original Greenwood
and Williamson (1966) model to incorporate the effect of the volume conservation when asperity deforms both
elastically and plastically. Several other theories of friction, wear, and lubrication based on the Greenwood and
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Williamson (1966) model were developed and discussed by Bhushan (1990). Handzel et. al (1991) made an
experimental verification of the Greenwood-Williamson model for the contact of rough surfaces. However, as
pointed out by Majumdar and Bhushan (1991), Majumdar et al. (1991) and Bhushan and Majumdar (1992). A
new model was developed by these studies using the Weierstrass-Mandelbrot function, as described by
Mandelbrot (1982), to simulate surface roughness. Borodich and Mosolov (1992) investigated the contact of a
nominal flat punch using fractal geometry. The shapes of the punches were described as the Cantor-step
functions and the elastic half-space was replaced by a linear Winkler foundations. An asymptotic power law
which associate the force operating on the punch and the depth of indentation have been obtained, using Hill’s
solution (Hill, 1950) for a punch in contact with a rigid perfectly plastic half space to estimate plastic
deformation.

An elastic-perfectly plastic contact of rough surfaces based on the Cantor set was modified by Warren
and Krajcinovic (1994). Warren et al. (1996) studied a fractal model for the rigid-perfectly plastic contact of
rough surface, where an asymptotic model was proposed, where the geometry of the rough surface is assumed to
be fractal. The rough self-affine fractal structure of the effective surface is approximated using a deterministic
Cantor set representation. Bhushan (1996) studied the contact mechanisms of rough surfaces in teratology single
asperity contact. He also used an analytical method or solutions primarily for elastic solids and finite element
solutions, primarily for elastic-plastic problems and layered solids. Yan and Kmovoipoulos (1998) studied the
contact of 3D elastic plastic fractal surfaces. The main objectives of their study were to introduce
comprehensive analysis of elastic-plastic rough surfaces and to present numerical results revealing the variation
of the interfacial contact force and real contact area during the quasistatic surface approach, in this study also
closed form solutions for the elastic and plastic components of the total normal force and real contact area are
derived in terms of fractal parameters, material properties, and mean surface separation distance. Abuzeid
(2002) studied the flat rough punch model and developed a relation between the force applied and approach
taking into account the effect of bulk temperature. Abuzeid (2002) studied a thermo-viscous-elastic creep model
for the contact of nominal flat surfaces based on fractal geometry. The contact model proposed by Borodich and
Mosolov (1992) put a primitive formula to treat the convex punch in contact, without taking into account the
effect of temperature. This study represents the main reference for the present work which will takes into
account a new parameter that is the effect of bulk temperature. Danh T. et al.(2011), addressed the issue of the
determination of the frictional stress distribution from the inversion of the measured surface displacement field
for sliding interfaces between a glass lens and a rubber (poly(dimethylsiloxane)) substrate. Experimental results
show that high lateral strains are achieved at the periphery of the sliding contacts. As a consequence, an accurate
inversion of the displacement field requires that finite strains and non linear response of the rubber substrate are
taken into account. For that purpose, a Finite Element (FE) inversion procedure is implemented where the
measured displacement field is applied as a boundary condition at the upper surface of a meshed body
representing the rubber substrate. Normal pressure is also determined by the same way, if non-diverging values
are assumed at the contact edge.

1. CONTACT PROBLEM
When two bodies not mechanically Joined touch each other without becoming rigidly connected, it is said that
they are in contact. They can come into contact either at a point or along a line or over a surface or a
combination. Contact stresses are caused by the pressure of one solid body on another over limited areas of
contact. In some cases, the contact stresses are experienced when two surfaces are pressed together by external
loads. Contact stresses may be considered the major cause of failure of one body or both contacting bodies. The
contact region transmits the forces from one body to the other by means of compressive and tangential or shear
stresses if friction is presented. Contact-stress problems arise in the contact of wheel and a rail, in automotive
valve cams and tappets ...... etc. Typical failures are seen as cracks, pits or flaking in the surface of the

material. Fig 1., illustrates the cases of contact.
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(b)
Fig. 1a,b contact problem of two surfaces.

For two cylinders in contact the maximum pressure is given by:

_2F

Pmax T (1)
T bL
where: F: force applied, b: width of contact area and L is the length of the contact area.

1. BULK TEMPERATURE EFFECT

In an isotropic body subject to a non-uniform temperature distribution, the elements attempt to undergo
dilatation or shrinkage as a result of the changes in temperature from some initially uniform temperature.
However, the elements cannot dilate or shrink in an unrestricted manner. Since the body must remain
continuous during the change in temperature, there will be partial constraints as to change in geometry. We may
then introduce in this way a general stress field in the body. This stress field is called thermal stress. High-Speed
aircraft and space vehicles are subject to considerable thermal stresses from aerodynamic heating on the outside
surfaces and from the heat originating in propulsion systems. Another example appears in the operation of spot
welding between the electrodes in contact.
Thus the thermal stress in the body can be written as:

o=+ = EaAT )

V. THE EFFECT OF ROUGHNESS IN CONTACT PROBLEMS

The influence of surface roughness on contact behavior is of great importance in many tribological
situations. In the last decade several methods have described how to calculate the pressure distribution and the
real contact area in contacts between rough surfaces. A problem arising for most contact types is that the size of
the contact is much greater than the size of the asperities. Accordingly the number of contact nodes necessary
for an accurate solution to the problem becomes excessively large. It is well known that surface roughness has a
significant effect on how loads are transmitted at the contact interface between solid bodies. Surface roughness
causes high local pressures (in the same order of magnitude as the Vickers hardness) and decreases significantly
the real contact area compared to the corresponding smooth case. Apart from causing high contact stresses the
surface roughness is crucial with respect to wear, friction and lubrication properties of the contact. Since the
costs are significantly higher when smooth surfaces are manufactured, it is important to understand how surface
roughness affects the contact conditions and to be able to predict an acceptable degree of roughness for specific
contact situations, Stefan (2001).
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V. CONVEX PUNCH MODELS

It is well known that the parameters of the actual contact zone of real bodies depend closely on the
waviness and roughness of the contact surfaces. It stands to reason that the micro geometry of the surfaces of
bodies will have a large effect on their contact properties, especially at the initial stage of compression. Various
contact problem for flat fractal punches were considered in Borodich and Mosolov (1992), warren and
Krajcinovic (1995) and Warren, Majumdar and Krajcinovic (1996) and Abuzaid (2002). The shapes of the
punches were described as the Cantor-step functions and the elastic half-space was replaced by a linear Winkler
foundation. Asymptotic power laws which associate the force operating on the punch and the depth of
indentation have been obtained. But, for convex punches only little work had been done to study this kind of
contact stresses. In this work we will develop a new model for a rough convex punch depending on Mosolov,
and Borodich (1992) studies and Abuzeid (2002) taking into account the effect of temperature as an extra load.

- Analysis of Convex Rough Punch Contact Model.

For a convex punch, consider the profile function of the surface such that Z=f(x), Mosolov and
Borodich (1992) having a fractal surface. Let (u) be the depth of indentation (approach) of the point of the
punch under load. It is also assumed that the profile of the punch is symmetrical about the Z-axis. The contact
pressure under the punch at any point ( of the punch) depends only on its displacement (u). The contact force (P)
along the convex punch is given by the formula of Mosolov and Borodich (1992):

Lo
P=[P(x)dx, f(Lo)=u ®)

Where P(x) can be given as:
P(x)=Clu-f(x)]" (4)

Depending on [ 28 ] the force-displacement relation can be written as

, E ol Eaf 1] (1
p‘:{m (973 5 {ee9 -}ﬁ(z.yﬂ] o

Where E: Modulus of Elasticity, (1] : Thermal Coefficient Expansion and [T: bulk Temperature change,

P(x,y ) : Beta function, b: width of contact area and L is the length of the contact area, [ Dzi:—z and

2-D,
y=——"
14+ De— D,

Equation (5) represents the relationship between the force applied and the approach for the convex punch model
in a non dimensional form taking into account the effect of the bulk temperature.

VI. MODELING AND SIMULATION: RESULTS AND DISCUSSION
Figure 2 shows the model information of the contact stresses using solid works simulation without friction.

|

Model name: Assem1
Current Configuration: Default

Fig.2contact stress model simulation
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Figure 3 shows the model information

Solid Bodies
Document Name and : . Document
Reference Treated As Volumetric Properties Path/Date Modified
Boss-Extrudel .
Mass:526.916 kg C'\User::“;)"hd\[’l"
Volume:0.0669524 m*3 cuments\ ';saye
i Density:7870 keg/m"3 projec
Bila 169 Nov 26 15:59:57
2012
Boss-Extrudel Mass462 kg c:\Users\n-;]ohd\Dlo
Volume:0.06 m"3 cuments\Dr.saye
Solid Body Density:7700 kg/m*3 project
Weight:4527.6 N 2\Part2 SLDPRT
e Nov 26 16:00:57
2012
Fig. 3 model information
Figure 4 shows the contact bodies meshing.
2
>
Fig. 4 meshing of two contact bodies
Figure 5 shows the von-Misses stress distribution of the contacted bodies.
Name Tvpe Min Max
Stress1 VON:von Misgs Stress 0.615933 N/m~2 55525.6 N/m~2
Node: 12356 Node: 15

von Mies 02}
55258
' 056
L 482715
L Aigaes

w13
, X202

27831
»awo
8 05090

L s3g019

92548
agry
o8

Assem1-Study 1-Stress-Stressl

Fig.5 von-Misses stress distribution

Figure 6 shows the displacement or deformation of the two contacted bodies
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Name Tvpe Min Max
Displacementl UY:Y Displacement | -3.81415e-005 mm | 8.85988e-008 mm
Node: 130 Node: 10845

Y (e
3 2D 00

l soareces
| #2500

2 46m-008

3 20%a-005

. 15800005

22210005

~ -1 95030005

Assem1-Study 1-Displacement-Displacement1

Fig. 6 displacement distribution

Figure 7 shows the strain distribution of the two contacted bodies.

Name Tvpe Min Max
Strainl ESTRN: Eguivalent Strain 1.2317%e-012 2.73728e-007
Element: 3935 Element: 1387

esTeN
2737e007
' 2 508007
22810007
20530007
 B25e007.
1 SSTe0OT
m 13550007
R 11410007
L 91240008

3430008

45620 008
22010008
5 202

Asseml-Study 1-Strain-Strainl
Fig. 7 strain distribution
Figure 8 shows the total or resultant displacement of the contacted bodies.

Name Tvpe
Displacement1{l} URES: Resultant Displacement

e (o)
IB1ee 005
' 3 4560005
L 3178005
. 210005
. 25430005
. 22250005
' 1 9076005
L 15890005
13710005

3 5350006
£35Te006
34780006
1 0008000

Asseml-Study 1-Displacement-Displacement1{1}
Figure 8 resultant displacements.

Figure 9 shows the stress distribution of the two contact bodies with friction.
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Name Tvpe Min Max
Stressl VON:von Misgs Stress 0.557982 N/m~2 80027.8N/m~2
Node: 12356 Node: 5967
| S
02521
., 458831
- fa
Assem1-Study 1-Stress-Stressl
Figure 9 Von-Misses stress distribution
Figure 10 shows the displacement of the two contacted bodies with friction.
Name Tvpe Min Max
Displacementl UY:Y Displacement | -4.1271%e-005 mm 8.68858e-008 mm
Node: 130 Node: 10280

Assem1-Study 1-Displacement-Displacementl

Fig. 10 the displacement distribution of the contacted bodies
Figure 11 shows the strain distribution of the two bodies in contact.

Name

Tvpe

Min

Max

Strainl

ESTRN: Equivalent Strain

1.46048e-012
Element: 3935

3.96777e-007
Element: 1387

esTeN

Assem1-Study 1-Strain-Straini

25680007
' 383007
L 33086007
29760007

28450007

23150007

Fig. 11 strain distribution of the two contacted bodies.

Figure 12shows the total or resultant displacement of the contacted bodies with friction.
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Name Tvpe
Displacement1{l} URES: Resultant Displacement

Assem1-Study 1-Displacement-Displacement1{1}

Fig. 12 total or resultant displacement of the two contacted bodies.

V. CONCLUSION

Equation 5 obtained can be used to conduct exact analytic investigations of the solutions of contact
problem of the convex punches regardless of their radius. But, nevertheless, it might turn out to be not too far
from the reality, since tests on the actual contact area of polished ( ground ) metal surface show they contain sets
of parallel ragged-edged scratches of different depths .

It has been shown that the effect of bulk temperature on the relationship between the applied force and
the approach is small which can be neglected, and if the contact problem is self-similar then its properties are
independent of the choice of boundary conditions and valid for linear and nonlinear, isotropic and anisotropic
media. So, we can say that the self-similar law of change of the solution is the general property of the
considered problems.

The friction has a considerable effect on the displacement of the contact area, the displacement with the
existence of friction is more than that without the existence of friction.
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