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Abstract

Contact problems have been widely investigated for many years. However, there are few reports on the real-time obser-
vation of shear stress evolution in friction process by experimental method. In this paper, the plane stress fields of
slider-on-block contact in different contact states were observed by photoelasticity experiments and finite element
simulation. In the static state, the slider is only subjected to a normal force by an L-shaped body above the slider while
the block is fixed. However, in the slip state, the block is moved, and the slider is acted upon by normal and tangential
forces. In both cases, the principal stress difference fields in the block obtained by photoelasticity and simulation were
basically consistent. Additionally, based on simulation, the distributions of pressure and frictional stress on the contact
surface were determined; the influences of the load and friction coefficient on the contact stress distributions were also
investigated. Accordingly, some principles for contact stress distribution were obtained. The combination of experimental
and simulation methods aims to be complementary, helping to better understand the nature of the contact stress field.
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1 Introduction machine parts and controlling the service life of mechani-
cal elements.
In terms of theoretical research, first, the Hertz con-

tact problem must be mentioned [2]. Based on a model

The distributions of stress for different contact states are
fundamental problems of contact mechanics. In general,

the contact pressure and frictional stress on the contact
surface and the maximum shear stress distribution in the
subsurface are the main components mentioned. The
distributions of pressure and frictional stress on the con-
tact surface are often used as basic factors in calculating
surface wear, while the maximum shear stress distribu-
tion is very important in predicting fatigue failure result-
ing in microcracking [1]. The study of these stress fields
plays an important role in calculating the failure trends of

of an elastic solid in contact, Hertz proposed the pres-
sure p of a cylinder in contact with a flat space as
p = po(1 — (x/a)*)~'/2, where p, is the maximum pres-
sure and a is half of the contact length. In fact, any friction
surface always has roughness, when two surfaces are in
contact, the real contact only occurs at dispersed points,
which are often represented by basic contact models such
as sphere-on-flat, cylinder-on-flat and cone-on-flat sur-
faces [3]. A series of studies about these basic models were
proposed [2, 4-7]. Basically, to facilitate the theoretical
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calculation, the indenter part (sphere, cylinder or cone) is
often assumed to be a rigid body, and the contact part is
assumed to be an elastic half-space, or vice versa. In terms
of these assumptions, these studies are mainly based on
an available deformation of the contact region accord-
ing to the boundary shape of the rigid part; then, elastic
theory is used to calculate the pressure distribution. The
study of frictional stress is mainly based on the assump-
tion that the frictional stress is proportional to the contact
pressure through the friction coefficient at the micro-level
to determine the frictional stress distribution in cases of no
slip, partial slip and slip [2, 7]. The figures obtained for the
fretting fatigue phenomenon of sphere-on-flat show that
the frictional stress on the contact surface is uneven, caus-
ing stick and slip regions to appear. Regarding the study of
the maximum shear stress distribution (or principal stress
difference distribution) generated by the cylinder-on-flat
contact model proposed by Huber in 1904 [2] and then
developed by Hamilton [4], the theoretical results are con-
sistent with the observed isochromatic of the photoelas-
ticity experiment. Accordingly, the maximum shear stress
does not immediately appear on the contact surface, that
is, below the contact region, which indicates the risk of
failure and microscopic cracking derived from inside the
body [1]. Theoretical studies have shown a general picture
of contact stress fields in simple models.

In the experimental research, some experimental meth-
ods were applied to measure the contact pressure distribu-
tion, such as a Tekscan pressure sensor [8] and a prescale
measurement film [9, 10]. However, these experimental
methods must insert a thin film between the contacting
bodies, which is a cause of measurement error. In addi-
tion, there are some limitations, such as that a prescale
film can only determine the maximum contact pressure in
the static state and that a Tekscan sensor cannot measure
shearing stress.

According to the development of technical birefrin-
gent materials such as epoxy resin and polycarbonate, the
photoelasticity experimental method has been applied to
stress analysis. The phenomenon of stress-optics was dis-
covered by Brewster in 1816 [11, 12], after which the law
of stress-optics was determined by Maxwell in 1852 and
then used to create an experimental method for analyz-
ing the stress distribution inside a component part. In this
way, it is possible to observe the principal stress difference
field (isochromatic) and its direction (isoclinic) in an area of
interest. Many studies have applied this method to contact
stress analysis [13-17]. It appears that many techniques
have been used to analyze the images obtained to find
the isochromatic field and isoclinic field [17-22]; however,
directly determining the stress distribution on the contact
surface is still a difficult problem. Recently, Fang et al. [15]
studied the application of photoelasticity combined with
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numerical simulation to stress analysis under elastohydro-
dynamic lubrication conditions. Hariprasad et al. [14] pro-
posed fringe order distribution along the section beneath
the contact surface of a flat punch with different friction
coefficients. Zhan et al. [16] employed the photoelasticity
method to observe stress fields in abrasive wear research.
These studies mainly apply the photoelasticity method to
observe the plane stress field beneath the contact region.

With the development of computers, the analysis of
contact stress fields with the finite element simulation
method helps us to obtain more intuitive results with high
accuracy. Siswanto et al. [23] used the implicit and explicit
finite element methods to study the cylinder-on-flat con-
tact model using Abaqus software. The results of the con-
tact pressure and the size of the contact area employed
to compare with Hertzian contact theory showed very
high coincidence. Bhushan and Peng [24, 25] studied two-
dimensional and three-dimensional multi-point contact
based on the application of a random seeding algorithm
to find the stress distribution on the contact surface.
Masoudi Nejad et al. [26] employed the finite element
method to predict fatigue crack growth in rolling contact
under variable thermal loads, and the influence of loads
and friction coefficients was also investigated.

As described above, the contact stress field of basic
models has been investigated extensively for many years
by different methods. For slider-on-block contact, which is
also a basic contact model, although there are some theo-
retical studies [27], the results obtained for the stress field
are still incomplete and not close to real contact condi-
tions. In this article, photoelasticity experiments and finite
element simulations were employed to survey the contact
stress distributions of a two-dimensional slider-on-block
contact model at different contact states. The principal
stress difference fields were observed by photoelasticity
and then were compared with simulation results. Based
on simulation, some laws of the effects of contact states,
loads and friction coefficients on the distributions of the
principal stress difference, contact pressure and frictional
stress were proposed and analyzed. The combination of
experimental and simulation methods helped us to better
understand the nature of the contact stress field.

2 Theory
2.1 Physical model

A slider sliding on a surface (or a block) is a model often
used to describe the phenomenon of friction; this model
appears in many classical friction problems and mechani-
cal engineering, such as a wedge key (see Fig. 1a). In this
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Fig. 1 Model of research a wedge key in assembly, b slider-on-
block contact model

study, a slider in contact with a block is employed as the
object of study.

A two-dimensional space (2D) model representing
the object studied is shown in Fig. Tb. The slider is placed
between the block and an L-shaped body. A uniform pres-
sure distribution pressing on the top of the L-shaped body
has a vertical moving trend, while the horizontal move-
ment of the body is restricted. The L-shaped body presses
the slider in contact with the block. The block is fixed in
the static state and is moved from left to right in the slip
state. In both the static and slip cases, we mainly illustrate
the principal stress difference distribution (or maximum
shear stress field) in the block and the distributions of the
contact pressure and frictional stress on the contact region
between the slider and block. In this model, the contact
surfaces are assumed to be smooth with no roughness,
and the materials are assumed to be elastic.

2.2 Basic equations

According to contact mechanics, when two elastic surfaces
are in contact, the traction stresses (normal pressure p(s)
and tangential stress g(s)) and the deformation &, on the
contact surface are related as [2]:

i, = - s — .
u, = 2E /P(S)In |x —s|ds T [/ q(s)ds /q(s)d5]+(_‘
-b

—b X
(M

Here, E*is the equivalent Young's modulus, G*is the equiv-
alent shear modulus, Cis a constant, and [—b,a] is the area
of loading (see Fig. 2).

With the recognition of Coulomb’s law at the micro-
scopic level, the relationship between frictional stress g(s)
and normal pressure p(s) on the contact surface is written
as [27]:

q(s) = up(s) )

where u is the coefficient of friction.

p(s)

q(s)

'VOS\x
|

Fig. 2 Elastic half-space under load

On the contact surface, the total stresses on the contact
surface must be equal to the applied forces P and Q; that
is, the relationships are represented as follows:

P = / p(x)dx (3)
Q

Q= / q(x)dx (4)
Q

The stress field in the subsurface (see Fig. 2) is determined
by the following equation [2]:

_x / * PO —s)’ds 2 / q(s)(x - 5)°ds
T b {x—sP+22} TJb {(x—s2+22}°
oo 22 / ‘_pods 222 / ! _g6)x = s)ds
’ 7 Job {(x—s)2+22}2 7 J-b «{(x—s)2+22}2
_ 2z / ¢ pEx=s)ds 2z / ?q(s)(x —s)°ds
b {x—sp+22)° T S {(x—s52 422}
(5)
Using Eq. (5), we can determine the stress components of
any point A(x,z) in the subsurface. Conversely, if the stress
fields in the subsurface are known, it is possible but chal-
lenging to calculate the distribution of loading on the con-

tact region [16]. A combination of photoelasticity experi-
ments and simulations can address this challenge.

o, =

TXZ
T

2.3 Contact pressure determination by linear
distribution assumption

Regarding the determination of the contact pressure dis-
tribution of the slider-on-block contact, for convenience,
the normal pressure was assumed to be a linear distribu-
tion [27]. The influence of the friction coefficient on the
contact pressure distribution basically depends on the
dimensions of the slider and the position of the traction
force Q; that influence is determined in the following four
cases. First, for frictionless conditions (or the Q direction
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as a line in the contact interface), the pressure is evenly
distributed as p(x)=P/I, where [ is the length of the slider.
Second, for low friction conditions (0 <u<//(6 h), where h
is the arm of P from the contact surface), the pressure field
forms as a trapezoidal distribution. Third, for high friction
conditions (I/(6 h) <u<1/(2 h)), the contact pressure field
is a triangular distribution. Finally, if u>1/(2 h), the local
contact is almost attributed to the point contact (in 2D),
and the motion is unusual. The individual contact pressure
equations of each case can be referenced in article [27].
These rules are very helpful in predicting the preliminary
friction conditions.

3 Experimental details
3.1 Photoelasticity method

For direct observation of the plane stress field, the pho-
toelasticity experimental method was employed. This
method applies the stress-optical law to determine the
stress distribution on a specimen surface or an area of
interest, which is based on the special properties of some
isotropic transparent materials, such as epoxy resin and
polycarbonate. Under polarized light and stressed condi-
tions, it is possible to collect interference patterns that are
aresponse to the principal stress difference (isochromatic)
and its direction (isoclinic) in the materials.

A schematic representation of the photoelasticity,
which is used to capture the isochromatics, is arrayed in
Fig. 3a. A light source, two polarizers, two quarter-wave
plates, a contact part and a CCD camera are included. The
light source can be used as a monochromatic or white
light source. The optical axis of the first polarizer is vertical,
and the fast axis of the first quarter-wave plate subtends
an angle of n/4 with a reference axis ox. The specimen
is placed between two quarter-wave plates. The second
quarter-wave plate, for which the fast axis subtends an
angle of 3n/4 with a reference axis ox, is placed later. An
analyzer with its optical axis of horizontal is then placed.
Finally, a CCD camera is placed to capture the photos. With
this optical device, it is possible to obtain interference pat-
terns that reflect the principal stress difference, according
to the formula below:

6,—0, = N% (6)
where f, is the material stress fringe coefficient, which
depends on the birefringent material type and the wave-
length of incident light. This parameter can be deter-
mined by using pure bending beam experiments [15] or
a disk under diametral compression tests [28]; N is the
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Fig.3 Photoelasticity experiment a schematic of photoelasticity
components, b experimental apparatus

isochromatic fringe order number, and d is the specimen
thickness.

3.2 Experimental apparatus, materials and tests

The experimental apparatus was designed as shown
in Fig. 3b. For convenient recording, the indenter parts
(including the L-shaped body) only moved vertically, and
the horizontal movement was restricted, while the sliding
parts that the block were fixed on could move along the
horizontal direction; thus, the observed contact region
was unchanged during the experiments. A servomotor
was used to control the velocity of the sliding parts. The
dead weights were used to keep a constant load during
the test; thus, the weight values could be changed to study
the effect of loading.

The transparent block was made by epoxy resin with
dimensions of 80 mm x50 mm x4 mm for the width,
height, and thickness, respectively. The epoxy resin
stress fringe coefficient was determined to be 14.6 kN/
(m-fringe) using a four-point bending test [15]. The slider
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Table 1 The properties of the materials

Material Young’s Poisson’s ratio  Density (kg/m3)
modulus
(GPa)
Epoxy resin 2.1 0.4 1190
Polycarbonate  1.78 0.36 1200
Carbon steel 210 0.29 7850

was composed of polycarbonate 4 mm in width, 4 mm in
height and 10 mm in length. The L-shaped body was made
of carbon steel with an overhang of 2 mm. The material
properties of Young's modulus, Poisson’s ratio and density
of all the objects are shown in Table 1.

The average friction coefficient between the epoxy
resin (block) and polycarbonate (slider) was measured
by this experimental equipment, and its average value
equaled 0.35. Here, Coulomb’s formula u=Q/P was used to
compute the coefficient of friction, where P is the normal
force determined by the gravity of the total weight and Q
is the friction force, which was measured by employing
the HP-1 K Digital Push Pull Force Gauge, determining the
pushing force when the sliding parts moved. The coeffi-
cient of friction between the carbon steel (L-shaped body)
and polycarbonate (slider) was measured using ring-block
wear testers with a value of approximately 0.25 [16].

The experimental processes were conducted at room
temperature under dry friction conditions. A monochro-
matic light source with a wavelength of 623 nm was used
in this work. Loads of 83 N, 93 N, 103 N and 112 N were
employed in the experiments. In the slip state, the servo-
motor transmitted a velocity of 0.5 mm/s to the sliding
parts. The CCD camera was used to capture pictures and
record videos during the experiments.

4 Finite element simulation

The simulation was performed by the finite element
method, which is suitable for the dynamic problems of
nonlinear contact, large deformations, high speed dynam-
ics, failure of materials, coupled temperature, etc. The sim-
ulation was performed by commercial Abaqus Standard/
Explicit codes with 2D elastic half space assumptions. The
contact configuration model is shown in Fig. 4, and the
material properties are inserted according to Table 1, uni-
fied with the experiments. The finite element meshing is
shown in Fig. 4b, and the mesh is transferred from coarse
to fine via edge seedlings. The finest areas are around the
contact regions, with a mesh size of 0.01 mm. This mesh-
ing method leads to better contact stress results with a
reasonable computation analysis time [23]. For the 2D

(a)

Fig.4 2D simulation model a dividing the parts to optimize the
grid segments, b meshing

dynamic explicit problem, the explicit linear quadrilateral
and plane strain element is used to obtain better results,
so this element is embedded in each part of the model.
Surface-to-surface contact is employed for the slider-block
and slider-L-shaped body on their contact areas. Friction
behavior is employed in the interaction using the penalty
contact algorithm. The coefficients of the two couples of
friction pairs are the same as those in the experiments:
0.25 for the carbon steel-polycarbonate and 0.35 for the
epoxy-polycarbonate.

The time step is assigned within the time period of 0.3 s,
in which a scale to target time increment of 1.10% s is cre-
ated in semiautomatic mass scaling with the purpose of
analyzing the model over its natural time period [23]. The
L-shaped body with a long edge of 12 mm is restricted
from motion in the x direction by the left and right edges
of the body, and a pressure p, acts on the top of the body
(as shown in Fig. 1b), corresponding to the loads in the
experiment. p, is calculated as shown in Table 2. The bot-
tom edge of the block is restricted from motion in the ver-
tical direction, and the left and right edges of the block are
moved at a speed of 0.5 mm/s from left to right in the slip
state. To minimize stress wave propagation in the simula-
tion, the velocity of the block and the pressure are ramped
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Table 2 Pressures in the Load (N) p, (MPa) up gradually from zero with a smooth step amplitude, as
simulation corresponding to L shown in Fig. 5.
the loads in the experiments 83 1.73

93 1.93

103 213 5 Results and discussion

112 2.34

Use of the photoelasticity experiment can directly deter-
mine the principal stress difference field, so comparison of
—> the experimental results with the finite element simulation
-— results can help to assess the accuracy of the simulation.
Moreover, we utilize simulation data to show some other
/ results that cannot be determined by experiments, such
/ as the contact pressure and frictional stress. In this section,
the results for the principal stress difference fields in the
/ subsurface and the contact pressure and frictional stress
distributions at the contact region for the static and slip
/ states are given and discussed.

[
~

Amplitude
~

0 —_— — . 5.1 Static contact
0.1 0.2 0.3 7(s)

5.1.1 Principal stress difference
Fig.5 Amplitudes of velocity v and pressure p

For the case of static contact, the block was fixed, and the
load was changed by replacing the weights and total loads
as 83 N,93 N, 103 N and 112 N. The principal stress dif-
ference (Tresca stress) fields in the block were captured
in both the experiments and simulations and then com-
pared in Figs. 6 and 7. Using Eq. (6), we can determine the
fringe order N=1 in the photoelasticity figures to obtain

Fig. 6 Experimental results for
the principal stress difference
field under different loads for
static contact
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Fig.7 Simulation results for
the principal stress difference
fields under different loads for
static contact

the principal stress difference (o;—0,), which equals
3.6 MPa (Fig. 6); compared to the simulation figures, there
is a coincidence between the experimental and simula-
tion results. Basically, the principal stress difference had
a symmetrical distribution with the largest value mainly
appearing in the local areas below the two edges of the
slider. However, all the stress fields (including the contact
pressure and frictional stress fields mentioned below) were
slightly deflected to the left because of the L-shaped body
pushing the slider to the left. With increasing load, the
maximum principal stress difference values significantly
increased. This change is expressed by a larger number of
isochromatic fringe orders (in the experiments) and the
increasing maximum value of the principal stress differ-
ence (in the simulations).

Figure 8 shows a comparison of the principal stress
differences of section A-A, z=0.18 mm from the contact
region, under a load of 112 N from simulation and experi-
ment. Basically, the two curves follow the same trends.
This result shows the coincidence of the simulation and
experimental results.

5.1.2 Contact pressure

Based on the simulation, the distributions of pressure on
the contact surface were determined for the static state,
shown in Fig. 9. Due to the symmetry of the model, the
pressure had a symmetrical distribution. When the load
increased, the contact pressure tended to increase (see

b
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Fig. 8 Comparison of principal stress differences in section A-A (at
z=0.18 mm)

Fig. 9a). Figure 9b shows a comparison between the results
of the simulation, elastic theory and the assumption of
a linear distribution under a load of 112 N. It should be
noted that for the elastic theory, the contact pressure was
distributed as p(x) = P/(xV/ a? — x2) for a rigid flat punch
contact with an elastic half space [2], shown by blue-
dotted line in Fig. 9b. There was a difference between the
simulation curve and the theoretical curve. In the middle
of the contact region (x/a ~ 0), the simulation value was
much higher than the theoretical value; however, far from
this area (x/a— £ 1), the theoretical curve slowly increased
and then crossed the simulation curve at a special value of
the contact pressure, shown Fig. 9b. When x/a reached £1,
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Fig. 9 Contact pressure distribution at static state a different loads,
b comparison under load of 112 N

the theoretical pressure was infinite, but the simulation
results gave the limit values. For the linear assumption, the
pressure distribution was evenly distributed as a horizon-
tal line. From Fig. 9b, we can see that all three curves inter-
sected at the average contact pressure of 7 MPa, where
x/a==%0.77. When changing the load, the average pres-
sure value changed accordingly, but the simulation, elastic
theory and linear assumption curves also intersected at
x/a=+0.77 (see Table 3).

Figure 10 shows the effect of the friction coefficient on
the pressure distribution for the static state, with a load
of 112 N. It can be seen that in the middle of the contact
region |x/a| < 1, the influence of the friction coefficient on
the pressure distribution was vague, but near the edges,

Table 3 Intersection of three curves when the load changes

Load (N) Intersected Position

Pressure (MPa) x/a
83 Yes 5.2 +0.77
93 Yes 5.8 +0.77
103 Yes 6.4 +0.77
112 Yes 7.0 +0.77
SN Applied Sciences

A SPRINGERNATURE journal

\ 30T _- yzo *
1l —-— u=025
25
= #=0.35
E 200+ —u=05
Py
E 15T
g
A 10T
i ST i
-1 0 x/a 1

Fig. 10 Effect of the friction coefficient on the pressure distribution
in the static state

the maximum values of the contact pressure (denoted x)
increased as the friction coefficient increased. With this
result, it can be derived that the contact pressure reached
an average value at x/a=+0.77 and that there was no
dependence on the friction coefficient.

5.1.3 Frictional stress

In the simulation, the shear stress on the contact surface
represented the frictional stress. Accordingly, for static
contact, there were two frictional stress peaks at the two
sides (with opposite values); however, in the middle of the
contact region, the frictional stress was small and reached
zero in the middle, shown in Fig. 11. This result was consist-
ent with the observations of the fretting fatigue phenom-
enon of a sphere-on-flat surface, and accordingly, the risk
of fatigue failure was greatest at the edges [2].

As the load and friction coefficient increased, the value
of the stress peak increased accordingly (see Fig. 11).

5.2 Sliding contact
5.2.1 Principal stress difference

For the sliding case, the block was moved from left to
right at a velocity of 0.5 mm/s. Similar conditions of loads
and sliding speed were applied in both experiments and
simulations. The isochromatic patterns in the block were
captured in the experiments, and the principal stress dif-
ference fields in the simulations were taken, as shown in
Fig. 12 and Fig. 13, respectively. Here, the stress was mainly
concentrated in the local area beneath the left edge of
the slider, which was the front edge in the moving direc-
tion. The line contact became a point contact (in 2D). For
the process of sliding over time, the contact friction often
occurred as vibrations (the reader can view the attached
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Fig. 11 Frictional stress distribution at static contact a load change,
b friction coefficient change, load of 112 N

Fig. 12 Experimental results of
the principal stress difference
fields under different loads in
the sliding state

(a)

video). Therefore, the results of the isochromatic fringes
were often interrupted [3], but generally, the stress field
tended to focus on the front edge in the moving direction.
Figure 14 shows the results of the principal stress differ-
ence extracted from straight line B-B in the block, under a
contact surface of z=0.18 mm and load of 112 N. We can
see that the experiment and simulation curves basically
had the same rules. However, the stress wave propaga-
tion during the moving process was unavoidable, leading
to error between the experiment and simulation results.

5.2.2 Contact pressure

Figure 15 shows the contact pressure distribution along
the contact surface of the block. The symmetry of the
pressure distribution for static contact was broken. This
maximum pressure appeared on the left and decreased
toward the right. Figure 15b shows a comparison
between the simulation result and the linear assump-
tion result for a load of 112 N and a slider-block friction
coefficient of 0.35. The distribution of pressure under the
linear assumption was expressed as p(x) = 6.89(1.15 — x)
MPa when -2 mm<x<1.15 mm and p(x) =0 when
1.15 mm <x<2 mm (see Fig. 1b, with a=2 mm) by apply-
ing the formulas of article [27]. Here, we can see that the
linear assumption distribution result and simulation result
were different. When 1.15 mm<x<2mmor0.58<x/a<1,
p(x) equaled zero for the linear assumption but did not
reach zero in the simulation. When -2 mm<x<1.15 mm,
in the case of the linear assumption, p(x) linearly increased

(b)
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Fig. 13 Simulation results of
the principal stress differences
under different loads in the
sliding state

Expriment
— =—Simulation

[\
(=)
1

[
(9]

—
(=]

(9]

Principal stress difference (MPa)

-1 0 x/a

Fig. 14 Comparison of principal stress differences in section B-B (at
z=0.18 mm)

and reached a maximum value of 21.7 MPa but gradually
increased and reached a maximum value of 39.1 MPa in
the simulation. Moreover, in both simulation and test pro-
cesses, the contact sometimes discontinued on the right
side because of the oscillation phenomenon caused by
intermittent contact.

Figure 16 shows the pressure distributions on the con-
tact surface for different friction coefficients when the
block and slider moved relative to each other. Here, the
friction coefficients of the slider block were 0, 0.25, 0.35
and 0.5. From the figure, for the frictionless case, the pres-
sure field was the same as the static contact distribution;
see the blue-dashed line in Fig. 16. However, when the
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coefficient of friction increased, the pressure distribution
gradually deflected toward the moving direction, leading
to a gradually higher left pressure peak but a gradually
lower right pressure peak that may reach zero. Further-
more, because the sliding friction process was a jerking
motion [3], the pressure on the right side fluctuated and
sometimes reached zero (noncontact).

5.2.3 Frictional stress

Figure 17 shows the results for the frictional stress on
the contact surface for the slip state. We can see that, in
contrast with the static contact, there were no longer two
stress peaks at two sides but only one peak on the left side,
which was also observed in the contact pressure distribu-
tion. The frictional stress reached zero in the middle region
for the static state and moved to the right edge for the slip
state. Compared with the sphere-on-flat contact model,
due to the different physical models, the frictional stress of
the sphere-on-flat model still exhibited two stress peaks,
with the left peak having a higher value than the right [4].

As the load and friction coefficient increased, the value
of the frictional stress tended to increase accordingly (see
Fig. 17). This trend is consistent with the theory of contact.

6 Conclusions

Photoelasticity experiments combined with finite ele-
ment simulation were applied to investigate the contact
stress field of slider-on-block contact for different states.
Interference patterns were obtained by the photoelasticity
method under different loads. Finite element simulations
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Fig. 17 Frictional stress distributions for slip state a) Load variation,
b friction coefficient variation and load of 112 N

were conducted under the same conditions as in the
experiments. Some of the main conclusions are as follows:

1. The photoelasticity method was employed to directly
observe the principal stress difference fields of the
slider-on-block contact model for static and slip states.

2. The images of the principal stress difference field
obtained from the simulation were in accordance with
the experimental results, thus allowing the utilization
of simulation data to fully display the parameters of
the contact stress field, such as the pressure and fric-
tional stress on the contact surface.

3. The results show that the contact stresses concen-
trated at the edges of the slider for the static state but
deflected completely to the front edge of the moving
direction for the sliding state. These results lead us to
conclude that the most likely area of failure is the front
edge of the moving direction.

4. The effects of loads and friction coefficients on the
contact stress distributions were significant. However,
the variation of these factors did not change the posi-
tion of the contact pressure average (x/a=+0.77) in
the static state.
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