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The simulation of real contact area between materials is foundationally important for the contact mechanics of me-
chanical structures. The Greenwood and Williamson (GW) model and the Majumdar (MB) model are the basic models in
this field, which are widely accepted and proven to be valid in many experiments and engineering. Although the contact
models have evolved considerably in recent years, the verifications of the models are most based on the indirect methods
such as electrical conductivity and contact stiffness, because of the lack of effective methods to directly measure the varia-
tion of contact surface. In this paper, the total reflection (TR) method is introduced into the verification of contact models.
An experiment system based on TR method is constructed to measure the real contact area of two PMMA specimens. The
comparison analysis between the results of experiment and models suggests that the experiment result has the same trend
with simulation, the MB model has better agreement with the experimental result because this method can take into account
the variation of radius and the merging of asperities, while the GW model has a huge deviation because of the dependence
on resolution and the lack of considering the variation of radius and asperity’s merging process. Taking the interaction of
asperities into account could give a better result that is closer to the experiment. Our results and analysis prove that the
experimental methods in this paper could be used as a more direct and valid method to quantitatively measure the real
contact area and to verify the contact models.

Keywords: real contact area, Greenwood and Williamson (GW) model, Majumdar (MB) model, Persson’s

model, total reflection (TR) method
PACS: 46.55.4d, 42.30.Va, 78.20.Ci

1. Introduction

A model of the real contact area between materials is
foundationally important for the friction, sliding, seals, wear,
structure stiffness and damping, thermal and electrical conduc-
tivity, and other aspects of engineering.!'-3] This subject has
attracted interest of researchers for over 500 years. In 1495,
when Leonardo da Vinci first found the fundamental laws of
friction by experimenting with ball-bearings, revealing that
the frictional force is independent of the contact surfaces.!!]
In 1699, Amontons rediscovered the laws of friction and in
1781 Coulomb enriched and systematically summarized the
laws.!!l The recently most important contribution was made
by Bowden and Tabor in 1939, who found that the real con-
tact area between two materials consists of a myriad of contact
asperities, and is orders of magnitude smaller than the nomi-
nal contact area.!*! Based on this theory, in 1966 Greenwood
and Williamson (GW) proposed the pioneering GW model,
which simulates the real contact area by integrating the con-
tact area of single asperity under normal pressure, assuming
that the height of asperities varies randomly comply with the
Gaussian distribution, every asperity summit has the same cur-
vature radius, the asperities are independent of each other, and
the deformation is mainly elastic. Despite the crudeness of the
GW model, it has been widely applied and validated by many
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experiments, and leaded to many derivative models, such as
the WA model proposed by Whitehouse and Archard (WA) in
1969 by considering the distribution of asperity curvature,!®!
the OA model proposed by Onions and Archard (OA) in 1972
by utilizing the WA model to determine the relationship be-
tween the separation and contact area,!’! and many other mod-
els considering new factors for the special problems. ®1 How-
ever, many of the parameters of these models are determined
by the resolution of apparatus, such as roughness and pro-
file of surface, which will cause the un-uniqueness of the re-
sults. In 1991, Majumdar argued that the mechanic surface
has self-affine fractal characteristics, and proposed the con-
tact fractal theory and the corresponding MB contact model,
in which the major parameters fractal dimension D and char-
acteristic length scale G are scale invariance. This charac-
teristic will guarantee the uniqueness of results.!'’) The MB
model also has been widely applied to structure stiffness and
damping simulation and proved to be valid in the prediction of
stiffness and damping of the mechanic contact surface.!!!:1%]
Despite the different interpretation for contact surface, GW
model and MB model both have many supporters, and in re-
cent years some new more accurate models have been pro-
posed by researchers based on these two models. For exam-
ple, the Zhao, Maietta, and Chang (ZMC) model is based on
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the GW model considering the transition from elastic deforma-
tion to fully plastic flow,[!3! the Kogut and Etsion (KE) model
also based on GW model considers the interaction of neighbor-
ing asperities, ' Persson’s model inheriting from multi-scale
principle of MB model can take the interaction into account
from the special physical view of contact diffusion,?>->1 and
the newest paper!!3 considered the interaction of asperities
based on the MB model.

Although the contact models have evolved considerably,
the verifications of these models are most based on the in-
direct methods, such as electrical conductivity and contact
stiffness.[!1=1] Whereas, directly observing the real contact
area between two bodies should be a more accurate experi-
mental method to measure the variation of the contact sur-
face under different load, and to verify the contact models.
Along with the improvements in the technique, researchers
have recently tried to directly observe the contact surface
using advanced techniques. For example, Eguchi analyzed
the interface distribution of the contact area by using white
light interference.['®! Tuononen used a high-speed camera to
record the contact area of interface between rubber sample
and the glass surface.!!”) However, these methods can only
measure the contact interface between the transparent mate-
rial and non-transparent material. Kim presented a method
that can predict the real contact area between solids by uti-
lizing the data from ultrasonic measurement.!'8! Bettscheider
proposed a foot-printing approach to determine the real con-
tact area by measuring the foot-printing on a thin marker layer
on the interface.['®! However, these methods are a little com-
plicated and hard to realize. Rubinstein, in 2004, proposed a
total reflection (TR) method to observe the real contact sur-
face, which is based on the optical theory that the light only
passes through the contact asperities between two transparent
materials when the angle of incidence is greater than the crit-
ical angle.!?) The TR method has been proven to be easy to
implement, and effective in the observation of real contact area
between two transparent materials, which are testified by some
breakthrough discoveries based on this method. !l

In this paper, an experiment system based on TR method
is constructed to measure the real contact area of two poly-
methyl methacrylate (PMMA) specimens, the variation of real
contact area under normal force is quantitatively studied by
experiment and simulation using GW model and MB model.

The rest of this paper is organized as follows. Sec-
tion 1 briefly introduces the principle of GW model and MB
model. Section 2 introduces the constructed experimental sys-
tem. Section 3 implements the comparison analysis for the re-
sults between the experiment and models. Section 4 concludes
the study.

2. The GW model and MB model

Although some new revised formulas in recent years have
been proposed to calculate the real contact area and related
stiffness and damping of contact surface,!!3~'>! the principle
can almost all stem from the two basic models: GW model
and MB model. In this section, these two basic models will
be introduced and analyzed. Because the definition about
real contact area has different meaning in different research
scale.?*311 To avoid ambiguity, we defined here that real con-
tact area means the area having true contact between two sur-
faces, and nominal contact area means the shape of the surface
which appears to contact.

2.1. GW model

Since Bowden and Tabor in 1939 found that the real con-
tact area between two materials consists of a myriad of contact
asperities,[*! how to determine the deformation of asperities
and how to calculate the distribution and the variation of as-
perities have attracted much interest. The Hertz contact theory
is classical and widely accepted for the elastic deformation of
sphere contact, and is generally used to calculate the elastic
deformation of asperities.’! As shown in Fig. 1, each peak of
asperity is deemed to be a sphere with a radius R, the contact
of two asperities can be equivalent to an asperity contacting
with a rigid plane, the equivalent parameters can be obtained
by

1 1—-v% 1-—9v2

—=—1 43— (D
E E; E,

1 1 1
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R R1+R2, 2

the relationships between deformation & and contact area A,
and between & and normal force P, can be respectively ob-
tained as

A, = TIRS, A3)
P = %ER]/253/2, “4)

where E is the equivalent elastic modules, and R is the equiv-
alent radius.

N

I f

Fig. 1. The deformation of sphere and flat rigid plane, R is the radius
of asperity, 0 is the normal deformation, A, is the area of deformation,
and P, is the normal force.

Based on this contact theory, and considering that the de-
formation of asperities is major elastic, in 1966, Greenwood
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and Williamson proposed the GW model, which assumed that
the height distribution of peaks of asperity is Gaussian, the
radii of peaks all equal to the mean radius of curvature, and
the asperities are all independent of each other. On the ba-
sis of these assumptions, a simple relationship about normal
force and real contact area can be obtained, as shown in Fig. 2.
The mean height of asperities is used as a reference plane, the
separation of rigid plane and reference plane is d, then the de-
formation can be obtained by

d=z—d, (5)

where the height distribution of a peak is ¢(z).

=

Fig. 2. A schematic of the contact surface: the dashed line is the ref-
erence plane which is the average line of the height of asperities, the
solid line represents the rigid plane, the curve is the profile of surface,
and the shadow areas are the real contact area, or named deformation of
asperities.

The probability of an asperity having real contact area
A, = RS is the integration from d to infinity of the normal
distribution function multiplied with the contact area, which
can be written as

A, =T7R / z—d)9(2)dz, (6)
where @(z) is the normal distribution function
0(0) = —e P2 ™
oV2rm ’

with o being the variance of the height of asperities.
Therefore, the total real contact area can be acquired by
summing the possible contact areas of all asperities as

A =AnA, :AnﬂfR/doo (z—d)¢(z)dz, ®)

where A; is the total real contact area, A is the nominal contact
area, 7 is the density of asperities, A7 is the number of asper-
ities, z is the height of asperity, and d is the distance between
the rigid plane and reference plane of surface.

Following this method, the total normal force can be ob-
tained by

P = 2AnER'? | e-arPo ©)
3 d

2.2. MB model

Although the GW model is simple and proven to be valid
in many contact cases,’™! the accurate parameters such as
height, radius, density, and variation of height are determined
by the resolution of measurement apparatuses and hard to be

obtained. For example, the density of asperity is difficult to
be determined if the asperities have no obvious separation
line, and will change with the resolution. In 1999, Majum-
dar argued that although the topography of surface will change
with the resolution of measurement, the topography in differ-
ent scale is self-affine which is similar to the self-similar of
topography of earth surface. Based on this discovery, they in-
troduced the fractal theory into contact surface and developed
the MB model.[1"]

The MB model uses two major parameters to depict the
topography of an asperity: the fractal dimension D and the
characteristic length scale G, which can be used to express the
profile of a surface by utilizing Weierstrass—Mandelbort (WM)
function

) =GPy

where y" determines the frequency spectrum of the surface

%, 1<D<2, y>1, (10)
roughness, and the lowest frequency is determined by the
length of the sample as y"! = 1/L.

When thinking about the profile of a single asperity,
which has a contact length [ = 1/A,, formula (10) can be ap-
proximated as

2 2’

where x is the length of surface profile of an asperity, which

2(x) = GPD12=D) cog (”lx) el an

for a single asperity is in the range of length [/, and z is the
height of an asperity at the position x.

Because the position x = 0 can be deemed as the center
point of an asperity, then the radius of a single asperity can be

_1/‘

where the radius is not constant and will vary with the real

obtained by
AP/

ﬂzG(D DE (12)

contact area. And the deformation in the center point can be
given by

2-D)/2

5 =2(0) = GPVAS (13)

So the related normal force acting on an asperity can be ex-
pressed as

= g\/EEG@*”AS*D)/ g (14)

If the surface of material is zoomed enough, the asperities
will appear similar with the earth’s hills and valleys, and the
horizontal cross-section of asperities would be analogous to
the section of islands horizontally cut by ocean. The law for
the number of islands has been found by Mandelbrot in 1975,

which is expressed as
N(A >a) =a=P/?), (15)

where N is the number of islands with the area larger than a,
and D is the fractal dimension.
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In the MB model, the size distribution of contact asperi-
ties is deemed to be the same with the distribution of the is-
lands on earth. When normalizing Eq. (14) with the largest
contact spot Aj, the number of asperities can be expressed as

D)2
N(A > Ay) = (?) ,

a

(16)

where A| is the largest contact area of an asperity, and N is the
number of asperities with the area bigger than A,.

Therefore, the distribution density can be obtained by the
differentiation of Eq. (16) as

_w
— 17

n(Aa) EPYICEDN

" |da

When integrating the contact area and normal force in the total
nominal surface, combining with formula (14), the formulas
for the real contact area and normal force can be expressed as

.Al
A= /0 n(Ag)AydA,, (18)
D—1 A
Pr:@ [ na0alan, o)
0

where A, is the real contact area of surface under normal force
P..

2.3. The plastic deformation

Actually, the deformation will become plastic when the
deformation of asperity increases beyond the critical value J,

TH\?
“=(5)

where H is the hardness, E is the Young’s modulus, and R is

given by!!*]

(20)

the radius of asperity.
In the MB model, R is determined by Eq. (12), and &. has

the form
2 D)2
H A
A

2E) G-1)° h

In plastic deformation, the normal pressure supported by as-
perity is constant, and is equal to the hardness, therefore, the
normal force of plastic deformation can be expressed as

Pp=H A, (22)

When taking the plastic deformation into account, the formu-
las for the GW model should be changed to

A=A +A,

d+6;
= AnnR(/d (z—d)¢(z)dz+

oo

(z— d)(b(z)dz) , (23)

d+8;

4 d+0c
P.=P.+P,= gAnER‘/Z/ (z—d)*?¢(z)dz
d

+An7rR/ (z—d)¢(z)dz, (24)
Jd+8;

where A, is the elastic contact area, A;, is the plastic contact
area, P is the normal force supported by the elastic contact
area, and F, is the normal force supported by the plastic con-
tact area.

Likewise, for the MB model, the critical value of contact
area A, can be derived out by combining Eqs. (12), (13), and
21) as

G2

A= 2E)eID 1) (25)

The formulas for the MB model can be changed to

Ar=Ac+A4,
Ac Ay
:/O n(Aa)AadAaJF/A ”(Aa)AadAaa (26)
P =P —l—Pp
4 nEGDfl Ac B Al
= %/0 n(Aa)Ae<13 D)/ZdAa +H N ”(Aa)AadAa-
(27)

When dividing Eq. (21) by Eq. (13), the relationship of defor-
mation and critical deformation can be expressed as

5, A\ 2D
s-()

where the ratio between the critical deformation and defor-

(28)

mation is reverse to the ratio of the critical contact area and
contact area.

Analyzing Eq. (28), we should notice that when & > &,
for the MB model, A, < A, while for the GW model, A, > A,
vice versa. This means that the plastic judgment in GW is just
opposite to that in MB model when using contact area as cri-
teria. In the GW model, when the contact area is larger than
the critical value, the deformation obviously is plastic; while
in MB model, it is elastic, and vice versa.[>1% This is one of
the major differences between the GW and MB models. The
physical reality is that the pressure will be very big when the
contact peak is very small, so the deformation is plastic, when
the radius becomes large caused by the deformation, the pres-
sure will become small, and the deformation is elastic. From
this angle, the MB model considering the change of radius is
more reasonable. However, the GW model also suggests that
the deformation will remain elastic because new contact peaks
will join to support the load instantly to lead the deformation
stay in elastic when the contact peak is small. More details
and formulas can be obtained from the references. 1!

Despite the different interpretation, the GW model and
MB model both obtain many supports from researchers and are
proven to be valid in many cases calculating the stiffness and
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damping.!"*!5] However, neither stiffness nor damping is a di-
rect indicator to verify the formula, while measuring the real
contact area would give a more direct experimental measure-
ment for these formulas. In the next sections, an experiment
setup is constructed to measure the real contact area based on
the TR method, and the qualitative comparison analysis be-
tween simulation and experiment will be implemented.

3. The experiment of the real contact area

The beam transmitting from a denser medium to a thin-
ner one will be totally reflected back into the denser medium
when the incident angle is greater than the critical angle.?’]
As shown in Fig. 3, when pressing two transparent blocks to-
gether, the contact surface is formed by many contacted asper-
ities, between which are gaps full of air. The beam beyond
critical angel will only be reflected by the gaps and transmits
out at the contacted asperities. Naturally, the intensity of the

transmitting beam corresponds to the real contact area.

image
collector
transparent
block
transmitted
beam
incident %
t t
beam R reflected
block b
eam
Fig. 3. Schematic of the TR method.
screen (Cen e acquisition
system

Fig. 4. A 3D diagram of experiment system.

Based on this principle, we build an experiment setup to
measure the contact area under normal force. As shown in
Fig. 4, the normal force is produced by an X type lifting de-
vice driven by a stepper motor with a screw, a laser beam re-
flected by a mirror transmits the PMMA block and images on

the screen, a camera is used to record the image, and a data ac-
quisition device is used to record the normal force. The field
photo is shown in Fig. 5. The parameters of the major devices
and PMMA are listed in Table 1.

Fig. 5. The field photo of experiment system.

Table 1. Parameters of major devices and material.

Device Style Parameters
Laser semiconductor 650 nm
Camera NIKON D610 CMOS: 24.26M pixels
Stepper motor 400 maximum force 1 kN
Force transducer S type 0-500 N
Acquisition device INV306U 16 bit
Specimen PMMA block 20 mmx 10 mmx20 mm

The experiment is carried out, the camera is set to man-
ual mode at ISO 2200 and f 4.0, the sampling rate of normal
force is 1024 with low-pass filtering at 30 Hz. To ensure that
the surface is enough flat and transparent, the nature surface of
PMMA block without other polishing is utilized as the exper-
imental surface. The normal load increases at constant speed
and stops at every test point. To avoid the creep of PMMA, we
only take three photos at every test point to obtain the average
greyscale in very short time interval, about several seconds.
The recorded images are shown in Fig. 6. Figure 6(a) shows
the images under different normal force, where the red area
and brightness grow up with the normal force. Figure 6(b)
shows the normal curve of force and real contact area, the co-
ordinate is normalized by the ratio between the real contact
area and nominal contact area, the nominal contact area A is
calculated by the intensity of laser directly transmitting to the
screen without obstruction of the PMMA block. Because the
laser is red, so the intensity is obtained by integration of the
grayscale of red color as expressed by

A=Y Y Reli. ), (29)
J

i

where Ry is the red grayscale of a pixel.

054601-5



Chin. Phys. B

Vol. 28, No. 5 (2019) 054601

»
»

Normal force

0.0

A/ A
© o o o o
== NN NN W
o o© oot o u o
—

o

S

o

0 20 40 60 80
Normal force/N

100 120

Fig. 6. The results of experiment: (a) the images under different nor-
mal force, where the red area and brightness grow up with the normal
force, (b) the curve of normal force and real contact area, the force has
been scaled to the nominal contact area considering the whole surface
is larger than the recorded nominal contact area.

4. Simulation and comparison

In this section, the surface topography is scanned by the
white light interferometer, and the surface parameters used to
calculate the real contact area are calculated based on the ob-
tained image, the curve of normal force and real contact area
obtained from GW model, MB model, and experiment are

plotted in a graph to comparatively analyze the results.

4.1. Parameters calculation

The white light interferometer shown in Fig. 7 is
used to measure the experimental surface with area
834.370 umx834.370 um, and the image of topography is
shown in Fig. 8, where the surface is flat and has a small varia-
tion. The height distribution of peaks is shown in Fig. 9, where
the distribution is approximate Gaussian. The curvature radius
of peaks is calculated at the X and Y directions respectively,
the mean radius of all peaks in the two directions is used as
the radius for the GW model.

For the MB mode, the parameters D and G can be ob-

tained from the power spectrum of profile of surface, which

can be expressed as

G2D-1)
" 2Inywt-20)’

Fo) (30)

where F(®) is the power spectrum, and ¥ is usually set to 1.5.

Fig. 7. The photo of white light interferometer made by Z YGO com-
pany, having 0.1 nm resolution.

Fig. 8. The surface topography of the specimen.

1200

1000

800
600

Number

400

200

0

—-0.08 —0.04 0 0.04 0.08

Height /um

Fig. 9. The distribution of height of peaks, the zero point is the mean value.

In the log-log coordinate, the curve of @ and F () is an
approximate straight line. If the slope is in the range of —3 to
—1, the surface is deemed to be fractal, and D and G can be
calculated using the slope and intercept of line as

D= (k+5)/2, 31)
G = 10(b+10g(21n Y)/Z(D—l)) . (32)
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First, the power spectrum of every column and row of image
is calculated by using Fourier transform, the mean value of the
power spectrum is used to map on the log—log coordinate, and
the fitting line is then obtained by the least square method. The
fitting line and power spectrum are shown in Fig. 10.

1.5

1.0
0.5

0
—0.5

log(F(w))

—1.0
—1.5

_2'00 0.5 1.0 15 20 25 3.0

log(w)

Fig. 10. The power spectrum and the fitting line of surface topography.

The resulting parameters for the two models and the char-
acteristic parameters of material are listed in Table 2. In the
table, the radius is very large because the surface is very flat
and has strips cluster area which also can be seen in Figs. 5
and 6, the density of asperities is determined by the number
of local peaks counted by a computer program, the nominal
contact area is determined by the width of laser transmitting
the specimen, because only in these range the real contact area
can be observed.

Table 2. Parameters of models and material.

Parameters GW MB
Mean radius R 781.87 um -
Density of asperity n 6.608 x 10* mm~2 -
Variation of asperity o 0.00178 pm -
Fractal dimension D - 1.8165
Characteristic length scale G - 6.807 x 10712
Young modulus E 532 MPa
Poison’s rate v 0.4
Hardness H 150 MPa

Nominal contact area A 19.31 x 4.0 mm?

4.2. Comparison analysis

The parameters are substituted into the models, and the
results of experiment and simulation are plotted in Fig. 11. In
the figure, the contact areas of GW and MB linearly increase
with the growth of normal force, the experimental result ap-
pears the similar trend with the simulation. In the initial part
of the experimental result, the line is almost horizontal be-
cause the load is very small, the contact spots are too small to
let the light pass though. When the load increases after the ini-
tial part, the real contact area increases linearly and has a good
agreement with the MB model but has an obvious big devia-
tion from the GW model. As the load increases much more,
the deviation to the MB model also gradually becomes bigger.

0.30 I
|
0.25 !
< 0.20 1 802%
\H |
<1 0.15 |
|
o.10tF |
u | —e— GW
0.05 3 —— MB
b —&— experiment
O P

20 40 60 80 100 120 140
Normal force/N

Fig. 11. The normal force and ratio of real contact area to the nominal
contact area.

At small load, deformation is small and the asperity is
well separated, so the GW and MB models would have a good
prediction, this is generally accepted and verified by many re-
searchers. For example, Hyun proved that the relationship of
real contact area and load is linear when the fraction of contact
area is smaller than 0.1,%?! our experimental result also agrees
with this. Although Persson had a different opinion for the
contact model, he also admitted that the GW model and MB
model are accurate at small load.?3]

What causes the big deviation to the GW model in the
small load region? We can obtain two explanations from the
paper about MB model.!'%! One is that the parameters of GW
model will be greatly affected by the resolution of measure-
ment devices. The white interferometer used in this experi-
ment has the resolution of 0.1 nm, which is significant higher
than that of the experiment finished in the past time. Persson
also argued that GW model just considers one scale of the sur-
face which is not very accordance with the reality;¥! i.e., the
resolution for GW model should be in a matched scale. An-
other explanation is that the GW assumes a constant radius,
which is not consistent with the reality and also the phenom-
ena in our experiment where strip cluster is obvious even in
small load area. In contrast, the MB model takes into account
the change of radius and the merging of neighboring asperities,
which is more reasonable at least for this experiment where
the asperities emerging phenomenon is also evident as shown
in Fig. 5.

It also can be noticed that MB model has an increas-
ing deviation to the experiment result. Persson thought that
GW and MB both lack the ability to model the interaction of

5,123-251 which will greatly affect the result at heavy

asperitie
load. Some other researchers also pointed out this problem
and proposed revised models. For example, Zhao derived the
revised method by utilizing the Saint—Vansant’s principle and
proved that the revised model has a larger contact area than the
original GW model under the same load.!'3! Tang proposed a
numerical iterative method to model the interaction of the as-
perities, and showed that in the revised mode, the deformation

of asperities would be larger than that in the original model
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which is based on GW model.[?®! Likewise, following this re-
vised method, if the interaction is taken into account in the MB
model, then the curve would be more close to the experiment
result. Persson also proposed a new multi-scale model from

23241 which derived an equation sim-

different physical angle,|
ilar to the diffusion function to depict the process of real con-
tact area changing with scale and load, and argued that it can
take into account the elastic coupling between asperities and

s.1241' A problem

is more accurate than the GW and MB model
should be noticed that the MB model takes every scale of sur-
face into account; however, it can be observed in the color im-
ages of Fig. 5 that the black strip area exists in the whole pro-
cess, which means that some area maybe never have contact,
i.e., the contact may not occur in some large scale. Persson
deemed that there is a cut off length for the contact.!*3! Fol-
lowing this theory, the nominal contact area would be smaller,
and the fraction of contact area will be bigger to make the
result of MB model closer to the experiment. However, Pers-
son’s model is still questioned by some researchers and needed

26271 Considering that interaction of asperi-

more researches. !
ties is a complicated problem, in this paper we do not discuss
this point further but focus instead on the experimental method
and the verification of the two basic models.

From the results and analysis, it can be concluded that the
total reflection method and the related experimental method in
this paper would be valid to be used as a quantitative method
for the real contact area measurement. Based on this direct
measurement method, the researcher not only can analyze the
evolution of interface under different load and condition but
can also compare and verify many revised contact models and
newly developed contact models. This experimental method
has foundational value for research of contact mechanisms and
the related interface character.

5. Conclusion

The direct observation method for real contact area, TR
method, is used to quantitatively verify the original GW model
and MB model. The experiment system based on TR method
is constructed to measure the real contact area of two PMMA
specimens, the curves of real contact area and normal force
obtained by the experiment and models are plotted in the
same coordinate, the comparison analysis suggests that the

MB model has better agreement with the experimental result
because this method can take into account the variation of ra-
dius and the merging of asperities, while the GW model has a
huge deviation because of the dependent on resolution and the
lack of consideration of the variation of radius and asperity’s
merging process. If we take the interaction of asperities into
account, then the results of models would have better agree-
ment with the experiment. The results and analysis prove that
the experimental methods in this paper could be used as a more
direct and valid method to quantitatively measure the real con-
tact area and to verify the contact models. This experimen-
tal method has the foundational value for research of contact
mechanisms and the related interface character.
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