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Abstract

With the promotion of soft viscoelastic materials in the field of flexible bionic robots, the behavior of sliding friction between
soft viscoelastic materials and rigid materials such as metals has attracted great attention. In this study, the research object was
silicone, and a research method combining a dynamic force testing technique and a non-contact optical testing technique for
deformation and strain was proposed to study the frictional behavior of silicone and the effect of the tooth structure surface
on the sliding friction. We analyzed the temporal changes in the friction force for different loads, the dynamic characteristics
of large deformation and micro-strain on the front side (define the contact surface as the bottom surface) of the silicone.
The results showed that within a certain range, the sliding friction coefficient of the silicone increased monotonically with
increasing load, and there were stick-slip and deformation waves during the relative motion. The larger the load was, the
faster the deformation wave propagated, and the tooth structure surface had sliding friction anisotropy.

Keywords Sliding friction of silicone - Stick-slip - Deformation wave - Non-contact stress-strain test method

1 Introduction

With the booming development of bionic technology, the
combination structure of a rigid body skeleton and a soft
viscoelastic body skin has become widely used in crawling
bionic robots. Owing to the unique movement gait of crawl-
ing bionic robots, the dynamic characteristics of sliding fric-
tion between soft viscoelastic materials and rigid materials
are worth investigating [1, 2]. For example, the meandering
gait of a snake robot relies mainly on the normal friction of
the skin surface in contact with the ground being greater
than the tangential friction [3, 4]. The creeping gait of a
silkworm-like robot is achieved with the difference in the
friction forces on the skin surface in the forward and back-
ward motion directions [5], and the sloping climbing gait of
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a lizard-like robot relies on the adhesion of the foot suction
cups to a sloping surface [6].

The sliding friction behavior of the materials for soft
viscoelastic bodies has unique properties compared to con-
ventional rigid materials. The macroscopic friction behavior
of the surfaces of soft viscoelastic materials during their
motion relative to rigid materials is special, including Schal-
lamac waves [7—11], stick-slip [12, 13], and other behaviors.
For the study of sliding friction behavior, optical testing
techniques are very applicable. In reference [14], the effect
of the velocity on the sliding friction behavior of a smooth
glass ball and an elastomer was studied with the analysis of
the transmissive intensity of Schallamac waves with stick-
slip. With the emergence and development of DIC (Digital
Image Correlation) technology, this technology has been
gradually applied to micromechanical studies. For example,
in reference [15], DIC was used to study the micromechanics
of a multi-contact interface formed between a rough elas-
tomer and a smooth glass surface, and to locally probe the
spatial distribution of the tangential displacement and the
associated shear stress averaged over the micrometric thick-
ness of a heterogeneous multi-contact interface. In refer-
ence [16], the dynamic crack extension behavior of polymer
beams during impact loading was studied in combination
with a rotating mirror-type high-speed digital camera. In
reference [17], the sliding motion of a rubber specimen on
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a glass plate was studied and the local sliding velocity field
in the contact area was obtained based on the digital image
correlation method.

Silicone is widely used as a bionic material because of
its good toughness, good tear resistance, and fast reshap-
ing. However, it is difficult to use the contact test method
(For example, the measurement method using strain gauges.)
because silicone experiences large deformation in sliding
friction. Therefore, this study proposes a research method
combining a dynamic force testing technique and a non-con-
tact optical testing technique for deformation and strain for
the study of the dynamic characteristics of sliding friction
between silicone and metal materials. First, the processes of
test specimen preparation and test system construction are
described. The purpose of the test is to obtain the mechani-
cal dynamic characteristics of the sliding friction, the mac-
roscopic friction behavior, and the effects of the load and
the tooth surface structure on the sliding friction coefficient,
and to design the test program. Next, the processes and the
analysis of the friction force test data and deformation-strain
test data are described. Finally, the mechanisms of the occur-
rences of macroscopic frictional behaviors such as stick-slip
and deformation waves are studied, and conclusions are
drawn accordingly.

2 Materials and Methods

This study proposed an experimental research method for
determining the dynamic characteristics of silicone in slid-
ing friction. The sliding friction coefficient was analyzed
by combining the dynamic measurement method of friction

with the classical friction law, and the deformation and the
strain were measured with the DIC optical non-contact
measurement technique. The silicone friction characteris-
tics were analyzed based on the experimental measurement
results.

2.1 Friction Force Measurement

The silicone for the test in this research was made with
mold injection with two types of contact planes, smooth and
toothed. Its structure and dimensions are shown in Fig. 1.
Its production process was as follows. First, the mold was
made with 3D printing technology. Then the curing agent
was mixed with the substrate in a ratio of 1:1 and poured into
the mold, and the air bubbles on the surface of the mixture
were purged. Finally, the material was placed at a room tem-
perature of 25 °C for 10 h until solidification.

The friction test method of the silicone material is shown
in Fig. 2. The silicone was placed on a metal mobile module
with a surface roughness of Ra0.4, a load block was added
above, and the force sensor was connected to the left end
of the silicone with a rope. The mobile module was driven
to the right so that relative movement of the silicone and
the mobile module tightened the rope. The value measured
by the sensor was the friction force generated between the
silicone and the mobile module.

The contact deformation and strain test method have
uncontrollable environmental factors interfering with the
frictional motion process. Therefore, in this research, a
deformation and strain testing method based on the DIC
optical non-contact measurement technique was applied,
as shown in Fig. 3. First, the images of the silicone
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Fig.3 DIC optical non-contact
deformation and strain measure-
ment method

Silica gel surface
speckles

rubbing process were captured by cameras. Then the ran-
domly distributed speckles features of the silicone surface
in different images were compared. The speckles were
randomly distributed on the front side (define the contact
surface as the bottom surface) of the silicone as shown
in Fig. 2, The diameter of the speckles was random in
the range of 1-2mm, The randomness of the size and
distribution of the speckles was beneficial to the accuracy
of the DIC analysis results. Due to the poor adhesion of
the silicone surface, the traditional method of preparing
the speckles using the transfer technique was not suit-
able, and after trying and comparing various methods, it
was decided that the best results were obtained by hand
painting with ink. Next, the silicone surface deformation
information was calculated based on digital image cor-
relation algorithms. Finally, the data for the deformation
and strain of the silicone surface were obtained.

3 Results

In this research, the experimental scheme was designed
based on the test method described in Sect. 2 . The rela-
tive sliding speed between the platform and the silicone
was 100 mm/min. The weight of the silicone is 32 g.
Excluding the weight of the silicone itself, the additional
normal load was divided into four levels of O N, 0.01 N,
0.02 N, and 0.03 N. Silicone on the surface of the tooth
structure did not add an additional load. Five independent
tests were replicated for each load to ensure the reliabil-
ity of the results. During a sliding motion, the temporal
changes in the friction force were obtained with a force
sensor and a data logger at a sampling rate of 25 Hz. The
temporal changes in the randomly distributed speckles
features of the silicone surface were captured by the high-
speed camera at frame rates in the range of 70 fps, and
the data were processed to obtain the subsequent results.
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e
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D Camera
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3.1 Dynamic Characteristics of Silicone in Sliding
Friction with Different Normal Loads

The average displacement method was used to remove the
effect of rigid displacement during the displacement field
data processing. The average displacement method calcu-
lated the average movement of each image and then removed
the average movement to obtain a displacement-deformed
image without rotation. In Fig. 4a, it can be seen that the
sliding friction coefficients under different normal loads
have obvious differences, and the coefficients increase with
the increase of the load. The standard deviation of the five
sets of test data with the same load is less than 0.08. The
monotonically increasing relationship between the mean
value of the sliding friction coefficient and the load is shown
in Fig. 4b. Based on this relationship, it can be concluded
that the sliding friction coefficient of the silica gel increases
with the increase of the load.

Figure 5 shows the results of the temporal changes in the
friction force with different normal loads and the dynamic
characteristics of the displacement fields of the silicone front
side. Fig. 5a shows that the temporal changes in the fric-
tion force of the silicone with no additional normal load
are similar to those for typical friction. During prelimi-
nary adjustment phase and deformation phase, the friction
force is a static friction force. This friction force increased
monotonically until it reached the critical point (maximum
static friction). Then the silicone moved above the platform
and the friction force decreased slightly until the end of the
motion. The silicone moved smoothly without stick-slip for
the entire motion. From 3.75 s to 6.75 s, it can be observed
from the dynamic cloud diagram of the displacement field
that a deformation wave was generated on the silicone sur-
face with the same transmission direction as the direction of
relative movement of the silicone to the module.

As shown in Table 1, the dynamic friction force when the
silicone reaches steady-state motion has an obvious mono-
tonically increasing relationship with the load. It is worth

@ Springer



15 Page4of13

Tribology Letters (2023) 71:15

—a— 0N
59 ®—0.0IN
’ v 0.02N 2.217
1 v v ¥ v 0.03N .
2.0 504
v .

1.8 L8
1.6 A L6

Y - . .
1.44 < 1.4

= o

1.24 . = o4

° - L o
1.0+ * LoA
0.8 0.8

_n

0.6 o _— 0.6

- — _—

e

0.4 T T T T T 0.4 - T T T T T T

1 2 3 5 0.000  0.005 0.010 0.015 0.020 0.025  0.030

experiment (set)

(@)

addition normal load (N)

(b)

Fig.4 Sliding friction coefficients of silicone under different normal loads, a five sets of data for each additional normal load; b value of sliding

friction coefficient for each additional normal load

noting that the maximum static friction force was not very
different from the dynamic friction force when there was
no additional load. With the additional load, the maximum
static friction was 2-3.5 times higher than the dynamic fric-
tion. Based on classical friction theory, the maximum static
friction is slightly higher than the sliding friction. 2-3.5
higher maximum static friction than the dynamic friction
for the sliding friction of silicone means that adhesive forces
account for more than half of the composition of static fric-
tion. At the moment silicone broke free of adhesion from rest
to movement, the stretching force of the connecting rope on
the silicone was much greater than the sliding friction of the
silicone, it caused a noticeable stick-slip phenomenon in the
sliding friction silicone, and with the increase of the normal
load, the stick-slip phenomenon was more significant.

Before the stick-slip occurred, a deformation wave was
observed on the silicone surface from the right end to the
left end. In particular, when the additional normal load was
0.03 N, the third deformation wave is transmitted from the
middle of the silicone to the left end of the silicone. The
transmission velocity of the first deformation wave did not
differ very much for each normal load condition, but the
transmission velocity of the second deformation wave was
faster for the load increases.

The dynamic changes on both sides of the silicone (RO
region and R1 region) were most obvious during the motion,
so these regions were chosen as the study area. The locations
of the RO region and the R1 region are shown in Fig. 6, The
length of the RO and R1 area is 10mm and the width is 6mm.

Figure 7 shows the displacement field variation curves at
both sides of the silicone for four different normal loads. The
displacement field distributions of RO and R1 for all normal
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loads are symmetric about U = 0. The sliding friction of
the silicone can be divided into the preliminary adjustment
phase, deformation phase, stick-slip phase, steady-state
motion phase, and relaxation phase.

(1) Preliminary adjustment phase: At this stage, the amount
of silicone deformation fluctuates slightly at the zero
point and is distributed irregularly. The strain field dis-
tribution on the side surface of the silicone is chaoti-
cally distributed, as shown in Fig. 8a. The reason for
this phenomenon is that the silicone is a soft viscoelas-
tic material and is not completely fitted to the surface
when placed on the platform, and there are many gaps
between the surfaces of the silicone and the platform.
Therefore, the silicones make minor adjustments to
deformation in the process of the relative movement
trend until the surfaces are completely fitted.

(2) Deformation phase: At this stage, the displacement field
curve grows at a high rate until it reaches a peak, and
the strain field of silicone is symmetrically distributed
at the center and remains stable, as shown in Fig. 8b.
Macroscopic deformation is stretched from the center
to both sides of the silicone, and deformation waves are
generated at this stage.

(3) Stick-slip phase: At this stage, the displacement field
curve reaches a peak and then drops to a trough at a
very fast rate. Adhesion exists between the silicone and
the platform surface. After the force reaches a critical
point, the silicone breaks free from the adhesive force
and jumps both vertically and in the direction of the
connecting rope. In the process of jumping, the silicone
resumes deformation from both sides to the center of
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Fig.5 Temporal changes in the
friction force with different nor-
mal loads and the dynamic char-
acteristics of the displacement
fields of the silicone front side:
a no additional normal load; b
additional normal load is 0.01
N; ¢ additional normal load is
0.02 N; d additional normal
load is 0.03 N because the val-
ues of the colored contour plots
are not the same at different
moments because the values of
the colored contour plots are not
the same at different moments,
a colored contour plot without
values are added in Fig. 5 to
indicate the amount of deforma-
tion, with purple indicating
minimal deformation and red
indicating maximum deforma-
tion (Color figure online)

Table 1 Data of sliding friction behavior under different load increments

2.019

11.2s
11.3s
14.6s
15s

15.5s

t(s)

16s

(b)

Additional normal Maximum static fric-

Sliding friction

Duration of the first defor- Duration of the second

Duration of the third

load (N) tion force (N) force (N) mation wave (s) deformation wave (s) deformation wave (s)
0 0.202 0.17 3 - -

0.01 1.848 0.49 2.5 5.8 -

0.02 2.158 0.73 2.9 2.5 -

0.03 2.595 1.27 2.8 1.9 0.9

“

the silicone until the bottom surface of the silicone is
in contact with the platform surface again. The strain
field distribution of the silicone is shown in Fig. 8c.

Steady- state motion phase: At this stage, the displace-
ment field curve remains in a relatively stable state, and
the macroscopic deformation of the silicone does not

&)

change. The strain field of the silicone has a gradual
distribution from left to right, as shown in Fig. 8d.

Relaxation phase: At this stage, there is a small contrac-
tion at the end of the displacement field curve of the
silicone, the strain field distribution is similar to that of
the steady state motion phase, and the relative motion
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Fig.6 Study area location

of the silicone and platform stops. Due to inertia, the
silicone will continue to move before coming to rest.
The static friction force at rest is less than the sliding
friction force during steady motion, and the silicone
macro deformation has small shrinkage and remains
relaxed, as shown in Fig. 8e.
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Fig.7 Displacement field variation curves at both sides of the sili-
cone for different normal loads, “U” is the average displacement of
the speckles in study area: a no additional normal load; b additional
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3.2 Dynamic Characteristics of the Silicone Tooth
Structure Surface in Sliding Friction

The movement direction of the silicone tooth structure sur-
face along the beveled edge of the tooth is the left-direction
and along the right-angle edge of the tooth in the right-direc-
tion, as shown in Fig. 9.

Figure 10 shows five sets of sliding friction coefficient
data for the silicone tooth structure surface moving along
the left-direction and the right-direction. The average value
of the sliding friction coefficient along the left-direction
motion is 1.297 with a standard deviation of 0.084, and the
average value of the sliding friction coefficient along the
right-direction motion is 0.695 with a standard deviation
of 0.106. It can be concluded that the sliding friction coef-
ficient for the silicone tooth structure surface moving along
the left-direction is greater than that for moving along the
right-direction.
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Fig.8 Horizontal strain distribution at each stage of silicone sliding friction: a preliminary adjustment phase; b deformation phase; ¢ stick-slip

phase; d steady state motion phase; e relaxation phase

Figure 11 shows the results of the temporal changes
in the friction force for different motion directions of the
silicone tooth structure surface and the dynamic charac-
teristics of the displacement field on the side surface of
the silicone. For the case of a constant contact area and a
normal load, the temporal changes in the friction force of
the silicone tooth structure surface along the left-direction
and the right-direction are similar to the state without an
additional load described in Sect. 3.1. The silicone moves

smoothly without stick-slip. The value of friction is greater
along the left-direction than along the right-direction,
and the time taken to reached the maximum static friction
was slightly longer. In addition, during the motion along
the right-direction, the deformation wave was transmit-
ted from the right to the left in the same direction as the
specimen motion at 2-2.75 s, and the deformation wave is
not observed during the motion along the left-direction.
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Fig.9 Tooth structure surface
silicone movement direction: a
Left-direction; b Rigth-direction
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Fig. 10 Friction force data of tooth structure surface silicone in dif-
ferent movement direction

The displacement field cloud diagram of the silicone
tooth structure surface in motion along the left-direction is
shown in Fig. 12a. The displacement field is asymptotically
distributed that the displacement field clouds are stratified
from right to left and the values are increasing, the zero
position is in the center of the silicone. The macroscopic
deformation of the silicone is in a stretched state, resulting
in a larger actual contact area between the silicone and the
platform. When moving along the right-direction, the dis-
placement field distribution is symmetrical about the center,

@ Springer
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Mobile module

(b)

F(N)

2.25s

2.75s

Fig. 11 Dynamic characteristics of sliding friction and displacement
field clouds of tooth structure surface silicone in different movement
direction, and the displacement fields are for z-direction

and the macroscopic deformation of silicone is in a flexural
state, as shown in Fig. 12b, resulting in a reduction of the
actual contact area between the silicone and the platform.

The silicone tooth structure surface moving along the left-
direction is greater than that moving along the right-direction.
The reason for this phenomenon is that the deformation of the
specimen during the motion results in the actual contact area
being different.
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Fig. 12 Displacement field clouds of tooth structure surface silicone specimens with different motion directions in steady movement state: a left-

direction; b right-direction

4 Discussion

According to the sliding friction analysis of silicone dis-
cussed in the previous section, it is concluded that the slid-
ing friction coefficient has the same increasing relationship
with the normal load, and there are macroscopic friction
behaviors such as deformation wave and stick-slip during
the sliding friction process. In this section, the macro-
scopic friction behavior of the silicone and the reason for
the variation of the sliding friction coefficient with the
load are discussed.

4.1 Macroscopic Sliding Friction Behaviors
of Silicone

Barquins [10, 18-20] published a series of experimental
studies on the friction behaviors of rubber-like materials
on rigid surfaces, and described the measurement process
in three phases according to the status of the contact sur-
face: preliminary (pre-sliding) phase, gross sliding phase,
and relaxation phase. Based on his research, in this study,
the preliminary phase is further subdivided into the prelimi-
nary adjustment phase and the deformation phase, and the
gross sliding phase is further subdivided into the stick-slip
phase and the steady state motion phase. The distribution
of strain on the surface of silicone undergoes three types of
changes: irregular, symmetrical and asymptotical. During
the steady-state motion phase, the local area close to the
connection point of silicone to rope is the flexural area, and
the local area far from connection point of silicone to rope
is the tensile area.

The stick-slip effect for the sliding friction of the soft
viscoelastic materials can be treated as a repetition of the
following phases [21]:

(1) Sticking to the surface while the deformation and the
friction force keep growing.

(2) Breaking away when the break-away force is reached
and the friction state switches from static to kinetic or
from sticking to sliding.

(3) Back to sticking to the surface. The deformed rubber
material retracts and even overshoots after breaking
away. Its relative velocity relative to the contact surface
decreases to zero and it sticks to the surface again.

In the experiments of this study, it is observed that the stick-
slip effect of silicone is more significant with the increase of
the load in a certain load range, which can be judged using
the wider macroscopic deformation of silica gel, greater
separation force, and greater number of occurrences. In
addition, the stick-slip phenomenon of the jump amplitude
gradually decreases for a certain normal load sliding fric-
tion. The reason for this is that the magnitude of the break-
away force is related not only to the load but also to the
length of contact time between two surfaces and the height
of the jumping after the stick-slip. The higher the height of
the silicone vertical jump is, the greater the normal force
after recontact is, resulting in greater adhesive force. There-
fore, the stick-slip phenomenon is gradually decreasing for a
certain normal load. It can be expected that stick-slip will fill
the whole sliding friction process when the load continues
to increase.

The reason for the generation of deformation waves
is that the tensile force is gradually transmitted from the
left to the right of the silicone. The deformation waves
show the process of the silicone from the static state to
the relative motion trend state. Therefore, deformation
waves mainly occur during the transition from the prelim-
inary adjustment phase to the deformation phase and the
transition from static to motion states after the stick-slip.
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Because the normal load has very little effect on the pre-
liminary adjustment phase, the first deformation wave is
transmitted at the same speed. In addition, the increase
in the normal load leads to greater deformation of the
silicone and less recovery of deformation after stick-slip.
Therefore, the deformation wave in the stick-slip phase is
transmitted faster with the increases in the normal load.

At present, many scholars are currently more inter-
ested in the Schallamac wave phenomenon generated
during the motion between rubber-like materials and
rigid materials [9]. A Schallamac wave is formed when
hemispherical transparent glass slides on rubber. The
rubber and the glass adhere to form a cavity, and the
cavity moves along the curved surface of the glass. In
this study, the focus is on the sliding friction between
silicone and metal, and it is not deemed appropriate to
observe the state of the silica gel contact surface, so the
Schallamac wave is not observed. The deformation waves
observed in this study occur on the side of the silicone.
This is also due to the deformation of the silicone and
perhaps has some correlation with the s-wave. However,
the deformation wave observed in this study, which
occurs on the side of the silicone, is also due to silicone
deformation and perhaps has some correlation with the
Schallamac wave. The method proposed in this paper
for the measurement of the dynamic friction force and
the deformation-strain optical non-contact measurement
based on DIC may have some applicability in the study
of Schallamac waves.

Fig. 13 Hertz elastic contact: a
surface of silicone; b contact to
theoretical conditions; ¢ contact
between soft viscoelastic mate-
rial and rigid material

4.2 Reasons for Monotonically Increase of Sliding
Friction Coefficient with Load

The surfaces of the objects are not ideal planes and there
are irregular bumps. Hence, in the two objects, the contact
plane is not completely in contact. According to Hertz’s con-
tact law[22-24], the surface of the object is assumed to be
composed of a uniform distribution of hemispherical raised
peaks , as shown in Fig. 13a. A is the theoretical contact
area, it means the cross-sectional area of the contact surface,
A_ is the actual contact area, it indicates the contact area
between the surface covered with much raised peaks. y, is
the theoretical friction coefficient based on the theoretical
contact area. y, is the actually friction coefficient based on
the actually contact area.

He = ”OAC/AO (1)

Figure 13b indicated the cut of contact surface between the
surface covered with much raised peaks, When two raised
peaks come into contact, deformation occurs due to com-
pression. R, is the radius of the actual contact surface. The
radius of the raised peak of the platform is R, and the radius
of the raised peak of the silicone is R,.

R.=2R\R)/(R| — R,) 2

Because silicone is a soft viscoelastic material and the
platform is a rigid metal material, the deformation of the

R
Re R
o d
/
R R

(b)
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raised peaks on the metal surface when in contact is much
smaller than the deformation of the raised peaks on the sili-
cone surface. Therefore, it is considered that the platform
surface does not deform and the deformation is only pro-
duced by the silicone surface, as shown in Fig. 13c.

R. =R, 3)

The CMT6503 Universal Material Testing Machine was
used for this experiment, as shown in Fig. 14a. The dis-
placement at the compression end was used as the specimen
deformation variable and the force applied to the specimen
by the force transducer was recorded. The data were col-
lected and entered into the computer to obtain a graph of the
force versus the amount of silicone deformation, as shown
in Fig. 14b.

The relationship between the macroscopic deformation
and the load is shown as follows:

d =9.38 — 5.8¢7F:/348 _ 3 67¢7F:/22905 @

The actual contact area A :

R, R2
- IR2 _ 2 c - -
A, =2nn /Rr_l R? —x e dx =2nzR.(R. — d)

&)
In equation 5, n indicates the number of raised peaks.
Combining Egs. (4) and (5):
A, = 2nzR (R, + 5.8¢7F/3448 1 3.67,7F/22905 _938)  (6)

The equation for the actual contact area and the load that is
derived in this research is similar to that of the study in [25].
The nominal contact area A:

(@)

Ay = 4nR? (7

Combining Egs. (1), (6), and (7), the relationship between
the sliding friction coefficient and the load is shown as
follows:

pe = 27 po(R, + 5.8¢7F/3448 1 3. 67¢71/72905 _ 9 38) /R,

®)
From Eq. (8), it can be concluded that the sliding friction
coefficient increases with the increase of the load. Com-
pared to the monotonically increasing relationship between
the normal load and sliding friction coefficient derived from
the theoretical model, in the experiments of this research,
only the sliding friction coefficient under four different loads
is investigated. It is possible to prove that the sliding fric-
tion coefficient has the same increasing relationship with
the load, but the sample size is small enough to completely
prove the detailed mathematical relationship between the
normal load and the sliding friction coefficient. In addition,
the load affects not only the actual contact area but also the
adhesion in a non-drying condition [26].

5 Conclusion

In this study, a research method combining a dynamic force
testing technique and a non-contact optical testing technique
for deformation and strain was used to determine the slid-
ing friction of silicone. The temporal changes in the friction
force in different loads and the dynamic characteristics of
the deformation and strain on the side surface of the silicone
were obtained, and the following conclusions were drawn.

10

d (mm)

F (V)

(b)

Fig. 14 Relationship between silicone deformation and normal load: a measurement method b curve
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The sliding friction of silicone can be divided into
the preliminary adjustment phase, deformation phase,
stick-slip phase, steady state motion phase, and relaxa-
tion phase.

The macroscopic frictional behavior of silicone
includes the deformation waves, stick-slip, and dynamic
processes of silicone deformation.

Deformation waves mainly occur during the transition
from the preliminary adjustment phase to the deforma-
tion phase and during the transition from a static state
to motion after stick-slip. The transmitted direction is
the same as the direction of movement, and the defor-
mation wave caused by the stick-slip accelerates the
transmission speed with the increase of the load.

The larger the normal load of the silicone is, the more
significant the stick-slip phenomenon is, and the ampli-
tude of the stick-slip is gradually smaller for a certain
normal load.

In a certain load range, the sliding friction coefficient of
the silicone has the same increasing relationship with
the load.

The shape of the silicone has a significant effect on the
coefficient of sliding friction. For example, the tooth
structure silicone is characterized by the anterior-pos-
terior anisotropy of the sliding friction.
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