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Abstract 

The objective of this study is to investigate and obtain an adjustable friction force between an elastic polymeric post with cavity and 
a rigid, smooth, flat surface. Elastic cylindrical posts made of polymers are generally used as surface texturing components. In this 
study, the friction force of the elastic cylindrical posts with a flat tip in contact with a smooth and rigid surface was adjusted by a 
pneumatic-based actuation system. Finite-element based simulation was performed to adjust the friction force of the cylindrical posts 
by pressurizing the inner cavity of the posts. The frictional contact between the elastic posts and the counter rigid surface was 
modeled using the Amontons-Coulomb friction law, neglecting the adhesive contribution. The friction force amplitude was calculated 
with different cavity dimensions of the elastic posts and different cavity pressure values. The results show that the presence of an 
internal cavity reduces the friction force, and the cavity diameter has more influence on the reduction of the friction force than the 
cavity height. In conclusion, regulating the cavity pressure was shown to be an effective method of adjusting the friction force. 
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Öz 

Bu çalışmanın amacı, polimerik malzemeden yapılmış kavite içeren elastik bir çubuk ile sert, pürüzsüz, düz bir yüzey arasında 
ayarlanabilir bir sürtünme kuvvetinin araştırılması ve elde edilmesidir. Polimerlerden yapılan elastik silindirik çubuklar genellikle 
yüzey desenleme bileşeni olarak kullanılır. Bu çalışmada, düz ve rijit bir yüzeyle temas halinde olan düz uçlu elastik silindirik 
çubukların sürtünme kuvveti pnömatik tabanlı eyleyici sistemi ile ayarlanmıştır. Silindirik çubukların sürtünme kuvvetini çubukların 
iç kaviteye basınç uygulayarak ayarlamak için sonlu elemanlar tabanlı simülasyon gerçekleştirilmiştir. Elastik çubuklar ile karşıt rijit 
yüzey arasındaki sürtünme kuvveti, adeziv katkısı ihmal edilerek Amontons-Coulomb Sürtünme Kanunu kullanılarak modellenmiştir. 
Sürtünme kuvvet genliği, elastik çubukların farklı kavite boyutları ve farklı kavite basınç değerleri ile hesaplanmıştır. Bulgular; 
kaviteye sahip olmanın sürtünme kuvvetini azalttığını, kavite çapının sürtünme kuvvetinin azalması üzerinde kavite uzunluğundan 
daha fazla etkiye sahip olduğunu göstermektedir. Sonuç olarak, kavite içindeki basıncı düzenlemenin sürtünme kuvvetini ayarlamak 
için etkili bir yöntem olduğu gösterilmiştir.

Anahtar Kelimeler: Sürtünme, Ayarlanabilir Sürtünme, Elastik Çubuk, Basınçlı Kavite, Eğilme Rijitliği  

 

1. Introduction 

Adjustable contact forces have been in favor for engineering 
applications, where the contact forces can be altered by 
modifying the contacting surfaces. One example of the surface 
modification is surface texturing [1–7]. Depending on the 
material of the surfaces, this method can be achieved by coating, 
molding, classical machining, laser fabrication, and soft 
lithography techniques. For soft contact with relatively low 
Young's modulus (~3 MPa), elastic posts are the most used 
structural component to texture the surfaces, where changing the 
structural parameters of elastic posts leads to changing the 
contact forces [8-12]. By using elastic posts mainly made of 
polymeric material such as Polydimethylsiloxane, contact 
parameters (contact pressure, contact forces, contact area etc.) 
are distributed to these elastic posts. This effect is called contact 
splitting [13]. Therefore, different structural parameters of 
elastic posts yield different contact parameters. Thus, playing 

with the elastic posts physical and geometrical parameters such 
as dimension, material etc. results in an adjustable contact 
condition. This can be called a passive tuning strategy to adjust 
the contact parameters. However, it is important to emphasize 
that after the elastic posts are manufactured, it would be very 
difficult to modify the structural and geometrical parameters of 
the posts to adjust the contact parameters without external 
actuation. Furthermore, it is necessary to provide a possible 
external actuation mechanism to be able to alter the contact 
parameters using elastic posts. In this case, the elastic posts 
should be designed and manufactured in accordance with the 
external actuation system.  

The friction force of elastic posts in contact with a smooth rigid 
body depends on the bending rigidity of the posts. In addition, it 
has been shown that friction force amplitude can be 
approximately calculated by using bending and axial rigidity of 
the posts based on the assumption that the contact is partitioned 
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into stiff components [14–16]. Furthermore, the friction force of 
elastic posts in contact with a smooth rigid body can also be 
altered by actively changing the dimensions of the posts 
(effective height and orientation of the post tip with respect to 
the friction direction) [17]. Here, changing the effective height 
and tip orientation modifies the bending rigidity of the posts. 
Therefore, modifying the bending rigidity of elastic posts would 
lead to an adjustable friction force between the elastic posts and 
smooth rigid body. The bending rigidity of mechanical systems 
can be modified by using two main methods: 1- Playing with the 
modulus of elasticity by making a composite material with two 
different materials [18–20]; 2- External actuation mechanism 
such as pneumatic [21], which is a simple way to modify the 
bending rigidity of the elastic posts. In addition, to provide 
pneumatic actuation, the elastic component must have some kind 
of internal structure [21–25], where air could be supplied. 
Related previous works have not investigated the effect of the 
internal structure on the friction of elastic posts. Therefore, it is 
necessary to investigate the effect of the internal structure 
dimension on the friction force of elastic posts in contact with a 
smooth rigid body.  

In this study, the friction force of elastic posts in contact with a 
smooth rigid body was investigated by using a finite-element 
based engineering program. The elastic posts have an internal 
cavity to which pressurized air could be supplied, where the 
effect of internal cavity dimension and cavity pressure on the 
friction force amplitude was investigated. In section two, 

materials and method are described in detail. Section three 
presents the results and discussion. Finally, in section four, the 
conclusion is given.  

2. Materials and Methods 

The frictional dynamics between an elastic cylindrical post and a 
rigid smooth and flat surface was simulated in a finite-element 
based engineering program (COMSOL Multiphysics 5.3a). A two-
dimensional (2D) structural model of the posts was constructed 
in the software. The friction law governing the frictional motion 
between the elastic posts and the rigid counter surface was 
modelled by using Amontons-Coulomb friction law with a single 
coefficient. In another study, this friction model between an 
elastic post and a rigid, flat body with a single coefficient were 
shown to be in agreement with the experimental results in 
[14,20]. The same procedure was adopted in this study.  

2.1. Structure of the posts and simulation parameters  

In the simulations, the elastic posts have same diameter and 
height. Different diameters and different lengths are considered 
for the internal cavity in the posts. The friction force between the 
posts and the rigid counter surface was investigated under 
different internal cavity pressures by keeping the diameter and 
height of the inner cavity constant. The simulation sets formed by 
varying the constructional parameters of the posts and the 
simulation conditions are given in Table 1 and shown in Figure 1. 
Here, D is post diameter, H is post height, d is cavity diameter, and 
h is layer thickness over the cavity.

Table 1. The simulation sets and structural parameters of the posts used in the simulation sets. 

Sets R:D/2 H d/R h P 

Set-h 

(Cavity height effect) 

4 mm 24 mm 1 0.2:0.2:4 mm 0 bar 

Set-d 

(Cavity diameter effect) 

4 mm 24 mm (0.2:0.2:1) 1 mm 0 bar 

Set-P 

(Cavity pressure effect) 

4 mm 24 mm 1 2 mm 0.5:0.1:1 bar 

 

Figure 1. a) Design parameters of the elastic posts, b) Structure of the mesh in the simulations, c) Pressurized state and the resulting 
von Mises stress in Pa 

2.1.1. Physical parameters in the simulations and 
the simulation procedure 

The elastic material of the posts is Polymethylsiloxane (PDMS), 
which has a Young Modulus of 2 MPa. The Young’s Modulus of the 

rigid counter surface is chosen to be 70 GPa. The viscoelastic 
effects of the PDMS and the counter surface are neglected. The 
friction model between the post and the counter surface is 
defined by a single friction coefficient, which is 0.3. By keeping 
this value constant, only the structural effects of the posts and the 
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cavity pressure effect on the friction force were examined. A 
typical time-contact force result and the simulation stages on the 
finite-element based engineering software are depicted in Figure 
2. 

 

Figure 2. Typical simulation result: a) Time-normal and time-
friction force results are presented, revealing the stages of 
frictional motion. During these stages, the counter surface moves 
in the direction indicated by the red arrow. b) Initially, there is no 
contact between the post and the counter surface. c) 
Subsequently, full contact is established under a certain preload 
value. d) At this point, the counter surface is laterally displaced, 
and the post and the counter surface are sticking. e) Once the 
friction force reaches the threshold value [26], the post 
transitions to full-sliding motion. f) Finally, the counter surface is 
moved in the opposite direction to obtain the friction force-
displacement loop 

2.1.2. Mesh convergency study 

The Comsol Multiphysics software offers different predefined 
mesh sizes from extremely coarse to extremely fine. Each 
predefined mesh automatically generates the mesh model of the 
structural components, resulting in a different number of 
boundary and domain elements, and degrees of freedom. In our 
study, six different predefined mesh sizes are selected and 

compared with the results of the extremely fine mesh size for 
friction force magnitudes in the sliding regime (e-f in Figure 2). 
The relative error is defined as Err=1000*(E.F-M.S)/E.F. The 
results are shown in Table 2. From the results, the most accurate 
solution is the extremely fine mesh study. However, due to the 
increased number of degrees of freedom and the closeness of the 
results to the extremely fine mesh, the extra fine mesh is selected 
for further simulations. For the selected mesh, the relative error 
is around %0.02. 

2.1.3. Simulation procedure for the frictional 
motion without pressurizing cavity of the 
posts 

The stages of the frictional motion between the post and the 
counter surface for the frictional motion given in the sets (Set-h 
& Set-d) are as follows: 

✓ There is no contact between the opposite surface and the 
post as depicted in Figure 2(b).  

✓ The post is compressed by applying uniaxial to the counter 
surface. Then, the full contact is obtained between the post 
and the counter surface with a desired preload value as 
shown in Figure 2(c). The post is fixed from its backing layer. 
Here, the preload value between the post and the counter 
surface is selected as Fp=0.10, 0.25, 0.50, 0.75, 1.00 N. 

✓ After the desired preload value is achieved between the 
counter surface and the post, the counter surface moves in 
the lateral direction, and hence friction is attained between 
the post and the counter surface as depicted in Figure 2(d).  

✓ When the friction force between the post and the counter 
surface reaches the threshold value [26], the post goes into 
full-sliding motion. The normal and friction forces remain 
constant during the full sliding motion of the post as shown 
in Figure 2(e). The friction force is at its maximum value at 
this stage, and this value is considered in the next sections.  

✓ The friction force-displacement loop is obtained by moving 
the counter surface in the opposite direction as given in 
Figure 2(f). 

Table 2. Mesh converge study for the constructed simulation model. 

Predefined Mesh Sizes (M.S.) Coarse Normal Fine Finer Extra Fine Extremely Fine (E.F) 

Domain Element Number 144 244 352 732 2254 8594 

Boundary Element Number 88 102 112 156 284 566 

Number of degrees of freedom 781 1249 1713 3357 9785 35889 

Friction Force [mN] 9.9699 9.9684 9.9539 9.9524 9.9300 9.9271 

Error (%) in Friction Force -‰4.360 -‰4.311 -‰2.700 -‰2.549 -‰0.292 - 

2.1.4. Simulation procedure for the frictional 
motion with pressurized cavity of the posts 

The effect of the cavity pressure on the friction force was 
investigated in two configurations. In the first configuration, 
there is no contact between the post and the counter surface. The 
cavity of the posts is pressurized prior the contact. In this 
configuration, the normal force between the post and the counter 
surface can be obtained at the desired value. This gives a friction 
force result with pressurized cavity in pre-contact configuration. 
In the second configuration, the posts and the counter surface are 

in full contact. Then, the cavity of the post is pressurized. 
However, with the cavity pressurized, the normal force may differ 
from the desired preload value. This configuration is also divided 
into two parts. The first one is to obtain the friction force with the 
pressure values specified in Table 1, and the second is to attain 
the friction force by applying pressure to cavity for the desired 
normal load. In the first configuration, the post and the counter 
surface are not in contact. The post is pressurized prior to 
contact. The simulation protocol is as follows:  
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✓ There is no contact between the post and the counter 
surface. At this stage, the cavity of the post is pressurized as 
depicted in Figure 3(c-ii).  

✓ The post is compressed by the counter surface until the 
desired preload value is achieved between the post and the 
counter surface. Meanwhile, the pressure in the post cavity 
is kept constant as shown in Figure 3(c-iii).  

✓ As shown in Figure 3(c-ii), the desired preload value is 
attained. The counter surface is moved laterally to obtain 
friction force. A typical time-normal and friction force, time-
cavity pressure results are shown in Figure 3. 

 

Figure 3. Typical results with the pressurized cavity prior to 
contact between the post and the counter surface; a) Cavity 
pressure, normal load, b) Friction force-normal load; where the 
black line represents the cavity pressure and the friction force, 
the red line represents the normal force value. The preload value 
is 1 N, and the cavity pressure value is 1 bar. c) The steps in the 
simulations; i) There is no contact between the post and the 
counter surface, ii) The cavity of the post is pressurized to a 
desired value, iii) The post is compressed by the counter surface 
until the normal force reaches the desired preload value, iv) The 
friction force is obtained by moving the counter surface in the 
lateral direction. The legend shows the von Mises stress in MPa 

In the second configuration, there is a contact between the post 
and the counter surface, the contact force is approximately 0 N. 

The cavity of the post is pressurized and as in the other stages, 
when the desired pressure value is reached, the counter surface 
moves in the lateral direction. Hence, the friction force is 
obtained. There are two key points to mention. These are 1) the 
deviation of the normal load value from the desired preload value 
due to the desired pressurized cavity, 2) the adjustment of the 
cavity pressure to obtain the desired preload value. The typical 
result and the phases of the simulation are given in Figure 4. The 
simulation procedure is as follows:  

✓ The counter surface is in contact with the post. The normal 
force is approximately 0 N.  

✓ By restricting the movement of the counter surface in 
direction parallel to the cavity pressurized direction, it is 
ensured that there is a contact between the counter surface 
and the post at every simulation stages.  

✓ The cavity of the post is pressurized. Because of the 
restricted movement of the counter surface, a normal force 
is achieved between the post and the counter surface as 
depicted in Figure 4, 1st Phase.  

✓ When the cavity pressure reaches the desired maximum 
pressure value, the maximum normal force value is obtained 
between the counter surface and the post, End of 1st Phase. 
After this step, the counter surface moves laterally. Hence, 
frictional motion is obtained, 2nd Phase. During this motion, 
the cavity pressure is kept constant. 

 

Figure 4. The effect of cavity pressurization on the friction force 
when the post is in contact with the counter surface. a) Typical 
normal load-pressure-time and b) friction force-normal load-
time results and c) the phases in the simulation. i) The cavity of 
the post is pressurized and at this time, the normal load between 
the post and the counter surface increases, ii) The maximum 
pressure value is reached, and the maximum normal load is 
obtained. iii) The friction force is obtained by giving lateral 
motion to the counter surface 

3. Results and Discussion 
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3.1. Effect of layer thickness over the cavity on the 
friction force 

This section presents the results of the effect of the layer 
thickness over the post cavity on the friction force amplitude are 
given. The friction force amplitudes were obtained according to 
five different preload force values (Fp: 0.10, 0.25, 0.50, 0.75 and 
1.00 N). The friction force results were normalized with respect 
to the results of the homogenous post (post without cavity). The 
results are given in Figure 5. 

 

Figure 5. The effect of thickness of the layer on the normalized 
friction force amplitude obtained under five different preload 
values (0.1, 0.25, 0.5, 0.75 and 1 N) 

As the diameter of the post cavity remains constant and the 
thickness of the layer over the cavity increases, the frictional 
force increases. The characteristic of the increase in friction force 
is the same for all preload values. The change in friction force is 
linear up to a layer thickness of 0.2 mm over the cavity. After the 
0.2 value, the change in frictional force is different for different 
preload values. This phenomenon can be explained by the fact 
that when the layer thickness is thin, it behaves like a thin sheet 
between the post sides. In this case, the elastic deformation of the 
post tip changes with the layer thickness. The characteristic of 
decreasing amount of elastic deformation changes with 
increasing layer thickness. Thus, the effect of different layer 
thickness on different change of friction force can be explained in 
this way. Accordingly, Figure 6 and Figure 7 show the elastic 
deformation and von Mises stress values of the post with the 
same thin film layer thickness at different preload values, and at 
the same preload value (1.00 N) but the post with different thin 
film layer thickness, respectively. As the layer thickness over the 
cavity increases, the elastic deformation in the layer changes and 
the amplitude of the normal force between the post and the 
counter surface changes accordingly.  

Since the friction force amplitude is directly related to the contact 
area at the contact interface [27], alteration of the contact area 
with varying thickness of the thin film over the cavity yields 
different friction force. The normal load is the force exerted by 
the contact pressure over the contact area. The contact area was 
approximated using the relationship between the normal load at 
the contact interface and the maximum contact pressure. The 
normal force and maximum contact pressure for the post with a 
film layer thickness of 0.2 mm and the variation of the contact 
area with the different layer thickness are shown in Figures 8 and 
9, respectively.  

Although the friction force increased with increasing the layer 
thickness over the cavity, the friction force value is still lower 
than that of the homogenous post (post without cavity). This 
phenomenon can be explained by different bending rigidity of the 

post in the lateral (shear) direction with different layer thickness. 
The bending rigidity of posts can be approximated by Hooke's 
law using the maximum deformation of the post for a given lateral 
force. In Figure 10, the variation of the bending rigidity of the post 
with respect to the different layer thickness over the cavity is 
given by normalizing with respect to the bending rigidity of the 
homogenous post. The bending rigidity of the post increases as 
layer thickness increases. The change characteristic of the 
bending rigidity is the same as the change of the friction force 
characteristic as shown in Figure 10. The lower friction force of 
the posts due to the cavity can be related to the decrement of the 
bending rigidity, since the friction force of the posts is directly 
related to the bending of the post [14,15]. 

 

Figure 6. The simulation results, when the cavity diameter of the 
post is 4 mm and the thickness of the layer over the cavity is 0.2 
mm, the elastic deformation and the von Mises stress when the 
preload value is a-c) 0.10 N, b-d) 1.00 N, respectively. The legend 
is in mm in a-b) and in Pa in c-d) 
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Figure 7. Under the same preload value (1 N), the elastic of deformation and von Mises stress obtained for the posts with the same 
cavity diameter and different layer thickness values over the cavity, respectively. Layer thickness is a-d) 0.2 mm, b-e) 1 mm, and c-f) 4 
mm. The legend is in mm in a-b-c) and in Pa in d-e-f) 

 

Figure 8. Time evaulation of normal force and contact pressure 
in the frictional motion of the post with a layer thickness of 0.2 
mm and a cavity diameter of 4 mm under a preload of 1.00 N. 
Here, the black line and the red line represent the normal force 
and the contact pressure, respectively. The contact area is 
calculated by dividing the normal load by the maximum contact 
pressure 

 

Figure 9. Variation of the approximate contact area with respect 
to the layer thickness over the cavity in the posts containing 
different layer thicknesses with a cavity diameter of 4 mm 
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Figure 10. The effect of the layer thickness over the cavity on the 
bendingrigidity of the post normalized with the bending rigidity 
of the homogenous post, and the relation between the change of 
friction force and the change of bending rigidity of the post 

3.2. Effect of cavity diameter on the friction Force 

The effect of cavity diameter on friction force is achieved by 
maintaining the layer thickness over the cavity of the posts 
constant. The amplitude of friction force is normalized with 
respect to the value of the homogenous post. Figure 11 shows the 
relationship between the friction force value and cavity diameter. 
As the cavity diameter increases, the friction force decreases 
linearly. The maximum decline reaches up to 80%. 

The reduction in bending rigidity is caused by the presence of a 
cavity. Additionally, it should be noted that the diameter of the 
cavity results in a greater reduction in friction force amplitude 
compared to the thickness of the layer. This can be explained by 
the cavity diameter's effect on the posts' bending rigidity at the 
fourth order, while the layer thickness has a third order effect. 
Figure 12 illustrates alterations in the friction force and bending 
rigidity of the post. 

 

Figure 11. The effect of cavity diameter on the normalized 
friction force amplitude obtained under five different preload 
values (0.1, 0.25, 0.5, 0.75 and 1 N) 

 

Figure 12. The effect of the cavity diameter on the bending 
rigidity of the post normalized with the bending rigidity of the 
homogenous post, and the relation between the change of friction 
force and the change of bending rigidity of the post 

 

3.3. Effect of cavity pressure on the friction force 

In a post with a constant cavity diameter and layer thickness over, 
the variation of friction force amplitude was investigated by 
pressurizing the cavity. The friction force amplitude was 
normalized to the friction force amplitude of the homogenous 
post. The cavity was pressurized in two instances. 1) The cavity 
was pressurised after the desired preload value was achieved 
through static contact. 2) The cavity was pressurised whilst the 
post and counter surface were in contact with a preload value of 
approximately 0 N. 

3.3.1. Pressurizing the cavity before the contact 
between the post and the counter surface 

The inner cavity of the post is pressurized with amplitudes of 0.5, 
0.6, 0.7, 0.8, 0.9 and 1 bar. Figure 13 illustrates the fluctuation of 
friction force amplitude accompanying the post's cavity pressure. 
As the cavity pressure amplifies, so does the friction force 
amplitude; it varies almost linearly with the cavity pressure 
amplitude.  Increasing cavity pressure provokes linear changes in 
the post's bending rigidity. The bending rigidity of the post is 
normalized in comparison to the homogenous post, and its 
variation with pressure is displayed in Figure 14. The linear 
variation of post bending rigidity with cavity pressure can 
account for the almost linear variation in friction force amplitude. 
It is worth noting that there is no contact between the posts and 
the counter surface when computing the bending rigidity of the 
posts. 

 

Figure 13. The effect of the post cavity pressure on the friction 
force amplitude when the cavity was pressurized prior to contact 

 

Figure 14. Effect of cavity pressure on the normalized bending 
rigidity of post 

3.3.2. Pressurizing the cavity after the contact 
between the post and the counter surface 

This study examined the effect of cavity pressure amplitude on 
friction force when the post and counter surface are in contact. 
To achieve this, the counter surface's movement in the normal 
direction during cavity pressurization is restricted. Pressure 
values of 0.5, 0.6, 0.7, 0.8, 0.9 and 1 bar were selected for the 
initial stage of the investigation. In the second scenario, we 
determined the cavity pressure amplitudes corresponding to the 
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desired preload force values. The cavity was pressurized using 
these pressure values and the friction force was calculated with 
the desired preload force value. The reason for the two scenarios 
is because the preload value differs due to cavity pressure. Figure 
15 illustrates the preload value due to different cavity pressures 
in these scenarios. The variation of the friction force amplitude 
with cavity pressure after contact in two simulations is shown in 
Figure 16. The friction force escalated with increasing cavity 
pressure, mimicking the results of the pressurized cavity before 
the contact. 

 

Figure 15. Variation of preload force value with the cavity 
pressure 

 

Figure 16. The effect of the cavity pressure on the friction force 
amplitude when the post is in contact with the counter surface 

3.4. Adjusting the friction force by regulating cavity 
pressure 

In the simulation studies conducted thus far, investigations have 
been made into the effects of the structural dimensions of the 
posts' cavities and cavity pressures on friction force amplitude. 
One aim of this study is to achieve an adjustable friction force 
between elastic posts and a flat and rigid body by regulating the 
post's cavity pressure. The variation in friction force amplitude is 
achieved by changing the cavity pressure of the post during full-
slip motion and is shown in Figure 17, indicating the amplitude 
of the cavity pressure and its relationship with the friction force. 
The results demonstrate that the friction force adjusts almost 
linearly to the pressure change occurring during contact. The 
variation in the amplitude of friction force over time follows a 
similar pattern to the variation in cavity pressure over time. 
Therefore, the simulations have demonstrated that regulating 
cavity pressure can manipulate the amplitude of friction force. 

 

 

Figure 17. The effect of the cavity pressure on the friction force 
amplitude when the post is in contact with the counter surface 

4. Conclusion 

In this study, the friction dynamics of elastic cylindrical posts 
with cavity in contact with a flat, smooth, and rigid body were 
simulated in a finite-element based engineering program. The 
friction force amplitudes were calculated and the variation of the 
friction force with the structural parameters of the post cavity 
and the cavity pressure value of the post were obtained. The 
adjustable friction force by regulating the cavity pressure 
amplitude is shown in the simulations. The presence of a cavity 
reduces the friction force, with the cavity diameter having a 
greater influence on the reduction of the frictional force. 
Increasing the cavity pressure increases the friction force due to 
the increase in bending rigidity. Regulating the cavity pressure is 
shown to be an effective method of adjusting the friction force of 
an elastic post in contact with a rigid, smooth, flat surface. 
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