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1. Introduction

The commercialization and application of nanoscience in
the field of medicine and cancer are among the significant
goals of researchers of this field. The increasing need for
obtaining information about cancer tissues to create a new
method for the treatment of this disease cannot be ignored.
Taking into account the equations of Carlson-Batista,
Lemaitre-Carlson, and FKT friction models, and the
results obtained from the exploration of gastric cancer
tissue by atomic force microscope, this study simulated
two-dimensional manipulation of gastric tissue. The
critical force and critical time are calculated and the most
optimal value is considered. Moreover, the results are
compared with the results of other studies.

2. Results
Figure 1 shows that the forces are applied in x and z
directions and are shown as F, and Fy, . Due to the constant

vertical force of the surface in the z direction, the force in
this direction remains constant. By summarizing the two
forces, a black graph or resultant force graph was obtained.
By fixing all the forces in different directions as well as the
resulting force, the critical force and time were recorded in
the diagrams considering different friction models.
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Figure 1. Results of the first phase of nanomanipulation
with different friction models

3. Verification

The results of this study were compared with the results of
other studies like [4] to check the accuracy of the results.
In [4] the Coulomb friction model has the biggest amount
of force and time due to the simplicity of the modeling.
Moreover, the lowest value belongs to the LuGre friction
model due to considering the actual contact surface. This
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study showed that the FKT contact model is the most
favorable friction model due to the development of other
models, being more accurate in modeling, and providing
the lowest amount of force and critical time to prevent

damage to tissues.

Figure 2 shows that the force value in the FKT model is
0.543 nN, which is very close to the force value in the
LuGre friction model that is 0.51 nN. Moreover, the
amount of critical time was reduced from 0.6 ms in the
LuGre model to 0.45 ms in the FKT model.

4. Conclusion

The application of nanomanipulation technology for
examining cancer tissues with the aim of identifying and
treating this disease will be possible when detailed data on
the first and second phases of manipulation and the
parameters affecting them are provided. Therefore, the
desired cancerous tissue should be explored by atomic
force microscope and the required diagrams and images
should be prepared. This study investigated the impact of
different friction models on the force and critical time of

gastric cancer tissue manipulation. The investigated
models include Carlson and Bautista, Lemaitre and
Carlson and FKT models. In this way, the geometry of
gastric cancer tissue is assumed to be spherical by the
topographical image provided by the atomic force
microscope. The force-time diagrams are drawn
considering the resultant force and force parameters in the
x and z direction. The critical force and time are recorded
at the moment when all the diagrams are fixed, and the
critical force and time are recorded for each of the models.
The values 0.453 nN and 45 ms were calculated as the
lowest values of force and critical time, respectively, by
considering the FKT friction model. Therefore, in order to
find the optimal amount of force and critical time, all of
the models are examined, and then other environmental
and geometrical parameters and forces resisting motion are
examined, and an optimal model is presented considering
values close to reality. The second phase is also considered
and the comprehensive model is used in practical
applications.
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m Coulomb [4] 1.02 1.16
= HK [4] 0.78 0.69
m LuGre [4] 0.6 0.51
Carlson and Batista 0.87 0.928
m Lemaitre and Carlson 0.63 0.708
mFKT 0.45 0.543

Figure 2. Validation of force values and critical time obtained with other sources
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Investigation of New Friction Models in Two-Dimensional Manipulation of Gastric Cancer Tissue

Moein Taheri

Abstract Goals such as not harming healthy tissues and other organs when using medicine and identifying cancerous
tissues as soon as possible have led to the entry of nanoscience into the field of medicine. In this regard, a research was
conducted considering various tools and methods, and the most desirable of these methods was the nanomanipulation
method based on the atomic force microscope due to its many applications in the study of cell tissues in different
environments. Therefore, in this article, in order to find the optimal amount of force and critical time in nanomanipulation
of cancer tissue, with the aim of exploring the surface and obtaining information about gastric cancer tissue with the
least damage, 2D simulation of nanomanipulation has been carried out. The important factor investigated in this research
is friction, which is one of the factors that resist movement and has a direct effect on force and critical time. Therefore,
with the development of simple friction models, considering Carlson-Batista, Lemaitre-Carlson and FKT friction models,
force-time diagrams have been drawn and critical force and time values have been calculated. The lowest value of the
force was equal to 0.453 nN and the lowest value of the critical time was equal to 45 ms, which was obtained from the
simulation with the FKT friction model. Also, by comparing these values with past researches, a decrease in force and
critical time compared to the LuGre friction model has been seen.

Key Words Gastric cancer tissue, friction model, nanomanipulation, critical force and time, atomic force microscopy.
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