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In nanomanipulation the use of atomic force microscopy for the displacement of various
micro/nanoparticles, calculation of accurate critical force and time of manipulation in order not to
damage micro manoparticles and for precise manipulation of them is necessary. To achieve this
goal accurate modeling of kinematics and dynamics of two-dimensional nanomanipulation is
required. In this paper, three-dimensional nanomanipulation modeling and simulation dynamic
has been done to achieve simulation results closer to those of real nanomanipulation. For this
purpose, by taking spherical shape for micro/nanoparticle, three-dimensional kinematic
relations manipulation is extracted. Then, JKR contact model for use in manipulation is provided
and rectangular beam stiffness equations are derived in three dimensions. In the final stage of
modeling, the dynamics of the three-dimensional micro/nanoparticles to extract force equations
and critical time manipulation is obtained. Then the equations obtained by simulation, three-
dimensional manipulation amount of force and critical time for both DNA and platelets biological
particle are calculated. The results indicate start rolling motion of the particles studied before
rolling around on the x-axis and axis and as well as the critical need for displacement of
particles of the platelet-derived DNA.
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Fig. 1 Schematic of contacts between particles, tip and substrate
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Fig. 2 Free-body diagram of tip
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Fig. 3 Schematic of spherical pack of DNA
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Fig. 4 Rolling critical force and time for DNA particles around the x-axis
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Fig. 5 Rolling critical force and time for Platelet particles around the x-axis
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Fig. 6 Rolling critical force and time for DNA particles around the y-axis
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Fig. 7 Rolling critical force and time for Platelet particles around the y-axis

7 y

   
y 

  

0.1 0.12 0.14 0.16 0.18 0.2
0

0.2

0.4

0.6

0.8

1
x 10

-5

(sec)

 

 

Fx

Fs

Critical T ime = 0.136 sec
Critical Force = 3969 nN

T

(N)F

0.1 0.12 0.14 0.16 0.18 0.2
0

0.2

0.4

0.6

0.8

1
x 10

-5

(sec)

 

 

Fx
Fs

T

Critical T ime = 0.165 sec
Critical Force = 3416 nN

(N)F

0.8 1 1.2 1.4
0

2

4

6
x 10

-5

 (sec)

 

 

Fs
Fy

(N)F

T

Criticali T ime = 0.872 sec
Crit ical Force = 10054 nN

0.5 0.6 0.7 0.8 0.9 1
0

2

4

6
x 10

-5

 (sec)

 

 
Fy
Fs

(N)F
Crit ical T ime = 0.610 sec
Crit ical Force = 7092 nN

T

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

18
 ]

 

                               4 / 6

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.55.3
https://mme.modares.ac.ir/article-15-11686-fa.html


    

       AFM    

13941512  315  

  
Fig. 8 Rolling critical force and time for DNA particles around the z-axis
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Fig. 9 Rolling critical force and time for Platelet particles around the z-axis
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Fig. 10 Rolling critical force and time for DNA particles in 2-D around the x-axis
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