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Dynamic modeling of nano/microparticles displacement with multi-point contact
based on the Rumpf model
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, dynamic behavior of a nano particle on a rough surface in pushing based on the atomic
Received 30 May 2016 force microscopy (AFM) was modeled and simulated by using the multipoint contact model. First, a

Accepted 10 July 2016

Available Online 14 August 2016 multipoint contact model was extracted for two different roughness profiles of rough surfaces including

the hexagonal and tetrahedral by combination of the Rumpf singular point contact model with JKR and
Schwarz contact models, and the equations of the real contact area and adhesion force were proposed

Keywords:

Dynamic modeling for multipoint contact of rough surfaces. Then, the dynamic behavior of particles in pushing on the
pushing nano/micro particles rough substrate was modeled by using the new multipoint contact model. Additionally, simulation of the
rough surface particles dynamics with radii of 50, 400 and 500 nm in moving on the different rough substrates was

multipoint contact performed and analyzed, by assuming multipoint, singular point contacts, and flat surface contacts.

Results showed that the multipoint contact model, especially in small radiuses of roughness has an
essential impact on determination the critical force. Moreover, assumptions of the flatness or the
singular point contact leads to a considerable error in estimating the critical force. Results showed
profiles of rough surface and roughness distribution are very important factors in determining the
numbers of the contact points, and changing the estimated amount of the critical force. In general, the
obtained critical force based on the new multi-point contact model in comparison with those based on
the flat surface and the singular point contact models, was decreased and increased, respectively.
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Fig. 1 Geometry of the Rumpf model for contact of a particles of radii
R along the y- axis with spherical roughness of radius r that its center is
on the substrate [15]
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Fig. 2 Top view of roughness profiles, (a) hexahedron roughness
profile, (b) tetrahedron roughness profile
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Fig. 3 Displacement of the particle by using the tip of AFM probe, (a)

the microcantilever deformation during pushing of the nanoparticle, (b)
the interaction forces and deformation of the contact surfaces between
the tip/particle and particle/substrate
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Fig. 5 The algorithm of the number of contact points calculation for
tetrahedron roughness profile with 1 = 4r
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Table 2 The mechanical properties of AFM [29]

Sk Jgoe ygly o (GPa) iy Jgoo S5z
(GPa) o7 e o s (kgm?)
169 0.27 66.54 2330

[29] oclel o5a) SShaol cul o 3 Jgu
Table 3 Friction coefficient of sliding/rolling [29]
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Fig. 4 Tetrahedron roughness distribution with A = 4r to calculate the
contact point number N

2 s dlaas dle Sl A =4 53 Lz ler r) e 4 S
N ol

126



208 319> 9 5513 0o

by U gy s sladaiiidia (uled )3 )39 500/ 936 Ly GKaeliss Silwd e

50 odel sty ol gllae 45wl o e oS > Sily 5 00,5 s
ool 0,3 [y e @l Gk [29,7] coul atsdS clisss
ghe 2A L glegiledse buls o> o glabBine el sladae
ool il e cBo ,Silo g o) 3 GlabaiSs Lules 5 Gl SLalS
by oad (dmgin o M ggeeyd Ailoe slbBiniy ules
@lp ol e b aslio 50 5 ok ;5 0)3 5Sdlgils aily (5l Jae
Ol 5 waw gleJae cdoay S o] Cds g el gaS Blo gl
2 gobe 3 (S SBhaol 59 ol Sla @ls (IS Sl o
taj o oad plnl Gldle s Glhe i cpl & axib e
ol 2 sl Sy Sz
b giloans )0 odel Cuwsdy lajloges L5 Judow b ggame o
Sl Goy Jaie 5,50l 50 gl b 0,356 (gl a5 00,5 oo canlin
2t kz Sy dedon Sl AT 21 besyid o) @i o B34
s oSl w2 aid 52 @8 5l S 202 25 = 1M
A=A L od28 5 @ 0 5 Sl eled )3 lagsy slaw s
T RT3 o 25 JBan lr B S 9 ke
g 08 SzsS sl (AU &S atea ply el g il pal (SO
1o ol O s et il bl ol bl olass oyl
obed blas slaws @glay 51 L350 a5 80,5 e cdalin Sl (59, polie

065 £ _ i o 0L o oo Ldoidh
- i - — —smooth surface
i ---@—0Nnc aspenty i
i —v—1mulli asperiles with square model
: —=—mulli asperiteswith hexagonl model

0.645 |-

—_
Z 0.64
3 (&)
["\.V’
0.635 @
0.63
0.625
14
- — —smooth surface
---@ — 0ne aspenty .
L —v—multi asperites with square model
5 —=s—multi asperiteswith hexagonl model
)
(b)

10° 10 10°
r(nm)

Fig. 8 Variation of the pushing critical force versus to change of the

peak radius of the rough surface with the wavelength 1 = 4r for the

particle of radius R, = 50 nm; (a) sliding force, (b) rolling force
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Fig. 7 Variation of the pushing critical force versus to change of the
peak radius of the rough surface with the wavelength 1 = 2r for the
particle of radius R, = 50 nm; (a) sliding force, (b) rolling force
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Fig. 10 Variation of the pushing critical force versus to change of the

peak radius of the rough surface with the wavelength 1 = 4r for the

particle of radius R, = 400 nm; (a) sliding force, (b) rolling force
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Fig. 11 Variation of the pushing critical force versus to change of the
peak radius of the rough surface with the wavelength 1 = 2r for the
particle of radius R,, = 500 nm; (a) sliding force, (b) rolling force

2o 89y 6y B glad st 4 o (0l e (69 Ol s 11 S0
() «o33 oy () ¢ Ry =500 NM glais a5 0,8 5l A = 27 g0 Jsb L
S2de 59

8 oo 16 0555 1395 (T (o) se Splke uwice

r(nm)
Fig. 9 Variation of the pushing critical force versus to change of the
peak radius of the roughness surface with the wavelength A = 2r for
the particle of radius R, = 400 nm; (a) sliding force, (b) rolling force
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Fig. 12 Variation of the pushing critical force versus to change of the
peak radius of the rough surface with the wavelength 1 = 4r for the
particle of radius R, = 500 nm; (a) sliding force, (b) rolling force
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