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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

Keywords: Schwarz contact models, and the equations of the real contact area and adhesion force were proposed

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, (2) 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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Table 1 AFM geometric dimensions [29]

s elsy)l  Syekd
S dsb 59See e ) - L
(um) (“m) ):"5)'&:" [S3) ol IF
(um) (um) (nm)
225 48 1 12 20
125

O ooled GadSE 5t 5 ol SR lagys (2) 3 UK 5o

el 25 e A S e S S Ol S s See 2

F, =Ky, (15)
F, = K,z, (16)
Mg = Kgg (17)

b Syg0 0 97 gy lisly j0 S 59 Se 6,8 e myile

[29] wlige oty S 159 Son dsiin 5 (Sl 55 S
Ewt3 Etw? Gwt?

K, =  Kg = 18
413 'V 413 0T 6L (18)
bl o S 89,500 gmlsy o pd 3 SSb Jgde i w0 G E oS
Lo amiomo)d 5 8 yll (uljm0yd G (owled S0 s 285,10 0
SVolas cslabais wiz uled Jao Lol p 7 (Sawely elas)l b glad j0 &

:.\.:.Jsa Cawddy S g o olj bl caxdge ol si‘"l‘”"'“

K, =

Yp = Ysub + (Rp - 6t)sin(p — Hsin (19
z, = Zgyp + (R, — 8, )cos@ + (R, +7 — &)
+Hcos6 (20)

Fy = F,sin60 — F,cos §sin 6
M, cosH+1p(§cost9+msin9

T 5 (yrsing
+3,8iN0 — Z;.c0SH — Z,c0s0) (21)
F; = F,c0s? 6 — F, cos 6sin
Mpsing +1,6sin®  mcos6 .
- (yrsing

H 2
+3,8ing — Zrcos — Z,c0s0)

L 38l s 2 a5ee j5me b o1 asly 5 Fr o) (il g5 s
il oo Cawday 5 EVolre 5l solizul

Fr = ’FYZ + F? (23)

Y= tan‘l(g) (24)
A

(22)

)y (Saelys ;L8 g5lwue -6-2

0,5 &S > A sl Sl llpd Wl 5 sog0e 5 (SBhasl slag s
Cmaddy 9 Oig—s oy 3y Sl () B UK el
by Byl 5l el 55,5 Sl e Cen sl p3Y SYoles o e
2 d9-=ge Ll 5 (Loles [29,5] s e cews 4 Blo zghaw ;0 SYoles
el 0,5 S8 > 9,0 5 (St 2l So ade ln )y SYolee
2 29 Oig ooly Syl 5l Jlasl (S (6955 Lulgs a5 a3l Lo
ey Sl dolxe 3l solitwl b [29] aiS' (o fpann |, <8 > i
Sl e Csnty Lo Ao (59 2 0,3 (253 S5 5> g5,0 Caz oY byl
[5]

T, A

>————=F 25
sinp — uscosyp ° (25)
OS> 90 Sy p¥ bbb paile SKaol dolee )l eolaul b
[5] e (26) aoles JSs &y Lo dxio (59, 1 0,5 oiale
A+t A
> _ Tr, Tr, it =F
R(simp + cos{) + p,,sing — ;. cosy
oobed Jae jo oadly wled e plp A (Ed CVole o aS
g0 Jlem glakadiois

Fr

Fr (26)

8 o laiis 16 095 1395 LT (e Sl wiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.8.37.4
https://mme.modares.ac.ir/article-15-10630-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.8.37.4 ]

o s 9. 5)513 o juwie

Pol) Jdo a3l »3 sladaissiy (poles )3 )39 3540/ 93b (Ll SSaolin i3

X, = (4rx )2 +(4ri)?

Yes
N =N +4i /N:N +4i/L; i=i+l 4.<:\

Fig. 5 The algorithm of the number of contact points calculation for
tetrahedron roughness profile with 1 = 4r
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Fig. 6 Nanoparticle starts to sliding on the smooth substrate after 0.213
seconds and critical force of 0.647uN [29]
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Table 2 The mechanical properties of AFM [29]
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Table 3 Friction coefficient of sliding/rolling [29]
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Fig. 4 Tetrahedron roughness distribution with 1 = 4r to calculate the
contact point number N
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Fig. 8 Variation of the pushing critical force versus to change of the
peak radius of the rough surface with the wavelength A = 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 12 = 2r for the
particle of radius R, = 500 nm; (a) sliding force, (b) rolling force
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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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