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Fig.1 (a) Schematic illustration of simulation model. The bright blue part represents the lateral force F,_,,, loading area.
When studying the effect of interfacial potential energy, it is loaded in the left end and middle of the block, respec-

tively. When studying the effect of model’s length, it is only loaded in the middle of the block; (b) Schematic illus-

tration of model, obtained from OVITO post-processing software
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Fig. 2 Simulation results of changing interface potential energy and viscosity. The horizontal axis is the ratio

of U to Uy » and the vertical axis is the static friction coefficient y,. Black solid circle represents viscous

models, while red hollow circle represents non-viscous models
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Hy B 3 n] L I AR R 4 T R U R W ER - HRE THT
BT B R By 5 AT A W 51 0 CRERE 0. #efg
HEHT T Bl BHL A 301 20 2 00 5t v L fof L B Y
Wi o SR T EH D )R e 0 AH 25 R AR 5 B T B
R 5 IS 22 ) 2 AN AT BE A 52 B 4 ik ). Jr A S T |
0 BBk S RE T 22 R] Y B AT DL S T 1
S TR P8 ke 15 3R E VTR L A vk ) b A8 fE S I L BT
AE U /)N o 3 o 42 fih P90 38 780/ ) o S 4687 15 o CRDEL
TR MR A e % B T IR 7T 1 2l BEL T A L {EDRS
55 U S o I RS 1 i 4t 285 B g A )N s R
U BRI, R TP AR 2 A A, AR S g
AE 11 IR AZ AL 0+ PR Dy A5 1k 9 FT PN 465 8 iy 32 9%
[r) A1 28 AN K S8 T 4 e 4 DN

PRI 7 - 7 5 T R 4 ) AR R AR E
RE T 9 30 1Y 1 Ay CHUTT 25 ] 42 ik W 149 532 WD 45 0
TEIT VIR FE B 1 pCRE PR 200D

TREEAE T ] UG

fi=ntay (2)

DU 5 AR e M

_F 7 A
pﬁ—fFN—FN+FfN)’ (3)
XF TR PR
_F _ A
psffFN Ff}]}’ 4

Horp A 2/NF 1B SE 1 ARG I IE R 7 5 3 RE
BGAE FE. XS 2) L BTN E 44 2L FE 45 T 1
JRE BB A i i W R 2 ) 5E A L
. AEFATT ALY vk ) 2R AL HUAE T ST
HAE U. 5 U AR/ B 7 9 AR/ EE 8 7 R PR

TR Ay z@%ﬂ%wﬁ U G830, h Wb,

PRI B T A W R g £330 XS BY
BORSPE L AR AR F (U/U, <<0. 005) , 33 fil W 5 3
FEEE UL B 2 rfORS PR 5 O RS PR Ty —
BH U gkg g 3 248 K (U/U, > 0.005) , A
WO 32 8 f K, P B B A i AR Bl AR SRR S 0k 1 2
o - BRI S T 9 1) 2 Ak U B A B R Ay LT AR,



« 580 - W g 22 4l

2024 45 45 4

Jr ATCREPE RS o BE U S8 ILF- AL BEis 25K T 7
BE U S0 52 00 A ] 2000 S R PR T o 3 5 B I
BEA REPERERL Y poe 22 B8 U S0 2 2 54 0.

T 90 7 I B TR A 5 3 1) 1 Ak £ R
K AR SR b 3R T L. 25 ORGP 5 m I Xf e A
it TN T = AL g 7 2 B0 A4 4 7 o B A R T
S A 2 BB IT 1 A RIVHEBR 1 5% 103k 16 4 fioh b1 R
R 52 W) o HIR T 10T 2o 7 114 L T3 300 2 B 1 5 56 14 W

10
—@)— Adhesion force

._.
<
1l

Force (e7; ')
—
=

—
S

._.
o
b

10° 10"

—_
=
4

1077
U
U,

(a)

51978 AR B B Bk g sk, AEHLIF L AR L W]
S RGN s I 5 07 e KAE RAE R 7 o
o DA i i B w75 0 2% S 1 A RE R R0 1 FR T 2
B 7. B ACa) S B TE FREE B T Foisconis B U 128
s Fuony 5 U M X FR. 1 U/U, < 0. 005 B,
Faicconiey FIRE WAAR /IS S 0T LA Z W H TR B 0 R 5 87
(] BEAH G 5 VE A 5 1) JE 06 s T F oy BE R AIE (2)
2 rFORs P T P 48 07 1 BT R .

T —{1—0.0010,

' —O=—0.01U,
A—O.IUD

0.7

0.6

0.5

0.4 . . . . . ; :

0.1 0.3 0.5 0.7 0.9

o= (ery”)

(b)

B4 Ca) A [a) 57 T4 RE A2 119 B (7 TR AR M 0 5 (b S [ 7 TT 34+ RE 1Y) JI0 R ARS8 S ] 95 1) S 50 T ) 1 B2 448 R

Fig. 4 (a) Viscosity force per unit area of models with different interface potential energies; (b) Static friction coeffi-

cient of non adhesive models with different interface potential energies under different normal pressures
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Abstract Microscale contact and friction behavior are widely present in various important industrial
devices and systems. As electromechanical systems become more integrated and miniaturized, the impact
of friction on devices becomes increasingly important. At the microscale, friction behavior exhibits a
strong dependence on interfacial viscosity and contact size. By developing a series of modifiable potential
functions to quantitatively regulate interfacial properties, friction on atomically smooth interfaces with dif-
ferent properties is fully simulated using molecular dynamics methods. The study first examined the influ-
ence of various interfacial potential energies on the static friction coefficient, revealing a nonlinear relation-
ship between the static friction coefficient and interfacial potential energy intensity. Furthermore, it was
found that this nonlinearity is attributed to the competition between interfacial viscosity and contact stiff-
ness. Additionally, the study investigated the influence of contact size on static friction coefficient. The
simulation results showed that as the tangential contact length of the interface increases, the peak static
friction force first increases and then stabilizes. By analyzing the contact layer cloud maps obtained through
post-processing, interfacial friction is observed as a “nucleation-propagation” process, influenced by differ-
ent contact sizes which affect the dynamic process and lead to changes in the peak static friction force. This
study provides new insights into the effects of interfacial potential energy and contact size on microscale
friction through molecular dynamics simulations, it is feasible to regulate friction by changing interfacial
potential energy, but attention should be paid to the nonlinear changes in the friction coefficient. Besides,
solely increasing the contact size cannot infinitely increase the peak static friction force.

Key words friction, atomically smooth surface, molecular dynamics, interfacial potential energy,

model length





