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Abstract

The mechanisms responsible for nanoparticles’ antiwear and friction reduction properties are still
not well known. Nanoparticles’ improved effect on the rough surfaces contact is an important rea-
son for the antiwear and friction reduction properties. The asperity shear is a typical way of rough
surfaces contact. We performed molecular dynamics simulations to study the effect of copper (Cu)
nanoparticles on the tribology properties of asperity shear. The friction pair is consisted by two
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iron plates with asperities. The processes of asperity shear were given in detail. Because of the ex-
trusion by the two asperities, the spherical Cu nanoparticle was transformed into a solid lubricating
film, preventing the direct contact between the two asperities. Compared with the base fluid system,
the stress distribution and surface wear of the nanofluid system were improved. During solid con-
tact, the temperature of metal contact region and the friction force of the nanofluid system were
lower than that of the base fluid system. Additionally, the height of the nanofluid system was in-
creased by the presence of Cu nanoparticle, which helps to reduce the indentation depth of asperity
and the probability of asperity contact.
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Figure 1. Schematics for three typical ways of rough surface contact
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Figure 2. Snapshots of simulation models (P = 0 MPa). (a) Base fluid system and (b) nanofluid system

& 2. ¥EFRA(P = 0 MPa). (a) EARIE, (b) DAKFRE

DOI: 10.12677/ms.2025.154075 707 PR 2


https://doi.org/10.12677/ms.2025.154075

BEM 5F

A R A8 i 7 T 5 1 2 2 BOTF R S LAMMPS [43) 84T+ 5 . KA A0 37 5 45 74 (BCC) i)
BRARANBE ML A0 PR IR LR, Al 2 BroR. BRARIEANE: WEEL, 6). HIRZE(2,5). HHAE
TEIZ(3, 4), FHAEIRZ 0 E o 86 Ko il B4 1420 15 A 1020 B RE Aok A4 38 B AN AR 1 06 . X6t
THCRTARRY, —/NEARH 2 nm B4 (Cu) BURL 4 5B E AN Mg (8] A T i, RSCRFERRES
SUANTE BRI « VE M3 (P) R IR INAE z J7 ), FARIRRFFR 1L, B 2 77 m DO EE v i 3h. x #
z J7 1) F O RV SR,y D7 T RMRAR I RS, AT SO VSO S S S P U By . BRI A AR B AT 4
KA (1) J5 - 053 il 18,529 #l1 18,786

2.2. BERH

A4k 45 )7 1 Ar-Ar, Ar-Fe and Ar-Cu 2 [8] % Lennard-Jones [44]34 B3, J5 -7 A% F] Lorentz—Berthelot
[45)7R & IR T4 Ar-Fe and Ar-Cu FI#4 540, BN A () E(3):

s3] {2

&y =€ € (2)
O + O,
Og = 2 " (3)

Hrb e NP, o NIEFRIBEENTFN FIIEE, r AEFREEIEE . s f1 1 AR BRI AL, Ar. Fe.
Cu Z [A1R H W F ek BB AR KB a0 1 Fos .
[ {4 J5L -7 (Fe-Fe, Cu-Cu, Fe-Cu)Z [8] R F i N\ J5L T34 (EAM) [46]:
1
Uzzlzi(zpi(nj)]+§z¢lj(r.ij) (4)
1 J#1 J#1

Hor FOAIRYE R T E p fE IR RE, ¢ AERFAE, | M 0l AREARIET. Ak EAM %
Z2¥57% Bonny Z A\ [4T]HIWF 5T .

Table 1. LJ potential parameters for simulation 38
= 1. L) #BeesH[46]

a(A) ¢ (ev)
Ar-Ar 3.405 0.01042
Fe-Fe 2.321 0.52707
Cu-Cu 2.338 0.41016
Ar-Fe 2.863 0.0741
Ar-Cu 2.872 0.06536

2.3. HEITS

RN, 5t T2 400 ps. K45 400 ps. FF K574 400 ps. BI Y] 1600 ps PU/N0 B Ak, 7E it fE
R BB B 86 K, A DRAKE s (VU4 Ar G5 4ORFREES . LSS, X AU NS &) A i Edr P S
YO AT— B A R T UCT . ELBYBL, FIF Nose-Hoover #5345 7 ik HI5 2 MG 5 2 5 115
FELRFFAE 86 Ko S LAY z 5 1A DO BE v IS 3. A SO F 35 ek Bk B A28 2.50a, AR
I} 1E] 25Ky 0.002 ps, SR FH Velocity-Verlet 533K fifiz ) 77 2
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Figure 3. Process of asperity shear. To make the snapshots clear, the upper and lower plates are showed in different colors. P
=300 MPa, v =10 m/s
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Figure 4. Time evolution of the height of systems. P = 300 MPa, v = 10 m/s
4. B ARGH S ERMER B R ZLAE. P =300 MPa, v=10m/s

(@)

HRFAL
LJ

Figure 5. Mechanism of Cu nanoparticles for improving tribological properties. (a) State without nanoparticle and (b) state

with nanoparticles
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Figure 6. Atomic stress (Von Mises) of the solid atoms (Fe plates and Cu nanoparticle). (a) Base fluid system and (b) nanofluid
system. P = 300 MPa, v = 10 m/s, shearing timet=1.9 ns
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Figure 7. Friction force/area as a function of shearing time. P = 300 MPa, v = 10 m/s
E 7. BEENREETITERZEL. P =300 MPa, v=10m/s
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Figure 8. Temperature profiles of solid atoms along y dimension at different shearing times. (a) Base fluid system and (b)
nanofluid system. P = 300 MPa, v = 10 m/s
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