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Abstract

With the development of modern technology, the mechanical properties of material structures at
the nanoscale have attracted widespread attention from researchers. When the contact size is re-
duced from the macroscopic scale to the nanoscale, the scale effect on contact mechanics behavior
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becomes highly significant. This paper investigates the contact problem of rough surfaces under the
consistent couple stress elasticity theory through theoretical analysis. First, numerical results are
used to establish a general relationship between the contact area and load of a single nanoscale
roughness element considering consistent couple stress, as they vary with indentation depth. Then,
based on the Greenwood-Williamson contact model, a rough surface contact model incorporating
consistent couple stress is proposed. The study reveals the effects of consistent couple stress and
spherical roughness on the contactload, real contact area, and average contact pressure of rough sur-
faces. The results show that, compared to the classical elastic G-W model with constant spacing, the
proposed model predicts a larger normal load and a smaller real contact area. Furthermore, the con-
tact load between rough surfaces increases with increasing consistent couple stress, while the real
contact area decreases; when consistent couple stress is held constant, larger spherical roughness
leads to greater contact load and real contact area.

Keywords

Micro-Nano Scale, Rough Surface, Contact, Consistent Couple Stress

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 518

SRR )RR TAR . MORLRLE . BEHE 2 SR R G558 2 07 A R IR OGS IR . 8 LA 2%
2 ik B V0 Sy 3R R YT S T 2 T D SR k) AR AL TORE R AR A, AT B E 1 R ) S T ) B
fille R, A TAERTETERANK RS Y A MRS B, I SRE RS P R I BB AL 20 A7 R 0™ Ve 5 T 45
X | AR T 55 5 S0 REDRES 2 T S B 2 A S A T 3 15 Ao e Th o, o 3 3 S D AR /N T SR THI 42
FlTEI AR, FECT BN r B, TR O T B LI ) R BEEAT N MRS R
RMLHI[1]-[3]o DRtG, XPRRER AT AT IR LB 2 0 E IR = 5 TR FAMA -

TEREURS F T4 fish 7 27 T2 BCBA 0 (0 RFF U 2 BT, 5 ke e 880 O F 0 32 B AR v 7R T R 22 B [4] B
M AR EVE T . SR, MR 2 B TR PRk G, 46K 2 SO ML ik =l R AR TR BEAR R IR
T b, T IR AR e W P, (EARON E R B R S S 2 B . /E 1966 4, Green-
wood 1 Williamson [5G4 A Gt T 7572 Ab 317 DR T (42 kv R KRR SR TR A BROE M1 i e it
BE, ARSI IEE R MO AR . E G-W BRI, KRR TR R N BE AL A IR
F RS, (RS Sk kv A M R, HIEL S E RS A oA TR0 7 I Abh 2k 1 () et — THI
FAOR R DL S —AME 8 B3 Bl T AN . JF FOXAh G Befd 2 O iz 4 e, il OR25 FE R AL PR R R e
ARG K R RS [6]. 1970 4, Whitehouse A1 Archard [7]3% 1R 3] G-W B8 (1) 2 5 /E B Sz o DL EL
P, FUARH TR S SRR RS R T, RISt S8 - T E ., T2
243N v 52 4 A S TN RS SRR 2 THI PRI A AT Dy, 0L 1 RIS S EAl ) 2 Z R M 4t . o kA
T G-W A, Nayak [8]RFAHRE R [ E ARy — 4k % v [F] VE = W BE A LIS #E, 7E Nayak HJFEiGJEAS F, Bush
LN[O]E G-W AL LA 5, SR FH BT & SE B A [ S T R s A, R T — AN B
GUIHHRE R HBAR AN (BGT), thEEALYS G-W HLAIAHLL, BGT FEAY TR Bl AT N EHE— 2, 2 )5,
Greenwood [10]i8 4 & Nayak FIBEHLET I ER 16, $& 7 — MR, A5 BGT AW & R IF.
%F G-W A L E RGBS, Chang 25 A[11]e50 G-W BRI fE M AR L T AN L, $EH T

DOI: 10.12677/ijm.2026.152013 126 VAETIS


https://doi.org/10.12677/ijm.2026.152013
http://creativecommons.org/licenses/by/4.0/
https://www.sciencedirect.com/topics/materials-science/elastic-deformation

Lo

— /MR SRS P AR AL (CEB), WAL TOMRE (AR s R T [12], RIMAESBPERTE &5 3 S HIE LT,
SR AR S S B TSR IR MR RE R R R, X R B iR T A vk . ARYE G-W A
BRI SETIRIA, 25 R8T RS FEAE R 7 B8 A BE 25T e ik ELORERS B e fi 2 [ CAH BLAE D, BTBA, 2023 4F,
Li 5 A[13]4H T IER) G-W BI85 fe kRS B2 2 (M A BLVE T, SCAHRE BEAE BAE R G-W 5
FHEG, AH A FH 22 5] 5 A .

HAERF TR, —SUB R ST EGK Bz i b e 25 25 50 EE N AE I [14]-[17], (EATA WOVURLRE 2 1 322
bR 7Y o B0V AT % R B — EUE B ST . /E Hadesfandiari 11 Dargush [18]42 H i — 25048 8 /3 i8 ,
FINT =R E RE S ECR R BRI FIFEM, 8 XIS RN E /N R GR, —BUE R 2
S 5 W e R R TR R P K A3 T A, K B A B T R G IR . AR, 324 ik, R
A5 2% B8 3 — SO I I RS 2 T 22 Ak B Ak e 2 PR DT R o DRI, AR SCOE I B/ T AR R A e 1
AMMRERT F, BT —BUEN ) PR R A 0 . BT A G-w B, S T RAERER
T _E BT AR AR AT AR O Ge vt s, SRS 0 R — SO R g AR PR T A e A g S B
fi T R 5% T T SRR FE BT A B NBIZ L G-W Giit B RUAE S o, LU HERA 0 40 K S R
TR AT 2, T8 T AR BN RS 2 T b Ak ) S Ay 0 SIS T R DA R~ 357 I ) FD 86
i o

2. B ESKHYEEd R

FERIEFE— BB N 3 e AR R 3 T Pk il R R S 2 T, FRATTRIEAE 174200 R IR B e 5 e o 23 1)
P ik [

FE— BN S BARHEZL S, Ik Tl e 5 32k >4 2 ) ik PO R A 25 T PO Tl A g A2 > 22 ) ) 1 R
e, BUAEIA TGRS M 2 > 08 ORISR A, HARM A E 1200 R IWIMERE Sk R, s 1, )
SRAEANAT P YRR R 52 (. HEf R b (2 =0) 778 T A2 0y a IEIFT & 1O IRVR
FEFTRIFUR LR, e e A LT JEBE R ) o

lp

Figure 1. Schematic diagram of a half-space indentation
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Figure 2. The relationship between external load and dimensionless ratio of (R(S)Eﬁ
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Figure 3. The relationship between contact area and dimensionless ratio of (R(S)ZA
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Figure 4. Schematic diagram of contact on a rough surface
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Figure 5. Variation of actual contact area with spacing under different couple stress values
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