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Adhesive Contact M echanical Behaviors of the Textured Coating Surface
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ABSTRACT: Dry adhesion is demonstrated as one of the best ways to realize attachment on space irregular objects and space
cruise, as a result of its reliable adhesive ability when exposed to the vacuum and high or low-temperature atmosphere, and its
unnecessity of chemical medium or electromagnetic filed. Traditional measures, including coating and texture technique, are
utilized to realize higher adhesive force, however, interface high adhesion and mechanical reliability are difficult to realize at the

same time. Hence, a new method named textured coating technique trying to process textures on the coating is proposed in this
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paper such that the interface comprehensive mechanical properties can meet the requirements. Furthermore, a new numerical
adhesive contact model of textured coating surface was established to explore the influence of the textured coating on the
adhesive mechanical properties of micro contact pairs. The results can be utilized to help instruct the design of the proposed
textured coating technique.

Based on the Hamaker summation method and Lennard-Jones potential law, the adhesion contact model of textured coating
surface was constructed by considering the effects of textures height on the approach distribution between two contact bodies
and the effects of coating and texture properties on the adhesive force. The model was validated with the numerical results from
existing literature. Based on the proposed model, the effects of texture types, texture density, texture height, and coating
thickness on the adhesive properties under two typical Tabor parameters are investigated. The influences of different materials
represented by two kinds of Tabor parameters on the adhesive force are revealed. Three different kinds of textures, including
ellipsoid-shaped texture, pyramid-shaped texture and cylinder-shaped texture are selected to explore the effects of texture types
on adhesive behaviors. Results showed that cylinder-shaped texture corresponds to the biggest pull-off force, followed by
ellipsoid-shaped texture and pyramid-shaped texture under the same conditions. When the texture density increases from
200 pm™ to 4 000 pm>, the pull-off force of three kinds of textures increases gradually. Cylinder-shaped texture increases by
about 5~6 times and pyramid-shaped texture increases by about 1.5 times of the original. With the increase of texture height
from ey to 30gy, the pull-off forces of three kinds of texture decrease gradually. Pyramid-shaped texture decreases to 1% of the
original with the largest decrease proportion and the cylinder-shaped decreases the least, about 90% of the original. The coating
thickness has an influence on the adhesion force but the effects are related to the Tabor parameters and texture height. The
pull-off force increases gradually at a large Tabor parameter but decreases gradually at a small Tabor parameter with the coating
thickness increasing from leps to 16g,,. At larger Tabor parameter and bigger texture height, a secondary peak occurs in the
adhesive force versus approach curves.

All in all, the effects of texture types, density, height and coating thickness on the adhesive mechanical properties are revealed
and the variation law of adhesive force and the pull-off force are summarized. The obtained results can provide theoretical guidance

for the design and application of the adhesion mechanical structure of micro or nano texture surfaces in engineering practice.

© 195 -

KEY WORDS: textured coating; contact mechanics; Van der Waals forces; adhesive contact

TR G R I T 7 ] S A Sy, AR h
NG 1 E o i) N 7 A N €2 SN e
5o B, BSR4 2R 1
FEMEB SRR EERN R . SR, BFRA G2
AR T I AR, B BT 2 R
PR SER B BE I e m, DASCERAESS | TCREETIRE .
U, 5 B P IR 2 1) T B R R4 4 vl T B T N A
AR . BRI RS G . AEe AR R
VG 25 KR, B SEBES RS H RSB 5 2 [
Wi R E R, RiERE 5SS EAR B
R 2 R PR O PT AT BT, (R — %2
o SO AR X BE R BE B fE T A R, BANRE
T X Ml LT A 25 A 1R PR RE TR SR . I, LA
JZ LA e U 2 AR AL B T, B I i 2 PR E A
(ISR E | DU S F A RE TR, S5 A4 AR vl
ST A BB R R 5 4 o 2R SR B Sy 2
MR E FBEZ —

BUA X 2R Ak AL T B4 28 B ok 1) AU AF 5 32 L
MR SIS 2 7T . 3671, Bhushan 251
il i B ORAE S GURRT i P SR e Ti , A PR
Iy SR FH RERS W NEE I T, LR el R in
FHEHF1# 27.2%. Gorb 2! il 4 i PV'S 15 A B 7%

HUZURE R IRSURA) Ak 2 T 1) 26 BT R 2 et R 2
AL, Hris gt th ok . Kim 21204 3 FhoR
[F) 73 BE (R BEAR SR, WF5T T ARG U1 Il A28 T $0i 56
FAXTHI I T (s o A5 W, Y AL A A
PE B — P40 | A Bl 60°~90°T, B ) fe k.
Kizilkan 2R REAR i 2 10 i T M0 BE R 200, 5T
I PRV 12 fa T FH 2D 50%, {HZRRRE H1 3800 T 91%.,
30 Aok g R TL L) 2 e 2 B, R R A R
I A HRE L HAth 2 R AU e 4 O 5 BT R A fak T A
R RGR P RE A . iR R, SiEmgiIie
BT RERS A S R 2= S 2B T

PREHFSE )7 T, Zhang %5113 T Hamaker >R il
212} Lennard—Jones $4GE 72 f 37 2 2 T b1 kL1
PR FE BT AR, B0 T S TE A0 S SR % B A
X il 2R G B B S 2 RE RS2 R . Yang SFUOIL T
Lifshitz—Hamaker J57% % Lennard—Jones #\fig &
ST AR T3 G B T A G AR A 1) 5 B 2 Al AR e 3
FRAF R BRI BRI RE , KSR
IROKRR LR o BLAk, T3 E MR T R A A
Xof S G R s, W Violano ZEE Johnson—
Kendall-Roberts ( JKR ) FRiE!SIpg3Lat dsr 17 A5
SR} 3 TV RELURRE 1 285 B 2 B R | Il i SE G B0 E T g



- 196 - * wm #H R

2022 4 6 A

WERIAE 2 RO E A4 50 I8 J LA 22 1m0 1) vl 38 R % . Acito
AL KR BISAFSE T T Bl 5 6% i 5 MRS AR
2 16 B 85 B0 42 ok 1 A, o B R AN B I s
W E MR A . Li LU Popov PRI
Griffifith A& 5 H A 2RI Sk 5 U 2 ek 4 5
2 T OV 8 DR R Al A R | O B R R R 5 Sk 2 A v
AR AR IE L, 5 SRR TR . T4 50
o 29 T 1) 288 B2 fioh () (LT 5% 308 A SCHR[21-24]5%, {HAY
% JERLRE FE S SR RS2, SCHER[25 105 T 830 5Tk
JZsEm, AHARE 2 MR LS TR, ik
YA R SO S A MRS — .
B EE G 12 R BE R A B B AL, AR SO —F
TESEARAE R N TR 2, FEAETR )2 R 1T R B et
FBETTH I T % o

FETSCHR[25]1m90F 5, A SCZEA A Hamaker 3K
F LK Lennard—Jones # B, HEA BN HER
S8R A0 U 2 2% T 0 20 B R Al A AR | 2R S Ao 2
15 B 5 1 A2 fil A [ B9 TR 20 A5, T %5 16 T 43k
JEE X ZH B 7 05, I s X U AR TR 2 DL S A )
B B SR IR AT 43 BB DL SR A5 422 fit 4% [R] L 1% 285 B
Jo =2, ST Prd s BRI AN ST . %
JEE W D R 2 SR X UM A U 2 e T A B 0 2R T
SHSER , ARATFEURE DL B U 2 S B8O B 0 045 i R
B, WFT S SR N 2 A TR 2 A T i 25 A BE T TS5 4 )
PEFER L —E N BEIE S %

1 AWMU SREREHMEMRERER
BiE

R AR T, 1R AT G2 SR IR ek A
LU IR BHRAR R G . K 1a R gk gUigfb i 23t
TR R G055 W AR B 2 Al 80 = 4l K, oAb
SR BEE FARIEIRZ R AR R o B IRTR
EHIARTEREL, 20T IRZEEm L, WIPERER
KRR R, WIREE R o, BRIEES N S, 8K
WREERN Zo ME 1a s, s P AEKHE L—85,
MO AR ARIIRZRT E—ri, 5 PS5 044
HEPY QA xOy i LR, fE o0k oP'S
OQ./WIFS, wI& 005 y MitIe s, ¢ PO 5 z
Miryde s, B b REUIIRZ IR REERI T
AR REE (x0z Vi), BB i f2 b ik
2 SEARDL R SR A SRR TE o SRR 5 I A B
TR ] A R BE A, 2D B A
YER AL

AT — A EA TR/ dp B,
B 1b Fs o BV HER RISk AR = — a5 D
K, KRR P AAIBLILIRZ R O,
DL R BAR R N Oy, HBNTIGFmAL L C 45,
AR B IR TR AV oone AT AR N «

b LU Rk
RGHRMASTE

a LU REIR RS
55 R EAR R R R A

K1 U IR 2R R e -5 NI GO 0 285 B & i A 7
Fig.1 The adhesive contact model between textured
coating-substrate system and a rigid micro sphere:

a) adhesive contact of elastomeric textured coating
substrate system with rigid microspheres; b) adhesion
deformation of textured coating-substrate systems
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