
 

Adhesion

Adhesion can be thought of as a fracture mechanics problem However there are

a number important length
scale appearing in typical adhesion problems making use

of which can give some useful simplifications We will mainly
discuss the adhension

between a sphere and ahaltplane here

Bradley 1932 Adhesion between a rigid sphere and a rigid half space

Wefirst discuss interaction
between two rigid halt spaces followingthe Lj potential

Bra

In lecture2 we have derived theadditive row forces between the two spaces

fight as

Now suppose a rigid sphere of radius R E is placed near a rigid half spare

such that the point of closet approach corresponds to g h

g p If
Theinteraction force is now

F f rdr big4 1



since dg rdr R we rewrite

F 2TRSTGigdg ETR x É Ig 2TRot E jet

It is obviousthat when heftforce is maximized

Fine 2TRoy
Think about why

This conclusion applies for any contactproblem with initial gap goer o rife

The JKR theory 1971

JKR theory is concerned with the adhesive contact betweenelastic spheres

Nowthere havebeen various ways to understand the JKR theory The original

paper Johnsonet at 11971 and the paper by Maugis
1992 are recommended

reading the latter needs some
knowledge of axisymmetric Fourier transform ie

Hankel transform see Sneddon's book However here we give a rather rough

introduction using some fracture mechanicsconcepts we learnt in last lecture

The key idea is asfollows

Noadhesion 1Pa Rigid The solution to this bop is

xFor

piers 2ÉIf p 45ft s Er
smooth

E 0 here Thinkaboutwhyp gnonlinear



What if there is adhesion Think of returning some Pand D

Pr Pro
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whatis this P and its consequences

a kink Notethat the contact radius is maintained

Thismeansyou can pull the sphere back a little bit causing a uniformupward

displacement Oz in the contacted area Note that the systems are superposable ble

a is fixed This pulling back is exactly a flatrigid cylindrical punch problem

s
the solution to this bop is

Pakatan Se atta

The superposed Pa is notarbitrary The
stress intensity cause by P near the corner

is given

Pa 2TÉRE ÉJay as x o

The related energyrelase rate can be computed according to fracturemechanics
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Thesolution to the adhesivecontact between a rigid sphere and an elastic

halfplane is then

Pcr P.ir pairs ZEIT FIFE

P P t p 45ft Ttaor

S Sit S E FEET
Non dimensionalization Natural to take

P Thor D 2 A AR

so that

p FIER K1,1 a

y Y 1244A A Not very successful

Some thoughts about the contact area and
indentation depth In the regimeofinterest

S ER EI E Ef Etr

Thendefine

f EF A GP o

so that
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Pa

so

B

At B Jt N 1 o A I

P É

We need apply a tensileforce F Pax Rot 3 trot to separate

thesphere from the half space

Theradius of contact area at this instant is a Appr
9111

At A 94 21 114 0 A Ig D It's

A number of interesting aspects arise here First the stability It can be

proved similarapproach we used in last lecture that for displacementcontrol

the stability is retained unit the point A while point B for load control

jiff
i mean gangnam wa

Dynamicjumpinout processes lead to
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TheTabor parameter

A particular conclusion of JKR theory is that the maximumforce to separate

the rigidsphere and the elastichalf space is

Fiat 3orR independent of E

While Bradley analysis for rigid sphereand half space is

Fiedler orR

Notethat problemI in Hwa gives FCP 422 206R aswell interestingly

Why Fiat I t Findley The interaction between bodies outside the contact

area is not considered in JKR

Derjaguin et at 11975 DMTtheory

Maugis 11992 Maugis Dugdaletheory

Greenwood 1997 selfconsistentmodel



10DANT theory A farewell

It essentially combines Hertzian contact
solution no adhesion and G g law

Assuming Hertizan contact so that

Uzer RaffAresin f t off r a
Sphere

9
upward displacement

The adhesive fore is computed in the region

Halfspace outside the contact

µ
equilibrium

F 2TS Gigi rdr g EtEr stazir
so thetotal indenting force is D Pterfthani

forattentive
adhesion

TheDant theory is rough particularly in theconsiderationofelasticdeformation in

both to a andLa x However somehow it predects the samepulloffforce as Bradley

Mangis solution

phangis 1992 made the further simplification of using a Dugdale cohesive zone

approximation Dugdale 1960 and solved the bop with mixed boundaries

yy
Dugdale cohesive law

g



Ifp
ocrea prescribed displacement bytheindenten
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An important parameter arises here defined by Tabor

I i

to bediscussed soon
if

n
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JKR
Eventually u independent

O

Greenwood's solution

Greenwood 1997 directly solve the bup with the consideration of intermolecular

forces
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Theoceuranceofjump inout

Let us make a summary here via an adhesion mapdrawn by Greenwood andJohnson

1997

GREENwood
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Finally how to understand the Taborparameter 1977 that can beused to bridgedifferent

models or to know whethersmallscale G g laws to be considered

Point of view of lengths Recall we used o k p to define rescaled vertical

indentation displacement Natural to have a parameter bytaking S E Indeed

M BT EE p Erj s
171 seal

sothat a 0g1771

Regimeofinternet on

Pointofview offorces Again from JKR theory we have

a 9171

We wantto use this to compare to a horizontal lengthscale to obtainM

Note that the stressfield near the contact line is given as

on II FEI
JKR didnotconsider the adhesive interactions outside the contact area in

which

6 An natural horizontal length in the contact area appears

FI Ie ro Ete



120
It can be shown that
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Physical picture

sphere u i t a to

no aero

Haltspace


