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Figure: Coupling between far field an cohesive zone.
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Outline

The standard case — Homogeneous elastic
Adhesion energy — phenomenology of the contact
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Figure: Hertz contact.
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Figure: With adhesion at constant radius.
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the flat punch displacement

E*5fp2 = 2maw
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Conclusion

A hand waving argument
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Force — flat punch contribution

Fp = 5(3)5fp

where JF

5 3) = hertz _ 23E*

( ) déhertz

is the contact stiffness )
a contact radius
Ofp flat punch disp.
w adhesion energy
E* reduced modulus gap h

S(a) | contact stiffness

------- without adhesion
——with adhesion

contact
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JKR equations

For a sphere of radius R

5 _ a° 2mwaw
JKR — R Ex
4E* 33 =
FJKR == 3Ra -2 27Ta3WE*

[Johnson 1971]
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Figure: With adhesion at constant
radius.
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Orders of magnitude at rupture gap h
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Figure: With adhesion at constant
radius.

[Johnson 1971]
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Does it conform to our experience ?
1. gravity against surface forces

2. surface forces win if
R* < w/pg

3. Cut-off radius around 1 mm !!!

Figure: A typical MEMS
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Impact of roughness

Figure: Meniscus
mediated adhesive
contact.

relative pull-off forco

For R ~1 um
and

* ~1 MPa,
dfp ~0.3 pm.

Figure: Impact of roughness as a function of modulus.
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Outline

The standard case — Homogeneous elastic

Impact of surface interaction details
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From [Grierson 2005]
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Figure: JKR does not explain all.
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Surface interactions
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oo Figure: Interaction energy
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Can we measure the cohesive stresses directly ?

1. Surface forces

(o] 0
measurements - F
. . . E "
with fine tips s |t
e
allow for direct g 2f
measurement of n
: o A O R
local inter-surface 2 4 6 8 10 12

Sample displacement [A]

interactions

2. note long range
contribution

Figure: Tip/surface interaction

After [Lantz 2001] J




Homogeneous Coatings viscoelastic Conclusion

000000000 000 0000
0000e000000 000000 00000000000
1.5 T[T i e [ T P T P T T T
10 E_ O data 3
A s T model 3
) E 3
g 05 2 —
% E Interaction Contact 3
— - —_— -
E 0.0F =
- :
: -0.5 :— —:
g c ]
S -1.0 - E
SR =
Figure: B bbb RN EERNI ERRRARRRRE"
Meniscus -2 -l ) 0 ) I 2
mediated Penetration (normalized)
adhesive
contact. . . .
Figure: Meniscus mediated surface forces.
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Figure: Cohesive zone.
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Self-consistence

w = 5(a)acoh

Local deformation contribution Coupling to the far field
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Coupling to the far field

Macroscopic calculation of local
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Figure: Cohesive zone.

Ref: [Barthel 2008]
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Figure: Cohesive zone.

Ref: [Barthel 2008]
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The lower lengthscale problem

Average stress
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Figure: Cut-off with size reduction.
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After [Arzt 2003]
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The lower lengthscale problem
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After [Arzt 2003]
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Outline

Non homogeneous systems
Coatings — Experiments
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Figure: Force vs contact radius.
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Figure: Adhesive contact in the presence of a thin film.
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Figure: Adhesive contact in the presence of a thin film.
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the flat punch displacement — Compliance method
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Figure: Effective stiffness and force as a function of film
thickness.

See [Yu 1990, Schwarzer 1993, Perriot 2004, Sridhar 2004,
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Outline

Time dependent — Viscoelastic materials
Viscoelastic materials — Experiments
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Figure: Receding and growing contacts
for a viscoelastic material.

Charrault 2009.
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Figure: Growing and receding
contacts for a viscoelastic
material.

From [Deruelle 1995]
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Outline

Time dependent — Viscoelastic materials
Viscoelastic materials — Models
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Figure: History of contact radius for a viscoelastic material.
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Figure: Convected cohesive zone.

Figure: Cohesive zone.
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Conclusion

Figure: Convected cohesive zone.

From [Barthel 2008]

AT
SAINT-GOBAIN



Homogeneous Coatings viscoelastic Conclusion

000000000 000 0000
00000000000 000000 00008000000

Effective modulus of cohesive zone

w— & )

Ta
with

broplt) = 5 [ (e=7)6(r)dr (opening)

Figure: Convected cohesive zone.
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Figure: Growing and receding
contacts for a viscoelastic
material.

From [Barthel 2008]
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Figure: Far field and

adhesion of elastomers. Figure: Effective adhesion.

AT
SAINT-GOBAIN




Homogeneous Coatings viscoelastic Conclusion

000000000 000 0000
00000000000 000000 00000000080

S T T T T T ™
3.0x10 " = -1 0.30
251~ — 025
20 sara 020z
= xt lati |
_\e/ ;errziil)(()\/a;f:-)? m/s) 0.15 a
T S vt 1 {010
051 — 005
0.0 bbbt petet] 000
10° 10" 10 10°  10° 10"
o(rads’)
Figure: Effective adhesion from compliance.
v

Barthel and Fretigny, to be publ.
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Figure: Calculated effective toughness.
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