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due to load constraints in microelectronics and
avionics applications, Thermal Contact
Resistance (TCR) at low contact pressure is
important

Milanez et al. (2003) experimentally showed that
existing plastic models over-predict TCR at low
contact pressures

new analytical model is developed that predicts
TCR at low pressure

model considers the effect of elastic deformation
underneath plastically deformed microcontacts
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» contact of conforming rough ‘ /

surfaces in a vacuum
Y \ (7 m \ mean
0 , 0 plane +
J U due to

elastic

* real contact area is less than a) geometry of contact, pure plastic model deformation
1% of nominal contact area j /
\

planc
« using plasticity index, one Yj ~/ 0, mv p
finds the deformation mode of
asperities is plastic

b) plastically deformed asperities with elastic deformation

as a result of elastic deformation, separation
between planes reduces, thus:

» existing plastic TCR models « more microcontacts are created
neglect the elastic deformation
beneath microcontacts
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experimental data from Hegazy (1985)
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* microcontacts are assumed .
- 7 7
to deform plastically 7)) A H@
M

 elasticity theory is used to
determine elastic

deformation of half-space ﬂ % 2a
due to microcontacts
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>
%
S
(%.
w® —

» elastic deflections due to
self and neighboring
microcontacts are
superimposed to find total
deformation

modeled geometry of contact
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at low contact pressures,
effects of neighboring 10' _
microcontacts can be - Ototal _
ianored - - - — - W, self, duetg microcontact
g - . * "A" only o,
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as ¢ increases, effect of i ; ‘;ta' | :; _
. . . selt and nel orin
neighboring microcontacts 10"} . ghboring N
o g microcontacts o, Z- \
become significant, also . - g \
displacement of mean L e=VA A 7 :
plane increases 10 Flo'=rEw/4H,L 4 |
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. P i ’ Osotal ~ Omp \:
as a result, the net elastic 10°F mean plane . g
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approaches zero at
relatively large loads
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ratio of separations A,/A >1,
due to elastic deformation
effect

ratio of microcontacts radius
ala, < 1, but absolute radius
of microcontacts, a, increases
by increasing the load

effective microhardness H_..
decreases as load increases
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H'=c, (1.62c'/m)*
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contact parameters
6 =129 um

m = 0.049 \
c,=10.7 GPa

c,=-0.37

E'=112.09 GPa

H =0.024 P

ic
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as a result of smaller i
separation: 281
o 26
. \9 24 f—
more microcontacts are x |
formed n/n,> 1 s 24
C ok
c : .
. . 1.8 F contact parameters \\ ‘\’\-\‘
real contact area is & 4ol o=129m N ~<_
: 1.6 | _ e T —e—
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PARAMETRIC STUDY: ELASTIC MODULUS

four values of E’ = 20, 60,

160 GPa, and *« (pure
plastic model) selected

difference between model
and pure plastic model
decreases as P/H
increases

mic

beyond certain pressure,
difference between pure
plastic model and the

present model (three values

of E’) becomes negligible
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10° i
o =0.017 pure plastic model
S . - —— - E'=160GPa
7 N (E - 160 GPa) . El = 60 GPa
10" I \\\\\ —————— E'=20GPa
\\\\
N ™ pure plastic model
(E' = 60 GPa) N *
A H = H mic/ E'
. BN
100k H =017 RN A=b2/(c/m)
(E'=20GPa) "~
contact data
10" 0=0.99 um m = 0.083
c,=5.884 GPa c,=-0.267
b, =125 mm
10" ' : : :
107 10° 10° 10 107 10°
P/H_.

effect of elastic deformation is
more important at low loads
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10°c 10*
B — — — — pure plastic model E .
B ~ present model - — — — — pure plastic model
- A | Milanez T1 data i N ——— present model
10° 10° O Milanez T2 data
- | 3
i { | :
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—~ ; | g .
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g _ - (Re-R) /Ry 10°F ' _ R -R)/R
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F(N) F(N)

experimental data from Milanez et al. (2003)
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10"
- — — — — pure plastic model
i present model
| O PNIO102
- relative difference
10° _(Rjo -R)/ Rjo
i in the applied load
- range is 17%.
i Og
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- R
. . Rag
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10 10°
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10"
™ o — — — — pure plastic model
L~ present model
: O PZN0102
relative difference
- . (Rp-R)/Ry
N in the applied load
O ~ .
0 range is 30%.
10" -Hegazy [6] PZN0102
- material: Zr-2.5%wt.
[ 6=0.99um m=0.083
k,=21.3 W/mK
| E' =57.26 GPa
| ¢,=5.88 GPa c¢,=-0.267
b, =125 mm
1 H*=0.053 | N
10 107 10°
F(N)

experimental data from Hegazy (1985)
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* new analytical model is proposed for TCR of conforming
rough joints in vacuum that accounts for elastic
deformation of substrate

* as a result of elastic deformation, mean separations
between two contacting surfaces becomes smaller; thus

— more microcontacts are nucleated,

— real contact area is increased,
— thermal contact resistance is decreased

 elastic deformation effect becomes less important at
higher loads
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