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Anaytical Study of Dynamic Force between Solid Surfaces
Linked by aLiquid Meniscus Bridge
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The dynamic force between solid plane surface linked by aliquid meniscus bridge was analysed assuming small vibration of
the spacing. Theinfinite width meniscus and the finite meniscus ring were considered as analytical models. Theincompressible

Reynolds equation was solved under the Laplace pressure boundary condition and the solution was linearlized by the small
vibration assumption. The derivation of the solutions and the differences by the models were discussed. It was found that the
pressure and the load carrying capacity in the linearlized analysis had three terms, i.e. , squeeze term by the viscosity of
liquid, spring term by the dynamic Laplace pressure and static meniscus force term.

Key Words : Head Disk Interface, Meniscus Bridge, Dynamic Force, Meniscus Force, Squeeze Force, Laplace Pressure,

Reynolds Equation, Linearlized Solution
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(i) infinite width meniscus between parallel planes

(ii) meniscusring between parallel planes
Fig. 1 Geometry of solid surface and meniscus bridge
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Fig. 2 Laplace pressure
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Fig. 3 Change of meniscus boundary by spacing vibration
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-45-

400000000000000000000000
00000 Fg. X(i)00O0000000000000000
00000000000000000000
00()O000000000000 p000000O00
Dmmwmwwmmmmm
ah(t)
ot
000000000000(@1)00(3.2) 00000000
0000000000000000000ABOOODOOO
000

Hh(t)s "pﬁ 127, 1)

. A(1-30(1)) 1

p= o gyz - AL-20) 1

m S

000000@I008®)éM 0002000000000
gooo

+B (4.2)

00000000000000000000000000(@)
00 Fg60000000000000000000000OO0
00000000hI0O0000000r, 00000000
r, 00000000000 h)000000000 r r(t),00
000000 rM00D0000000000000000

m=5m (4.3)

() =2h@) (4.4

obooooooOoooooOooOorMOOOOOODOOO
ooooooyv,0000oooooovyooooo

Vo= ﬂhorlg —éf}frm +%f’€ (4.5)

V(1) = () (1)* —é h(t)*r,(t) +% hit)  (4.6)

000000([MOO000000000000000000
(45),(46) 000000000000

OO - hOP 0 =V, @7

000000(@®000h/r,)0002000000000
0000000000@20000rMmO00000000

= 7 &, H
0 r(t)-fm(ua(t)) Jeho(“W) "y (1+ A0
=1, @—Ed(t)ﬁ (48)

0000000000 (4), (8)00(h/r,)?000 (h/r,)d (1)
000200000000000000000000000
00hO0dWOOD0D00000D000000D0ODO
000, 00-5)20000000000000000000
0(4.8)0000000000000000000000
(31000 000000000 ¥2000000000000
0ooo

000000000000

()Or=0000000 p0000000000O00000

dp
M =0
arl . (4.9)

() 0000 r=r(®M000D0R300000000000



o(t
P Upper plane ()
0.001
4000001
2000007 Meniscus—>\ 00003
-0.004 -0.002 0.002 0.004 x 0.002 0.004YQ.006 0.008 0/01
-200000
U (P e -0.0005
-400000 Pressure
-0.001
000007
Static Laplace pressure
P 8(1)
0.001 |
S N :
0.0005 |
200000 :
|
=2 064 0. 002 5505 0.003 x 0.002 0.004Y.006 0.008 0/01
-200000 -0.0005
-400000
-0.001
-600000
p o(1)
0.001
400000
(l 0.0005
200000 \
=0 . 004=0.002 0. 003 004 x 0.002 0.004Y9.006 0.008 0/01
z////)&//-zooooo \\\{L\\\\ -0.0005
-400000
-0.001
-600000
P 8(1)
0.001
,,,,,,,,,, 400000 . .
'ﬁ 0.0005
200000t
J_O 51 0 003 o0 o ooa X 0.0020.004Y.006 0.008 0/01
-200000 -0.0005
-400000
-0.001
-600000¢

Fig. 4 Pressure distributions and upper plane motion infinite width meniscus

between parallel planes
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Fig. 6 Change of meniscus boundary by spacing vibration
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Fig.7 Pressure distributions and upper plane motion meniscus ring

between parallel planes

t

t



