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ABSTRACT

When an O-ring is installed in a high fluid pressure device, a section of the O-ring is extruded
into the piston-cylinder clearance gap. Any tendency towards extrusion will induce wear in dy-
namic applications, leading to premature failure of the seal. In this study, the mechanism of ini-
tial extrusion of the O-ring was studied, 1.e., how much amount of the O-ring will be extruded

mnto the clearance gap at a certain pressure.

The relationship between extrusion depth and a clearance gap or fluid pressure were studied
by finite element analysis (FEA). After that, Salita’s experimental data were analyzed. The
result is that initial extrusion depth for an O-ring into a clearance gap was 1.11 times the prod-
uct of dimensionless pressure difference (p-p,)/E and clearance gap c. The required pressure p,
for zero extrusion depth was found to decrease logarithmically with increasing clearance gap.
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Fig. 1. O-ring extrusion procedures . a) when p=
p, Ze=0mm; b) when p>p, Zz>0mm;
c¢) when p= pe., the whole O-ring is extrud-
ed through a clearance gap.
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Fig. 2. Geometry of an O-ring cross-section moun-
ted in a rectangular groove:.a) undeformed
state; b) deformed state by initial squeez-
ing; c¢) deformed state by initial squeezing
and pressurization.
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Fig. 3. Modelling O-ring extrusion by finite ele-
ment analysis (FEA).
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Fig. 4. A detail configulation of Model A for FEA
calculations.
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Fig. 5. Bulge profiles through a converging chan-
nel. Bottom gap width W 20 mm and ap-
plied pressure P 0.1 MPa. Original node po-
ints (O), deformed node points with bond-
ed (@) and lubricated (O) interfaces.
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Fig. 6. A detail configulation of Model B; from z
=146mm to 160 mm.
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Fig. 9. Maximum bulge height U,., as a function
of applied pressure P, with bonded inter-
face. Bottom gap width W 20mm and one
unit of P 0.24MPa.
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Fig. 10. Values of Un. vs. bottom gap width W;
with lubricated (O) and bonded (@) in-
terfaces. Applied pressure P0.1MPa.
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Table 1. Measured values of extrusion depth®Z
(mm). The values of a clearance gap ¢
were 0.033“, 0.4”, 0.05“ and 0.075". H
was 0.26"

p ¢=0.033" | ¢=0.04" | ¢=005" | ¢=0.075"
(psi) |¢/H=0.127|c/H=0.154{c/H=0.192| c/H=0.288
770 0.349 0.391 0.577 1.181
1000 0.56 0.59 0.8237 1.499
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Fig. 16. A linear relationship between extrusion
depth Zg and a clearance gap c.

Table 2. Comparision of Equation 15 with Salita’s
experimental data.

Clearance | Applied | Zg(mm) Ze(mm) |(Zp)gon 15/

;| from (Zg)u

gap pressure |measured Eqn. 15 (%)
¢=0.033" { 770 pst | 0.349 0.319 914
1000 psi | 0.56 0.499 89.1

c=0.04" 770 psi | 0.349 0.435 111.2
1000 psi | 0.56 0.651 110.3
¢=0.05" 770 psi | 0577 0.610 105.7
1000 psi | 0.837 0.880 105.1
¢=0.075" | 770 psi | 1.181 1.100 93.1
1000 psi | 1.499 1.508 100.6




T#a 1o 23 Squeezed O-ringe] M3} #I#] #H Mechanism

L 3%& z+ Lo 3 oyl 29 ol A7) dE
o FA1% g s}

v.d g

$a8 4 A% Ao E ¥¥ A bulge ¥
o] Unwe H44E P 749 Z Wol| AYAH0 2
HlAs el &8 A" 4%, Ad bulge Fole
AR AW A+ 2o 1538 E9kch. Wedge 3
g9 15 £¥9 o] LY Hdf bulge Fold o
T A% o+ L9 F oyl 29 ol 27 dEel
FAE 2 &9

A% Awde)A, converging channeld|4¢ 1%
B39 WY profiled channeld) vje 7 L1 &
Asid AAA F B AoloA & A A
3EqA49 4& profiles} wj$ v]&3kgch.

Salitad] Ag dlo|els £A8) BE & Zo|
Zee FA81 94 Zo| (p-1m)/E P clearance A
c A AL Ui & 5 Aok AR ¢
% ZolE S FAL ¢4 p/Es} FAY clear-
ance?] ¢/ He 23.(log) A& A= Salitad] A
dolets M=t E53A A4

0-89 clearance A & §% 42 o] Z+
FAD =R o) (p-p)/E A 27) o) F9
1114} gt

Converging channel® %3 bulging A&
long slit& §& Zte o)% vz A
bulge ¥o]& el A9 A4 g 2/3¢ long
slite] 74$-al 0758} 23 Agiel,

NOMENCLATURE

A afunction.
b  :top (or bottom) contact width.
b : top (or bottom) contact width by initial

db

bﬁ

oo O T

O

D> M /!N

=

squeezing.

. the Increments of top (or bottom) contact

width by pressurization.

: clearance gap width.
. cross-sectional diameter of the undeformed

O-ring.

: Young’s modulus of O-ring materials.

. applied loads.

. the coefficient of friction.

. shear modulus of O-ring materials.

 the height from the bottom of groove to the

counter-surface.

: the numerical constant.

- flud pressure in FEA.

 fluid pressure.

. fluid pressure at zero extrusion depth.
» fluid pressure at O-ring extrusion.

. the flow rate.

: the distance from the central axis.
 the displacement profile.

: the maximum bulge height.

: the bulged volume.

. the velocity profile.

: the bottom gap width.

: the distance from apex to the left end of

tapered plates.

» horizontal distance from the center of gap

width.

: the extrusion depth.

. vertical distance at the center of gap width.
. the half angle between tapered plates.

» the squeeze ratio.

. the angle from the center line to a certain

point.

. shear viscosity.
: material Poisson’s ratio.
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