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Experimental and Numerical Simulation Study on Sealing Characteristics
of O-rings Under Low—pressure Working Conditions

CHEN Mingliang, LIANG Shenglin, DAl Qingwen,HUANG Wei, WANG Xiaolei
( College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics & Astronautics,
Nanjing Jiangsu 210016, China)

Abstract; The actuator tube is an important component of the aircraft landing gear system,which provides power source
for the landing gear,hatch lowering and retracting. The O-ring used in the actuator usually works under high—speed, high—
pressure , high temperature , high cold, vibration ,impact and other harsh conditions, and leakage often occurs, affecting the
normal operation of the system.In order to reduce the impact caused by the sealing failure of O-ring,taking nitrile rubber
O-ring as an example,the sealing characteristics of O—ring under low pressure were analyzed by finite element method,
and the effects of compression ratio and oil pressure on the dynamic/static sealing effect of O-ring and its mechanism were
explored. A low—pressure sealing performance test bench was built for verification.It is found that under the dynamic/static
sealing condition, with the increase of oil pressure,the O-ring with high compression ratio presents superior sealing per-
formance.There exists rolling torsion behaviour of O-rings under the dynamic sealing condition, which further enhances the
sealing performance of O-rings.
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Fig. 1 Schematic of test bench
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Tab. 1 Material parameters
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Fig.2 Stress—strain curve of nitrile rubber (NBR)

1.3 JUATAE R B R 44X 5

HT O BB % H st HAT WX frtk, B TET
T, SO R R R e R SR AT RS
THG B ORFEXT R E R, SO SR H = HEBRR 4B %
BRI, O JWREE M IA R L3 2, A RIcH
RUNE 3 (a) AR, ARSI, 78R
MR REOLT , B KIS, 17T &R
FIiE, B3 (b) 45 THEIAIA 2 J5 5] 8 J7 M4 1)
A bzl TRIE S, MAgECRnE 4 77
Jo, BUEIFRZE RARZETE 10% LAY, BT LA SCH &I 4
B PORS B R 15 304, 9 BN 47 223,

®2 OMEEHEHMRST

Tab.2 O-ring seal structure dimensions
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Fig. 3 Model and grid independence verification; (a) 2D and 3D models; (b) grid independence verification
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Fig. 4 Fluid pressure seepage loading principle
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Fig.5 Circumferential contact stress distribution of O-ring with 10%
compression under static sealing conditions: (a) O-ring
simulation process and circumferential contact stress
distribution under 1.5 MPa oil pressure; (b) circumferential
contact stress distribution of O-ring under different oil
pressures 10% compression rate at different oil pressures
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Fig. 6 Relationship between oil pressure and surface contact

stress of O—ring under static sealing conditions
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Fig. 7 Schematic of rolling torsion
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Fig. 8 Relationship between oil pressure and O-ring surface
contact stress under dynamic sealing conditions ;
(a) contact stress at extrusion end; (b) contact

stress at relaxed end
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Fig. 9 Experimental results of O-rings with different compression

rates under static sealing conditions: (a) experimental

process; (b) the relationship between average leakage

rate and oil pressure
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process; (b) the relationship between average leakage

rate and oil pressure
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