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Abstract: The rod parallel offset ruins the axial symmaetfyreciprocating seals, making the traditional 2-D
model inappropriate for quantitative analysis. Wepwse an eccentric 3-D fluid-structure interact{®isl)
model, comprising the parallel-offset and mixedrcéition sub-models to investigate the influencepafallel
offset on the seal’'s micro- and macro- performaieails of the sealing zone, friction and leakéegures are
analyzed for an O-ring seal at different eccentfistances, system pressures and velocities. Cosopiri
between the friction characteristics in the mixedrication and dry conditions are also implemeritedhis
paper.
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1. Introduction

Reciprocating seals play a critical role for théicegncy and safety of hydraulic cylinders. One kiof
misalignment for the cylinder is rod parallel offsevhich is usually due to machining deviation adial load.
This offset causes stress concentration, and pesduneven contact pressure, leading to the frictamying
along the circumferential direction and inducing geal distortion.

In the past few years, related researches have dmenon the effects of parallel offset. For radifalseals,
Tasora [1] calibrated a three-dimensional (3-Ditdéielement model under radial loads to assessdhstitutive
model of the seal’s material. For reciprocatinglsethe influence of rod parallel offset on thevfloate of the
seal gaps was discussed theoretically[2], withabsumption that there is one constant radial distam the
sealing zone and that both the rod and seal aitt Rgnedo presented an analytical three-dimensieczentric
model of the rod lip seal to study the contact dodistribution and researched the misalignment&scebn the
dry friction [3], temperature distributions and weaogress[4], which are useful for learning howatlal offset
affects seal performance. However, Pinedo’s wodused primarily on the effects of parallel offsedar dry
condition, excluding the lubrication environmentlo¢ sealing zone.

In the reciprocating sealing zone, the frequensterice of mixed lubrication has been demonstrated b
theoretical and experimental results [5-16]. Thehoe combining finite-element analysis (FEA) softevavith
the iterating numerical procedure was propose@veal the sealing zone’s various characteristibs. ffansient
effect [12, 17] and the impact of viscoelasticifypmlymers [15] were discussed by this coupled wethThis
method also helped illustrate the effects of st@reenditions [16] on the reciprocating seal perfance.
Because of the reciprocating seal’s axial symmattypumerical models described above were singalifnto a
two-dimensional (2-D) model (i.e., a cross-sectafnthe seal), and Peng et al. [18] verified its uaacy.
However, when rod parallel offset occurs, it ruihe characteristics of axial symmetry and invakdathe 2-D
model. To the best of our knowledge, there haseénba reliable method for studying the lubricati@tails of
the sealing zone (film thickness, film pressure,)ainder rod parallel-offset conditions.

This paper proposes an eccentric 3-D fluid-strectiateraction (FSI) model to comprehensively inigege
the effect of rod parallel offset on the reciprangiseal performance. This model will give insightb the micro
and macro characteristics of the misaligned recigting seal under different working conditions. ihgk
advantage of its symmetry, we analyze half of #@procating-rod seal. The model comprises twospdie
parallel-offset sub-model and themixed-lubrication sub-model, which are described in Section 2. Although the
sealing performance of the O-ring may not be agdgmothat of other structure seals, e.g., the “p-ceal or
the combined seal, the O-ring is still used in dyaamic sealing condition because of its simplacstire and
compact groove. The modeling of the O-ring isolates seal structure’s influence, and its simplecitire
makes repeat testing and verification easy. Thezein example of the O-ring seal at different pelraffsets is
discussed in Sections 3 and 4.
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