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Abstract: Silicone sealing material, because of their exoelle performance, are gradually replacing traditiona
materials and widely used in various sealing dewiCehey are known for their aging and degradaticoblems,
stockpile reliability problems and service life,dahence they became a focus of attention. In thjgep thermal
oxidation aging test, XPS and NMR analysis are usethalyze the aging mechanism of silicone rubbeen the FEM
contact model before aging and after aging is agped to study the influence of aging on sealindggoerance. The
results show that hardness and compression setases with aging of silicone rubber; more surfameyhness and
aging can lead to a degradation of sealing perfoomalt helps staff to estimate the sealing peréaroe of silicone
rubber in further research.
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1. Introduction

Silicone rubber seal is a key component to ensrenal operation of equipment, and it is wideledisn the
aerospace industry due to excellent chemical artharécal properties. However, there are also magyggproblems
when long-term using, which leads to change in layproperties as well as in rubber surface roeghkri1,2]. It has a
great influence on static sealing performance, @afpe when the rubber seal is contacted with siauoetal surfaces.
Therefore, studying the aging effect on staticieggberformance of silicone rubber seal is paréidylimportant.

In recent years, some research works have bgemnted on the effect of aging. It is found thatbeb surface will
crack and the tensile strength will decline, whea used under different environment for a lomgetj like drying under
high temperature, humidity [3] under moderate ghhiemperature, or even under ultraviolet lighté#. Besides, the
hardness of the specimen, tensile strength andltingation at break will also increases [3vh the exposure of time.
By using oven accelerated aging test, the permatefatmation and stress strain behavior of silicar®er have been
analyzedy many scholars [7-9]. Others took on a systensitidy on the dynamics [10-12] of rubber aging, less
study of aging mechanism [13,14] was took on. TgAMM5-17] , FTIR [18] or TGA and FTIR coupling teaigue [19]
XPS [20,21] NMR [22,23] are the common methods usdést the rubber specimen after aging. As difieaging can
lead to different surface roughness, some researchiso studied the effect of surface roughnesssealing
performance based on the contact theory. The reughce was modeled as spherical asperities wétheibhniques of
random process theory [24]. Then, the paraboliesgs with different height and curvature werediso describe the
rough surface, which was a slightly more accurat@@ximation than the spherical asperities [25]sé&hon reasoning
about the stress distribution over the area of aminat different magnification levels, a contacedty with the
self-affine fractal surfaces was proposed [26], &ral self-affine roughness was defined by the RMlaude, the
correlation length and the roughness exponent [Ridreover, the Boundary Element Method is applieddugh
contact theory to analyze the self-affine surfaaeitng a random roughness [28]. However, the abovdact models
and methods are focus on the establishment of reetfdce topography, which is not suitable for ¢batact between
rubber and smooth metal surface [29]. Therefores itecessary to establish the surface topograpkilicon rubber
seal. Rough rubber surface can be modeled as tingsid many spherical asperities of varying hesghtit having the
same radius [30]. By using a modified Hertz thedhg contact model including a viscoelastic splzare a rigid flat
was used to describe rubber-metal contact, anditigge-asperity of rubber surface was extendeth¢omulti-asperity
case based on statistical approach [31].

In this paper, aging test and finite element gsialare used to study the effect of aging on sggtierformance.
Firstly, thermal oxide aging test of silicone rublgecarried out to study the physical propertiasation with aging.
XPS and solid-state NMR analysis are used to aedhl& aging mechanism of silicone rubber undeeudfit condition.
Secondly, a FEM contact models are establishedsimguABAQUS to analyze the influence of surfacegtmess on
sealing performance, also, the effect of agingtaticssealing performance is studied.

2. Experiments set
2.1. Aging testing

The silicone rubber thermal oxidation ageing testanducted base on 1SO188. Four samples are piaceach
clamp. The distance between each sample is moreShmn and the compression ratio is 25%. The siécarbber
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