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Abstract:

Reliability assessment for safety-instrumentedesyst (SISs) plays a vital role in improving the dasof
SISs. Traditional methods for SIS reliability assesnt that assume constant failure rates are, resywaot realistic
for many final elements of SISs, e.g. electro-mada and hydraulic/mechanical actuators that aifgest to
degradation. This paper presents an approach ®rrahability assessment of SIS final elements withe
dependent failure rates. Different operationalessisuch as partial and full testing, are invesgidjéor their effects
on reliability of SISs. Approximation formulas fewaluation of average probability of failure on der (PFQ,y)
involving degradation are developed within diffédrenbsequent proof testing intervals, and Weibistrithutions
are adopted to model the degradation processelseofirial elements. The corresponding numerical ltef
PFD,, from the set of the derived formulations are \atiédi by Petri nets models that are developed ftarelint
scenarios. Shutdown valves installed as part éfla integrity pressure protection system are armalyas the case,
to illustrate the feasibility of the proposed ammio, and also demonstrate that the approximationpcavide
possibilities for testing strategies design andnaigation.
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1. Introduction

Safety-instrumented systems (SISs) are installeshany industries to detect the onset of hazarduests,
and automatically or manually manage such situatioravoid occurrence of accidents. A SIS genedalhsists of
sensors (e.g. pressure transmitters), logic sayée(g. programmable logic controllers) and fial@ments (e.g.
valves, breakers and switches). Final elementsimaygarded as the most vital subsystems as tipewy @vents
like process upsets) interact directly with thegess, but due to the force and motion to be exsvtegh action is
asked, these devices are rather vulnerable to iogeelegradation processes. Therefore their prepassdto act
when required has to be checked rather frequéirtily.final elements are normally passive during radmperation,
and they may for this reason be subjected to fsldhat cannot be revealed unless a test is caue(br a real
demand for safety function occurs). Such failures therefore regarded as hidden (or undetectedyedans
failure. Periodical tests are able to reveal thadden failures, and the average probability diufais on demand
(PFD.g is the suggested reliability measure for safastrumented functions (SIFs) carried out by a SHew
low-demand mode is assumed [1]. In current liteeategarding reliability assessment, the effectparfodical
proof tests, where all hidden failures are assutoebe discovered (so called full proof tests), haeen well
studied [2-4].

However, for subsea exploration and productiorgueat proof tests may be not realistic. Taking down
valves of SISs final elements for instance, fulbgirtesting (FT) on these valves include reguldr $troke
operation and leakage testing. FT can fully vettifgt the valves close and keep tight on demandi-buhay also
bring some negative impacts to valves (e.g. wedln@ialve seat area ) due to strong stressei[&Hdition, the
shutdown of the whole system needed in proof teats lead to some other operational problems, eigngl
start-up [5, 6]. Therefore, partial testing (PT} Heeen introduced in recent years as a suppleméfi {5, 7, 8].
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