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1. Research Question - Example
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1. Research Question

« Safety Instrumented Systems (SIS)

v' Passive (activated on demand)
v" Not continuously monitored
v Periodic proof testing is required to gain information about its status

v But.... Proof test induces “negative effect” (some cases) — makes

SIS more prone to failures increases “Unavailability”

v' Measure of “Unavailability” considered is PFD,,, (governed by

SIL(safety integrity levels))
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1. Research Question
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1. Research Question

« Study the potential negative effects of testing on a system operating in

low demand mode
« Determine a trade-off between frequency of gaining information (e.g.
tests/inspections) versus its negative impact

Information gain via inspection Negative effect of testing

N

Availability of SIS ->

Availability of SIS ->

v
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Frequency of Testing -> Frequency of Testing ->
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2. Methodology

 Multiphase Markov Process

v DU failures (only)
v' Two types: Sudden failures — A, effect of aging - A,

 Modelling of “neqgative test” of proof test
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3. Simulations & Results

« Single event simulation
» Range for the frequency ({) considered are

v 3d,6d,15d,21d,1month,2m,3m,4m,5m,6m,7m,8m, 9m,
10 m, 11 m, 12 m. (d: days, m: month)

« Selection of failure rate is based on SIL requirement
» Life time: 5 years

« Maintenance policy considered:

v' AGAN (As good as new - Expensive)

v AGAO (As good as Old - )
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3. Simulations & Results

o Effect of different maintenance policy on PFD

avg

« Effect of chanqging failure rate )\5_1 on PFD

avg

« Effect of chanqging failure rate )\ion PFD

avg
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4. Future Work

« Analytical Models

* |Include effect of DD failures

 Effect of predictive maintenance & redundancies
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6. Instantancous transitions rate for the multiphase Markov process are represented in the
figure 4.

—(Au + Aa)

—(Au + Ag)

- '[:/\n + Aa]

Figure 4: Instantancous transition rates for the multiphase Markov process
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7. In the figures above A, represent the effect of ageing on the system, and it will change
every time when a proof test is performed on the system. We consider that the proof

test has a negative effect on the system condition (shock leading to extra stress) and this
negative cffect increases ageing transition rates. The modelling of impact of shock is done
using the following model.

Aa(ta_) =

1.01 = )\ﬂ{fn_)
1.03 Aa{tﬂ_)
1.05 % Aa(to )

when system in State A at £ =ty
when system in State B at £ =1

when system in State C at £ =1

We assume here that a test has occurred at £ = #p and if system is in the failed state
at the time of proof test the }.a{t:{ ) is set to A, corresponding to the t = 0 as we repair
system which 1s as good as new.
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Effect of different maintenance policy on PFD,,

L_a=5e—06/hr ; A_u=2.5e—06/hr
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Effect of changing failure rate A\, on PFD,,.
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Figure 6: Effect of changing failure rate A, on PFDgy,
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Effect of changing failure rate A\, on PFD,,

Effect of changing A _u

— Sl
siL2

— A _u=5e-07/hr
A _u=5e—06/hr

—— A_u=5e-05/hr
A_u=5e—04/hr

2160 4320

t(in hr)

6480

8640

PFD avg

0.005 0.010 0.015

0.000

Effect of changing A u

CF. ciipbbN

SIL2
— A_u=5e-07/hr
A_u=5e—06/hr

2160 4320

t(in hr)

6480

Figure 7: Effect of changing failure rate A, on PFDy,,

8640



