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. Introduction

Partial stroke testing (PST) concepts
PST coverage factor
Reliability implications

Concluding remarks

Objectives are to:

(i) Clarify the reliability implications of PST, and

(i) Discuss the PST coverage based on historical data
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Background

Overview [T he context is safety instrumented systems (SIS)

[ he SIS performs one or several safety instrumented
T functions (SIFs)

PST coverage [bafety/shutdown valves are important elements of the SIS
Reliability [ he SIS operates in the demand mode

Comeladig [_Tlesting is necessary to determine the SIS element status

8> Logic solver
O

Final elements
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PST and related definitions

[ Partial stroke testing (PST) is instrumented or mechanical means to
partially test a safety valves’ ability to perform its safety function, by
moving the valve without fully closing it.

[ PST enables testing with less or no process disturbances (“online
testing”)

[ Which means that PST may be run more frequently than regular
function testing (FT)*

[ Which again means that some dangerous failure modes are
detected earlier than if only performing FTs.

1By FT we here mean full stroke testing under as operating conditions that
are close to the demand situation
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Rationale for introducing PST

Overview |:|The “gain” may be Used to:

Introduction

PST concepts A: Improve safety by keeping the intervals between FTs “as

» Definition before”

> Alternatives B: Improve economy (reduce costs) by extending the
PST coverage intervals between function tests (FT) without
Reliability compromising the reliability
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[ b6IS implemented PST
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Manually
activated PST activated PST

Process SIS
control system| | Logic solver
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Implementing PST - alternatives
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Classification of failures

[_lraditionally, the IEC 61508 and the IEC 61511 distinguish
between two types of tests; (i) diagnostic testing and (ii) FT
[ PST comes as an amendment to these test strategies (iii)

I DD I
| i Diagnostics
| |
A, | )

i | DU,PST . .
| Fmm = Partial stroke testing
| Aoy |
| |
| EC61511 1] our
L — — — Functional testing

ApD = Opc-Abp

Apu,pst = (1—0pc) OpsT AD
Aurr = (1—=0pbc)(l—0psT)- D
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Defining the PST coverage factor

Overview [ PST coverage may be defined as the probability that a dangerous
Introduction undetected failure is detected by the PST once a dangerous
PST concepts undetected failure is present.

PST coverage

» Classification

[_Rlternatively, as the fraction of dangerous undetected failures
» Calculations detected by PST relative to the total number of dangerous
lF=l ey undetected failures
Concluding [ By formula:
remarks
ADU,PST
OpsT =
ADU
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Derive a PST coverage - example

ORI 1. Determine which failure modes
Introduction that are dangerous
PST concepts \ 2. Determine the PST coverage
\< per failure mode
PST coverage Failure mode (D)| PST coverage -
» Classification o -
» Definition DOP 95% 4 —
. ° Probability of
Reliabilit ° ° being detected
ehability
Concluding
remarks @ 2
4. Multiply
Failure mode (D)| % DU failures L and sum up
Weighting
DOP 35%}
° e \
o e \
\
\
\

\
3. Determine how each dangerous
failure mode contribute to the overall
rate of dangerous failures
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Determine the PST coverage - practical example

[_By analysis of OREDA data (available in handbooks), a
weighted average of 62% has been calculated considering all
valves, and 57% if only gate valves are included.

[_However, the estimated PST coverage for different type of
valves varies from 27% to 97% for different gate and ball
valves

[_bo; historical data is not consistent,

[_Necessary to consider the valve design in question, the
operating conditions and PST hardware and software
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Formulas when including PST

Overview The average probability of failure on demand (PFD) may be

Introduction Calculated :

. (1 — OpsT)A\DUTFT . OPSTADUTPST
Reliability ~ —|—
2 5

» Discussion

orehdie Tpgt Is the PST interval.

remarks

PST concepts

PST coverage

4 PFD,_ - when not considering PST

/

PFD(t)

PFDFT+PST:::::__ - - - - -

PFD,.

PFDPST _____________________ >
) TPST f
‘ - ,
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’@W PST - as straight forward as it seems?

Overview

Is the calculation as simple as it seems?

Introduction

By using PST, some dangerous failure modes are detected “earlier”
PST concepts

PST coverage

N [__However, PST may also allow for other dangerous failure modes to
eliability

> Formulas be detected “later”

[_1s this acceptable - even though the estimated PFD seems ok?
Concluding

remarks If introducing PST, is it then ok to go from double to single

safety valves?

[ The I[EC 61508 and the IEC 61511 allow for less redundancy if the
safe failure fraction (SFF) is sufficiently improved

[_bHome authors argue that PST is a means to improve the SFF

[T he standards are not clear on this issue

[_However, we think that PST is not run frequently enough to
affect the SFF
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Concluding remarks

[_PST is a valuable supplement to function testing, and may
be used to (i) improve safety or (ii) reduce costs

[l he reliability implications may not be as simple as the
formulas seem to be

[T he PST coverage is an important parameter, however,
based on historical data it varies a lot

[ PST (in our view) is not a means to improve the SFF
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