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Master program

RAMS:

Reliability, Availability,
Maintenance & Safety




Master project

Modified Failure Rates for Safety
Instrumented Systems based on
Operational Experience from the
Oil and Gas Industry

O NTNU Mary Ann Lundteign
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Objectives
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Master project

Select Identify
equipment parameters

Modify
failure rates

Data analysis Collect data
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Data analysis

Methods
selection

v

Non—parametric
estimation

v

v

Firedman test

Kruskal-Wallis

h

Parametric
estimation
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Failure time

family

Test analysis
Mormal
distribution ANOWVA
Cox model Exponential Gk
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Data analysis method

(Input) (Output)
ANOVA Failure time f \ F-value(F,)+P-value | \
Purpose:
: ici B;
GLM Failure (Yes/No) identify & analyze Eoefficient(er) *| Significance
Failure rates inventory parameters HR( ebi )+ P-value
COX > >
A
ANOVA Normal distribution Failure time Least squares
N T = Z bik Xi
estimation
GLM Model Exponential family Failure Maximum Likelihood D
. . . N log(——) = Zbik Xi
(Binomial) probability Estimation(MLE) -p

COX Model Free-distribution Failure rates Partial likelihood A = eXp(Z LX)
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Significant parameter

Stable Failures

O o

--------------------------------------------------------------------------------------------------------------------------- Parameter [Beta | Palue
Size 1.43 4.97E-10

Leakage 0.38 0.86E-03
Medium -1.27 4.29E-10
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Validation
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Plots of scaled Schoenfeld residuals against time Checking goodness of fit for COX model




Modify failure rates

Generic failure rates

Applications

Appr = A+ A4+ + 4,

> Facility failure rates
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Contributions
« ESREL PAPER 2017

Modified generic failure rates for safety instrumented systems based on
operational experience from the oil and gas industry

S. Habrekke, S. Hauge & A.S. Hoem
SINTEF, Trondheim, Norway

M.A. Lundteigen & L. Xie
NTNU, Trondheim, Norway

« ESREL PAPER 2018

Adjusted failure rates of safety critical equipment based on
inventory attributes

Habrekke S, Hauge S ', Xie L. 2, Lundteigen M 2
' SINTEF Technology and Society, Trondheim, Norway
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Challenges




Research framework

@ Complex Network System

@ Motivation
@ Examples
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Research questions

Definition Failures
h Attri °
* Complex system %-_buﬁ, * Behavior L Barrlers
* Complexity * Interdependency e« Effect

* Capacity
e Performance

* Large scale




PhD project

e Supervisor: Yiliu Liu

e Co-supervisor: Mary Ann Lundteign

& &

Literature Develop Datow ainalysis
Ve iew methods and application

* Identify problems * Develop new model  Data analysis

* Search for theory * Propose new methods  Applications

@ NTNU




Case study
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Short term

2018

Root

e Common Cuase Failure causes

Coupling
factor

Temp. Stress Load

* Cascading failure G*é”é"é
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Pr Lamda 1,2= Lamda * = 2,1E-06, Beta= 0.1

Case study
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