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WHEN TRUST MATTERS ‘

DNV

Introduction to
Reliability Engineering(RAM & SIL) Course

DNV Energy Systems
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N e HHE g GO (Failure Mode, Model & Data))
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Reliability

Failure Model Availability

Fault Tree Analysis (FTA)
Safety Integrity Level (SIL)
MTTF
Maintainability

MTTR
RAM Analysis
Reliability Block Diagram
(RBD)

Safety Instrumented System (SIS)
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Session: Failure Mode, Model & Data
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Session: Failure Mode & Effect Analysis (FMEA) /
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Component Configuration Function Failure Mode Detection Measure
Local effect
Strainer 2 % 100% Filter out foreign Clogging or 1. Flow meter
substancein blockage
Failire catie Global effect seawater 2. Differential pressure transmitter

TagNo. Component  Function Failure Mode Failure Cause Local Effect Global Effect

HX-001 1. Insufficient

heat transfer

Heat
Exchanger

Cooling fresh
water by
seawater

1. Clogging or
blockage in the
heat exchanger

Detection

Component Function Failure mode Meastre

Recommendation

Safeguard

1. Insufficient cooling of
circulating water flowing
to the scrubber

1. Temperature increase in
fresh water for cooling of
equipment XX

2. Performance degradation
of the equipment XX due to
high temperature fresh
water supply

3. Potential for activation of
shutdown upon high-high
temperature signal from the
temperature transmitter (TT-
XXX).

(Criticality

Analysis)
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Session: Fault Tree Analysis (FTA) 7| &
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No Level High Signal

@

Shutdown System
Failure

Level Switch Fail

I epenitiently Common Failure
& @ Main Shutdown
Valve Failure

PC = 0.001
Secondary Secondary Secondary Secondary
Shutdown Valve 1 @ Shutdown Valve 2 § Shutdown Valve 3 §| Shutdown Valve 4
Level Switch 1 Level Switch 2 Level Switch 3 Failure Failure Failure Failure
fails fails fails
P1=0.01 P2 =0.01 P3=0.01
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Session: Reliability Block Diagram (RBD) 7| &
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Birnbaum’s Measure

Improvement Potential Measure

Risk Achievement Worth
Risk Reduction Worth

Criticality Importance Measure

Fussell-Vesely’s Measure
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Session: RAM &AM 7| H
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« Reliability, Availability & Maintainability

Production Efficiency

Objective of RAM Analysis

RAM Analysis Process

RAM Application

RAM Analysis Tool - MAROS & TARO
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|__|-Pipeline export

Reliability data
+Failure data
*Repair data

Transportation

«Shipping
+Tank farms

—

| Asset Management Model |

Production Analysis
I + Availability
7-.l l I. «Froduction iciency

Equipment Criticality =
|IIIII Production Shortfalls

Net Present Value
Cash flow

SpareslManpower utlllsahon
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» Equipment Under Control

 Independent Protection Layer (IPL)

Sensor

« Safety Instrumented System (SIS) Sensor

Sensor

 Safety Instrumented Function (SIF)

° Safety Integrlty Level (SIL) Element Element

« SIL Allocation

‘e . Final
 SIL Verification
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AP 270

« UH 3 ZstekAL DNV Energy Systems
« B.S. (Chemical Engineering), KAIST (2003) / Ph.D. (Chemicla Engineering), KAIST (2010)
« Function Safety Engineer (TUV Rheinland) #27215/ 23 - SIS
» 15 years’ experience in oil & gas industries (onshore, offshore and maritime projects)
» Main expertise:
 Risk assessment facilitation (HAZID, HAZOP, FMEA, LOPA, SIMOPS, etc.)
» Process simulation/optimization
» System performance forecasting (RAM study)
» Working environment studies & inspection
* Independent verification
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