Design for Reliability, Availability, Maintainability and Safety
by RAMS methods & tools
for overall Risk Assessment and Life CycIeJVIanagemen /

N | |
T Timo Lehtinen
Ramentor Oy Tel. +358 (0) 40 746 6585 Managing Director
Hermiankatu 8 D info@ramentor.com

FI-33720 Tampere www.ramentor.com



) *. 4
ramentor

Ramentor Inc.

Founded in 2006 and based in Tampere, Finland
Personnel ~10 (Dr. & M.Sc. — Mech. & aut. eng. / Applied math. / Software dvlt.)
Privately owned and independent software and expertise company
Background: Competitive Reliability Programme 1996-2000
Finnish Technology Agency (TEKES) Competitive Reliability Programme 1996-2000
Tampere University of Technology (TUT): Probabilistic approach in reliability and
maintenance management 2001-2003 followed by Industry Consortium projects:
RAM Products 2003-2005, RAM Solutions 2006-2008, RAM Efficiency 2008-2010
Ramentor-TUT-CERN FCC RAMS project 2014-2018

Methods and Tools for RAMS engineering,

Risk Assessment and Life Cycle Management

www.ramentor.com
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Ramentor — ELMAS Users / Co-developers
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y A key quality attribute of a Future Circular ==
<7 Collider - Availability performance (RAMS) o

Ramentor Oy has successfully carried out many RAMS-studies within
feasibility and conceptual design phase of large scale investment
projects (e.g. Wartsila, Metso, Kone, UPM, Cargotec Corporations and
Posiva (Nuclear Waste Management) ).
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Ramentor has developed
ELMAS (Event Logic
Modeling and Analysis
Software) for the RAMS
engineering and
management of systems
and for probabilistic risk
assessment throughout their
lifecycle.


http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg
http://www.ramentor.com/
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Modeling and Analysing Risks of a System

Chains of events initiated from TOP >

— .

» ' Consequenses '

= Occurrence
- frequency

' - probability

. = Extent

Risk of an Event =
| Occurrence * Extent

T

Chains of events leading to TOP >

' Risk of a System =
| Sum of Risks of Events

www.ramentor.com
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Analyze. Optir

ELMAS — Risk Assessment and RAMS

Risk Assessment

Likelihoods/Events | Consequences/Costs

PM External / Break and : Mainte-
schedule Conseq. Downtime nance
& effects events costs costs

RAMS

Repair

Failures )
durations

www.ramentor.com
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ELMAS 4.8

http://www.ramentor.com/products/elmas/
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Modelling Approach

Year schedule Year schedule

Machine Physics production Technical stop
studies

« Monte Carlo model of accelerator [~ : -

operation:
.. R Collider and injectors |
» accelerator cycles, injections & ‘ | [ |, soctr

luminosity production k ------
B = ! aN Each subsystem contains a

______________________________ [N fault tree or is a root node.
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availability/reliability: m i
« Failure rates + repair times ¥ subspstemor
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Afault or subsystem can be common to Failure distributions for cycle phases in a root node.
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sisting of accelerator subsystems

Machines have fault trees con-
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Availability budget: Failures / 100 days

Vacuum System
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Cooling & Ventilation
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) 157

0 5 10 15 20 25 30




Availability budget: Unavailability [%0]

Injection related failure
Other Faults

Interlock Fault
Transverse Damper
Electrical Glitch

Cooling & Ventilation

Collimation System
Experiments

Beam Instrumentation

Injection System

Electricity outage

Injector complex
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FCC Study Innovation Award

Read more: http://www.ramentor.com/news/?x20097=1695208

www.ramentor.com


http://www.ramentor.com/news/?x20097=1695208
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CERN Project - RAMS Methods and Tools

Use features of ELMAS tool for particle accelerators

Analysis made for current Large Hadron Collider (LHC)

Reliability training given twice a year
Train CERN system experts in the best practices of applying the
method to study and assess systems' RAMS requirements

Enhanced modeling concept and calculation engine

Model and analyze the behavior of large systems efficiently

b
www.ramentor.com
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Sector-wide Accelerator

Reliability & Availability Initiatives
by Johannes Gutleber, CERN ATS/DO

P

Performance Implementation
reporting | proposals

Infrastructure
Consolidation

Construction
Projects

Design
Studies

Continuous Reliability and Availability Analysis & Assessment

Courses and
hands-on
training

Book of Knowledge
E-course
Technical Training

platform
Integration with
accelerator systems

Comprehensive Accelerator &
operation and infrastructure
failure data modeling and
recording simulation

Data Analytics Accelerator model

Simulation engine
Cloud computing
setup




Towards a Common Method and Tool
Federating Industry and Academia
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Design. Analyze. Optimize.

Phase dependent failure
rates and restore times

ARIES
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AT CERN

Ramentor engaged carrying out a dedicated R&D project with CERN will be present.
The company provides tools and services for system cost/performance reviews for
design and operation with respect to reliability, maintenance optimisation and
safety. The company is also partner in S4FLEET (https://www.dimecc.com/dimecc-
services/s4fleet/) bringing loT and analytics to fleet optimisation. The organisers
encourage one-to-one meetings with the companies.

www.ramentor.com
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RAMS / ELMAS Analysis Implementation ramentor

and Benefits : , ,
ELMAS - Event Logic Modeling and Analysis Software

Reliability models Analysis results — phase 1
Fault trees o Critical components

"The loop of f Reliability block diagrams | [ Improvement potentials ]
continuous Cause-consequence tre’ Alternative design solutions ]
improvement”
Modeling & 7 Analysis
Data collector 2 ’
Data sources Input Data Analysis results — phase 2
Personnel, experts Failures f Planning operations
| Documents, literature Repair/recovery times Planning maintenance
History data Costs f Cost optimization "
IT-systems ELMAS LCC | ELMAS RCM

v

Operations

W R&D

Benefits
Risk management

'!m

a = [ Life cycle optimization ]

M E‘ [ Data usage & analytics ]
e s

Design for Reliability More Benefits
Component selection {‘f No surprises!

[ System redundancy | i Resouces focus&optim
[ Maintenance planning = Decision support

www.ramentor.com
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Ramentor Oy

www.ramentor.com



