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Availability and Safety Performance
and life cycle costs
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Specification and Allocation of design requirements & basis
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Specification and Allocation of design requirements & basis

TUT ¥
] Request for DMEs proposal Potential DMEs Suppliers
Data & Information related to: —> How can this be achieved? including the > Idea Generation and <
- Market: demand, price & competition ¥ 1) Specification of RAMS Screening
- Customer: operation profile, risk tolerance Specification of requirements for the Performance and O&M Data
- Product Technology: state of the art Facility Operational Availability, Safety that needs to be attached in
- Safety and Environment and O&M Costs (crude estimation) the proposal, and T
) nglslqtlon and Dllrect|ves [ 2) Description of RAMS - DME proposals including the
- Financial and Business, Others : ; | Analyses and Design Reviews 1) Specified RAMS
Technical Availability Safety g
%ﬁ " ) rom that need to be carried out Performance and O&M Data
A e AN during the Plant Design and 2) RAMS Anal d
What should the Facility achieve? Lt i ) nalyses an
. o 1| Limsmz |+ |untamn | |sompmmren ST P Reviews to be carried out
o ' _ , , during the Facility design and
%58 Sub—ﬁ.:ncimn Sub—l;nctmn s Sub-lkL-l?cuon Suh-ful?cuons development
Technical Technical Technical Structures
e e System 1 System 2 System s 1.r
T ] e [ ]
compaonent 1 component 2 component u-1 ‘componentu Comparison Of
lmmﬁs:énl1J oomgt::\;ntZ " oumpi::;ﬂ u-1 {mmﬁg:énl uJ the Proposals
T2 . 118 + YeS
Plant Function Performance i Specification and Allocation of RAMS
and Business Objectives Requirements for DMEs of the Plant
T Yes Possible
Changes to
Facility
- Engineering '\io MC = Maintenance Costs
- Component development & Procurement _ . . DMEs = Design and Manufacturing Entities
- Construction and Manufacturing Proceed to Preparation of Final |_ Selection of the DMEs associated with a Plant systems, structures
- Assembly & Installation Contracts of DMEs Suppliers and components, SSCs
- Commissioning & Start-up
- Operation and maintenance
- Waste management and disposal
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Specification and Allocation of design requirements & basis
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Owners/Operator needs and focus Manufacturer target and focus
Availability and Assurance - customer satisfaction
> How can this Safety performance - Warranty - sales, market share, revenue, profit, ROI
be achieved? Asset management - Service contract - investment to reliability, maintainability
Investment and LCC safety and serviceability
I
Definition of A4
the Facility — Input Data for Specification of
Business Objectives RAMS and MC Requirements
AND —»(
| ¥
Allowed failure tendency (TopReq A)
Average number of CMs in 0...t, Iy
. . S— — Average number of CMs in 0...t; Iy
Time periods and unavailabilities: P % higher CM-tendency in 0...t; thanin ty...t; P
Age at the end of the useful life period (LC) t, Q % higher CM-tendency in ts...t; thanint,...t3 Q
Age at the end of the warranty period th
Age at the aging (wear-out) period starts  t3
(0<ti< to<ly) Required reliability (Rel) in calendar interval 0...ts; (TopReq B)
Unavailabilit d by SPM U =L
Uzgx::gb:l:tz S b§ OPM i Reliability in age periods (t, t + Alc(ts td, 0< ta < tr < ts < ts < ts) Rel
Unavailability other than SPM, UPM, CM U, Lenght of the age period (for Rel below) 4
< Age at the end of the commisioning/burn-in period ta o
< Age until required Rel need to be fulfilled t
CM-time requirements: P % higher CM-tendency in 0...t; than in t...2:t P
Average CM-time (single) 7 Minimal CM rate at 2-t1 (A< Ag) (Ao =-In(Rel)/4) A
> Minimum CM-time (a < x) a ¢ Shape parameter after 2t 1%
Probability of Minimum CM-time p (0<p<1) AA 4
Adjustment parameter (a > 0) a >
Allowed unavailability caused by failures (TopReg C)
Unavailability in time period O....t4 U,
Maintenance Cost (MC) requirements: Unavailability in time period 0....t; U,
> Average MC in time period 0....t; MC, L~ Unavailability in time period ts...t, Uzg <
SPM/UPM/CM costs % of MC T ; Adjustment parameter for S and S’ £
Specﬁcal:tlor?l.Of g:qmremenlts s (CM tendency in 0...t; is S times the CM tendency after t;)
A t.le b'?tCI Ityd ﬁ/le'tatt'ona (CM tendency in ts...t; is S’ times CM tendency before t3)
vallapility an aintenance

Prof. Seppo Virtanen Costs (crude estimation)




TUT =¥
Principle of RAMS Requirements Allocation

Allocation of Number of maintenance actions I{t) Allocation of Maintenance Costs (MC)
I (If] —aW 'I(If] Following assessment for ZE RTG
¥; - Total maintenance costs (MC)
(x )° v, T=w. T=R, 44 - Repair costs [%] of MC
Y= n v B o~ L l ,A.l
> Xl wiv= R4, Following assessment for the DMEs (/) RAM requirements
=1(%) were allocated
w; coefficient, represents the relative amount of maintenance actions _Cost ration- material cost;
associated with the DME labor cost,
¥; represents DME’s complexity from the technical stand point - Labor cost per hour, relative:

x; represents DME’s importance from the customer’s perspective
t weighting importance against complexity
a agate specific “level parameter”

Allocation of Maintenance action time Git)

G(t).=G(t)"™ z. T= 1TM T
Z; e Tr;if:-v

z; coefficient reflects directly the DME’s relative execution time
of maintenance action (TTM,)
b a gate specific level parameter’
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Management of
Design review in
Design and
Development Process
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-Market demand, price & competition

- Authorities: requirements & regulations

- Legislation and Directives

- Gustomer: operation profile, risk folerance
- Technology: state of the art

- Safety and Environment

-Financial and Business

- Others
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Seeking out and TUT ¥

: : Assessment of 1 Review Availability Identification of undesirable Select TOP- - dentification and
SeleCtI ng deSIQn FSSCs criticality | or Safety in the events related to the Design: event to be E)iftmclgzrs]e()f i3 analysis of
: from FDF’s I Design. Failure mode studied and i o minimal-cut-sets
SO|Ut|0nS - availability, | (Deterministic and - consequences L FMEA connect thigt;;taecg?rd'"g related to the
. safety and costs | Probabilistic @ - cause J @ identified @ Svsterm Desl @ defined gate-
RAMS deS|gn perspective. | approach In P Process deviations l —> | cause and —> azI\sdetrrT:e rs;;giz)of — | events in TOP
. Prioritization, 1 Failure Tolerance - consequences J:*HaZOP consequence the qates in the cause-
reviews process Selectionand | Analysis is applied - causes = events to it TOIg cause- consequence tree.
< |Organizingof | according to state Human errors } level by level consequence (Note. Defined gate-
v . K
——————" |the Designto 1 of the System -consequences — HEA and branch by iree event can be different
ELMAS be Reviewed. | Design . - causes i branch. than TOP-event)
Database
FSSCs cause-
> consequence
' logic
RAMS data .
Risk reduction Selection of a
tasks \dentification Calculation of Prioritization of the Calculation of gate-event and Estimation of
descriptions of safet importance root-cause-events conditional simulation and RAMS data
dama g @ measures for the combinations from probability for the analysis of the @ (frequencies,
Work - egth o < root-cause- availability risk < combinations of | related sub-tree of | ¢ states’ durations,
safety NI 9 events point of view, and root-cause-events | - the cause- work and material
| ccf)nsetquence associated with updating the list of which lead to the consequence tree. costs) connected
Radio- gv;?s-zxse- the most events' criticality occurrence of the (N"t‘;- Se'i’)c‘z(_’ﬁgate‘t to the gate-events
logical . ) event can be differen }
Qf t « cause. probable cut basgd on thg selected gate than TOP-event) and the root
sarety sets. availability risks. event. cause-events.
Fire
safety «
l l l l l |
@ Prioritization of the Prioritization of Assessment of the Assessment of Engineering and Managgment
root-cause-events root-cause-events ' and) he feasibility of heduling of risk of required
combinations from @ from the causes andior @ t.e easl |.|tyo scheauing ot s @ Design
safety risk point of availability and mechanisms' risk reduction < | reduction tasks to 2| Chandes
> viewyand up datin safet eys ective > detectabilty which - = tasks related to g 0= " assoc?ated with
o P 0 g y persp ' can lead to the the critical according to the
list of the events and updating the " . , an C . the proposed
criticality based on list of events' e e s BUEINS Dgsgn hangeg Design
. e occurrence. occurrence. priority (TOP10 list) ;
the safety risk. criticality. solution.
Updating of Design review related cause-

consequence logic and RAMS data of SSCs
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Facility-Service Innovative Design and

%
Development Process

- RAMS performance
Facility - LCC and Risks
- Maintenance Service Program

|

Model and Methods for Optimization of the Facility SSC’s specific maintenance service program to

achieve required availability and safety with minimum costs
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Optimization of competing maintenance procedures to achieve required availability and

safety with minimum costs

“‘According to IAEA-TECDOC-1590 standard, Reliability centered maintenance (RCM) analysis is a systematic evaluation
approach for developing and optimizing a maintenance programme (which consists of CM, TBM, CBM). RCM utilizes a
decision logic tree to identify the maintenance requirements of equipment according to the safety and operational
consequences of each failure type and the degradation mechanism responsible for failures”.

Corrective Maintenance, CM ©
Time Based Maintenance, TBM ®
Load Predicted failure Condition Based Maintenance, CBM ©
A
Alarm/warning ,Q -
based on the _-~"CBM
remote monitoring _ () -----___ i
ST e
e TBM optimization
Failure - CM "~
s-}‘B'N] Predicted failure

2*

i Time
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Critical failure progression

Symptom —Defect—Failure—Consequence - Process TUT ¥
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Defect Consequences of Failure S
| ettt L afet
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I} 4 \
0 O
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. 10 = Oil&Gas+ICT
1 instumenteg Integrated Operations (I0) - reaiime cataonshre

Automated identification and + coverting data to information

data capture (AIDC) + technical & organizational consequences
and automation

2. Interconneted
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Informatjon security information management
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T k?"' 71 e
Real Time Il 7§
— —_—> . e
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' ey
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(@
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3D Drawing window
|
A \
4. Innovative computing and
Operatio n Centre business intelligent software

5. Intelligent desicions

. Data —— * Analysis

* Visualization
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* Decisions

* Actions
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In tegr ated Oper ations (Norwegian Oil and Gas Association (OIf),

29 oil and 52 service companies, 23500 employees)
A new and more cost-efficient,
ICT supported operation concept

w
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operation centre
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oz o
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Stavanger

Aberdeen

Collaboration rooms
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Operator’s onshore
operation centre

- Better and faster
decisions

- Streamlined delivery
chains
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Intelligent Interpretation of Machine Condition Data

User interface
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RAMS Methods and Tools: From LHC to FCC

SCOPE OF WORK

s Study RAMS design methods and tools to be applied to particle accelerators (RAMS)

Work Units

Identifier Title

TUT-RAMS-1 Reliability, Availability, Maintainability and Safety (RAMS) studies for an
accelerator in the Large Hadron Collider (LHC) chain

TUT-RAMS-2 RAMS methods and tools

TUT-RAMS-3 RAMS technical training

TUT-RAMS-4 RAMS Meodeling for future accelerators

WORK UNIT

TUT-RAMS-1 Reliability, Availability, Maintainability and Safety (RAMS) studies for an

accelerator in the Large Hadron Collider (LHC) chain
Reference: 3.2.1.9 Reliability and availability method and framework
Objectives: Evaluate the suitability and effectiveness of RAMS methods and tools in

the area of particle accelerators by:

o selecting a suitable set of CERN accelerator subsystems for a case
study

o modeling cause-consequence logic of system failures

o collecting and analysing operation and maintenance data

o modeling accelerator availability at the system level and RAMS
impact on key performance indicators by comparing results with
historic operational data

o assessing potential performance improvements
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The Total Concept of Data Lifecycle Management

Design Maintenance
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ELMAS

« MTTF, Failure
distribution

« MTTR, Repair
distribution

* Maintenance
actions

» Break and
downtime loss

» Repair Costs
» Hazards

+ Usage and
stress profile

» External
events

AND
K/N-Voting
XOR-
Exclusive

Limits
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Delays

Throughput,
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Dynamic
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Availability,
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Excel export
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Table
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