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Industrial issues \

Aging systems

Customer

satisfaction

Solution : Preventive maintenance

System modeling by probabllistic approach
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A maintained two-component system

d Two components (A and B): functionally dependent,

 For each component:
o Two failure modes (fand B):
0 the system remains up in case of one single &itumode-,,
0 two successive failures in moBelead to a system “severe” failure,
0 one single failure in mode, leads to a system “classical” failure
1 Severe failure:
0 can lead to an undesirable event (safety issueli@ahilability (a few hours),

U Classical failure:
0 does not lead to safety issue but induces unavanafalfew hours),

U The present maintenance policy:
o Corrective replacement of all down components stiesy failure,

o Periodic (yearly) preventive maintenance:
0 Replacement of failed components (in moge F

0 Adjustment of working components
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Event tree \

N /
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Undesirable event - Corrective

N(

maintenance - Unavailability

“Classical” failure - Corrective
maintenance - Unavailability

“Classical” failure - Corrective maintenance -
Unavailability
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Examples of operating rallway systems 8

behavior

PM Fy PM PM FP° FA  PM
I 'IA = | | 1 |
| | | [
Detection of Undesirable event
component A failure Both components A and B
Replacement of have failed with mode 1
component A Replacement of both
components during a
corrective maintenance action
PM F, PM

A
1
1

Failure with no
Impact on safety

Replacement of
component A during
a corrective
maintenance action

8 | Maintenance effect modeling of a railway system

PM K F°  PM
A
|
I

Failure with no
impact on safety

Replacement of both

components during a
corrective

maintenance action



Objectives \

U Estimate the parameters of the components lifetjs.,
U Estimate the effect of the preventive maintenamters (adjustments),

1 Propose a new preventive maintenance strategy whieckduces the
maintenance cost with the same safety and availaiyl constraints (is
It reasonable to perform the yearly PM actions onlyevery two years?)

d This new maintenance strategy has to be GAME (@mé) - globally at
least equivalent - from a safety point of view.
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Lifetime distributions
and PM effects
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Feedback data %

We have at our disposal :

U Characteristics of operating components (techngloggrating time,...),
 Number of achieved PM actions (PM times are unknow
U The failure times,

L The failure modes.
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Maintenance effect modelling \

d ARA; model (Order 1 Arithmetic Redution of Age model) (o &
Gaudoinl], |

4 Principle : arithmetic reduction of the componege @ince the last PM
action,

Alt)=t-pT,_ A =At-pTy )

1 Objective : estimation of both intrinsic failuraegand maintenance effect
coefficient

p=1: AGAN
»=0: ABAO
p0]03] :imperfectmaintenane
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Intrinsic failure rate hypothesis N
t—pT, Y
Qweibull: 4 =8|
ny n

U Bertholon: hypothesis® a maintenance action has no effect before the
beginning of the « ageing »

1 ﬁ(tt (N—t)‘ﬁ1
o 1h L

4 Estimation with maximum likelihood method (gradieat ¥Weibull and
simulated annealing for Bertholon)
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Estimation of the fallure mode \

0 When a failure occurs, we suppose that it is in enbalvith probabilityp,
(or pg) and in mode 2 with probability 1p5 (or 1 -pg), independently of
anything else.

4 For each componer, (or pg) IS estimated by the ratio between the
number of failures in mode 1 and the total numliéaitures.
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How to reach our objective?

Component A Functional dependency Component B

PM effect PM effect

Sysien modeling?/2?

Mean number of Mean number of
undesirable events failures
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Non Homogeneous Piecewise Determinis \
Markov Process S

NHPDMP = (I, X))
» Used in dynamic reliability to model systems in intdi@n with their environment

1 system state at time t (discrete)

» State of the system components : up or down
» {(1,1),(1,0),(0,1)}

4 X,: environmental condition at time t (continuous)

» Is deterministic between the jJumps of process |
» here: models the componeniEes of entry into service

J Rates between statdsilure rates of the components (depend on
timet)

d Two possible methods of quantification:

» Monte-Carlo simulations (makes it difficult to use stasfic optimization
algorithm)

> Finite Volume scheme
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Finite volume scheme %

4 Principle: quantify an approximation of the PDMP giaal distribution
at timet through the discretization of the Chapman Kolmogagguation
(both In time and space),

 Deterministic results® stochastic algorithmof optimization (simulated
annealing),

d Quantification of rare events,

d For our system, calculations are fast.
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Maintenance optimization %

U Extension of the yearly PM policy:

o by a PM action, preventive replacements of comptnelder than some I|m|t age
(and adjustment of younger ones).

 Objective :

o find both limit ages and PM periodicity (one or twears?) which minimize the
maintenance cost, under safety constraints,

0 compare the results with the present PM policy.

1 Costs:

o failure costs + PM (adjustment) costs + PR costs + @3S c

 Optimization:
o Simulated annealing algorithm.

20 | Maintenance effect modeling of a railway system



Assumption \

The PM effect does not depend on the periodicity

Justified by the choice of an ARA1 model
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| \
Maintenance optimization \) o

Preventive |
Maintenance Step 1 1 2 2 s
(PMS) \

renewal

Cost -16% -0.2% -17%

Undesirable events CILTIE; -42% +200% +66%
strategy

“Classical” failures -31% -0.5% -31%

Results of different maintenance strategies
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Discussion and
conclusions
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Discussion %

d ARA, can be used to quantify the maintenance effecadot of data is
required. -

d How can we choose between AR#& ARA,,, with m>1?
U Is it possible to evaluate a confidence intervaklhie ARA model?

L How can we take into account a periodicity change?
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Conclusions \

4 ARA,: estimation of 5 coefficients with Bertholon hypeShB-) requwes
a lot of data,

U PDMP: an interesting modeling solution for takingceaunt ageing
components anohaintenance effects

4 Finite volumes scheme: quantification method adate maintenance
optimization,

L Method has been used to optimize maintenance ofFS8iStems with
significant operating population.
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