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Project context :
– MAPSYD (« Predictive Maintenance of transport SYstems in

presence of incomplete/uncertain Data ») is a referenced ANR

project (project reference : ANR17-CE22-0013).

- Project partnerships :

Elaboration of an economic model for decision aid optimizing the maintenance 

strategy of transport systems
Rim LOUHICHI(1), Mohamed SALLAK(1), Jacques PELLETAN(2)

(1) SORBONNE UNIVERSITES, UNIVERSITE DE TECHNOLOGIE DE COMPIEGNE, CNRS, HEUDIASYC, CS 60 319, 60 203 Compiègne cedex, France

(2) UNIVERSITE PARIS 8 ET INSTITUT LOUIS BACHELIER 28 Place de la Bourse, 75002 Paris, France 

Introduction

State of the art

Methodology for maintenance cost optimization Risk assessment

Example

References
(1) AFNOR, NF-EN-13306-X-60-319 : Maintenance terminology. Norm, “Association Française de Normalisation”, 2018.

(2) Si, X. S., Wang, W., Hu, C. H., & Zhou, D. H. (2011). Remaining useful life estimation - A review on the statistical data driven approaches. European 

Journal of Operational Research, 213(1), 1–14. https://doi.org/10.1016/j.ejor.2010.11.018

(3) KHAN, Faisal I., HADDARA, Mahmoud M. Risk-based maintenance (RBM): a quantitative approach for maintenance/inspection scheduling and 

planning. Journal of loss prevention in the process industries, 2003, vol. 16, no 6, p. 561-573.

6ème Journée Régionale des Doctorants en Automatique 
Jeudi 04 Juillet 2019 – Université Catholique de Lille 

Yncrea Hauts de France, Université Catholique de Lille, Ecole Doctorale SPI Université Lille 

Nord de France ED 072, GRAISyHM, CRIStAL UMR CNRS 9189, Région Hauts de France.

Objective : Deployment of an approach for decision making to optimize

maintenance costs by taking into account the economic risks and the

decision-maker's risk behavior.

Industrial partnerships Academic partnerships

Main issues and objective of the PhD thesis :

- Main industrial issues tackled by MAPSYD project : 

Technical definitions : 
• combination of all technical, administrative and 

managerial actions during the life cycle of a system 
intended to retain it in, or restore it to, a state in which 
it can perform the required function (1).

Maintenance

• maintenance carried out following a forecast derived 
from repeated analysis or known characteristics and 
evaluation of the significant parameters of the 
degradation of the system (1).

Predictive maintenance

• maintenance carried out after fault recognition and 
intended to restore a system into a state in which it 
can perform a required function (1).

Corrective maintenance

• examination for conformity by measuring, observing, 
or testing the relevant characteristics of a system (1).Inspection

• the RUL of a system is defined as the expected 
lifetime between the current time and the end of life of 
the system (2). 

Remaining Useful Life 
(RUL)

• risk is defined as the product of the probability of 
occurrence of a hazardous event and the severity of 
that event (3) : Risk= probability of occurrence X 
severity of a hazardous event.

Risk

State of the art on cost maintenance :
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Assumptions :
• The system under study is a single component.

• The system under study is a part of a complex system with a known 

duration of exploitation, called D.

• The inspection is performed regularly on the system under study and  it 

gives information on the health state of the system, i.e. the inspection 

gives a real estimation of the RUL of the system.

• The inspection does not alter the system’s performance.

• An inspection is required at the beginning of the life of the system but the 

system’s state of health does not imply a system replacement because the 

system is supposed to be new.

• Between inspection i and inspection i+1, one of these following scenarii 

may happen :

• The cost of a predictive/corrective replacement and the cost of a single 

inspection are supposed to be constant and known.

• The duration of predictive/corrective replacement is supposed to be constant 

and known. 

• The system’s failure follows the Weibull distribution.

Mathematical formulation of cost optimization :

Mathematical equations of costs :

Human risks :

Financial risks :

• Churn rate : the proportion of customers that a business loses during a given 

period of time.

Environmental risks :

• Assumptions : a failure of the system may cause damages to environment 

by emission of harmful pollutants. We assume that :

• the total number of chemicals that may be emitted is equal to m.

• Pj is the probability of emission of chemical j.

• Vj is the volume of emission of chemical j.

• ρj is the density value of chemical j.

• Daj is the cost of damage per tonne emission of chemical j

• Expression of environmental risks : 

System under study :

• A rolling-element bearing, also known as a rolling

bearing, is a bearing which carries a load by placing

rolling elements (such as balls or rollers) between two

bearing rings called races. The relative motion of the

races causes the rolling elements to roll with very little

rolling resistance and with little sliding.

Identification of the Weibull parameters on the basis of the real data on 

the lifetime of the system at inspection i

Inspection 1 : (25 583,1.28) 

Inspection 2 : (24 700, 1.43)

Inspection 3 : (24 465, 1.82)

N3= 1, N1= 0, N2= 0

Ctotal=1690.26.

RULSystem =22 873≤ RULlim
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