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Abstract
Maintenance activities represent an increasingly high cost in any manufacturing system or in different types of
structures. Its achievement or not has a major impact on availability of equipment or structures. Nowadays cost
reduction, minimizing downtime and ensuring reliability levels are central objectives in any sector of industrial
activity and maintenance is observed as an important service. To achieve these goals, decision support systems
should be available, optimizing the exploration and maintenance plans and ensuring companies meeting their
goals. In this paper a global model for maintenance management based on the reliability theory and other
statistical techniques, is presented. This model is being applied to several industrial sectors and some
prototypes have been developed. The need for a maintenance database is also highlighted.
usage lifecycle phase. It is also recognized that the
product lifecycle is becoming shorter and original
equipment manufacturers (OEM) need to look
continuously for innovation and improvements in the
performance of their products if they want to keep
their competitiveness [13].
OEM innovation has been occurring in their overall
business model with companies to enhance their
abilities to design and supply high customized
products, equipment or system solutions following
the customer needs throughout product life-cycle. In
this context maintenance services has been
increasing its relevance in sustain a long term
relationship between OEM and end users or
customers.
To assure a desired maintenance service level and
satisfying the customer needs OEM has also been
looking for partnerships with suppliers and other
partners in which can be included maintenance
services providers, dependently from customers
location. Hence, the OEMs have to design and adapt
their business models according each customer
requirements with the aim to increase dependability
and to assure an acceptable cost throughout product
lifecycle.
Based on a survey on enabling technologies to
improve the performance of Flexible Manufacturing
Systems (FMS), conducted by a CIRP Working

1. Introduction
The economic drivers behind modern human
activities raise pressures in all industries to be
efficient and competitive. On the other hand, safety
of the people and protection of the environment are
the critical values underpinning sustainable
development and progress. Recent developments
show an increasing need to consider social and
cultural aspects, as well. This leads to the challenge
of providing safe and cost-effective solutions to
products, systems, facilities and structures across
different industries.
To meet the challenge, the safety, reliability and
availability requirements, which are critical to
efficiency and cost, need to be ensured not only in
the design and manufacturing phases but also during
the operational and ageing phases of the products and
facilities. This requires an integrated treatment of the
technical and organizational aspects involved in
design, production and operation, in the face of
dynamically changing work organisations and
including the extended use of information
technologies [22].
The globalization and the fluctuation of the markets
challenge all industries to be effective in designing
their products, efficient in theirs manufacturing
process, reliable in delivering their products and to
pursue customer satisfaction during their products
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Group on “Flexible Automation-Assessment and
Future” in collaboration with the ERC for
reconfigurable manufacturing systems, mentioned by
Ni et al [19], it is revealed that industry considers the
cost of maintenance as the second more important
critical factor for the success of large FMS. This
shows a very low level of industry satisfaction due to
the high cost of maintenance of FMS and their
disappointment with the low level of availability of
the systems, when compared with the expectation
when those systems were installed.
Maintenance activities represent an increasingly high
cost in any industry or structure. The decision
making for effective maintenance is increasing in
complexity with the increase in size of the systems
and distant locations of customers and also due to the
several independent sources of information [19]. Due
to need to keep their competitive position customers
are demanding improved system availability, safety,
sustainability, cost-effectiveness and operational
flexibility. Also there is a need for tailored support
24 hours a day, seven days a week to keep the
expectation established during the customers’
decision of investment [19].
To fulfil the needs mentioned above the product
design requires changes to integrate technology that
through a new organizational structure can provide
safe and cost-effective solutions or services to
products, systems, facilities and structures across
different industries. Maintenance activities can be
offer as solutions or as a service which has a major
impact on availability of equipment or structures and
its operational cost.
Cost reduction, minimizing downtime and ensuring
reliability levels, nowadays are central objectives in
any sector of industrial activity. To achieve these
goals, due to the complexity of the systems and the
strong dependency between critical activities, e.g.
production, maintenance and quality, decision
support systems should be available to propose
effective plans and achieve the desired results.
However, for an effective use of such systems it is
necessary to have collections of reliable and
consistent data about product performance that
should support those systems running. The analysis
and treatment of collected data will allow calculating
values of reliability, to validate FMECA and re-plan
production and maintenance operations or actions.
The relevance of maintenance requires a global
understanding of maintenance functions as part of a
manufacturing facility for a required effective
product use, without constraining the operational
performance (i.e. production capability, cost, time,
quality and safety). To make the best use of a
product it is of interest not only to know the initial
behaviour of the product, based on data from its

predecessors, but also the development of that
behaviour throughout its life cycle. Thus we have to
manage all activities related to the product
maintenance in an effective way, with ability to
manage relevant data to the product life cycle.
When an industrial company is purchasing a product
or an equipment the maintenance requirements to be
evaluated are related to product performance, in
terms of its maintainability, availability, reliability
and safety. Those aspects are mainly established at
the design stage. In fact reliability can be considered
as being a characteristic of design which results in
durability of the product or system while performing
its intended use over a predetermined time interval
[20]. Reliability can also be considered a discipline
that has been developed to provide methods to
guarantee that any product or service will function
efficiently when its user needs it. Related to
reliability theory it incorporates techniques to
determine what can go wrong, what should be done
in order to prevent that something goes wrong, and,
if something goes wrong, what should be done so
that there is a quick recovery and consequences are
minimal. Considering the reliability of whole system
it depends mainly in the quality and reliability of its
components and in the implementation and
accomplishment
of
a
suitable
preventive
maintenance and inspection program.
Reliability, availability, maintainability and safety as
product characteristics, can only partially change in
usage phase, however they can have a huge influence
on manufacturing system performance. This
highlights the need of maintenance to be a proactive
function, interacting with production and planning
facilities. Thus at each decision level within a
company a right appropriate perspective about the
impact of a good service and the definition of best
practices and methodologies is required. Also there is
a clear need for cooperation between the product
design and its maintenance that can be shown
through in an attempt to reduce the product life cycle
cost. It depends on product production and assembly
options, as well as of its final use and maintenance
requirements.
Although a lot of effort is devoted to enhancing
reliability and maintainability in the product design
phase, occurrences of malfunctions in its usage are
almost inevitable. Thus, according to [23], it is
important to learn from such experiences and to
make use of them for improving design of new
products as well as for the operations and
maintenance planning of current products. This
statement establishes the link of maintenance with
the designers/manufacturers work within the product
life cycle.
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Availability is a function of the operating time
(reliability) and the downtime (maintainability).
Availability is a decreasing function of failure rate
and that is an increasing function of repair rate
(Figure 1).
Availability is also a function of the preventive
maintenance program and shows the possible effects
on system availability of such a program.

2. Theoretical background
In this section we present the main probabilistic
concepts that govern models and decisions related
with maintenance planning.
A brief bibliographic review [3], [15], [17], [18], is
enough to conclude that the discipline known as
reliability was developed to provide methods that can
guarantee that any product or service will function
efficiently when its user needs it. From this point of
view, reliability theory incorporates techniques to
determine what can go wrong, what should be done
in order to prevent that something goes wrong, and,
if something goes wrong, what should be done so
that there is a quick recovery and consequences are
minimal.
So, reliability has several meanings. However it is
usually associated to the ability of a system to
perform successfully a certain function. To measure
quantitatively the reliability of a system it is used a
probabilistic metric, which we state next.
• Reliability of a component or system at time t is
the probability that the component survives up to
time t.
According to Elsayed [15], reliability of a system
depends mainly in the quality and reliability of its
components and in the implementation and
accomplishment
of
a
suitable
preventive
maintenance and inspection program in the case of
deteriorating components. If failures, degradation
and aging are characteristics of any system, however,
it is possible to prolong its useful lifetime and,
consequently, to delay the wear-out period carrying
out maintenance and monitoring programs.
This type of programs leads necessarily to expenses
and so we are taken to a maintenance optimisation
problem.
The main function of planned maintenance is to
restore equipment to the “as good as new” condition;
periodical inspections must control equipment
condition and both actions will ensure equipment
availability. In order to do so it is necessary to
determine:
• frequency of the maintenance, substitutions and
inspections
• rules of the components replacements
• effect of the technological changes on the
replacement decisions
• the size of the maintenance staff
• the optimum inventory levels of spare parts
Another measure of the performance of a system is
its availability that reflects the proportion of time that
we expect it to be operational.
• Availability of a component or system at time t is
the probability that the component or system is
operating at time t.
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Figure 1. Availability versus Failure Rate and
Repair Rate
• Maintainability of a component or system within
a given period of time is the probability that the
component or system will be restored to specified
conditions within the given period of time when
maintenance action is performed in accordance
with prescribed procedures and resources.
Maintainability, like reliability, is an inherent
characteristic of system or product design. It
concerns to the ease, accuracy, safety, and economy
in the performance of maintenance actions.
Maintainability is the ability of a system to be
maintained.
Next we present the classical concept of availability,
while describing how to calculate it on a particular
situation.
Pointwise availability of a system at time t, A(t),

is the probability of the system being in a
working state (operating properly) at time t. The
unavailability of the system, Q(t), is
Q(t) = 1 – A(t).
The pointwise availability of a system that has
constant failure rate λ and constant repair rate µ is
A(t ) =

µ
µ +λ

+

λ
µ+λ

exp[− (µ + λ )t ].

(1)

and the limiting availability is
A = lim A(t ) =
t → +∞

µ
µ+λ

.

(2)

The second parcel in formula (1) decreases rapidly to
zero as time t increases; so, we can state
A(t ) ≈
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and a constant repair rate, µ.
Our goal is to determine the interval time between
preventive maintenance tasks (we assume that the
system is restored to the “as good as new” condition
after each maintenance operation) in such a way that
the availability of the system is no lesser than A.
The key for the solution of this problem consists on
determining the time interval during which the
increasing hazard rate can be substituted by a
constant failure rate in order to guarantee the predeterminate availability level.
Applying the mean value theorem of integral
calculus to the function

and this means that the availability of such a system
is almost constant.
Example
A system is found to exhibit a constant failure rate of
0,000816 failures per hour and a constant repair rate
of 0,02 repairs per hour.
Using formula (1), the availability of such a system
(see Figure 2) is obtained as

A(t ) = 0.9608

+ 3.9201 × 10 −2 exp(−2.0816 × 10 −2 t )
and the limiting availability is

h(t ) =

lim A(t ) = 0.9608.
t →∞

β
θ

t
 
θ 

β −1

, θ > 0, β > 0, t ≥ 0 ,

we obtain
1
x

 tβ 
β β −1
t
dt
=
λ
x
⇒
∫ β
 θ β  = λx ⇒
θ
 0
x
0

0.99
0.98

⇒
0.97

θβ

= λx ⇒

⇒ x = 0∨ x =

0.96

0.95 0

100

200
t

300

x = β −1

It should be noticed that, in this in case, we do not
have almost any variation in the value of
component’s availability for t > 200.


µ +λ

⇔λ≈

µ (1 − A)
A

λθ β .

(4)

µ (1 − A)
A

θβ.

We can therefore conclude that in the time interval

µ (1 − A) β
θ
0, β −1
A


We can therefore conclude that, to guarantee a value
of availability A, known the constant repair rate, µ,
the value of the constant failure rate of the system it
will have to satisfy the relationship

µ

β −1

Substituting λ in equation (4) by its approximate
value given in formula (3), we have

400

Figure 2. The availability function

A≈

xβ


,


the hazard functions,
h(t ) =

(3)

β
θ

t
 
θ 

β −1

, θ > 0, β > 0, t ≥ 0 ,

and

3. Model and assumptions
h(t ) =

In this section we present the main result that
supports the global approach to maintenance
management.
Suppose a system is found to exhibit an increasing
hazard rate,
h(t ) =

βt
 
θ θ 

µ (1 − A)
A

guarantee approximately the same value of
availability. What we have just demonstrated [12]
can formally be stated on the following form:

β −1

, θ > 0, β > 0, t ≥ 0 ,

Proposition: Let S be a system exhibiting an
increasing hazard rate,
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βt
h(t ) =  
θ θ 

β −1

3. Macro model

, θ > 0, β > 0, t ≥ 0

This model makes the assessment of maintenance
costs as a function of the goals defined for
availability. It’s based on the previous algorithm and
its purpose is to determine the level of availability
that satisfy plant requirement at the minimum cost.
The objective function of costs is defined taking into
account the following costs:
1. Average cost of a preventive maintenance task –
pmc.
2. Average cost of a corrective maintenance task –
cmc.
3. Constant repair rate - m (t) = m.
4. Coefficient of linear increasing hazard function
– a (h (t) = at).
5. Time to perform preventive maintenance – TTR.
6. Coefficient cost of downtime per unit time.
7. Coefficient operating costs.
8. Fixed costs – facilities initial Investment.
9. Production time (in years).
10. Maximum value of availability in Time
Affected.
11. Quantity to produce.
12. Nominal production rate.

and a constant repair rate µ. To guarantee an
availability for the system equal or greater than A the
interval of time between two consecutive preventive
maintenance tasks must be equal or lesser than
β −1

µ (1 − A)
A

θβ.

Example
A system is found to exhibit an increasing hazard
rate, h(t ) = 5 × 10 −8 × t 1.25 , and a constant repair rate

m(t ) = 4 × 10 −2 .
What should be the greatest time interval between
preventive maintenance tasks (we assume that the
system is restored to the “as good as new” condition
after each maintenance operation) in such a way that
the availability of the system is at least 98%?
If the system had a constant failure rate, to guarantee
such availability it should be

λ=

4 × 10 −2 (1 − 0.98)
= 0.0008163.
0.98

Figures 4 and Figure 5 show the output generated by
the prototype we have developed to implement this
model.

We want to calculate the instant x in order to satisfy
the following condition

∫0 5 × 10 × t dt = 0.0008163x ⇒
5 × 10 −8 × x 2.25
⇒
= 0.0008163x ⇒
2,25
⇒ x = 0 ∨ x = 4488.
x

−8

1.25

We can therefore conclude that the system must be
restored to the “as good as new” condition after each
maintenance task every 4488 hours in order to
achieve the availability target of 98%.
Figure 3 illustrates this example.


Figure 4. The output generated by the prototype of
macro model
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Figure 3. Hazard functions h(t)=5×10-8t1.25 and
h(t)=0.0008163 over the interval [0, 4488].

Figure 5. Availability versus costs in macro model
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m i (t ) = µ i .

4. Optimization of the preventive
maintenance plan of a series components
system

The cost of each preventive maintenance task is cmpi
and the cost of each corrective maintenance task is
cmci.
Since the availability of the system consisting of n
components in series requires that all units must be
available (assuming that components’ failures are
independent), system availability A is

In this section we will present a model for the
preventive maintenance management of a series
system.
The system is composed by a set of n components in
series as Figure 6 shows.

n

A = ∏ Ai
Component 1

Component 2

...

i =1

Component n

where Ai is the availability of component i.
Applying proposition presented in section 3 we can
write that the availability of each component i is Ai
over the interval

Figure 6. A series system of n components.
Let τ1, τ2, …, τn be the time units between preventive
maintenance tasks on components 1, 2, …, n,
respectively (Figure 7); assuming that these actions
will restore periodically the components to the “as
good as new” condition, they will have, therefore,
consequences at the reliability and availability levels
of the system.
0

τ1

t1

t2

Compo nen t 1

Compo nen t 2

t3

t4

t5

t6

t7

t8

t9 t10

t11


µ i (1 − Ai ) βi 
θ i ,
0, β i −1
Ai



and its hazard function can be approximated by the
constant function

t12

hi (t ) =

τ3

Then, the expected number of failures in that time
interval is

τn

β i −1

µ i (1 − Ai )
Ai

C omp on en t n

Figure 7. A preventive maintenance plan

in such a way that the total down time in a certain
period of time does not exceed a predetermined
value, that is to say, that it guarantees the specified
service level and simultaneously minimizes the
maintenance costs.
We assume that each component has a Weibull
hazard function,
 t

 θi





µ i (1 − Ai )
Ai





n
cmp i
cmc i 

c ( A1 , A2 , K , An ) = ∑ 
+
µ (1 − Ai ) 
i =1
 β i −1 µ i (1 − Ai ) θ i β i

Ai


Ai

τ 2 τ 3 L τ n ]T

β
hi (t ) = i
θi

θ i βi ×

The objective function (defined as a cost function per
unit time) is

Our goal is to calculate the vector
1

Ai

τ2

Compo nen t 3

[τ

µ i (1 − Ai )

subject to
n
∏
 Ai ≥ A,
 i =1
0 < Ai < 1, i = 1,2,K , n.

β i −1

, θ i > 0, β i > 0, t ≥ 0

This model has been already generalized to parallelseries systems.

and a constant repair rate
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Table 3. Results of MatLab + Excel optimization.

5. Numerical example
The model described on section 4 was implemented
to a three components series system.
We assume that each component has a Weibull
hazard function and a constant repair rate.
Components are maintained preventively at periodic
times.
Data is presented in Table 1.
First we present the nomenclature.
θi , β i – parameters of hazard function.
TTR – Mean Time to Repair (corrective
maintenance).
TTP – Time of one preventive maintenance action.
PMC – Preventive maintenance cost.
CMC – Corrective maintenance cost.
τ - time between two consecutive preventive
maintenance tasks.

MatLab + Excel
Optimization

βi
2
2
2

TTR

TTP

100
50
80

10
40
10

PM
Cost
2000
2500
1000

CM
Cost
4000
5000
2000

The main purpose of routine inspections [14], as well
as condition monitoring [24], is to obtain useful
information about equipment operational status and
to identify degradation rates of components. There
are two possible results when equipment is
inspected:
• a failure or degradation is detected and
equipment is repaired or adjusted and is
returned to its original condition;
• nothing is detected.
In the first case the equipment is returned to a good
state through maintenance and, equipment reliability
is restored accordingly to simple reliability
definition. If no failure or degradation is detected it is
important to revaluate equipment reliability taking
into account such information.
Duarte and Craveiro [10] have addressed the
problem of the influence of routine inspections on
evaluation of equipment reliability. Two simple
algorithms have been developed to determine a new
schedule for preventive maintenance actions when
routine inspections detect equipment in a good state.
It is assumed that between two successive preventive
maintenance actions there are n routine inspections.
When an inspection with positive results is
performed it’s proposed the following formula to
compute equipment reliability:

τi
2000
1500
250

With this preventive maintenance plan the
availability achieved is about 90.30% and the life
cycle cost is 122055.79.
The target for availability is 90%.
The objective function was slightly modified in order
to include the cost of down time.
MATLAB was used to optimize the objective
function. Table 2 shows the results. With this new
preventive maintenance policy we have a reduction
of 5.5% in Life Cycle Cost (LCC) and
simultaneously the availability A achieved (92,70%)
is greater than the existing one (90,30%).
Table 2. Results of MatLab optimization

MatLab
Optimization

τ1
τ2
τ3
A-%
LCC
∆ LCC - %

1606.498
1255.498
175.4996
93.02
113809.75
-6.8

6. Routines inspections and reliability

Table 1. Initial conditions
Compoθi
nents
1
4472.136
2
1873.1716
3
500.94

τ1
τ2
τ3
A-%
LCC
∆ LCC - %


 jτ 
R j +1 (t ) = β j × 1 − R j 
 + R j (t ), j = 1,..., n.
 n + 1 


1600.2
1246.8
170.7535
92.70
115345.22
-5.5

β is a parameter that allows an increase of equipment
reliability if equipment operational status is better
(when routine inspection is performed) than it was
foreseen; stated another way, β is a parameter that
incorporates the reliability of routine inspection
itself.
This idea is described in Figure 8. Assuming that the
time between two consecutive routine inspections is
1000 time units, it is reasonable to accept a small
increase of the value of equipment reliability
depending on the results of inspections and on
inspector’s knowledge about equipment.

With these results as initial conditions we have
applied the tool “SOLVER” of Excel and we got a
better solution (Table 3).
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(1) Forecas ting
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a) Integration of production and maintenance
planning using PSM.

Figure 8. The effects of routine inspections on
reliability

Historical
data base

Integrating both perspectives, we can conclude that
the value of equipment reliability is a function of
maintenance actions and equipment evaluation made
at each routine inspection.

Product
demand
Maintenance
demand
(orders and
repairs)

7. Developed experience in integrating
production planning and maintenance tasks

Performance
indicators

Demand
management:
- Orders preview and
forecasting
- Fixed orders
Maintenance
Management:
- Planned
- Corrective

Master
Production
Schedule

Materials
requirement
planning

Maintenance
planning

PSM
(Producti ve
service module)

Operations (process and mai ntenance) planning & capacity planning

Control system: availability of equipment, routine inspections, monitori ng

The absence of a unified production-maintenance
planning model results in limited understanding of
the
relationships
between
production
and
maintenance parameters and the trade-offs between
alternative maintenance and production policies. The
integration of production and maintenance planning
tasks has been mentioned in the literature basically
according to two different perspectives. Some
authors have developed this topic by determining the
optimal maintenance policy in the production
system. Others take maintenance as a constrain to the
production schedule. A complete review of this
subject can be found in the book edited by M. A.
Rahim and Mohamed Ben-Daya [21].
Although the undeniable importance of all these
models we consider that they still represent a partial
perspective of the problem related with the
integration of maintenance and production.
Thus, taking into account the needs of both
production planning and maintenance demand for the
production equipment, we have developed prototypes
[7] for a planning and control model called
Productive Service Module (PSM), Figure 9. It
manages the maintenance and production functions
while also accommodating the product reliability
forecasting as a demand input. The PSM integrates
therefore the history of product failures.

b) PSM user interface.
Figure 9. Proposed Productive Services Module
(PSM).
Through the PSM we are proposing the maintenance
planning as an input for production planning. These
two tasks can be concurrent in terms of development
and execution, with the opportunity to refine and to
work with plans in a more far-reaching perspective.
The possibility to have in real time the knowledge
about the operational status of equipment as well as
its availability, allows to maximize the utilization
rate of equipment, its efficiency, the product quality
and the effectiveness of maintenance tasks. Another
consequence of this approach it is the ability to
obtain a more realistic evaluation of existing
productive capacity, helping to satisfy the promise
due dates.
According to the study presented by Cunha [8]
certain aspects with negative impact in the
performance of production planning task are
identified and its integration with other productive
tasks is discussed. Also, studies carried out by Duarte
[11] provide a basis to conclude, albeit empirically,
that the information related to equipment working
times and halt times recorded by independent
production and maintenance planning systems may
be substantially different. Only a system that records
these data in a unified and coherent way will allow
the calculation of appropriate estimations of the most
important reliability parameters, such as the
distribution of failure rate, mean time between
failures (MTBF) and mean time to repair (MTTR).
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From another point of view, the integration of all this
However, it is quite important to emphasize the
information will allow that priorities and therefore
applicability conditions of these methods:
ranking of different productive services - production • There is sufficient quantitative information about the
operations and maintenance services - may be
past;
defined in an integrated overall way. In practice, this • The historical pattern will continue into the future –
means that as long as the reliability of a piece of
stability hypothesis.
equipment is decreasing, the degree of priority of the
It should be noticed that there are more sophisticated
maintenance action required to restore it to its
quantitative methods but, empirical studies within
functional state, increases. This leads to a situation
the field of forecasting and outside, concluded [16]
where maintenance operations acquire a priority
that the post-sample accuracy of simple methods is,
status against production. The importance of such a
on average, at least as good as that of complex or
policy is undeniable because only in this way is it
statistically sophisticated ones. Furthermore the
possible to ensure realistic availability of equipment.
averaging of the forecasts of more than one method
In this way we close one of the information loops of
results in more accurate predictions than the
this system.
individual methods themselves.
Through the productive service module (PSM) it is
also possible to use data from routine inspection and
condition monitoring to predict production
equipment failures or breakdowns and support of
decision making. The main purpose of routine
inspections as well as condition monitoring is to
obtain useful information about the equipment
operational status and to identify degradation rates of
a critical component. If a failure or degradation is
detected, it will be repaired or adjusted and the
production unit is returned to its original condition.
In this case, due to the maintenance intervention the
equipment reliability is restored, accordingly to
simple reliability definition. Simple reliability is a
Figure 10. Forecasting models
new definition of reliability introduced in [9]. To
some kind of systems, particularly those ones whose
Figure 11 displays the form that presents the
components repair process pass for its integral
predictions of the mean time between failures of
replacement (either it is by new components or by
equipment based on these forecasting techniques.
repaired components) it seems that the classical
definition of reliability can be complemented with a
new one: Simple Reliability or non-cumulative
reliability. Simple reliability of a system at time t is
the probability that the system works continuously
over [0, t], assuming that the beginning of its
operation (t = 0) is the instant of the last preventive
maintenance action that restored the system to the
"as good as new" condition.
Forecasting techniques are also an essential tool to
infer the possibility of any damage or equipment
failure, thus allowing an intervention a priori that
prevents it. Equipment condition monitoring allows
collecting data of the values of essential parameters.
All these types of information help to create a picture
Figure 11. Forecasts of MTBF
of what may happen in the future. The higher the
volume of data and its quality, the lower will be the
A prototype for the optimization of the preventive
error. If recorded data highlight a trend in the
maintenance plan of a series components system was
observed values it may be forecasted when the
also developed.
parameter will overcome the limits of alert or alarm
of the signature. Some of the forecast techniques we
have embedded in PSM are shown in Figure 10.
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According to the study presented by Cunha [8]
certain aspects with negative impact in the
performance of production planning task are
identified and its integration with other productive
tasks is discussed. Also, studies carried out by Duarte
[11] provide a basis to conclude, albeit empirically,
that the information related to equipment busy and
idle times recorded by independent production and
maintenance planning systems may be substantially
different. Only a system that records these data in a
unified and coherent way will allow the calculation
of appropriate estimations of the most important
reliability parameters, such as the distribution of
failure rate, mean time between failures (MTBF) and
mean time to repair (MTTR). From another point of
view, the integration of all this information will
allow that priorities and therefore ranking of
different productive services – production operations
and maintenance services - may be defined in an
integrated overall way. In practice, this means that as
long as the reliability of a piece of equipment is
decreasing, the degree of priority of the maintenance
action required to restore it to its functional state,
increases. This leads to a situation where
maintenance operations acquire a priority status
against production. The importance of such a policy
is undeniable because only in this way is it possible
to ensure realistic availability of equipment. In this
way it is closed one of the information loops of this
system.
In our perspective, the construction of a reliability
and maintenance database demands a collaborative
effort from the OEM, the customers, e.g. the
equipment owners, and the independent maintenance
providers. These three agents are the vertices of a
collaborative triangle that must be built to increase
efficiency of production systems, and in particular
through a dynamic planning of maintenance
operations. Figure 13 ilustrastes this perspective.

Figure 12. Optimization of the preventive
maintenance plan of a series components system

8. The need for a maintenance database
Despite of OEM recommend maintenance schedule
they may be not optimal because operational
conditions may be quite different from those
considered at the design phase. So, the necessity
exists to obtain complete and exact data concerning
equipment functioning, accidents and their
consequences, maintenance operations and their
costs. The best case would be if such
information were collected from the
same
equipment (specific failure data) or from analogous
equipment in similar conditions. These information
must also be used on equipment to be planned for
implementation combined with expert judgments on
new equipment reliability parameters or using
standard values or standard reliability models (e.g.
MIL-217 or Bellcore). So, there is a need for
reliability data collection in relation to all types
of components from the field records of
installations and operations, in order to allow us
to analyse, compare, or predict the reliability
levels of complex systems [1].
According to Cooke [5], there are, at least, three
categories of users of reliability databases and all of
them need different types of data:
• Risk and reliability analysts for analyzing and
predicting a reliability of complex systems;
• Maintenance engineers for measuring and
optimizing the maintenance performance;
• Component designers for analyzing and
optimizing the component performance.
The systematic collection of reliability-data dates
from the Titan Missile program [6]. Since the 1980s
there have been many attempts to provide systems
for collecting and organizing raw data, and to
standardize the information presented in the data
banks. But these efforts have been partial and
focused on some particular industrial areas. Besides,
there is a lack of accurate data, leading to suboptimal
parameter estimates and inaccurate decisions about
replacement intervals and preventive maintenance
activities [2].

Figure 13: The collaborative triangle for
maintenance efficiency
The appearance of e-technologies allows the
integration and the process of data generate, by
several sources, contributing in this way for the
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construction of such a database. Once filled with data
the database must be complemented by a set of tools
that can compute or estimates the reliability and
maintenance parameters. These tools should also be
able to make diagnosis, prognosis and schedules for
maintenance activities. Therefore they should be
considered an important element in a support
decision management system. Figure 14 is a
schematic diagram of what we have just said.

Figure 14. Maintenance Database collects specific
information and is a supplier of processed
information.

9. Conclusions and future research directions
This paper proposes a global model for maintenance
management based on the reliability theory and other
statistical techniques. Simple models were developed
to support maintenance management. First of all it
should be compute the target for availability that
satisfy plant requirement at the minimum cost. Then,
optimization of the maintenance plan for the
components of system should be done.
A simple algorithm has been presented to determine
a new schedule for preventive maintenance actions
when routine inspections detect equipment in a good
state. With this methodology it is possible to increase
the length of the interval between two consecutive
preventive maintenance actions. This leads to more
cost-effective maintenance by reducing unnecessary
repairs, overhauls, and replacements.
Forecasting techniques were used to predict values of
MTBF and of condition monitoring parameters.
Prototypes are being developed and applied to
industrial cases.
Lots of work must be done and several challenging
problems in various maintenance areas require
further attention and research including:
• Condition monitoring and condition-based
maintenance.
• Inventory and maintenance models.
• Integrated models.

• Maintenance scheduling.
• Maintenance database.
• Bridging the gap between theory and practice
through intelligent maintenance optimization
systems.
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