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Abstract: - This paper describes a simulation model formed by means of Matlab software that enables the
visualization of trends in maintenance policies (Corrective, Preventive and Condition Monitoring), taking into
account specific initial conditions and different levels of efficiency in the set-up of a Condition Monitoring
Programme. Once a maintenance policy has been set up, different factors must be controlled to enable
deficiencies to be detected early. The detection and diagnosis of these irregularities is the reason for the
development of the simulation model of trends in maintenance policies. The model has been applied to a
Hospital where maintenance efficiency has an influence not only on machines but also on people, by directly
influencing the quality of the patients’ welfare service. Considering the characteristics of the Condition
Monitoring Programme set up in the Hospital, maintenance trends are simulated to forecast future behaviour in
relation with different alternatives, from the worst to the best possible states.
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Hospital.

1 Introduction literature (see [2], [16], [1], [3], [10], [12], [11], [3],

The maintenance system, traditionally considered a [21]). _

source of expenses, has acquired a strategic Multiple models have been developed for the

dimension [18], due to its implications in matters of ~ Optimisation of maintenance policies, (see [14], [€],

availability, quality, safety and costs. [22] and [17]); however, whilst an effort has been
The maintenance policies are defined as follows; made to construct mathematicall models for

in Corrective maintenance the maintenance activities optimising Preventive maintenance policy, attention
are limited to repairing the equipment when afailure ~ Should be drawn to the lack of tools for optimising
appears. In Preventive maintenance, the maintenance ~ and checking Corrective, Preventive and Condition
activities are developed with the intention of ~ Monitoring maintenance policies simultaneously.
reducing the probability of failure of facilities or the ~ The am of this paper is to contribute to research by
degradation of a service. Maintenance activities are ~ déveloping amodel which will enable the simulation
scheduled before the failure takes place [13]. In order of different trends in the setting up of maintenance
to determine the interval between inspections the ~ Policies, an aspect that has not been analysed until
maintenance history of the equipment has to be taken now. _ '

into account [19]. In Condition Monitoring (CM), ~ Once a maintenance policy has been set-up,
selected physical parameters associated with an different factors must be controlle_zd_ so thgt the
operating machine are sensed, measured and appearance and deve!opment of def|C|enC|e§ in the
recorded intermittently or continuously for the  Néw maintenance policy can be detected during set-
purpose of reducing, anaysing, comparing and up, maintenance and extension of the programme.
displaying the data and information obtained for ~ The detection and diagnosis of these irregularities is
support decisions related to the operation and the reason behind the development of the simulation

maintenance of the machine [15]. See [7], [8] and model of trends of maintenance policies.

[20] for examples of Condition Monitoring The model described is applied to a service
applications. company where the number of contributions in

Numerous contributions in relation to the  Mantenanceisamost non-existent [24]. Thislack of
calculation of Maintenance performance by meansof ~ contributions is even more evident in hospitas,

fundamentally descriptive indicators can be found in ~ Where maintenance efficiency has an influence not
only on machines but also on people, by directly
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influencing the quality of the patients welfare
service.

Due to the specific characteristics of the hospital
facilities, such as the coexistence of conventional
facilities (of a low or medium technological level)
with equipment and facilities of a high technological
level, it is essential to have a system control to
maintenance policies. Besides, the setup of a CM
programme is a strategic decision. Therefore, it may
be advisable to simulate maintenance policies and, in
relation with their trends, make decisions regarding
the organization of different maintenance policies as
a whole, taking into consideration the needs and
particularities of this organization.

This paper continues in section 2 with the creation
of the simulation model. Section 3 describes the
functioning of the simulation model. In section 4, the
examples resulting from the simulation model are
given. Section 5 shows the results of the application
of the model to a Hospital. Section 6 gives the
conclusions and finally the references.

2 Simulation model of trends of

M aintenance Policies
A Condition Monitoring programme set-up
composed of the following phases [4]:

e Design and planning phase. Thisisthe interval of
time from the first suggestions of modifying
maintenance policies by introducing a Predictive
policy until the human and technical resources
are available to begin the set-up.

o Adaptation phase. The aim is to obtain reliable
diagnoses regarding of the state of the machinery.
This period can be between 8 months and 14
months.

e Extension or globalisation phase. When the
return on the investment is reached, the number
of machines under control is increased. This
phase is usually reached after a period of three
years from the start of set-up.

o Integration phase. Integration with the other
maintenance systems such as computerised
maintenance management system and enterprise
resource planning.

The previous phases will be considered in the
simulation model, as in each of them different
characteristics regarding the trend in maintenance
policies could be defined.

In order to construct the model the following
variables must be defined: CMA isthetimeintegrally
assigned per month to Corrective maintenance
activities, PM is the time assigned per month to
Preventive maintenance activities and CM is the time
assigned per month to Condition Monitoring

is
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activities. These variables can be expressed as is
shown in equation (1).
N

CMA=>'T i=12..N;

(D)

PM=>T j=12..,M;
j=1

L
CM=>'T, k=1,2,...L

k=1

Where N, M and L represent Corrective,
Preventive and CM  maintenance activities
respectively; T;, T; and T, are the time assigned to
each Corrective, Preventive and CM activity. The
characteristics of the smulation model are described
in the next section; it should be taken into account that
the Preventive and Corrective maintenance policies
are set up before the Condition Monitoring one.

When a CM policy is set up the Preventive
maintenance activities should be progressively
removed, as shown in equation (2). This is due to the
fact that when a CM programme is set up accurate
information regarding the state of each machine is
aready available and it is therefore not necessary to
schedule preventive maintenance periodically, (such
as changing the bearings every 5 years, independent of
the state of the bearings); now that the state of the
machine is known, if there is a component of the
machine with an incipient failure, corrective
maintenance can be applied. However, this trend is
only achieved after the three maintenance policies
have been applied simultaneoudly for a long time, as
the CM programme does not provide reliable
diagnoses in theinitial phases of set up.

PM -0, t— . (2

Once the stage of adjustment has been reached and
reliable diagnoses are obtained, the time destined for
the CM activities tends to stabilize, since procedures
for acquisition, analysis and diagnosis of data have
been established. This characteristic is shown in
equation (3).

CM =a, a=constant,t —» o (3)
The corrective activities are limited to a minimum
value [13]. This value is called residual Corrective
maintenance and is generally considered to be 5% of
the total maintenance activities. This characteristic in
the model isillustrated in the equations (4) and (5).

CMA =Db, b=constant, t - o (4)
N M L

szMT), t>w;, MT= ZT' +ZTJ +ZTK )
100 i=1 =1 k=1

The number of CM activities must be superior to
corrective activities. If this condition is not verified,
the CM programme will not provide the reliable
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diagnoses expected, maybe as a result of the alarm
limits established by the CM programme being too
high and therefore leading to machines in good
conditions to be diagnosed as being in a state of
failure. This means that the number of corrective
activitiesincreases considerably. Therefore, a>b.

In the globalization phase the results of the CM
programme must stabilize, and therefore, the time
destined to CM activities must experience a reduction
similar to the curves of experience of the production
activities. In equation (6) this characteristic is shown.

CM =CM.e"? , previous to t—o, (6)

With CMj; the vaue corresponding to the CM
activities in the globaisation phase; ¢ is the
percentage associated with the experience in data
acquisition and diagnosisin the CM programme.

The model that simulates the possible trends of
Corrective, Preventive and CM maintenance is
developed in Matlab.

3 Functioning of the ssmulation model
The software enables the user to choose between two
temporary formats to represent the trends. days and
hours.

The software is formed to fulfil the calculus in 5
phases. These 5 phases are included in the model
instead of the 4 phases describes in section 2, due to
the fact that a point of inflexion must exist in the
adaptation phase. At a certain moment, the number of
correct diagnoses must progress from an average level
(which can be considered up to 75 %) to a high level
(over 95 %). These percentages depend a lot on the
available resources, typology of analysed machines,
training of the personnel for the CM programme, etc.
Therefore, the adaptation phase divides the software
into two subphases.

The following information is requested from the
user in the first phase of implantation of the CM
programme:

e Duration of the phase in months.

e Total percentage of maintenance activities. If
100% is included, it means that the sum of the
percentages of the corrective and preventive
activities must reach this value.

e Maintenance policy with a percentage of activities
known.

e The initial percentage of the maintenance policy
known.

Later, the programme draws the trends for this
phase. Due to the fact that the CM programme is still
being designed, the percentage of activities relating to
this policy is 0 %. Only when it is carrying out
activities of data acquisition, transference of
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information to the software and diagnosis of machine

condition is there considered to be a contribution of

this policy.

In the second phase, the programme requests the
following information:

e Duration of the phase in months.

e Percentage corresponding to the total sum of
activities of the different maintenance policies
evaluated. With this quantity, it is able to include
reductions or extensions of the percentage of time
intended for maintenance activities. This is
included with the aim of alowing variations of
resources between the different phases.

¢ Policies of maintenance with the final value known
in this stage. The options to choose between
Condition monitoring and Corrective maintenance
are provided to the user. Since the total percentage
(from the previous data) is known, it is not
necessary to include the percentage corresponding
to Preventive maintenance. Only Condition
Monitoring and Corrective maintenance can be
selected due to the fact that the corrective kind
aways exists in a company, whereas it is possible
that the preventive kind does not exist; though the
latter Situation is unusual since companies
generally have a preventive policy as well as
computer resources (hardware and software)
before the setting up of the CM programme. The
existence of these characteristics in a company can
guarantee the success of the setting up of a CM
programme.

e To choose between exponentia or
adjustment for the trend.

e Final percentage in this phase of the maintenance
policy selected previously.

The software calculates trends in relation with the
type of adjustment selected. Preventive maintenance
activities can be kept at the same value as the initial
conditions due to the fact that in this phase the
diagnosis provided is not completely reliable yet. The
corrective and/or preventive maintenance activities
can aso increase, due to the fact that the diagnosis
provided can detect anomalies in the machines with
different levels of severity. In high severity corrective
activities should be carried out, and with low severity
planned activities can be applied.

Next, the software draws the trends for this phase.
In the third phase, the following information is
requested:

e Duration of the phase in months.

e Percentage corresponding to the sum of the time
applied in the three maintenance policies.

e The maintenance policies with final percentage of
activities known. These options are provided: CM

linear
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and Corrective, CM and Preventive and
Corrective and Preventive.

The type of adjustment that will be used in the
creation of the trend: linear or exponential.

The final percentage corresponding to the
maintenance policies selected previoudly.

In this phase it is supposed that the CM
programme is obtaining a reliable diagnosis of the
state of equipment. Therefore, the percentage of
Preventive maintenance may decrease.

In the fourth phase, the same information as in the
previous phase is requested.

In the fifth phase, the following information is
requested:

Duration of the phase in months.

Experience percentage that is associated with the
CM programme.

The programme asks if the provision of optimum
trends, or another situation, is wanted. In the latter
case, the percentage of corrective and preventive
maintenance activities is requested.

In this phase, the total percentage of activities is
not requested due to the fact that it is established by
means of the initial values and the experience
percentage for the CM.

Finally, a graph is drawn up with the trends in
maintenance policiesin al the phases. A fileis drawn
up too and the data from the simulation is included in
it. An example of the data stored in a file with each
simulation is shown in table 1.

Phase 1| Phase 2| Phase 3| Phase 4| Phase 5

Phases

I [F |l [F [l |FE]I [F|I |F

CM acti-

L 0 20 (15 25
vities (%)

0 [33|233 133 25|45

CMA acti-

vities (%) | >°

55 [58.3 35|31.7/50 [48.3| 40| 40 | 5

PM acti-

vities (%) | *°

45 | 48.348.3 35 333/ 30| 30| 15

Total
mainte-
nance
activities
(%)

100 110 100 95 95

Duration
(months)

Experience
percentagel

Time of

-3
calculus 59x107 s

Number of
operations
developed

5,856

Table 1. Data registered by the programme with each
simulation.
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4 Trialsgenerated by the model

Some trials resulting form the simulation model are
presented in this section; these examples are grouped
in Fig. 1 and Fig. 2 that are suggested as patterns for
a control system. The Director of the Maintenance
Department can compare the results obtained through
his maintenance activities in each stage with the
proposed examples and can assess the state of the
activities. Moreover, the model can simulate
erroneous behaviour in the future evolution of the
maintenance policies.

The examples have been created by dividing the
percentage of activities for each maintenance policy
into 3 categories. These categories are: minimum (0-
20%), middle (20-60%), outstanding (60-100%).

In the rows (denoted by 1) the output state of each
company is explained. 1 indicates lower output
conditions of the CM programme (nearly 90%
corrective activities and the remaining 10%
preventive activities); 2 specifies medium layout
(50% corrective maintenance activities and the
remaining 50% preventive activities) and 3 indicates
an optimum initial situation for the CM set up,
requiring a high percentage of preventive activities
in the initial stage. In columns (denoted by m) the
efficiency of the CM programme is described. Value
1 indicates aminimum level of CM activitiesto attain
the optimum state of the CM programme. Vaue 3
indicates a high level of CM activities to attain the
optimum condition of the CM programme.

In Fig. 1 the behaviour of each maintenance policy
is shown when the resources are intensified in
different proportions during the CM programme set-
up. In this figure it is possible to appreciate in all the
cases that an increase in Preventive activities is
produced during the adjustment phase of the CM
progranme. These effects are considered to be
normal since a high level of reliability has not been
reached in the diagnosis of the machines. Efficiency
during this set up phase of the CM programme may
also be low due to a lack of training and experience
of the personnel involved in the new activities.
Nevertheless, when the adjustment phase finishes the
number of preventive activities must diminish,
showing that the CM programme has reached a stable
phase with reliable predictive diagnosis.

In Fig. 2 some anomal ous tendencies simulated by
the model during the CM programme set up are
suggested and as the optimum state is not attained an
increased number of resources have been considered
in the CM programme.

In Fig. 2, if I=1 and m=1. The CM activities
instead of eliminating the preventive maintenance, act
by increasing the preventive activities. Thisis due to
the fact that the CM programme is not applied with
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the aim of improving the maintenance area, but as an
additional policy, in so doing increasing the costs of
the area as it is applied together with the preventive
policy.

If I=1 and m=2. The CM activities do not detect
failures in the machinery, which means that the same
quantity of corrective activities are maintained. The
efficiency of the CM activitiesisvery low.

If I=1 and m=3. The setting up of the CM
programme means that together with the habitual
preventive and corrective activities, additional, and
but unnecessary activities, are developed in both
policies suggested by the CM programme.

If I=2 and m=1. The CM activities have no influence
over the Preventive and Corrective maintenance
applied.

If =2 and m=2. The introduction of the new
maintenance policy does not diminish the corrective
activities and increases the preventive activities.

If 1=2 and m=3. The corrective and preventive
activities are increased by the same amount. Thus,
there are additional maintenance activities from the
CM programme and the traditional activities have not
been modified with the inclusion of the new
maintenance policy.

If I=3 and m=1. The CM policy must not increase
the corrective activities, since the CM activities do
not have sufficient time to discover the failures from
the initial phases of development; therefore, the
detected breakdowns could lead to the inability to
return the machinery to aworking condition in a short
period of time. The preventive activities experienced
adlight decrease.

If 1=3 and m=2. The preventive policy is not
affected by the CM one, but the corrective activities
experience a relevant increase. Therefore, the
anomalies in the machinery have influenced other
components leading to multiple breakdowns.

If I=3 and m=3. The CM policy does not eliminate
the activities based on time and does not reduce the
corrective activities. This suggests that the increase in
preventive activities is causing an increase in
corrective activities.

5 Casestudy in a Hospital

Hospital facilities include certain features that

involve their maintenance having to be considered in

a special way. The following points summarize these

characteristics:

e Maintenance of medical systems, which are
becoming increasingly complex and need highly
qualified personnel to carry out maintenance
activities. The tendency is to outsource
maintenance service once the guarantee period
has finished.
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¢ Buildings and piping characteristics of alarge and
complex installation, which are required to be
increasingly safer and more reliable , resulting in
a tendency towards the introduction of intelligent
buildings.

o Electricity, water and gas supplies. This matter is
normally dealt with by the maintenance service of
the hospital, and its economic importance can be
quantified at 5% of the annual budget for the
installation.

The data required to apply the model to the
Hospital has been obtained by means of a
questionnaire answered by the Director of the
Maintenance Department.

There are numerous Condition Monitoring
techniques, as can be seen in [9]: lubricant analysis,
vibration analysis, thermography, penetrating liquids,
radiography, ultrasound, control of corrosion, etc.
Each technique is applied to a specific type of
industrial equipment.

The setup of the CM programme in the Hospital is
in the design and planning phase at the moment. The
Condition Monitoring techniques selected are:

e Thermography. This is the first predictive
technique set up in the Hospital. Now, 74 devices
are included in the CM programme to control
generdly the transformers, the low-tension
control panel and systems of uninterrupted supply
belonging to operating theatres.

e Vibration anaysis. It can be considered as the
most widely used technigue due to its suitability
for application to rotary and reciprocating
machines and its high capacity for diagnosis. This
technique makes it possible to detect mechanical
faults and identify the type of fault that is
occurring [23].

As regards the dtaff of the Maintenance
Department, the aim is to keep the same number over
the coming years, and only one worker has joined the
staff since the beginning of the setup of the CM
programme. This worker will be kept on for at least 3
years.

The percentage of corrective activities at the
beginning of the setup of the CM programme is 50%.
Thus, the percentage of preventive activities is at
least the remaining 50%.

Due to the previous characteristics, the percentage
of CM activities is limited, and therefore so is
efficiency. Because of this, the Hospital is given 1=2,
m=1. The simulation model gives the trends to the
optimum shown in Fig. 3.
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Fig. 1. Behaviour of each maintenance policy when the resources are intensified in different proportions during the CM set-up.
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Fig. 3. Initial simulation of Maintenance trends in the
Hospital.

As can be appreciated in Fig. 3, once the first
phase has been completed (nearly 2,000 hours),
Preventive maintenance (PM) is going to be carried
on in the same state as previously. Thisis due to the
fact that the reliability of the CM programme is not
considered suitable yet. Therefore, no changes in this
maintenance policy are going to be made. However,
once the second phase began, it was appreciated that
corrective and preventive maintenance activities
underwent a dlight increase that is not included in
Fig. 3. Therefore, new trends were simulated by the
software (see Fig. 4).

In this figure, the increase in resources is
estimated at 20%. Only 10% of this increase is
related to the CM programme; the remaining 10 % is
brought about by increases in other maintenance
policies, though the latter are caused by the diagnoses
given by the predictive data. As can be appreciated in
Fig. 4, al the figures begin with a very similar
percentage of preventive and corrective maintenance
activities, because this is the situation in the Hospital
at the time the CM programme is set up.

The figures included in Fig. 4 are organized from
worst to best behaviour in the Hospital. In the first
column, it can be appreciated that Corrective
maintenance has a final constant level higher than or
similar to the initial conditions in every case. In the
second column, preventive maintenance has a fina
constant level in every case and is aways higher than
the initial value. However, the trends in Corrective
maintenance develop from the same level as the
initial value in the case of 1=1 m=2, to a dlight
decrease in Corrective maintenance in =2 m=2
(although a substantial increase in preventive
maintenance has been required). In the case of 1=3
m=2, the quantity of Preventive maintenance required
to obtain the decrease in Corrective maintenance
(with regard to the initial conditions) is lower than in
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=2 m=2 and is therefore considered more suitable
than the previous case.

In the third column of Fig. 4, the trends are shown
when both Preventive and Corrective maintenance
have final downward trends which can be considered
as a process of continuous improvement. In m=3, the
final quantity of Corrective maintenance islower than
the Preventive one (this is aways better than in the
opposite case due to the fact that Corrective
maintenance may mean that certain equipment or
medical services are not available, and the preventive
maintenance activities can be planned when these
pieces of equipment or medical services are not
required by any patient).

In the case of I=1 m=3, the fina corrective
maintenance level is dightly lower than the initial
value, and the preventive one is higher than the initial
conditions, but in both cases a dlight decrease is
expected in the future over these values.

In1=2 m=3, there is adlight decrease in Corrective
and Preventive maintenance in the fina values with
regard to the initiad values, and the quantity of
preventive maintenance activities is higher than the
corrective ones.

In I=3 m=3, the final value in both corrective and
preventive maintenance activities is lower than in the
previous case, especialy in preventive maintenance,
in which the downward trend is steeper, and then the
quantity of preventive maintenance activities can be a
low valuein the future.

Therefore, the Director of the Maintenance
Department in the Hospital can ensure that the trends
in his maintenance policies will follow the behaviour
from the last column of Fig. 4 and preferably the
behaviour registered in =3 and m=3.

6 Conclusion

This paper describes a simulation model developed in
Matlab. This model can simulate the trends in
Corrective, Preventive and Condition Monitoring
Maintenance policies when a CM programme is set
up. The model can describe not only the trends when
suitable behaviour is developing, but also erroneous
behaviour that may be caused. Different increases in
resources during the CM programme setup can be
considered. The trends in maintenance policies in a
Hospital are given as an example of application.
Considering the initia characteristics of the
Maintenance area, the quantity of resources allocated
to the new maintenance policy and estimated
efficiency, some possible future states are forecast
from the worst to the best situation.
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Fig. 4. Simulated trends related to possible future behaviour in the Hospital.

ISSN: 1790-5060 285 Issue 5, Volume 3, May 2008



WSEAS TRANSACTIONS on POWER SYSTEMS

Acknowl edgment

The author would like to thank the Junta de
Comunidades de Castilla-La Mancha for their
financial support by means of the PCI08-0042-6312
project.

References:

[1]K. S. Al-Sultan and S. O. Duffuaa, Maintenance
control via mathematical programming, Journal
of Quality in Maintenance Engineering, Vol. 1,
No.3, 1995, pp. 36-46.

[2]W. Armitage, and A. K. S. Jardine, Maintenance
performance-A decision problem, International
Journal of Production Research, Vol. 7, No. 1,
1968, pp. 15-22.

[3] RH.P.M. Arts, G. M. Knapp and L. Mann, Some
aspects of measuring maintenance performance in
the process industry, Journal of Quality in
Maintenance Engineering, Vol. 4, No. 1, 1998,
pp. 6-11.

[4]M2 C. Carnero, Model for the Selection of
Predictive maintenance Techniques, INFOR, in
press.

[5] J. Crocker, Effectiveness of maintenance, Journal
of Quality in Maintenance Engineering, Val. 5,
No. 4, 1999, pp. 307-313.

[6] Deris S., Omatu S., Ohta H., Kutar S., Samat P.
A. Ship maintenance scheduling by genetic
algorithm and constraint-based  reasoning,
European Journal of Operational Research, Vol.
112, 1999, pp. 489-502.

[7]1S. M. Dhlamini, F. N. Nelwamondo, T. Marwala,
Condition Monitoring of HV Bushings in the
Presence of Missing Data Using Evolutionary
Computing, WSEAS Transactions on Power
Systems, Vol. 1, No. 2, 2006, pp. 296-302.

[8]Y. Dong, D. Xiao, An Overal Condition
Monitoring System of High Voltage SF¢ Circuit
Breaker, WSEAS Transactions on Power
Systems, Val. 1, No. 5, 2006, pp. 854-859.

[9]D. J. Edwards, G. D. Holt and F. C. Harris,
Predictive maintenance techniques and their
relevance to construction plant, Journal of Quality
in Maintenance Engineering, Vol. 4 No. 1, 1998,
pp. 25-37.

[10] O. Ljungberg, Measurement of overall
equipment effectiveness as a basis for TPM
activities, International Journal of Operations &
Production Management, Vol. 18, No. 5, 1998,

pp. 495-507.
[11] H. Lofsten, Management of industria
maintenance - economic evaluation of

maintenance policies, International Journal of
Operations & Production Management, Vol. 19,
No. 7, 1999, pp. 716-737.

ISSN: 1790-5060

286

M Carmen Carnero

[12] S. Martorell, A. Sanchez, A. Mufoz, J. L.
Pitarch, V Serradell and J. Roldan, The use of
maintenance indicators to evaluate the effects of
maintenance programs on NPP performance and
safety, Reliability Engineering and System
Safety, Vol. 65, 1999, pp. 85-94.

[13] F. Monchy, Teoriay practica del mantenimiento
industrial. Masson S.A., Barcelona (Spain).
1990, p. 38.

[14] D.N.P., Murthy, A., Atrens, JA. Eccleston,
Strategic maintenance management, Journal of
Quality in Maintenance Engineering, Vol. 8, No.
4, 2002, pp. 287-305.

[15] B.K.N. Rao, Handbook of
Monitoring, Elsevier, Oxford, 1996.

[16] Raouf, Improving Capital Productivity through
Maintenance, | nter national Journal of
Operations & Production Management, Vol. 14,
No. 7, 1994, pp. 44-52.

[171S. H. Sheu A generdized age and block
replacement of a system subject to shocks,
European Journal of Operational Research,
Vol. 108, 1998, pp. 345-362.

[18] H. C. Tsang, A strategic approach to managing
maintenance performance, Journal of Quality in
Maintenance Engineering, Vol. 4, No. 2, 1998,
pp. 87-94.

[19] J. A., Tompkins, Future Capable Company,
Tompkins Press, Raleigh, NC, (USA), 2001.

[20] C. B. Vilakazi, T. Marwaa, P. Mautla, E.
Moloto, On-line Condition Monitoring using
Computational Intelligence, WSEAS
Transactions on Power Systems Val. 1, No. 1,
2006, pp. 280.

[21] M. Vineyard, K. Amoako-Gyampah, J. R.
Meredith, An evaluation of maintenance policies
for flexible manufacturing system. A case study,
International  Journal of Operations &
Production Management, Vol. 20, No.4, 2000,
pp. 409-426.

[22] W. Wang A model of multiple nested
inspections at different intervals,
Computers& Operations Research, Vol. 27,
2000, pp. 539-558.

[23] H. Wang, P. Chen Condition Diagnosis of
Blower System Using Rough Sets and a Fuzzy
Neural Network, WSEAS Transactions on
Business and Economics, Vol. 5, No. 3,March
2008.

[24] B. L. Wildermuth, B. L. Foote, Evaluation of the
Maintenance Management Information Systems
of the United States Postal Service, Interfaces,
Voal. 9, No. 2, 1979, pp. 42-48.

Condition

Issue 5, Volume 3, May 2008



