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ABSTRACT

The paper will first outline current state of maimance systems, moving on to show
some of the benefits that can result from the appbn of computerised maintenance
management systems (CMMS). This is followed by destration of evidence of
black-holes. Finally, a black-box: A case studpresented.

Unmet needs in responsive maintenance will be lggtdd followed by research &
development questions. Key Features of NGMS wilbbtined and example of some
approaches will be highlighted.

Finally, we present a summary of how developmentetdted training material in
Maintenance Management can/will contribute to asklrey the issues raised.
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1. Maintenance and Asset Management - definition @himportance:
Maintenance has many definitions. One comprehermsgtfiaition is:
‘the management, control, executiorand quality of those activities which
will ensure thabptimum levels of availability andoverall performance of
plant are achieved, in order to mbeasiness objectives'

The key words are in bold and note that the tgtalftdesign activity for the whole
product and process life cycle is assumed. Itss worth noting that the definition
implies that maintenance is a managerial and gfiag&ctivity and hence the term
Asset Management is now often used instead.

The importance of maintenance (or asset managenuamt)be signified by the
following argument. The revenue of any company banimproved by any of the
following alternatives:
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. Setting higher prices on products: only valid ifetltompany is in a
monopolised market. Verdict: Good for the shontebad for the long term
as customers will search for other vendors.

. Reduction of production and maintenance costs. @alig if these costs are
not adding value to the business. An analogy cbeldnstead of trimming
the tummy of fat person one gets to cut the legamis in an effort to reduce
weight!! Verdict: Good for the short term, bad fibre long term if cost
cutting affects vital activities such as traininghda quality related
expenditures.

. Increased productivity. Verdict: Good for both gteort and long terms.

. High quality products. Verdict: Good for both thHeog and long terms.

Maintenance cannot influence the first two of thbsg it's instrumental in the last
two.

2. Current State of Maintenance Systems.

Morden computational facilities have offered dramascope for improved
effectiveness and efficiency. Maintenance is am@& an which computing has been
applied, and Computerised Maintenance Managemeste®g (CMMS) have existed,
in one form or another, for several decades. Oiftevare has evolved from relatively
simple mainframe planning of maintenance activayWindows-based, multi-user
systems that cover a multitude of maintenance fanst The capacity of CMMS to
handle vast quantities of data purposefully andidipphas opened up new
opportunities for maintenance, facilitating a mdediberate and considered approach
to managing an organisation’s assets.

Some of the benefits that can result from the appbn of computerised maintenance
management systems (CMMS) are:

1. Resource Control: Tighter control of resources (r&iance personnel,
spare parts, equipment, etc).

2. Cost Management: Better cost management and atdibil
3.  Scheduling: Ability to schedule complex, fast mayimworkloads.
4. Integration: Integration with other business system

5. Reduction of Breakdowns: Improve reliability of @gal assets through the
application of an effective maintenance programme.

Perhaps, the most important one is item 5 abovis.i$lthe aim of the
maintenance function and the rest are ‘nice’ objest(or by-products). Some
system developers and vendors as well as someafsemdose focus and
compromise reduction of breakdowns in order to ma&instandardisation and
integration objectives. This has lead to the faat the majority of CMMS in the
market suffer from serious drawbacks as will bengho the following section.
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2.1. Evidence of black-holes

Most existing off-the-shelf software packages, esgly Computerised Maintenance
Management Systems (CMMS) and Enterprise ResouamaiRg (ERP) systems,
tend to be ‘black holes’. This term is coined bg #uthor as a description of systems
greedy for data input that seldom provide any outpuerms of decision support.
Companies consume a significant amount of manageraed supervisory time
compiling, interpreting and analysing the data gegd within the CMMS. Companies
then encounter difficulties analysing equipmentfgrenance trends and their causes
as a result of inconsistency in the form of theadaptured and the historical nature of
certain elements of it. In short, companies tendpgend a vast amount of capital in
acquisition of of-the-shelf systems for data cdltat and their added value to the
business is questionable.

All CMMS systems offer data collection facilitiesjore expensive systems offer
formalised modules for the analysis of maintenathata; the market leaders allow
real time data logging and networked data sharseg [Table 1]. Yet, despite the
observations made above regarding the need fornmafiion to aid maintenance
management, virtually all the commercially avaialltMMS software lacks any
decision analysis support for management. Hencéndisated in Table 1, a black
hole exists in the row titled Decision Analysis aese virtually no CMMS offers
decision support. This section has been reported paper titled; Computerised
Maintenance Management Systems (CMMS): A black lool@ black box (Labib,
2003). It is included here in order to clarify gmgument raised in this paper.

Data

v v v v
Collection
Data

v v v

Analysis
Real Time v v
Network v
Analysis
Price Range | £1k+| £10k+ £30k + £40k +

Table 1 Facilities offered by commercially availad CMMS packages

This lack of decision analysis support is a dedirproblem, because the key to
systematic and effective maintenance is managete&tision-taking that is
appropriate to the particular circumstances ofrttahine, plant or organisation.
This decision-making process is made all the mdfewt if the CMMS package
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can only offer an analysis of recorded data. Asesample when one inputs a
certain Preventive Maintenance (PM) schedule tdvMS, say to change the oil
filter every month, the system will simply produgenonthly instruction to change
the oil filter. In other words it is no more thandery. A step towards decision
support is to vary frequency of PM depending on toenbination of failure
frequency and severity. A more intelligent featweuld be to generate and to
prioritize PM according to modes of failure in andynic real-time environment.
PM is usually static and theoretical in the sehse they do not reflect shop floor
realities.

In addition, the PM that is copied from machine oels is not usually applicable
because:

(@) each machine works in a different environment ardild/ therefore need
different PM,

(b) machines designers often do not have the same ierperof machines
failures, and means of prevention, as those whoatp@nd maintain them,
and.

(c) machine vendors may have a hidden agenda of margnipare parts
replacements through frequent PM.

A noticeable problem with current CMMS packageshs lack provision of
decision analysis support. Figure 1 illustrates hioe use of CMMS for decision
support lags significantly behind the more traditib applications of data
acquisition, scheduling and work-order issuing. i®/many packages now offer
inventory tracking, and some form of stock levelnibaring, the reordering and
inventory holding policies remain relatively singglic and inefficient (See Exton
& Labib (2001), and Labib and Exton (2002) for mdegails). Moreover, there is
no mechanism to support managerial decision-malitg regard to inventory
policy, diagnostics or setting of adaptive and appate preventive maintenance
schedules.
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Applications of CMMS Modules

Maintenance budgeting

Predictive maintenance data analysis
Equipment failure diagnosis

Inventory control

Spare parts requirements planning
Material and spare parts purchasing
Manpow er planning and scheduling
Work-order planning and scheduling
Equipment parts list

Equipment repair history

Preventative Maintenance planning and scheduling

70 75 80 85 90 95 100

Percentage of systems incorporating module

Figure 1 Extent of CMMS module usage (from Swansori,997)
According to Boznos (1998):

“The primary uses of CMMS appear to be as a stouskdor equipment information,
as well as a planned maintenance and a work maames planning tod!

The same author suggests that CMMS appears todekless often as a device for
analysis and co-ordination and thaki®ing CMMS in manufacturing plants are still
far from being regarded as successful in providiagm based functiohsHe has
surveyed CMMS and also TPM and RCM concepts ancxbent to which the two
concepts are embedded in existing marketed CMMSaseconcluded that:

“it is worrying the fact that almost half of the mpanies are either in some degree
dissatisfied or neutral with their CMMS and th#te responses indicated that
manufacturing plants demand more user-friendlyesyst(Boznos, 1998).

This is a further proof of the existence of a ‘lddmle’. In addition, and to make
matters worse, it appears that there is a new wkE€MMS that are complicated and
lack basic aspects of user-friendliness. Althoubbytemphasise integration and
logistics capabilities, they tend to ignore the damental reason for implementing
CMMS is to reduce breakdowns. These systems afeullifto handle by either

production operators or maintenance engineers. Hreymore accounting and/or
information technology oriented rather than engimgebased. In short, they are
‘Systems Against People’ that further promote thiecept of black holes.

Results of an investigation of the existing relispimodels and maintenance systems
(EPSRC Grant No. GR/M35291) show that managers laickcommitment to
maintenance models has been attributed to a nuofilbeasons (Shorrocks and Labib,
2000), and (Shorrocks, 2000):

() Managers are unaware of the various types of maantee models,
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(i) A full understanding of the various models and d@peropriateness of these
systems to companies are not available, and

(i) Managers do not have confidence in mathecahtimodels due to their
complexities and the number of unrealistic assupngtthey contain.

This correlates with recent surveys of existingntenance models and optimisation
techniques, Ben-Daya etal (2001) and Sherwin (206@9¥ also noticed that models
presented in their work have not been widely usdddustry for several reasons such
as:

()  Unavailability of data,

(i) Lack of awareness about these models, and
(i) Some of these models have restrictive asgiong.

Hence, theory and implementation of existing maiatee models are to a large
extent disconnected. They concluded that therensea to bridge the gap between
theory and practice through intelligent optimisatgystems (e.g. rule-based systems).
They argue that the success of this type of reBeahould be measured by its
relevance to practical situations and by its immacthe solution of real maintenance
problems. The developed theory must be made abtedsi practitioners through
information technology tools. Efforts need to bedman the data capturing area to
provide necessary data for such models. Obtainsedulireliability information from
collected maintenance data requires effort. Inpte, this has been referred to as data
"mining", as if data can be extracted in its dekii@m if only it can be found. In the
next section we highlight unmet needs in mainteaaystems.

3. Unmet needs in responsive maintenance.
According to Jay Lee, Director of NSF Industry/\damsity Cooperative Research
Center on Intelligent Maintenance Systems (IMShatUniversity of Cincinnati,

unmet needs in responsive maintenance can be caegjnto the following:

1. Machine Intelligence: Intelligent monitoring, pretiand prevent, and
compensation, reconfiguration for sustainabiligiftignaintenance).

2. Operations Intelligence: Prioritize, optimize, aresponsive maintenance
scheduling for reconfiguration needs.

3. Synchronization Intelligence: Autonomous InformatiBlow from Market
Demand To Factory Asset Utilization.

Hence, we can conclude that research and develdpguestions concerning next
generation maintenance systems are:

1. How to adapt PM schedules to cope dynamically siitbp-floor reality?
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2. How to feed back information and knowledge gathénemiaintenance to the
designers of the process?

3. How to link maintenance policies to corporate sggtand objectives?
4. How to synchronise production scheduling based oaint@nance
performance?

4. Further Discussion:
Based on The key features for next generation miaamice systems are:

1. Self-Reconfiguration.

2.  Self-Maintenance, and Self-Healing.

3. Data to Information to Decisions.

4.  Off-line to On-Line to Real-time.

5. Learn and Grow.

6. Diagnostics to Prognostics.
According to Charles Darwin:]t‘is not the strongest of the species that susyiner
the most intelligent, but the one most responsovecttangé Therefore, Next
Generation Maintenance Systems will have to beoresipe to change otherwise they

will follow the same fate as Dinosaurs who werersgr and probably intelligent but
perhaps not responsive.

5. A summary of how the MSc in Maintenance Managenm at Glasgow
Caledonian University can/will contribute to the adiressing the issues
raised:

The author has been involved in teaching the MSkamntenance Management at
Glasgow Caledonian University in the UK, The MSdJaintenance Engineering at
University of Manchester, and was external examifar the MSc in Asset
Management at Robert Gordon University in Aberdeefhese Programmes are
designed in such a way to address the existeneecoihsiderable gap between the
required skills which are essential to maximise gutential benefits from these
advanced technologies in the area of maintenandeaaset management and the
skills which currently exist within the maintenarsztions of most industries.

In addition, he has taught maintenance modulekanSA. With this experience he
is in a good position to assess the orientatiorthoke Programmes, where the
emphasis is on developing and nurturing skills amdization of advanced

technologies. Although the Programmes already addseme of the issues related to
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next generation maintenance systems, there isatith for considering other issues
such as:

e Emphasis on CMMS and ERP systems in the markety thge, and
limitations.

e Design awareness in maintenance and design fortanzeaiility.

e Learning from failures across different industi@esl disciplines.

e Emphasis on prognostics rather than diagnostics.

e E-maintenance and remote maintenance includingps&lered sensors.

These are just ideas that will help to enhancdraady excellent Programmes.

CONCLUSIONS

In this paper we have outlined current state of ntemiance systems, and then

presented some of the benefits that can result tremapplication of computerised

maintenance management systems (CMMS). Unmet meedsponsive maintenance
were highlighted followed by research & developmgoestions. Key Features of

NGMS were outlined and examples of some approaskes highlighted.

Finally, we presented a summary of how developnoémelated training material in

Maintenance Management can/will contribute to asklrgy the issues raised.
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