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ABSTRACT

To remain competitive in todays's increasingly automated environment,
manufacturing industry must take a more proactive and strategic attitude
towards maintenance. This thesis applies these concepts, as a case study,
to Philips Components Durham -- an advanced manufacturing unit for colour
television tubes. Consideration is first given to modern manufacturing
strategies and the business objectives which the maintenance strategy must
support. Recent organisational changes are then discussed and analysis
made of the maintenance information systems infrastructure. Having related
the maintenance department functional requirements to proprietary eguipment
management packages, the area of machine breakdown data collection is
further discussed.

To address the need for improved feedback on machine performance, a shop
floor data collection and analysis system (EQuipment Utilisation
ImProvement system) has been developed and commissioned. This system now
provides more accurate and detailed information than was previously
available. A further success of this system is that, as-a pilot project,
the system has highlighted many organisational and technical issues. These
must be addressed before a more comprehensive equipment ranagement package
could be successfully implemented. Based on the knowledge gained from the
implementation of this system, recommendations are made on the
responsibilities for maintenance tasks, appropriate training for
maintenance personnel and the further development of information systems to

support the maintenance function.

-11-



LIST OF TERMS

The terms listed below are for general reference. Other terms used only in

one chapter are defined where they occur and are not included here.

AQAP : Allied Forces Cuality Assurance Procedure

Originally a military specification which has been adapted and is now

widely used in industry.
Availability

The fraction or percent of uptime. Availability is measured by dividing
hours of uptime by scheduled running hours.

MITF

Mean Time To Failures. Is the average available time between eguipment
failure. An important characteristic with respect to machine performance
and this parameter is failure pattern e.g. time based, random etc. Also of
significance is the availability of suitable parameters to detect the

onset of failure. The inverse of MITF is the failure rate or the number of
failures per operating hour.

MT'TR

Mean Time To Repair. Is the average time necessary to repair and return

equipment to service once a failure has occurred.

Pareto 80/20 Rule

Originally devised for stock analysis although can be readily translated to
other areas. 80% of the value of stores items is held by 20% of the volume
of goods.

PPM : Parts Per Million

Number of occurences in a given population. A commonly quoted quality
parameter.

Reliability

Is the probability that a piece of equipment or a component will operate

satisfactorily for a specified period of time.
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CHAPTER_1 : INTRODUCTION

Historically, British industry has underspent on maintenance, partially due
to its low profile within the manufacturing organisation. In today's
competitive environment, companies must take a much more proactive and
strategic attitude towards maintenance. Poor maintenance now has
implications beyond the cost of downtime; the non-availability of plant or
quality problems can lead to market failure.

In Britain, it was the advent of microelectronics and the move towards
capital intensive integrated manufacturing that first raised questions

about the opportunity costs of under-maintaining.

In 1968, a study on engineering maintenance in British Manufacturing
industry was carried out on behalf of the Ministry of Technology. It
reported that :

1) The total direct cost of engineering maintenance was approximately

£1,100 million per annum (value circa 1968).

2) Improved productivity of maintenance staff could have led to a
reduction in maintenance expenditure of around £250 million per

annume.

3) Better maintenance could have saved about £300 million per annum of
lost production caused by unavailability.

In 1972, a steering committee, set up to examine the broader findings of
this reported, concluded :

"The nature of the maintenance activity was determined by the manner in
which plant and equipment was designed, selected, installed, commissioned,
operated, removed and replaced. Major benefits could come to British
Industry from the adoption of a broadly based technology which embraces all
these areas, and because no suitable word existed to describe such a
multidisciplinary concept, the name ‘terotechnology' was adopted".

The extent to which the terotechnology initiative has impacted upon
maintenance management is debatable. While it is accepted that integrated

process technolegies cut across conventional boundaries and that benefits




could be derived from more congruent maintenance and work organisations in
the past, many companies have not sought to address these deep-—rooted
issues.

However, in Britain the changing economic climate is now bringing renewed
imputus to comprehensively re--organise and tormalise the maintenance
process. There is now a growing belief that a more effective maintenance
strategy can bring cost savings and competitive advantage in its own
right.

Greater factory automation has led to a significant increase in maintenance
budgets relative to other production activities. For example, the average
engineering maintenance budget, as a proportion of factory operating
expenses, has increased from approximately 10% to 17% during the period
1982--1986.

Companies now striving to enhance the effectiveness of their maintenance

organisation tend to be active in two major areas :

1) Organisation

Notable improvements are being gained from changes in maintenance work
organisation. Conventionally, British manufacturing companies have
differentiated job structures in keeping with Taylorist notions of
functional specialisation. The Maintenance Department is set apart
from Production and typically has a different skill status.
Progressive management thinking is now to support the use of more
homogenous job structures for Production and Maintenance personnel as
a means of achieving improved quality of maintenance. This naturally

leads to the formation of multi-disciplinary work teams.

2) Information Technoloqy

Control of the maintenance organisation requires improved methods of
measuring and quantifying maintenance activities. To support these
new performance monitoring procedures requires the implementation of
information gathering systems. Of particular interest are integrated
asset management systems which can be valuable tools in increasing the
overall level of professionalism of the maintenance function.



Philips Components Durham is one of nine Elcoma Display Components

involved with the manufacture of colour television tubes. The factory was
designed fiften years ago for the production of a single type of TV tube.
Today the factory employs 1,300 people and produces approximately 1.7
million tubes a year of 3 major types (Flat Square Narrow Neck, Flat Square
Mini Neck and CMT). Production is carried out on a 3 shift system, 5 days
a week with set/fixed plant shutdown holidays. All major engineering work
is scheduled for planned shutdowns. The plant is based on a single site
but is diverse and in parts, very complex, in nature. It is the
responsibility of the Maintenance Department to maintain all production
equipment in the plant, at an approximate annual budget of £2 million. Due
to its capital intensive nature, the factory operates on a high volume, low
cost principle - the cost of bottleneck equipment failure during operating
hours is therefore significant. Improved effectiveness of the maintenance
function can therefore play a significant part in the financial performance
of the plant. With respect to lost factory capacity due to machine non
availability, a 1% improvement in capacity on the FS bottleneck equates to
£250,000 improved performance per annum and for the CMT bottleneck £70,000
per annum.

An effective maintenance organisation at Philips Durham is therefore most
desirable. This thesis relates the above described industry developments
to Philips Durham, with the overall objective of highlighting possible
improvement areas.

Consideration' is first given to modern manufacturing strategies and the
business objectives which the maintenance strategy must support. Recent
organisgtional changes are then discussed and analysis made of the
maintenance information systems infrastructure. Having related the
maintenance department functional requirements to proprietary equipment
management packages, the area of machine breakdown data collection is
further considered. To address the needs in this area, as a pilot project,
a shop floor data collection system has been developed and is detailed.

Finally, details of suitable maintenance performance indicators are given.



CHAPTER 2 : BUSINESS ENVIRONMENT

All implementation of systems, whether computerised or manual, must be

"needs driven®.

To accurately determine these needs it is necessary to refer to the
manufacturing strategy and the objectives that are being worked towards and
from these overall objectives it is then possible to determine a suitable
IT strategy, a framework in which any proposed developments can then be
considered.

At the time of writing, both the manufacturing strategy and information
strategy for Philips Components Durham have yet to be officially decided.

It is not within the scope of this thesis to determine these two
strategies. However, consideration must be given to their direction to

facilitate the appropriate environment for further developments.

Philips Global Strateqy

Recent poor trading figures for Philips (a 19% fall in profits from 1986 to
1987) have intensified pressure to improve the company's performance (Ref :
Appendix 1 : Philips Earnings Blow a Fuse).

In broad terms the following requirements have been set as business targets
by Company President, Mr Cor van der Klugt :

1) Increased Return on Capital : 8% before tax, giving 4% after tax.
2) Increased liquidity/cash flow.

3) Decreased investment.

2.2 Manufacturing Strateqy

The interactions between various corporate strategies can be
represented as in Figure 2.2.



Fig 2.2 Corporate Strategies
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Strategy decisions need to take account of the impact of manufacturing

on corporate objectives.

Competitive advantage can be gained through a good degree of fit
between a company's marketing strategy and manufacturing’s ability to
support it. Both factors must be known at the business level and
objectively resolved within corporate perspectives (Ref. 7).

For this to take place relevant internal information which explains
the company'’'s manufacturing capabilities needs to be available at
Senior Management level, along with traditional matketing
information. To be effective the ownership of its use must be vested
in top management.

An information technolcgy strategy is also required to ensure that an
appropriate communications infrastructure is developed to support the

business and manufacturing strategy (Ref. 6).

When determining a manufacturing strategy there are three fundamental
modern manufacturing concepts which warrant further discussion :

Computer Integrated Manufacturing (CIM), Total Quality Control (TQC),
and Just In Time (JIT) production techniques. These are represented

in Figure 2.3,



Fig 2.5 Manufacturing Strategy Concents
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The fact that these concepts are illustrated as having areas of

overlap is significant. The overlap between CIM and JIT illustrates

that the two concepts are not mutually exclusive - JIT concepts can be

integrated with Manufacturing Resource Planning (MRP), a part of CIM.

Furthermore, the fact that all three are represented on the same

model, with a significant area of overlap, implies that all three must

be addressed in parallel in any overall program to gain competitive

advantage in manufacturing.

2.2.1

Just In Time (JIT) Concept

The JIT concept originated as an integral part of Japanese
manufacturing philosophy, and is a cornerstone of Japanese
production management and productivity improvement (Ref. 14).
The fundamental JIT idea is simple : produce and deliver
finished goods just in time to be sold, subassemblies just
in time to be assembled into finished goods, fabricated
parts just in time to go into subassemblies, and purchased
material just in time to be transformed into fabricated
parts. This in turn has a significant impact on batch
sizes; Japanese industry tends to produce small quantities
"just in time' whereas it is not uncommon in Western

industry to produce massive quantities °just in case’.



The JIT ideal is for all materials to be in active use as
elements of work in progress, never at rest incurring
inventory charges - JIT therefore directly addresses the
material cost component of productivity. The indirect
effects are even more pronounced, effecting elements of
productivity from scrap to worker motivation to process
yield.

The Japanese methodolocgy of Kanban, is a possible means to
help to move towards JIT production, Kanban is simply the
name of a specific Japanese inventory replenishment system
developed by Toyota - stockless production is another term
sometimes used. With Kanban, production output is
controlled by the use of Kanban containers - a part is only
manufactured if there is a demand for it and this is flagged
by an empty container. If all containers are full then the

production line is stopped.

The overall JIT scenario is illustrated in Figure 2.4. By
deliberately reducing the level of buffer stocks there is
increased awareness of problems and causes, and this can set

off the chain of events as illustrated.

Fig 2.4 JIT Production Deidcreto
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2.2.2

It must be stressed that JIT is a concept wnich will affect
every area of an organisation, not simply a tool for
reducing work--in-progress (Ref. 13). Moving towards JTT
production is likely to involve everyone from the man on the
Shop Floor through Purchasing through to Adminstration. For
example, if a manufacturing unit has a high stock of
finished goods then under JIT is would be lcgical to slow
down production to reduce the level of finished goods

stock. However, if the factory is measured on its
production volume rather than sales, then a conflict of
objectives arise. 1If JIT concepts are to be pursﬁedp then a
review of accounting and reporting procedures would be

necessary.

Total Quality Control

Japanese quality improvement is partially addressed by Just-
In-Time, but there are a host of other Japanese quality
improvement concepts and procedures, collectively known as
Total Quality Control (TCC). TQC encompasses some of the
JIT techniques and improves productivity through the
avoidance of waste. Collectively JIT/TQC attempts to
control such costly source of waste as idle inventories,
storage costs and mass production of defective components.
When producing goods for a high quality, low cost market
place then JIT/TQC can provide a powerful competitive
advantage - producing quality goods 'right first time' is
not only necessary to meet product quality criteria but also
if defective products are not produced, provides a cost
advantage.

Total Quality Control procedures particularly emphasise :

1) A goal of continual quality improvement.

2) Direct line worker responsibility for product quality
rather than a separate Quality Control Department.



3) Quality control of every process e.qg. Statistical
Process Control Techniques, not reliance upon
inspaction of lots from sclected processes. Defect

prevention, not randcm detection.

4)  Measures of quality that are simple, visible and
readily understandable.
5) Automatic quality measurement devices.
2:2.3 Conmputer Inteqrated Manufacturing (CIM)

Figure 2.5 shows a top level framework for current
definitions of CIM.

Fig 2.5 CIM Top level
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The three functional nodes in this model are product and

process design, manufacturing planning and control and the
production process. In the case of CIM, the integrator of
these three functions is information technology (Ref. 10).



Through information technolegy data is defined, gathered,
stored and manipulated to produce information. This in turn
facilitates integration of the whole sphere of manufacturing

activities.

The node manufacturing, planning and control will now be

discussed in further detail.
Manufacturing Planning and Control
Figurc 2.6 shows the detail of the manufacturing planning

and control area.

Fig 2.6 CIM Manufacturing Planning & Control
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Underlying the basic concept of manufacturing planning and
control are cost management systems which are central to any
manufacturing function. Then comes production and material
planning and scheduling. Two types of systems are used
primarily : one is manufacturing resource planning (MRPII),
and the other is the Kanban system. The Kanban system is
shown in the CIM manufacturing, planning and control node
because it represents the information systems side of Just-
In-Time production.



2.2.4

Procurement, or purchasing, requires support for these
systems. In the CIM framework, purchasing systems are a
further module of an overall factory control system of which
MRP would also be an inteqral part. This module, driven by
MRP logic, can determine purchased item needs, create
purchase orders or releases against blanket orders and

serve as the basis for a vendor rating system.

Manufacturing, planning and control also includes several
types of manufacturng planning and support systems.
Simulation, optimisation and artificial intelligence
software have become technically established products and as
such are now useful tools in solving complex logistic and
production process problems. A key part of any
manufacturers’ overall programme to gain competitive
advantage in manufacturng is a preventive maintenance
programme. Plant reliability must be assured before the
benefits of JIT and TQC can be realised.

Philips Durham Manufacturing Strategy

Colour televisions, especially 51FS derivatives, are now a
mature product being sold in a worldwide market place of
intense competition. Factory selling price and product
quality are key parameters in retaining and/or improving
Philips market share of sales (Ref. 7).

Similar to their competitors, Philips have high costs due

to the nature of the product. Economies of scale i.e. high
volumes are therefore required to absorb these fixed costs
onto the product to produce at a competitive price. This
makes factory results very sensitive to output : if Philips
do not meet their production targets, this seriously hampers

their FSP and/or profit performance (Ref. 4).

Fundamental to producing a low cost product in the present

manufacturing environment are (Ref. 19) :

-11-



1)  Manufacturable product. To achieve ncecessary high
yields products must be designed with consideration of

the manufacturing process.

2) Material cost reductions through redesign,

substitution and standardisation.

3) Maintainable and reliable processes to achieve high
utilisations and facilitate Just In Time principles.
The design of process equipment should take into account
the needs of the maintenance function. This subject is

further discussed in Appendix 2.

It is difficult to review Durhams performance with respect
to previously quoted company objectives on return on capital
employed as industrial units within the Philips group are
not directly involved in product sales. In general Philips
policy is that manufacturing activity tends to take place in
production units separate from the true market place.

However, some measure of return on capital employed may be
gained from consideration of :

Turnover % (1)

Net Assets Value * (2)

* (1) : Turnover gives a measure of the number of products
sold. Profits made on sales are determined by the
activity of the commercial unit. Our overall policy
is to maintain a fixed price to the market place.

* (2) : Fixed assets are calculated to be approximately £40
million = investment is being made at approximately
the same rate as depreciation. Total assets,
including debtors, creditors and stock varies

between approximately £52 and £57 million.

For the first 6 months of 1989, this ratio is :

FS : 2,20
CMT : 0.99



From comparison of these figures with other data it is
possible to conclude that considerable operating
improvements are required by Durham, especially on the CMT
range, to meet the business targets as defined by Mr van der

Klugt.
More readily interprctable factory performance indicators
have been set by the business unit and are detailed in

Figure 2.7.

Figure 2.7 : Factory Objectives Set by the Business Unit

1987 1990

3,000 = 12,000 Quality Level - Rejects in ppm 1,000 - 2,000

100% Cost Price 75%
95% Weekly Delivery Reliability 100% Daily
6 Weeks Delivery Time 1-2 Weeks

To move towards these required targets from their present
position,Durham Management have outlined 7 improvement
objectives, as detailed in Figure 2.8. As illustrated and
in line with modern manufacturing concepts, equipment
performance is seen as a key area with respect to
manufacturing performance. Equipment performance and

maintenance strategy will therefore be discussed further.

2.3 Maintenance Strateqy

2.3.1

The Objective of a Maintenance Function

The high investment in capital equipment necessitates high
utilisation of a company’s assets (Ref. 20). The
maintenance function has a key role to play in asset
utilisation and productivity, and the overall aim of the
maintenance function is to provide a cost effective and

comprehensive service.

-14-



2.3,2

Maintenance Strateqy .- An Integral Part of the

Manufacturing Strategy

Two factors have emerged that affcct the maintenance
function directly and enable it to contribute to the
profitability of the company. One is asset utilisation and
productivity, the other is a market driven demand for a more

fleyxible and responsive plant (Ref. 24).

The two principal requirements of the maintenance function
are to handle breakdowns effectively and to organise
maintenance planning and parts replacement. To support the
latter two, equipment performance data needs to be analysed
so that schedules can be planned.

Equipment monitoring can be accomplished in several ways,
from recording manually either downtime or productive time,
through to computer based process monitoring and control
mechanisms. The latter offer more accurate data recording
and data processing facilities and thus faster problem

diagnosis.

Stores inventory systems can record both the receipt and
issue of parts and maintain stock balances. The overall
objective of a such a system is to ensure that spare parts
inventories are kept at optimum levels consistent with

company goals for asset availability.

Finally, the maintenance function needs to input to the
planned replacement of plant and equipment. Here, systems
that evaluate the cost of replacing a piece of plant against
the cost of keeping it properly maintained need to be

adopted.

To achieve the objectives outlined above, it is essential
to develop a cohesive strategy that forms part of the
overall manufacturing strategy (Ref. 23).



The move frcm a breakdown to preventive mzintenance

situation demands considerable management time and effort.
Fairly extensive information will need to be collected and
analysed before it is pdssible to start developing planned

schedules.

It is possible that pressures on maintenance managers Lo
deliver short term benefits could restrict the move to a

more planned maintenance scenario.

The second major challenge is the establishment of a
workforce with skills appropriate to the maintenance of the
installed asset base. Here, consideration should be given
to the changes planned within the manufacturing
environment. The trend towards increased automation will
almost certainly result in the installation of equipment
with logic and analogue controls. As factories introduce
more intelligent systems, the need for electronic,
instrumentation and control engineers will increase. The
maintenance function must establish a policy, either sub-
contracting these responsibilities to a third party or
developing the necessary skills internally.

2.3.3 Analysis of Equipment

In the short term, data on breakdowns (cause, elapsed
downtime, work effort and parts consumed) provides management
with an analysis of the achievements of the maintenance

function.

Equipment performance data can be captured in a number of
ways, ranging from manual to fully automated condition
monitoring devices. There is no panacea for factory
maintenance - each asset needs to be treated separately and
maintained on a corrective, preventive or productive basis.
The strategy should reflect the priority given to each piece

of equipment : process critical, safety, value etc.

-16-



2.3.4  Retiring Assets

At times, maintaining a competitive advantage involves
retiring some relatively young assets. By knowing the
current costs of maintaining a piece of eguipment and the
trend since installation (increasing, decreasing or stable),
management can establish and maintain an asset replacement
strategy.

2.4 Maintenance and Plant Capacity

To realise the maintenance business objective of minimising the long
term cost of maintenance whilst achieving the planned output,
consideration must be given to overall capacity limitations of a
plant. Each production department cannot be viewed in isolation and
therefore consideration must be given to the plant as a whole when
determining the maintenance strategy for a department. To these ends
the capacity, both installed and actual of each of the Departments
with respect to overall production demand is the major factor in
determining the level and nature of maintenance support.

As previously stated, moving towards Just In Time (JIT) manufacturing
necessitates high reliability of plant equipment. However, this is a
wide brief which consideration of the Optimised Production Technology
(OPT) technique will help clarify (Ref. 5).

2.4,1 Optimised Production Technology (OPT)

Central to the OPT approach is the way in which success is
measured. The goal of a manufacturing company is defined as
simply 'to make money'. In order to do this the Company
must simultaneously increase throughput and reduce
inventory. The key to increasing throughput is the
bottleneck - the lowest capacity machine or resource in the
chain of resources used to manufacture a product. A factory
is viewed in OPT terms as few bottlenecks and many non
bottlenecks. OPT focuses on the bottlenecks to increase
output. They key OPT tenet is that bottlenecks should be
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2.4.2

constantly producing. Non bottlenecks, however, can be
employed setting up, producing or being maintained. For the
whole of the production process to work in harmony the need
to tolerate down time, or under utilisation, on a non
bottleneck machine is vital (Ref. 18). Following the OPT
approach, management attention can be drawn to the
bottleneck areas. OPI is therefore a useful precursor to
JIT in that it is quicker and easier to implement and also
supports a process of a gradual evolution towards JIT.

The OPT approach is strongly supported by downtime cost
figures. In a high volume factory lost production through
bottleneck downtime is very costly. This in turn must have
a strong impact on the maintenance strategies for different
areas of the factory. However, before appropriate plans can
be made, assessment of varying production capacities must be
made.

Bottleneck Identification

A Capacity Bottleneck Identification System (CBIS) has been
set up at Durham (Ref. 22), although in practise this system
is not fully utilised due mainly to problems in collecting

accurate and relevant shop floor information.

For the purposes of this system the factory is set up into
various production cells. For each cell or piece of

equipment, the following information needs to be collected :

Equipment Speed
1) Technical Speed = x 100

Base Speed

2) Breakdown per equipment.

3) Breakdown of equipment and following breakdowns in the
cell.
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4) Utilisation losses - for cleaning, process control etc.

5) Direct yield.

Obviously, to determine overall factory capacity information
from the individual cells must then be linked to information

about preceeding and following cells.

However, this has to take place with respect to the
following ‘capacity adjustors’

a) Repairs : A faulty product is repaired off line
within the Department where the fault
arose. There is therefore no loss of
capacity.

b) Recycle : A faulty product is recycled within the
Department where the fault arose. There
is therefore an effect on capacity but only
within this single Department.

¢)  Rework : The nature of a fault on a product is such
that it has to be reworked back down the
line, beyond the Department where the
problem arose or was identified. There is
therefore an effect on capacity on all the
Departments through which the rework must
pass and possibly on throughput if one of
these Departments is a bottleneck.

All this information is collated via a spreadsheet with an
ultimate output of the CBIS chart as shown in Figure 2.9.

To further interpret this chart :
a) The Base Speed Line : Philips policy for colour

television tube factories is to use the capacity of the
flowcoating process.
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2.4.3

c)

NB

For each production cell a block is shown. The top of
this block represents the total capacity theoretically
available. The bottom represents actual capacity. The
size of the block represents lost capacity due to yield
and utilisation. A further split of these boxes to
show the percentage of capacity lost due to machine
problems would be useful to illustrate the maintenance
improvement potential for an area.

The bottleneck is the area with the lowest actual
capacity. The critical path is then determined from
this cell working backwards and forwards from it,
taking into account cell relationships.

: On the example shown target figures, rather than

actual data, has been used to generate the graph.

From figure 2.9, it can be seen that a system of this

nature would be a very useful tool in determining

departmental maintenance policy with respect to overall

factory considerations. However, on a practical level this

would require the adoption of a factory wide shop floor data

collection system on machine unavailability.

Capacity Implications and Maintenance Planning

With respect to maintenance policy, areas with excess

capacity and bottleneck areas have differing needs :

a)

Areas with excess capacity e.g. sealers. When the
level of equipment uptime can be guaranteed, due to
effective preventive maintenance, it would then be
possible to create 'maintenance windows' midweek. This
would serve to reduce the amount of preventive
maintenance necessary at weekends, with the consequent
greater availability of skilled resource for preventive

maintenance for areas with critical capacity.



Reducing the total capacity of such a Department would
also follow the OPT approach of synchronising the
factory to the capacity of the bottleneck. Overall
excess production on non-bottleneck areas crecates cxtra
work=in-progress, which is contrary to both JIT and OPT
philosophies.

b) Bottleneck areas. As well as providing an input to
long term capacity development plans, the chart can
highlight the actual and potential bottleneck areas.
Preventive maintenance is key in these areas, as
downtime will cause lost factory output. Techniques
such as design out maintenance (Ref. 84 and 85) and
condition monitoring (Ref. 88, 90 and 91) may be
appropriate to these areas due to the high cost of
failure. Resource released due to the implementation
of midweek maintenance windows on non bottleneck areas
may be deployed in these areas to help facilitate

preventive maintenance requirements.

2.5 Future Trends

As manufacturing continues to automate more processes at all stages
of production, there is a trend towards the introduction of more
intelligent systems = artificial intelligence and expert systems.

It is hoped that such investment will boost productivity within the
direct production environment (Ref. 89 and 92). In some European
organisations, fewer people are engaged in direct production than in
support services such as maintenance and quality assurance. This
trend along with strong market pressures and highly automated capital
intensive industries may well serve to make the maintenance function

the key to successful and profitable manufacturing.

In a complex and technical environment such as Philips Durham the
success of the maintenance function will be highly dependent upon the
effectiveness of its use of information systems. A broad analysis of

the plant systems' infrastructure is therefore considered necessary.



2.6 Analysis of Information Systems Infrastructure

There is a need in a production environment for obtaining information
about the overall performance of a production system (Ref. 29 and 30).

At the highest levels this information should show how well the
operating directives set by the business group have been achieved.

At lower levels the production evaluation system should identify areas
where improvements are possible.

A model of the hierarchy of information levels, from real time shop
floor control to factory planning level, is given in Figure 2.10.

Historically data processing departments have been very active at
level 1 whilst the engineering departments have usually concentrated
from level 4 downwards.

These 'traditional’® areas of activity have tended to produce a 'gap’
at levels 2 and 3. This gap is increasingly needing to be filled by
systems connecting mainframes to the shop floor, possibly via local
area networks i.e. shop floor communication systems. Such systems,
supporting CIM philosophies could pass order information directly
from mainframes to production departments, signal completion of
batches directly to planners, enable the managers to monitor yield and
quality etc (Ref. 31).

As previously discussed, to improve the service given by the
maintenance function to the production department it is necessary to
improve shopfloor data collection of equipment failure information and
produce management information for decision making. In terms of the
above model a need was identified to bridge the 'gap' in maintenance
information from the traditional engineering levels to the factory
level.



Figure 2.10 :

Information Levels Hierarchy
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There are many equipment management systems now on the market

(Ref. 45). Consideration of how appropriate such a system would be
with respect to maintenance function requirements and plant systems
infrastructure was therefore deemed necessary. However, before the
requirements of the maintenance function can be determined, it is
first necessary to clarify the nature of the department worklcad and
organisational set up to carry out these tasks.

Analysis of the functionality of equipment maintenance packages can
then be carried out and this then related to departmental needs and
established factory systems.



CHAPTER 3 : MATNTENANCE ORGANISATION

3.1 The Role of the Maintenance Function

The objective of the maintenance organisation is that of achieving
the optimum balance between plant availability and maintenance
resource utilisation.,

The ideal organisation that an individual plant may take are of many
forms, often being determined by systematic consideration of such
factors as :

1) Maintenance work load and its pattern.
2) Amount of emergency work.

3) Cost of unavailability.

4)  Production organisation.

5) Maintenance resources.

For example, decentralised repair teams would probably experience a
lower utilisation than centralised teams but would be able to respond,
in some measure, more quickly and effectively to breakdowns and would
therefore achieve a higher plant availability. Unavailability cost is
the dominant factor in the design of a maintenance organisation. If
this cost is high e.g. bottleneck areas, then the design should aim at
effective preventive maintenance of the area and rapid response to
breakdowns. If the unavailability cost is not high then the aim
should be to achieve high resource utilisation in order to reduce the
direct cost of maintenance.

Achieving this optimum balance is therefore key but, due to the
complexity of large plant, not necessarily easy to achieve.

Due to the dynamic nature of the typical production environment the
maintenance organisation may need to be modified in response to
changing requirements. However, as the primary objective of the
maintenance organisation is to match resources to workload, it is
first necessary to clarify the nature of the worklocad and its effect

upon the maintenance organisation (Ref. 37).



3.2

The primary division is into corrective and preventive work, further

classification being given in Table 3.1.

Table 3.1 : Alternative Maintenance Procedures

CLASS i TIMING i ACTION

Operate to Failure Replace or repair after
failure.

Corrective

Preventive Fixed Time Maintenance

]
I
i
|
|
i Adjust/repair/replace at
i fixed periods.
i
1
* Preventive Fixed Time Inspection | Inspect via equal or
\ variable inspection
| periods then adjust/
| repair/replace on
| condition.
I
1 .
i Inspect on continuous
| basis then adjust/repair/
i replace on condition.
|
i
|
I
I
]
I
|
|

* Preventive Continuous Inspection

Preventive Opportunity Maintenance |, Inspect item at time
based on some other items
maintenance/inspection

period.

* Further discussion of condition based monitoring is given in
Appendix 3.

3.2.1 Corrective Work

For the plant as a whole, corrective jobs occur with almost
random incidence, the consequent daily workload varying as
illustrated in Figure 3.1.



Figure 3.1 : Fluctuation of Corrective Maintenance

Workload

Workload Hours

Time (Days)

In the absence of condition monitoring, scheduling cannot
be carried out until the work demanding event has already
occurred. Part of the corrective load, the emergency work,
occurs with little or no warning and requires urgent
attention.

The remainder, the deferred work, is of varying degrees of
urgency and can be scheduled accordingly, often being used
to smooth the emergency work load. Emergency work and other
high priority low warning work is difficult to plan for. At
best only the average incidence can be forecast, individual
jobs demanding attention during the shift in which they
occur. With a large percentage of highbpriority work ,
difficulty therefore arises in the scheduling and planning
of such work = if a timescale of less than a shift is
available then planning must be carried out at the location
of the job since it is not feasible to direct it through a
centralised planning function.

Corrective action can be sub divided, according to
priority, as follows :

1) Emergency work - high priority, on line.
2) Deferred work - lower order priority, off line.
3) Removed item work = reconditioning.

The use of condition based maintenance can result in a shift
in the workload from emergency to deferred work.



3.3

This model closely fits with the present scenario at Philips
Components - there is a large amount of urgent or deferred
corrective work resulting in preventive work having a

lower priority. The majority of tasks undertaken by the
craftsmen are in response to a problem on their particular
shift and are scheduled for by the Shift Engineer rather
than the Engineering Planner.

3:2.2 Preventive Work

This can be planned in detail and scheduled in advance with
time tolerances for slotting and work smoothing purposes.
Such work can be further classified :

1) Routine. Frequently required work carried out mainly
on line.

2) Minor off line - services and other minor work required
relatively frequently and normally carried out off
line. Work of this nature is often a suitable
candidate for being carried out in production windows.

3) Major off line - overhauls etc. Work of this nature is
normally infrequent and is often carried out during a

scheduled shutdown.

Workload Type and the Effect on Maintenance Organisation

Since each type of maintenance work has different characteristics, as
illustrated in Figure 3.2, the nature of the maintenance organisation
will depend very much on the relative proportions of preventive and

corrective work.



Figqure 3.2 : Characteristics of the Maintenance Workload
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An organisation designed for a workload containing 80% planned work
(mainly preventive and modification) would be totally different from
that for a workload containing 80% unplanned work (mainly emergency).

The latter presents the most difficult and potentially costly
organisation problem. As stated, at Philips Durham the majority of
the workload is unplanned, corrective work. However, in a
sophisticated plant of this nature the complexity of moving towards a
more planned, preventive scenario should not be underestimated.
Considerable operating experience is required if the expected level of
corrective work consequent upon a given input of preventive work is to
be correctly assessed. Due to time lags, the relationship between
preventive work and equipment performance is always unclear.
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3.4 Constituents of the Maintenance Function

When attempting to achieve, the aim of the maintenance organisation

in matching resources to the type of workload, it is useful to

consider it as being made up of three necessary and inter-related

components :

1)  Resources.

2) Organisation.

3) Work Planning and Control System.

3.4.1

3.4.2

Resources

Men, Spares and Tools.

With respect to man power an important consideration is the
level of multi skilling within the workforce.

In general, the greater the division of work the greater

the skill of the individual trades. Many maintenance Jjobs
require inputs from several different skills and this would
tend to make high labour utilisation difficult. However, if
a workforce holds traditional views with respect to
demarcation rules, sensitive management will be required to

move away from such status quo.

Qrganisation

A hierarchy of authority and responsibility for deciding
what, when and how work should be carried out.

Three organisational issues which must be addressed are :
i) Centralisation/Decentralisation.

ii) Reporting Structure.
iii) Total Productive Maintenance.

-31-



PFiqure 3.3 : ‘Traditional’® Organisational Structure
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Features of the traditional organisation are
typically :

1) The maintenance function is not represented at a
high level.

2) The Maintenance Manager has line authority over
his tradeforce and has the responsibility for
determining the maintenance needs of the Plant.

3) The Production Manager has line authority over
his operatives and has the responsibility for
determining the production needs of the Plant.

4) The Commercial Manager has the responsibility for

spares control.

5) The responsibility for maintenance work is
further divided by either trade or area.

6) The responsibility for production work is divided
by area with a separate function for production

planning.
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FIGURE 2.8: Durham Improvement Objectives
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Figure 3.4 : °Progressive’ Maintenance Organisation
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Difficulties arise from this structure due to the
division of responsibility for the plant. This results
in numerous collateral rclationships, committees and
communication systems being used for maintenance

decision making-.

The more fundamental problem with an organisation of
this nature is the division of responsibility for the
plant operation between Production Management and
Maintenance Management. Although officially
Maintenance Management is responsible, after
censultation with production, for the maintenance of
the plant, what tends to happen in practice is that
Maintenance dictates what is done, and Production
dictates when. Therefore, unless there are excellent
communications, considerable friction is generated.

This is particularly so in a large organisation.

Progressive

A more progressive maintenance organisation is
illustrated in Figure 3.4.

Features of a more progressive maintenance

organisation are :

1) High level representation of the maintenance
function. Where maintenance costs are a
significant part of the cost of production as in
a continuously operating process plant, high
level representation of the maintenance function
ensures that Maintenance is properly considered
alongside Production when making operating
decisions and when contemplating the procurement

of new or replacement plant.

2) Improved production maintenance working
relationship. Having smaller integrated groups
e.g. Team 'A' with one clear reporting line and
focussed responsibility helps avoid friction and
encourages team spirit.
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iii)

3) Maintenance personnel within the team deal with
daily operational production problems.
Responsibility for operation and maintenance
is taken by the immediate Production Department
Head and upwards through the Production Manager
etc.

4) The Maintenance Department tends to provide
additional maintenance assistance or technical
help when required by Production. A major part
of their activity is to facilitate the deferred
work from breakdowns, and to provide effective
preventive maintenance cover for the plant.

5) There is a rationalisation of the number of
functions the Maintenance Manager/Department Head
is expected to carry out but for which he does
not necessarily have the authority to implement
e.g. Production denying access to machinery for
preventive maintenance purposeslresulting in over
budget downtime.

However, a potential danger of this type of
organisation is that production pressure on the
maintenance team member may result in the abuse of the
plant to achieve short term production objectives.

Total Productive Maintenance - TPM

Consideration of TPM may impact on the maintenance
organisation structure in that this theory promotes
that maintenance should be carried out by production
rather than maintenance personnel.

TPM is a methodology developed by the Japanese
company, Nippondenso, in 1969 (Ref. 39 and 40). It
evolved from their systematic maintenance improvement
strategy started in the early 1950°'s, with the
introduction of preventive maintenance. TPM was

initiated for the following reason : Nippondenso had
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Fiqure 3.5 : The Basic Concepts of TEM
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ii)

Centralisation/Decentralisation

A fundamental organisational decision for a
maintenance functicn is the location of men, spares
and tools. For any given situation there are numerous
possibilities, the basic aim being to determine for
each trade the arrangements which results in a
reasonable balance between downtime costs and labour
utilisation. Major considerations are the
distribution, content, size of the workload and cost
of plant unavailability. A centralised workforce
tends to have a higher utilisation than a
decentralised one. However, decentralisation makes
for a more rapid response and localised expertise
amongst Craftsmen. Decentralisation can also lead to
a greater individual identification with the aims of
the Maintenance Department (Ref. 34 and 38).

Reporting Structure

An administration can be considered as a decision
making system the aim of which is to direct available
resources towards the achievement of the
organisational objective.

Obviously the reporting structures within different
organisations differ greatly, however two distinct and
different types of reporting structure appear common
in modern organisations. For the purpose of
comparison they shall be called 'traditional’ and
‘progressive’.

Traditional

A traditional organisational structure is illustrated
in Figure 3.3.



3.4.3

actively promoted the automation of its production
facilities but as a result the maintenance of the
automated equipment had become a new problem. The
conventional maintenance crews could not maintain the
greatly increased number of automated facilities so it
was decided that the individual operator of the
automated equipment would be made responsible for its
routine maintenance.

The basic aim of TPM is to improve the company by
improving the attitude and skills of all personnel,
from top management down to shop floor workers and by
improving the equipment through improving those
responsible for it. A summary diagram is given in
Figure 3.5.

Work Planning and Control

The third and integral part of a maintenance organisation
is the work planning and maintenance control system. The
work planning system must control the ‘'dynamics’ of
maintenance = ensure that the right resources are in the
right place at the right time.

For a work planning system to successfully operate, the
following are pre requisites :

1) The right information about the work load and
resources must be available to the planner at the right
time.

2) The work planner must have the authority, or access to
it, to take the decision about allocation of priorities.

The priority of work determines the level at which its
initial planning takes place; the higher the priority the
lower the initial planning level e.g. emergency corrective

maintenance is dealt with directly by the Shift Engineer.
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The plannable, low priority, work can start at a high
planning level and move down the planning levels

for assignment e.g. inspection maintenance is organiscd by
the Engineering Planner with discrete jobs being allocated
to the Shift Engineer.

The amount of decentralisation in a workforce is also a
significant factor when designing the work planning system -
decentralisation obviously results in less control from a
central planning body. If there is a high degree of
autonomy in the decentralised units then it may be worth
considering removing all central planning activity and
placing all responsibility for work planning with the
individual unit. In less definite cases partially
decentralised work planning may be more appropriate e.g.
emergency corrective work and deferred work is the
responsibility of the unit but long term preventive work is
organised by a central planning function.

Major considerations with respect to establishing an
effective work planning system are therefore the percentage
level of corrective work and the amount of decentralisation
in the workforce.

In general, where there is a high level of corrective
maintenance and the workforce is decentralised, it is
advisable to have corresponding levels of decentralised work
planning.

3.5 Analysis of three Maintenance Organisations

With respect to the above criteria, 3 maintenance organisations have
been analysed to determine their strengths, weaknesses and to
determine possible problems when altering a maintenance organisation

to support modern manufacturing strategies :
1) Nissan - Sunderland.

2) Philips Hamilton.
3)  Philips Durham.
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3.5.1

The Nissan car plant is a modern, highly automated factory

built on a greenfield site with a major expansion of the

plant now being implemented. The workforce is young, the

average age in the company is 32 and there is a strong team

ethic throughout all functions in the factory.

The reporting structure of the Maintenance Department is

roughly as shown in Figure 3.6. The workforce is

decentralised and overall report through the production

function.

Fiqure 3.6 : Nissan Car Plant : Structure of the

Maintenance Department
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As stated, a problem of decentralisation is
utilisation of craftsmen time. This effect

somewhat negated by the following :
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3.5.2

1) Multiskilling -~ The factory was built on a greenfield
site and this has facilitated management introducing
flexible working practices. All Maintenance Engineers
are classed as multi skilled, fitters are trained in
electrical and electronic skills and vice versa. When
a problem coccurs whether mechanical, electrical or
electronic, any of the multi skilled engineers for that
specific area can be called upon to deal with it.

2)  High percentage of Preventive Maintenance. A high
level of plannable work obviously helps to increase the
utilisation of the craftsmen. Nissan use a
computerised system to control their preventive
maintenance work planning. This has proved to be an
important tool in facilitating the operation of the
Maintenance Department.

Nissan also operate Total Productive Maintenance (TPM).
The first level of inspection maintenance is done by
production personnel on a formal basis. Supervision audits

maintenance checks on a random basis.

Philips Hamilton

Philips Hamilton is one of the European factories of the
Philips Lighting Group, involved in the mass production of
electric light bulbs. At the time of investigation,
December 1987, the following conclusions were drawn :

The Maintenance Department is organised along traditional
lines. The reporting structure is from craftsman through
Engineering Supervision to Engineering Manager. There is a
very high percentage of corrective maintenance in the
workload, most of the craftsmen's time is spent in fire
fighting situations and breakdowns are compounded by the
lack of appropriate spare parts.

The workforce is single skilled. Traditional attitudes

prevail amongst the craftsmen and there is no allocation of

craftsmen to specific process areas.
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To attempt to address these problems and improve the
maintenance work planning procedures a computerised

preventive maintenance package has been implemented

(Ref. 53).

The system was justified with respect to the following
criteria :

1)  Reduction in plant downtime = to within budgetted
level.

2) Minimise maintenance costs = through effective
planning.

3) Reduction in level of Engineering Stores Stock.
However, although having a centralised structure which
would be suited to a work planning system of this nature,

the following implementation problems arose :

1) Maintenance - Production Conflict

The Production Department would not allow the
Maintenance Department 'maintenance windows', in which
to carry out preventive maintenance work during weekly
run time. At the time of this visit, the situation was
further compounded by a weekend work ban in the
factory. Therefore, for logistic reasons, work
required as predicted by the system, could not be
carried out.

Obviously a common reporting structure would have had
a very positive effect with respect to this problem.

2) Traditional shop Floor Attitudes

The maintenance craftsmen would not collect
information on work done. There is suspicion about
what the information is to be used for i.e. man
management control rather than task planning and asset
management .



3.5.3

Without shop floor data collection , a planned

maintenance system cannot function.

Organisationally, the Stores Manager, who is the
system administrator, is not positioned to be able to
address this problem.

NB : Follow up information : The problem of shop floor
data collection has been addressed via discussions
with local union representation. It is realised
that communication with the craftsmen is
necessary, if their concern over the intended use

of this information is to allayed.

Overall, shop floor attitudes and organisational

issues must be addressed before the computerised system
becomes an important tool in facilitating the effective
maintenance of equipment at Philips Hamilton.

Philips Durham

The organisation of the maintenance function is essentially
a centralised one. The department consists of approximately
55 people, the craftsmen of which are single skilled and in
general have traditional attitudes to their job functions.
Although there is no offical allocation of craftsmen to
process areas, especially in the case of complex parts of
the plant, some selectivity takes place.

The profile of trades within the department is
approximately :

Mechanical : 40%
Electrical : 20%
Technician s 25%

Semi=skilled : 15%
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There is a high percentage of urgent corrective work which
is dealt with initially by the appropriate Shift Engineer,
who organises craft resource as required. Deferred work,
often resulting from a breakdown may also be dealt with by
the day shift craftsmen.

If there was a move to decentralise the department, account
must be taken of the following factors :

1) Number of Craftsmen

If the factory was decentralised into, say six areas,
as shown in Table 3.8, then there would be a problem of
adequately resourcing each area with a complete range
of craft skills across each of the 3 shifts.

Table 3.8 : Possible Maintenance Areas

MAINTENANCE AREAS TRADES LIKELY

] ]
[} i
| REQUIRED !
| —— |
| : |
i 1 = Precoat, Flowcoat & Frit Apply | M, E, T i
| |
[} {
i 2 - Lacquer, Aluminising & Bismuth | M, E, T |
] ]
t |
! 3 - Frit Lehrs, Sealers i M, E, T, S |
| |
| |
| 4 - ILE's, Reinforcing, Ageing I M, E, T |
t }
| |
| 5 < AMH, APM | T, E i
i |
t |
! 6 - Matching | T, E |
M = Mechanical (22 Persons)
E = Electrical (10 Persons)
T = Technician (15 Persons)
SS = Semi Skilled (08 Persons)

Assuming day shift craftsmen were absorbed into shift
organisation = results in the following labour resource

being available on average per shift per area :

Mechanical 1.8 (4 areas)
Electrical : 0.5 (6 areas)
Technician 0.8 (6 areas)



Electrical and technician skills at present level of
manning could not therefore be guaranteed across the
factory even assuming no day shift workshop resources
are required.

A possible way of resolving this problem would be to
opt for a multi skilling policy = however, the major
transition required from mechancial to electrical and
technician is not likely to be quickly achieved,
especially given the complex nature of some parts of
the plant (Ref. 41).

2) Nature of the Workload

As stated the present workload is one with a high
percentage of corrective and deferred work.

To make effective use of a decentralised

workforce and achieve high utilisation requires a
significant proportion of plannable preventive
work. It is likely that a high degree of '
decentralisation at Philips Durham would result in
low utilisation of craftsmen, except during
breakdown situations when there may be
insufficient or incorrect resource available to
deal with the incident.

For the above reasons it is therefore felt
necessary to retain a somewhat centralised
maintenance function at Philips Durham.

Recent organisation changes have resulted in
partial decentralisation of the Maintenance
Department - technicians have been assigned
specifically to the AMH/APM areas. This solution
is deemed to be an appropriate compromise between
the 'pro's' and ‘'con's' of whether a maintenance
organisation is centralised or decentralised. The
only trades decentralised are those dealing with
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emergency high cost outages, whilst other trades
and functional groups remain centralised. This
situation should be reviewed if the APM/AMH areas
loose their bottleneck status.

Reporting Structure

The reporting structure of the Maintenance
Department at present follows 'traditional' lines
as previously described.

This has augmented underlying conflict between the
Maintenance and Production Departments.

The Maintenance Department is held accountable

for the number of incidents and production hours
lost due to machine breakdowns. The production
function is held responsible for meeting
production targets and must account for all
production losses - breakdowns being one possible
cause. This has led to problems in the accurate
reporting of equipment failure and also to what is
defined as ‘'breakdown®’. The production definition
is that it is the time lost from a machine
breaking down to the restart of good production,
the maintenance definition is that it is the time
that maintenance personnel are in attendance. At
times, maintenance suspect production use machine
breakdowns to account for product losses which may

be due to more production orientated problems.

The proposed organisational changes to a more
‘progressive’ reporting structure will address the
fundamental problems of the above problem. The
creation of Integrated Manufacturing Teams(IMT's),
with all associated personnel reporting to one
Production Manager and one Production Engineering
Manager responsible for the overall performance
of the production area, will dramatically minimise
the above conflict.
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All relevant personnel will be in daily contact
with each other and report to the same superior.
It is therefore likely that conflict and reporting
discrepancies will reduce.

A further potential benefit of this partial
decentralisation is the increased feasibility of
more flexible maintenance practices. The
underlying philosophies of TPM may be well served
by such an arrangement - realised by the
implementation of the multi functional worker
concept .
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CHAPTER 4 : GENERAL FUNCTIONALITY OF SOFTWARE PACKAGES AVAILABLE

The maintenance management obJective is to provide production with the

plant availability to achieve the long and short term output at minimum

resource cost subject to satisfactory levels of plant condition and safety.

Factors to be considered in the maintenance activity are resource

availability, downtime/lost production, plant and equipment life and safety.

The overall functionality of a maintenance management software package
must be to support these functions (Ref. 49, 51, 52, 58 and 59) through the

basic areas of :

a)
b)

Monitoring the state of the plant.

Planning and controlling use of manpower to deal most effectively with
the maintenance tasks reguired.

Ensuring the availability of components so that required work can be
carried out.

Controlling costs.

Reporting on the above.

Structure Qverview

The structure of a maintenance management system may be simplified by
considering the total requirements to be composed of modules linked
together, each module having a definable function (Ref. 60). A

structure overview diagram is given in Figure 4.1.

Figure 4.1 : Maintenance Packages : Structure Overview
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Figure 4.2 : Modules of a Maintenance Management System
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As shown, the hub of such a system is the plant monitoring modules
which include an asset register and asset history file. These contain
all the data applicable to a particular item of plant e.g. a
description, location, technical details and a history of the
performance of the piece of eguipment along with details of work
carried out on it.

Surrounding the hub are the maintenance control aspects : inventory
control of maintenance spares and consumables, work planning, and
maintenance cost control. From this structure managerial reports and
analysis can be obtained to give feedback on the overall performance
of the plant.

A more detailed breakdown of these modules is given in Figure 4.2.

Using a computerised package, data is transmitted between the modules
according to the line of communication and procedures defined by the
user. Although no two organisations undertake the same maintenance
procedures in an identical manner, it is possible by analysing common
objectives, to identify a list of tasks which are applicable to the

majority of users with provision for expansion to meet special needs.

The functionality of software in the four main areas will now be
discussed in further detail :

a) Plant Monitoring.
b)  Resource Planning.
c) . Inventory Control.
d) Budgetary Control.

Plant Monitoring

Four modules to be discussed further are :

1) Asset Register.

2) Plant History.

3) Condition Monitoring.
4) Optimisation.
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2)

=

Asset Register

The asset register module should include all the necessary
technical information which is associated with the physical
asset registered against a description, arca or plant numbering
system (Ref. 48).

Typical information would be key field (asset number/plant item
number ), identifier (model number, serial number, special
facilities), manufacturer, procurement and operational costs and
recommended method of inservice support (including the trades
associated with this support), safety precautions appropriate to
the technical specification and commonality of units/spares.
Links to the stores catalogue and repetitive job specifications
would provide further information.

A sub module which lists preventive maintenance details can be
linked to the asset database by the key field. This would then
give all the tasks which are normally scheduled for each item of
plant, with the possibility of edit facilities if required.
Parameters stored in a preventive maintenance module could be :
asset number, last date work carried out, next date work
scheduled, description, estimated work hours, spares requirements
and drawing number, references.

Plant History

This is a record of all work and total costs of work carried out
on each identifiable asset. It may contain information similar
to that provided on completed job cards including, for example, a
tradesman's comments on the condition of the plant items and
problems encountered and whether preventive or corrective
maintenance has been carried out. Fault and cause analysis is
also possible depending on the data collection system. A type of
fault may be recorded and analysed for a number of items of
equivalent use, or of the same manufacturer and design, and the
fault and cause codes entered onto the plant history file.
Downtime analysis is also possible if data is collected on the
frequency and length of downtime and the repair for a job. This
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3)

facilitates calculation of the aggregate downtime, number of
breakdowns, average duration of breakdowns and statistics such as
the fault rate, mean time to>repairp mean time between failures
and downtime percentage. Different forms of presentation for
this type of information is normally available -~ possibly in
order of performance for equipment in a group, or averaged for
comparison with other similar eguipment over varying durations of
time. Automatic monitoring of run time may allow measurement and

comparison between budgetted and actual life for pieces of plant.

Condition Monitoring

A condition monitoring module would deal with the output from
sensors in the plant monitoring a parameter such as temperature,
noise or vibration. Data would be analysed to produce trends and
graphs, monitoring the condition of the plant according to
signals transmitted from the sensors.

Typical functionality would be :

- Graphical output of different parameters over a set
timespan.

- Highlight equipment which is showing an increase in the
number of faults occurring within the specified timespan
i.e. equipment is wearing out.

= Predict the time to failure based on previous experience by
following a deviation from the norm.

Condition monitoring facilitates reporting by exception and
allows definite future failures to be actioned before failure

occurs.

Further details of condition monitoring techniques are given in
Appendix 3.

Optimisation

To help minimise the overall cost of the maintenance function to
the organisation, an optimisation module would essentially

manipulate data on :



Figure 4.3 : Functionality of Optimisation Module
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- Repair on breakdown.
- Pre—~determined maintenance.
= Condition monitoring.

- Replacement of plant.

The method used to address the manipulation of data concerned
with these activities depends heavily on the philosophy of the
maintenance management. However, computerised optimisation can
greatly assist in determining the correct mix of these
activites. The functionality of such a package is likely to
include facilities such as the following :

- How a predetermined maintenance routine affects the
probability of failure.

- Whether failure may be attributed to an isolated problem or
has various causes.

= Whether the possibility of a critical failure occuring
could be diagnosed by condition monitoring.

- Whether the failure should be pre empted by preventive
maintenance or dealt with as corrective maintenance.

- Optimum age replacement policy.

The data involved in providing this information includes that
previously described for failure analysis, preventive
maintenance, condition monitoring and also life cycle costing.
Obviously the above facilities would need accurate data
collection to be carried out at component level.

A module of this nature is likely to use standard maintenance
techniques as illustrated in Figure 4.3.

Obviously, the technical details of any individual package must
be carefully assessed to determine which, if any, of the above

functions would be viable for the application being considered.

4.3 Resource Planning

The resource planning modules assist the systematic control of the
maintenance work within a factory, so that Jjobs, labour and materials
may be co~ordinated at the workface in a planned and prepared manner.
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The general sequence of work and resource planning cycle is :

Work request.

Authorisation and prioritisation.
Planning - labour allocation.
Scheduling.

Control and job completion.

Plant shutdown scheduling.

Work Request

Any newly identified work, be it of a corrective or preventive
nature, requires some preparatory definition as a job or sub-
division into jobs and possibly the allocation of cost codes etc.

Requests for work may be input into the system via a formatted
screen. Planned preventive work would be automatically generated

by the system.

Authorisation and Prioritisation

Planned preventive work would not require authorisation.

All work order requests could have a reference to the asset
register and could be listed according to area and location till
authorised and prioritised by the appropriate personnel.

On authorisation the job may proceed to a data entry facility
which would possibly allow interrogation of other modules to
provide further details such as costing information, plant
history, drawing numbers etc. Interfacing to the stores modules
may also take place in order to specify the spares and materials
required.
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Planning

Following authorisation and prioritisation, job reguests along
with planned maintenance work would then need to be planned in
against trades and time required for the Jjob. The system would
review the projected labour availability for the weeks ahead and
compare with the workload for major and supportive services. Job
time estimation may be assisted by interrogation of the asset
register to obtain standard job times.

Scheduling

The system is then ready to schedule and plan the lists of jobs
and print the work programmes and job cards. All job cards with
time estimates might be listed as follows :

- By trade/location/machine or plant item in order of
priority.

= By trade/category of work in order of priority.

- By planned and unplanned status.

The availability and cost of the specified spare parts and
materials required may be interrogated via communication with the
Stores Modules with the possibility of pre-requisitioning items
against the works order number/Jjob number.

Plant availability status may be input against machine/plant
number or location, allowing current status to be incorporated
into the scheduling process.

Various outputs, including graphical, are normally available
typically giving summaries of the estimated work hours for each
week by trade, location and category of work, for comparison with
the listed available hours.

By communication with the Budgetary and Costing Module, the

estimated job cost can be calculated automatically and listed
with the estimated cost of materials against the job number.
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5) Control and Job Completion

A suggested schedule of jobs may be presented at a small time in
advance of commencement, detailing the ma jor parameters of the
work to be carried out. This list could be reviewed by the
appropriate personnel to give final authorisation or alter where

necessary.

The authorised schedule relating to each trade could be
displayed showing week numbers, location, trade and job
description. The estimated job time may either be displayed or
maintained within the system. On completion of a job the
following type of information may be entered from the job card :
personnel number, time on job, work done, failure code, amount of
production lost, suggestions for further work.

As part of the control mechanism the system may report backleg
of work with possible automatic re-scheduling.

6) Plant Shutdown Scheduling

Plant shutdown maintenance may be planned, costed, scheduled and
controlled by the use of critical path network analysis. Bar
charts for all areas and departments, and tables and histograms
may be produced to assist in the analysis of resource usage and
provide the basis of cost information.

4.4 Inventory Control

Interfaces to inventory control are required by a maintenance
management system so that :

1) The availability of parts, for both corrective and predictive
works can be assessed and consideration of this fact made when

scheduling work.

2) Costing information can be updated on withdrawal of a part
against a Jjob number.
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The accuracy of the stores ordering policy can be

maintained/improved with respect to the current plant situation.

An inventory control system may be thought of as being made up of a

stores control system and a purchasing system. A stores control

system is likely to contain the following sub modules :

2)

3)

Stores catalogue.
Stock transaction.
Stock issues.
Stock receipt.
Stock balance.
Stock adjustments.

Cost and value information.

Stores Catalogue

The stores catalcogue holds a record of all the items held in the
stores. It may also contain machine pointers detailing all the
spares held'against a certain item of plant. It would also
retain the details of re-order levels, maximum stock levels,
location of item and costs. Access to these records should be
possible using different search fields e.g. plant number,
location etc.

A useful facility would be the correlation of stock held to

preventive work planned.

Stock Transaction

Issues and receipts could be entered, edited, authorised and
stock balances verified as they occur.

Stock Issues

Information relating to the issue of stock detailing each issue
transacted and periodically calculating the movements of spares
and the summated costs is a fundamental part of stock control
system.
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4)

Operationally, the stock requisition would be presented at the

issue desk, checked by a storeman and the goods issued.

Items may be issued as part of a planned requisition for project
and planned maintenance work. A pre-reqguisition stores could be
set up on the system as a separate stores location. This
facility would enable transactions to be separately identified
and pre-requisition stock monitored.

The information required for a stock issue might typically be as
follows :

- Item identification.

- Number of units, checked against the average issue quantity.

= Unit of measure.

= Requisition number, can be allocated by the storeman,
generated by the system or as pre-=printed on the requisition
pad.

- Stores location.

- Job number.

Various reports should be available for control and also for
assisting in deciding the future stock holding requirements.
Typically these may be number of issues per item, slowing moving
items, average weekly issue per item, average issue quantity per
requisition and issues costed by value for budget and cost
control purposes.

Stock Receipt

Stock receipts would normally be processed by entering details
of the delivery into the system which would then automatically
update both the purchase order file and the stock balances.

On booking in the system could check the identity and validity
of the receipt and detail the bin number for the item. Items
received could be reported, and the report become the authority
for subsequent payment against the invoice.
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6)

The information required to be entered for a stock receipt may
typically be as follows :

- Purchase order number, possibly including job number.
- Item identification code.

< Number of units.

- Unit of measure.

= Transaction date.

- Goods receipt note number.

Stock Balance

The input of data from the requisition form and the goods
received note would allow the stockholding of each item in the
stores to be updated. The balance of stock held, the date of the
last stock check, lead time and other information associated with
the bin/stock card could be recorded as a stock status listing.

Reports showing items with a stock balance either :

1) Below the re-order level

2) Likely to reach the re-order level within a pre-defined
timespan

could be produced automatically on a regular basis.

Stock Ad-ijustments

There are likely to be occasions when the stock balances within
the system may require adjusting as a result of change of
location, stock transfer etc. This need should be reflected in
the functionality of the software.

1) Stock Check Adjustments

As well as updating a stock balance this facility may need
to update the last stock check date on the stock item file.
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Fiqure 4.4 : Stores/Purchasing Modules
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2)  Stock Checking
The system may advise on what items should be checked,
allow reconcilliation and enable discrepancies to be

investigated.

3) Timing of Physical Stock Check

If cycle counting is used, a cycle time and date of last
stock check may be entered against each item on the stock
item file. The system may then identify those items which
require checking and list them periodically on a stock check
report. Those items which require careful monitoring could
be given a shorter cycle time than those which have low
usage. The categorisation of items can be aided by
producing a valued °‘ABC Analysis' and implementation of the
pareto 80/20 trend.

The interactions between the various store modules are

shown in Figure 4.4.

An ABC classification report may be requested at any time.
Likely parameters to be included are usage with respect to
differing parameters and timebases, high value items or
other customer specific criteria.

Cost and Value Information

The cost of issues against department, plant item, spare part or
stores location are typical reports that may be required. The
facility to carry out standard price adjustment may be a
requirement, with summary printouts of the old and new stock
values and the value variance.

The purchasing operations are intrinsically linked to the stores
functions and can be thought of as being made up of the following

sub modules :

1) Purchase order requirements.
2)  Recording.
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2)

3)

Progressing.
Reporting.
History.

Purchase Order Requirements

This sub module would highlight which items need to be
purchased to overcome an expected rundown, and produce a new
order or re-=scheduling report. The new order report could
include information such as the following :

- Item number and name.

= Required date.

= Required quantity.

- Supplier number and name.
= Order cost.

= Purchase order lead time.

Purchase Order Recording

Following receipt of purchase order requirements from the
stores, a planned purchase order could be recorded into the
system. The quoted item cost, if known, may be used to
produce purchase order value variance information.

Purchase Order Progressing

The status of each order may be reviewed via an order re-=
scheduling report and if necessary the information on the
purchase order file amended. Any re-scheduling may result
from unexpected variances in the number of issues of
receipts etc. Planned purchase orders should be reviewed on
a regular timebase and orders placed on the supplier should
take into account the date required and lead times.

Purchase Order Reporting

Information required to monitor the status of orders placed
would typically be on the number of orders placed or
outstanding, and their value.



5)  Purchase Order History

Following the completion of a purchase order the details
could be written to a purchase order history file. Typical
information would be purchase order list by stock item,
purchase order list by supplier, maximum delay per item by
different suppliers and mean lead time and the longest lead
time per item. Information of this nature is also likely to
be required for legal and internal control reasons.

4.5 Cost and Budgetary Control

The functionality of such a module would typically provide

information on :

1)

2)

3)

Labour Costs

The work times recorded by both inhouse or third party labour,
would be translated into cost information by input of the
relevant labour rate for each trade against the type of hours
(normal overtime or shift) and booked to the appropriate Jjob
number .

Material Costs

Information on maintenance costs could be gained by

interrogation of the stores and purchasing modules.

Cost and Budgetary Analysis

Analysis of the labour and material costs may be collated by
area, trade and category of work, to give a weekly or cumulative
summary of expenditure and commitments against budget.

Analysis of costs by plant group or plant item can allow
calculation of item costs for life cycle costing techniques.
Optimisation routines would help assess the effectiveness of the
maintenance operation and its effects on production, by balancing
the costs of preventive action taken to pre empt a breakdown
against the cost of production inefficiency or reduced overall
plant life should the breakdown have occurred.
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CHAPTER 5 : PHILIPS DURHAM -~ FUNCTIONAL REQUIREMENTS

Consideration of Durham's functional requirements for a maintenance
management system can now be made, with respect to the Durham organisation
and the general functionality of software packages available.

With reference to Figure 4.1 = 'Modules of a Maintenance Management
System’, two of the major areas, plant monitoring and resource planning
would require addressing. The two other major areas, inventory control and
budgetary control are already covered by major systems and interfacing to,
rather than replacement of these systems is likely to be the major
requirement.

5.1 Plant Monitoring and Resource Planning

The overall objective of the plant monitoring and resource planning
activity is to optimise the level of preventive maintenance as shown
in Figure 5.1 (Ref. 37).

Figure 5.1 : Maintenance Planning Breakdowns vs Preventive

Maintenance
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. Total Cost
Cost

reventive Maintenance
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Corrective Maintenance Cost

LCevel of Preventive Maintenance

However, it should be noted that in practice fixing the level and
type of preventive maintenance is a complex process as consideration
must be given to level of preventive maintenance resources, type of
preventive maintenance, e.g. time based or inspection based, in a
situation where unavailability and other influencing factors can
change.



For effective maintenance planning an interactive system should be
operated. Preventive maintenance routines, and their frequency, are
devised from experienced personnel, manufacturers guidelines etc. The
success, or lack of it, of these operations must then be measured with
respect to machine performance i.e. the system must be closed loop
with feedback as illustrated in Figure 5.2.

Figure 5.2 : Maintenance Planning with Feedback
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With respect to the ideal model, Figure 5.3 illustrates which systems
are available at Philips Durham. Major points to note are :

i) The lack of feedback information from the plant preventing the
collation of plant history data.

ii) No link between plant history and maintenance planning.
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Figure 5.3 : Philips Durham Maintenance Systems Overview
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Resource Planning

Inspection maintenance is the only maintenance planning system
available = dealing with the scheduling of maintenance jobs as
required. An overview of the system procedures is given in Figure 5.4.
The system is well documented and managed (Ref. 55). However, major
problems with this system are :
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a) It does not control the overall resource utilisation within the
department. Preventive work is only a small percentage
constituent of the overall workload. Planning and resource
control are therefore difficult to achieve within the limitations

of this system.

b) There is no interaction with machine breakdown information. It
is difficult to check effectiveness of the system making the
'analysis of inspection maintenance' (Ref : Figure 5.4) a
difficult task.

c) The frequency and content of the inspection maintenance routines
are therefore difficult to update. Routines are examined only
rarely and by subjective assessment of the Shift Engineer and
craftsmen who may have been recently involved in the procedure.
Maintenance cost optimisation is therefore not likely to be well
served with this practice.

d) Inspection maintenance is sometimes given a low priority due to

more urgent corrective breakdown work.

To summarise with respect to Resource Planning, Durham's requirements
are for a system which facilitates the logging, scheduling,
prioritising and control of corrective Jjobs and planned maintenance.
It would also have to cover the various trade groups available and
both week and weekend operation. A further sub module on plant

shutdown scheduling could also be required.

The functionality of all the sub modules as described in Section 4.3
would therefore be required in such a system. However, consideration
should also be given to any additional requirements that may arise
through the IMT re-organisation. If co-ordinated centralised and
distributed work planning is necessary, then obviously the system

should also be able to meet this requirement.
With respect to implementation, the data and schedules already

developed for inspection maintenance may be a useful input, and serve

to reduce the payback period for such a system.
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Figure 5.4 : Inspection Maintcnance System
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5.2

5.3

3) Condition Monitoring.

4) Optimisation.

5) Interfaces to Resource Planning, Budgetary Control and Inventory
Control.

At Durham, control of the maintenance stores is carried out through
the use of the inventory planning and forecasting (I P & F) module of
the COPICS system. Similarly, control of the purchasing and invoice
payment procedure is achieved using the Purchasing Receiving and
Invoice Management (PRIM) module of the COPICS system.

Both of the modules are an integral part of the Philips approved and
supported Communication Orientated Productions Information and Control
System (COPICS) and are inextricably linked to various other modules
e.g. MRP. As such they form an integral part of all manufacturing
activity as well as providing all the necessary functions to support
the stores control and purchasing operations.

Interfacing to, rather than replacement of these modules is therefore
necessary. However, it may be necessary to further tune the I P & F
module to use ‘'dependent requirement' so that certain stores items can
only be issued against a pre-defined job number. This would be
necessary to establish and maintain a credible preventive maintenance
system since parts to carry out preventive work need to be available
in stores at the prescribed work date. Reserving a part against the
appropriate job number would ensure that the system could operate
successfully.

Budgetary Control

Another major Durham system, used to control job budgets and already
interfaced to COPICS is Group Job Costing (GJC). GJC is used

to monitor and control expenditure against a job with respect to a
predefined budget.
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As this system offers all the necessary functionality for a budgetary
control system as defined above, albeit subject to limitations of
batch processing, and is an integral part of the Philips
administration activity, interfacing to, rather than replacement of
this package would be a necessary solution.
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6.1 System Cbjectives

In summary, the previously stated benefits of a pilot system to
collect machine stoppage data were :

1) As a necessary precursor to the successful implementation of an
equipment management package. Irrespective of the package
selected, accurate data on machine performance would need to be
collected.

2) To provide information for capacity planning purposes.

3) To improve shop floor attitudes and highlight any problems with
respect to shop flcor data collection.

4) To provide an input to a user requirements specification for a
proprietary package (Ref. 57)

On developing the specification for the EQUIP system it quickly became
apparent that if the systems functionality was limited solely to its
original premise of a data collection system then the system as a
whole would lack credibility and its use as a learning tool would be
negligible. Therefore, although it was realised that there may be
some overlap with the functionality of the plant monitoring modules of
any selected proprietary package, it was decided to build in a
significant amount of analytical, graphical and report producing
functionality into the system.

From this expanded brief, it was then possible to view the system not
only as a pilot project for collection of machine breakdown
information but as a viable tool for management reporting and

equipment performance improvement.

Furthermore, although the initial concept of the system was to provide
feedback to the maintenance planning function, it soon became apparent
that further benefits could be gained from the system, in the field of
capacity planning, by recording all causes of downtime i.e. whether
due to production or engineering problems.
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FIGURE 6.1
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. FIGURE 6.2
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6.2

Overall objectives of the system were therefore determined as :

1) To diagnose major equipment utilisation problems.
2) To control downtime and give feedback to the maintenance planning
function.

Finally, a process area of the factory had to be selected. The
production of screens for computer monitor tubes is a new process for
Durham and one which is highly sophisticated and complex. In general
terms, after precoating, a black graphite holed matrix has to be laid
down on the screen. The screen is then flowccated to eventually
develop a triad of green, blue and red phosphors in each of the matrix
holes. This process technology utilises recently developed equipment
and is also the factory bottleneck for CMT production. This area was
therefore selected as being one in which a system of this nature would
be highly desirable.

A cost benefit rationale for the proposed system was carried out and
results were very favourable. It was shown that if only a 30%
improvement on downtime could be achieved through improved information
on the causes of downtime then savings in the region of £% million
per annum could be achieved.

Functionality of the System

The systems functionality and relationship with respect to other shop
floor data collection systems is given in Figure 6.1. Essentially
EQUIP is used to monitor causes of process downtime. Further
explanation of the system operation and the data collected is given in
Figure 6.2.

The complete functionality of the system is given in Appendix 4.1 -
The System Functional Specification.

6.2.1 Failure Classification

To translate the causes of lost utilisation into a form
suitable for collection and analysis by computer, machine
codes and fault codes had to be determined. Analysis of
data with respect to major faults and specific process
machinery is then possible.
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i1i)

Machine Codes

Machine codes were allocated so that each individual

piece of equipment was given its own identifying code,

built up from 3 sub codes denoting :

a) Department.

b)  Equipment Item.

c) Position on Equipment.

For example the code for the protonising position on

the precoat line would have a code of :

a) 165P : (denoting department).

b) 833 : (denoting precoat process equipment).

c) 10 : (denoting process position 10).

Thus the machine identifier code would be 165P S33 10.

Fault Codes

Fault code design was an important factor with respect

to long term effectiveness of the system as a problem
identification tool (Ref. 50).

A four digit system was decided upon and the

ranges were allocated to the different types

Maintenance

Machine Problems

Production

Standby Time
Scheduled Downtime

Trials

0000

6000
8000
9000

=> 5999

=> 7999
=> 8999
=> 9999

600 groups

200 groups
100 groups
100 groups

following
of faults.

of faults

of faults
of faults
of faults

Further allocation for each fault group was as follows :

-77-



6.2.2

a) In each range, if appropriate, sub ranges for
process equipment were determined, and fault
groups were then numbered sequentially in groups
of 10.

b)  Individual faults within group can then be
numbered, €.g.

4690 Wagger Arm Motor

4700 Wagger Arm Cam

4705 Wagger Arm Cam Follower
4710 Wagger Arm

4720 Timing Belts

Coding in this manner allows searches to be done on

the database for individual faults and also groups of
faults.

Data Tnput

When there is an occurence of lost opportunity i.e. for some
reason an expected product is not made then information as
to when, where, why, the significance of and who dealt with
the problem is gathered.

Appendix 5.2 shows the A4 template of the data collection

cards that were originally used in the system.

In detail, each time an incident occurs the following is
collected :

i) Week Number - Standard ISO numbering system widely
used in Philips.

ii) ~ Day Number - Sunday = Day 0, Saturday = Day 6.
iii) Shift - The factory operates a 3 shift system.

iv) Department = In this example all 165 + Precoat,
Matrix or Flowcoat.
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v) Machine Code and Process Position as previously
discussed.

vi) Fault code as previously discussed.

vii) Number of Products Lost - To determine the
significance of the problem.

viii) Stop and Restart Time = Useful information with

respect to equipment history.

ix) Wwho Took Action to Correct Problem - Maintenance,
Production, Services or Other.

X) Finally 16 digits are available for short comments by
the Shop Floor Supervisor.

6.3 System Description

6.3.1 Hardware and Software

The system is based on an IBM PC AT and written in a
modular form using the dBasellI+ programming language

(Ref. 66). Extra graphics macros have been used to

enhance the reports and graphs produced by the system. The
PC is situated in the maintenance planning office for easy
access by the System Manager.

Overall the system has been designed to be easy to update
and modify. DBaseIlI+ was chosen as the best package to
develop the system in that it has a high level programming
language ideally suited to this type of application and a
user friendly data query mode to facilitate ad hoc data
interrogation i.e. The Assistant. DBaselIl+ is also Philips
approved and supported.
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6.3.2
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Data, on each stoppage occurence, is input into a handheld
computer by Shop Floor Supervision. This data is then down
loaded daily via an RS232C interface to the EQUIP PC, as

illustrated in Figure 6.3.

Figure 6.3 : System Operation Qverview

ccooccooocooco
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Daily
====== EQUIP System PC in
Maintenance Office. Data
Transfer, Analysis and
Report Production.

Data Downloaded Daily

via RS232C

[
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Daily operation of the system is carried out by Clerical
personnel, under the supervision of the System Manager.

Broadly speaking the system has three modes of operation :
Automatic, Semi Automatic and Manual.

Automatic

Each day, week and month set standard reports are required
by the customers of the system. These are produced
automatically by the system, from the day to day operation

of the Clerical support.
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A summary of the operating procedures is as follows :

DAILY

{

|

f

! Process Data
| V%

| Data Input

| 4

| Data Validation
| W

[ W

i Produce Reports

EOEV VN

WEEKLY

Produce Reports
W

Process Data

MONTHLY

Produce Reports
|

Process Data

The reports automatically produced by the system cover the
majority of user requirements and an example of reports
produced are given in Appendix 5.3.

Semi Automatic

There are some forms of data presentation required on a
fairly frequent ad hoc basis. Namely, these are paretos
based on machine codes or fault codes over a variable time
base, or % breakdown summary detailed over a variable time
base. To facilitate these needs there are routines,
accessible to the System Manager, which require only the
specified time base to be input.

Manual
There are likely to be interrogation requirements which

will arise from the day to day operation of the factory and
which therefore could not be predicted at the system design
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stage. To make the system as flexible as possible, access
to original data is required. To facilitate these needs in
a user friendly way, routines are provided to load up the
appropriate database required, along with relevant index
files. Data is then readily available to the System Manager
for further analysis with dBaselIl+ ‘Assistant’.

The role of the System Manager in using these data
interrogation routines is seen as critical with respect to
the successful use of the EQUIP system as a maintenance
planning tool.

6.4 System Design

The system has been developed using a top down structured approach
and is written in a modular form for ease of system maintenance and to
enhance software integrity (Ref. 63).

Data is sorted on a time base into various files. This is to
facilitate report production and long term data analysis. As the
system is PC based, consideration has been given to minimising
processing time on frequently occurring operations and limiting
database size on long term databases, thus maximising speed when
carrying out data analysis.

6.4.1 Database Design

Formal structured analysis and design techniques have been
used to ensure effective and elegant system design.

The database design encompasses criteria as defined by the
3rd form normal (3NF) analysis technique = this is

essentially a set of rules for the combination of entities,
attributes and relationships within a data model (Ref. 64).

An entity is in 3NF when it has :

1) An identifying key.
2) No repeating attributes or group of attributes.
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3) No attributes which do not require the whole of the
identifying key to identify them.
4)  Attributes which are mutually independant.

Steps taken in this normalisation process are as follows :

Un=normalised Entity
Step 1, Remove Repeating Groups b

First Normal Form

Step 2, Eliminate Non Full Dependence (1NF)
on Identifying Key V%
Second Normal Form
Step 3, Eliminate Transitive (2NF)
Dependence i

Third Normal Form
{ 3NF')

INF and 2NF are not important in themselves, they are
merely the route to 3NF.

Some duplication has been built into the system in the form
of the 'long term summarised’ databases. The information
in these databases is likely to be required on a fairly
frequent basis and the duplication allows faster access to
previously calculated summary data.

An overall schematic of the subsequent database system is
given in Figure 6.4.

Set Up Databases

Data from these reference files is used throughout the
operation of the system.

The major benefit of having these 'look up' files is that
changes, which are likely to be required, need only be

entered to the system in one place.

This makes modifications and changes to the system simple
and relatively easy to carry out.
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Daily Databases

Daily data, from all 3 departments is input into the daily
database. An entry identifier is generated by the software
to give each record a unique identifier which remains with
it throughout the data's lifetime in the system. The entry

i :ntifier also incorporates the week and day number.

For example : 9115001
: 9115002 = week number 911 (ISO std) +
day number 5 + count 2

The daily downtime analysis report is produced from this
data and when daily data is processed the data in the daily
database is sorted by department to the monthly files.

All data in daily database is then deleted in preparation
for the following days input.

Throughout the week, scratchpad files summarising data on
machine breakdowns, frequency and products lost, are also

kept per department.

Monthly Databases

Data, sorted by department, is downloaded into monthly
databases from the daily database during daily data
processing.

Weekly and monthly report routines use these databases.
At the end of the month data from these files is sorted by
fault code into the yearly maintenance and production

databases.

Long Term Summarised Databases

Summarised weekly data, as given in weekly downtime
analysis report, is kept in these files for approximately 2
years before being automatically deleted during monthly
processing.
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6.4.2

Yearly Databases

Data previously sorted by department is sorted by fault
code into the 6 yearly files creating databases of
maintenance or production problems per department.

Code Design

PC Analysis System

The PC based data manipulation, analysis and report
producing software form the major part of the EQUIP system.

The programme has been written in a structured top down
manner in dBaselIIl+ programming language. Operation around
the system is menu driven. Standard functions and
procedures have been grouped together in a 'library’
program, allowing access by all calling programs.

Additional graphic macros have been added (dGE graphics)
for production of line graphs etc.

The functionality of the software with respect to data
manipulation and automatic report generation is summarised
by the data flow diagrams detailed in Appendix 5.4 (Ref. 62).

The system also provides ad hoc interrogation and graphing
routines.

Entry to the system is password protected. On correct
entry to the system the user is presented with the main
menu. Essentially selection of an option will call a
further program which in turn calls mask screens, to
generate displays, and further modules, as appropriate, as
shown in Figure 6.5. Figure 6.6 shows main menu screen and
Figure 6.7 further illustrates the systems operating

environment.
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The design of all the major option programs is similar. To
illustrate, the PDL (Program Description Language) and
commented code of one of the smaller programs, month menu is
given in Appendix 5.5. The standard procedures package
provides common functions, many graphical, for all calling
packages and some of the PDL and commented code for this
program is also given in Appendix 5.6.

Handheld System

Code on the handheld is written in a structured modular
form using BASIC under a CP/M operating system. Data input
is validated before being written to file. This file is
then transferred to the IBM PC.

6.5 Post Implementation Audit

The system as described above is commissioned and fully operational
at Philips Durham.

Furthermore, the system has now been extended into the Lacquer and

Aluminising process in the plant.

With respect to possible factory wide implementation the system has
been reviewed to clarify benefits gained (see Appendix 6). Part of
the brief of this audit was also to highlight any issues relating to

the successful operation of such a shop floor data collection system.

Audit Results

6.5.1 Data Accuracy

For the purposes of comparison, data from the EQUIP system
was compared with that from the equipment performance
summary sheets (as detailed in Chapter 3). Results of this
comparison over a 3 month time period in 1988 are given in
Appendix 5.7,
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FIGURE 6.8
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From this data it can be concluded that the system provides
more accurate information on causes of lost utilisation than
is otherwise available.

Graphs of one set of data, from Lacquer and Aluminising
Line 1, are given in Figure 6.8 and 6.9. Although the
figures and ratios vary, overall EQUIP provides very
substantially improved information on machine breakdown
frequency, causes and downtime ~ in a readily accessible
form, previously unavailable.

Figure 6.10 demonstrates that it also provides a record of
machine faults fixed by production, sometimes up to 90% of
incidents, which would otherwise not be drawn to the
attention of the maintenance department.

Figure 6.10 : Machine Incident - % Correction by Personnel
Type
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6:5.2

Management Issues

Management issues relating to the successful operation of a

machine non availability data collection system highlighted

through the implementation of this pilot project are :

i)

ii)

iii)

iv)

System Cwnership. The system needs to be owned and

responsibility taken for its effective operation.

Management Support. The system should be supported,
and be seen to be supported, by the managers of the

concerned functions i.e. production and engineering.

Duplication of Information Systems. A common failing
when introducing new information systems is not to
review and terminate any existing systems that were
expected to be superceded. In the case of EQUIP, data
on machine availability is still collected through
other means e.g. engineering locg. Operating duplicate
systems leads to confusion and frustration for
personnel charged with the task of collecting the
data. It also implicitly means that no one system
e.g. EQUIP has management support. Overall this tends
to lead to many systems with inaccurate data, rather
than one accurate and accepted system.

Data Collection Personnel. Machine breakdowns or line
stoppages can happen at any time during a 24 hour
shift. As only production personnel are in situ 24
hours a day then logistically it is they who must be
responsible for data collection. Experience has also
shown that careful consideration should be given as to
whom in the production department should input the
data = the person should hold a position of
responsibility, be accountable for the accuracy of the
data input, be physically located near the line and
also have sufficient time to carry out the task in a
conscientious and effective manner. In pilot areas,
results indicate that process control operators are
most suited to this role.



vi)

vii)

The fact that prcduction personnel must be responsible
for data input has a bearing on system ownership due
to the need for accurate data input. The owner must
have authority over, or influence upon, production

personnel.

Use of Information as a Tool. Craftsmen can readily
accept spanners, multimeters etc as tools to help them
perform their jobs more effectively. A much more
nepulous concept is the use of information as a tool.
Craftsmen do not associate information systems as
tools of their trade. This is obviously a cultural
barrier which must be overcome.

Training, in both the objectives and philosophy of

the system as well as its method of use. In some
ways the system is seen as a threat by maintenance
personnel = "I don't need a system to tell me what has
gone wrong, I keep a close eye on what is going on on
the shop floor"™. Here the system was being perceived
as a management tool, undermining the '
conscientiousness of the shift engineer. Improved
understanding of the objectives of the system, as a
tool to highlight underlying faults, has gained a much
more positive response to the system. Similarly,
misconceptions about the system are present with
production personnel "I want to use the data to hammer
maintenance about the number of breakdowns". Again
this sort of perception can lead to negative attitudes
about the system.

A fundamental cause for some non utilisation of the
system was lack of knowledge as to what data was

available and how to access it.

Access to System. An important feature for personnel
who do use the system is that as it is PC based they
feel in control of the system. Using the data

interrogation facilities they can access the data as

required.



viii) Integrity of Data. Maintenance personnel do not

ix)

completely trust the data provided by production
personnel. Their concern, that time is being
incorrectly booked to machine stoppages rather than to
breaks etc, is symptomatic of the mistrust between the
two functions. Closer working relationships and the

formation of multidisciplinary teams should help

resolve this problem.

Feedback to Production Personnel. Production
personnel need feedback that actions are being taken
by maintenance based on the data provided.
Productions'® perception is that they provide machine
breakdown information in four different ways, none of
which improve the quality of the mainténance service
they receive. This in turn demotivates personnel in
providing accurate input data. Again improved
communications between production and maintenance are

required to address these issues.

Benefits of the system should be visible. At a
genernal level, for any system with preventive
objectives there is difficulty in highlighting its
benefits. If a major line out occurs, attention is
focused at the problem and the craftsman who fixes the
equipment can be seen as the 'hero of the day'. With
a preventive system, thought should be given as to how
to publicly praise the craftsman who prevents the
problem from arising in the first place. Modified
performance indicators may provide a suitable means of
achieving this objective. This subject is further
discussed in Chapter 9. |

All the above issues have been brought to the attention of

Durham management and are now being addressed.

Further discussions will therefore concentrate on the more

technical issues raised by this project.
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6.5.3 Technical Issues

Technical issues raised-hy EQUIP are :

i)

ii)

Although providing much improved plant history data,
i.e. the feedback system, the lack of direct
communication with the actuator system, inspection
maintenance, makes it difficult to incorporate
knowledge gained into the planning operation.
Although some manual adjustments have been made to
inspection maintenance based on EQUIP data, this is
very much a 'hit and miss' affair. This would
emphasise the need for an integrated maintenance
management package for planning and feedback purposes,
with optimisation routines to enhance the
effectiveness of the maintenance function.

Trend analysis is carried out on the databases by the
System Manager.

It is perceived that further development of the trend

analysis functions and the utilisation of more statistical

techniques can further enhance the benefits available from

the system. Furthermore, exploration of this subject will

serve greatly in helping to define user requirements for a

maintenance management package. This subject is therefore

further discussed in Chapter 7.
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CHAPTER 7 : STATISTICAL ANALYSIS OF MACHINE BREAKDOWNS

Trend analysis carried out by the System Manager, enables further

clarification of machine failure modes.

A detailed review of machine component classification and further
consideration of statistical techniques will serve to enhance the future
functionality of the system. Such a review would also provide valuable
insights into a user requirement specification for an equipment management
system.

Obviously, the level down to which machine components may be classed varies
for equipment type and requires consideration of what level of parts is
replaced e.g. is a pump replaced on failure, or is a sub component such as
a diaphragm replaced.

Ideally, though not necessarily practically, analysis should be down to
smallest replaceable part.

Having clarified the level of component classification, consideration can
then be given to statistical technigues available for analysing equipment

performance.

However, before proceeding further, it is opportune to first define all
relevant terms :

7.1 Clarification of Terms

1) Availability

The fraction or percent of uptime. Availability is measured by
dividing hours of uptime by scheduled running hours.

2) MITF
Mean Time To Failures. Is the average available time between
equipment failure. An important characteristic with respect to

machine performance and this parameter is failure pattern e.g.

time based, random etc. Also of significance is the availability
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7.3

of suitable parameters to detect the onset of failure. The
inverse of MTTF is the failure rate or the number of failures per
operating hour.

3)  MTTR

Mean Time To Repair is the average time necessary Lo repair and

return eguipment to service once a failure has occurred.

4) Reliability

Is the probability that a piece of equipment or a component will
operate satisfactorily for a specified pericd of time.

Significance of Failure Patterns

Failure mode is a vital parameter with respect to the usefulness of
statistical techniques in analysing/predicting machine performance.
(Ref. 73). The failure pattern of complex equipment is made up of
several distinct types of failure. Obviously it would be of advantage
if the failure pattern of an item of plant could be clearly described

in terms of practically meaningful parameters.
Many failure causing mechanisms give rise to measured distributions
of times to failure which approximate quite closely to analytical

probability density functions (Ref. 72 and 74).

Description of Probability Density Functions

If many thousands of a component are tested such that the class
interval of the results is such that a curve is produced, a continuous

probability density distribution is obtained.

Probability Density
Function f(t)

Total Area Under Graph = 1

Time to Failure, t
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7.4

F(t) = Probability of failure before a running time t.

Shown as a graph of cumulative fraction failed i.e. where f(t) ::

f(t)dt. the graph appears.

Cumulative Distribution 1.0
Function F(t)

Graph Shows Total Fraction
of Sample that will have
failed by time (t)

0.5

The survival probability, P(t), the number of items from the sample,

surviving at running time t, is clearly P(t) = 1 = F(t).
Survival Probability 1.0 - m e
P(t) |
i
I
0.5 |
|
1
Time t

Probability density functions that can be described by mathematical
functions, are referred to as Probability Density Functions (PDF's)

each of which has an associated Cumulative Distribution Function (CDF).
Functions such as these, provide mathematical models of failure
pafterns which can be used to assist maintenance decision making

(Ref. 74, 75 and 78).

Three types of failure pattern will be considered further :

Types of Failure Patterns :

7.4.1 Age Dependent Failure (Wearout) - A Predictable Faiiure
Model

A group of identical components operated under identical
conditions will tend to wear out at the same time. A
simplified model of an age dependent failure process is
shown in Figure 7.1.A.
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7.4.2

..Strength { R -
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t t t £
7.1.A 7.1.B 7.1.C 7.1.D

P

There is increasing likelihood of failure as the components
grow older and the times to failure of a large number of
such components would therefore be distributed as in Figure
7.1.B (where f(t) :: probability of failing per unit time, at
running time t. Figure 7.1.C gives fractions of items
expected to have failed by time t, and 7.1.D gives the

converse survival probability.

A failure pattern of this type indicates that the figure is
age related and due to mechanisms such as abrasion,
corrosion and fatigue. This type of pattern approximates

guite closely to well known normal distribution.

Random Failure - An Unpredictable Failure Model

These failures are the result of variations in the load
imposed on any given component and the strengths of
supposedly identical components. Random failures are
essentially constant over the lifespan of the equipment and
are normally small, being overshadowed in most cases by
other failures. The probability of failure is independent
of running time and such behaviour often indicates that the

cause of failure is external to the item.

A simplified model of such a failure is illustrated in
Figures 7.2.A to 7.2.D.
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7.4.3

A failure pattern of this nature indicates that the failure
mechanism is process related e.g. maloperation and/or poor

design.

Obviously with respect to the random failure mechanism
there will be no optimum replacement period for such a
part.

For this type of failure, condition monitoring of a
suitable parameter is a powerful technique for determining
when to take maintenance action. Further details on

condition monitoring are given in Appendix 3.

Running In Failure - An Early Failure Model

Early life failures are those which occur when equipment is
initially placed in service and are caused by sub standard
components and/or improper installation. " Their frequency is
highest at initial start up and then rapidly declines. Such
behaviour results in the hyper exponential PDF of time to
failure, an initial rapid exponential fall and a later
slower exponential fall as illustrated in Figure 7.3.B to
7.3.C.

B 1 LT e LT o 2 e e wn ar —— e

Some items are manufactured or installed with built in
defects which show up during the running in stages. Those
that survive this stage were without such defects to begin
with and go on to exhibit the sort of time-dependent failure
probability previously discussed.

A failure pattern of this type indicates that the failure
mechanism is manufacture, assembly or recondition related.
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7:5

7.6

Analysis of railure Modes of Itcms on EQUIP Databases

Items on the EQUIP database have been analysed with respect to these
failure patterns to determine the viability of ascertaining their mode

of failure, which in turn could aid maintenance decisions.

Unfortunately it was not possible to draw any statistical conclusions
on machine performance from this analysis. However, the benefits of
collecting machinery failure information in a form suitable for such
analysis should not be underestimated. To pursue this objective the
following points are made :

i) Item definition is not resolute enough = fault failure ccdes
appear to be detailed enough but machine classification does
not facilitate analysis of the mode of failure for replaceable
parts. For the system to become predictive this must be
addressed.

ii) There is uncertainty as to how precisely production
personnel are able to diagnose the cause of failure. Durhams
process equipment is complex, failure in one area may cause
an effect in another area = for trend analysis purposes it is
important that the cause and not the symptom of a problem is

correctly diagnosed.

iii) The system has not been operational long enough for viable
statistics on mean time to failure to be obtained. Much of our
process equipment is relatively unique, therefore, to collect
information on the type and frequency of failure of a certain
component type will be a lengthy process.

Potential Application of Failure Statistics to Maintenance
Management

If available, failure statistics can be used to determine the best
maintenance procedure for individual plant items. The different
maintenance procedures possible are illustrated in Figure 7.4.
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Fiqure 7.4 : Decision Diagram for Selection of Most Appropriate

Maintenance Procedures
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In many cases, the most appropriate maintenance plan can be determined
without the use of failure statistics. However, where the cost of
failure is high relative to the cost of fixed time replacement e.g.
process bottleneck equipment, then fixed time replacement often is the
best policy and failure statistics can be used to determine the

optimum replacement period.

A further benefit of collecting information on failure modes is that
various statistical techniques then become available to aid in
maintenance decision making {(Ref. 76 and 80), an example of which, the

Weibull PDF is described below (Ref. 73 and 74).

The Weibull Probability Density Function (PDF)

Although conventional PDF’s can be used to describe failure patterns,
the Weibull PDF has been found particularly useful because it

provides :



1) A single PDF which can bo manipulated to represent the three

PDF's described earlier.

2)  Mecaningfu) parameters of the failure pattern such as the

probable minimum time to failure.
3) Simple graphical technigues for its practical applications.
The PDF for this distribution is :

B (t-to)Pt { [teto }B }
f(t) = cooeoooooos Exp s ,n

ne
and the CDF is :

t=to Y P
F(t) =1 = Exp C,LQDQQ}
n,

Further explanation of terms :

1) The threshold time to failure, or guaranteed life, to :

In many cases of wearout the first failure does not appear until
some significant running time to has lapsed. In the Weibull
expressions the time factor always occurs as the time interval
(t-to).

2) The characteristic life, n when (t-to) = n, P(t) = exp (-1) =
0.37 i.e. n is the interval between to and the time at which it
can be expected that 63% of the items will have failed and 37%
survived.

3) The shape factor, B, Figure 7.5, shows how the various patterns
of time to failure and of age specific failure rates are
characterised by the value of B. A running in failure process is
characterised by a value significantly less than one, a purely
random process by a value fairly close to one, wearout by larger
values, although if B is less than, say, 3 then a purely random
factor is still significant.
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Figure /.5 : Influence of Shape Factor B on Weibull Distribution

£(t) = pt Pl Exp (-cP)

The Weibull PDF can therefore be used as a failure diagnosis aid to
help determine the cause of a recurring item failure. This is

summarised in terms of the Weibull shape parameter, Figure 7.6

Figure 7.6 : Relationship Between Weibull B and Cause of Failure

Failure Pattern Possible Failure
Mechanisms

Age Related
- Accelerated Wear

Pattern B > 2

Recurring

Item Failure Time : Independent Process Error, Design
MITF < Fault, Maloperation
Manufacturers Pattern B - 1

Estimate

Early Failure Manufacturing Fault,

Reconditioning Fault

Pattern B < 1
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PHILIPS DURHAM
It is outside the scope of this thesis to carry out a full user requirements
specification for an equipment management package jfor Philips Durham.
However, it is possible to give further clarification of hardware and
software requirements that will provide the functionality as detailed in

Chapter 4.

8.1 Hardware Requirements

For processing purposes, the major factor to determine is whether the
application would be best suited to run on a micro-computer (PC) a
mini-computer or mainframe system. Essentially this will be
determined not simply by the functionality of the application package
but also the number of assets on the database, acceptable processing
speed. and the number of data terminals required.

However, as objective data on these criteria is difficult to obtaih
short of setting up prototypes on different systems and carrying out
benchmark tests, logical assessments can only be carried out on
related experience.

8.1.1 Number of Assets

Due to the large number of assets that would need to be
included in the asset register and history files (there are
at present over 300 major plant items on the inspection
maintenance system) significant data storage would be
required.

For comparison, the MTAS system at Nissan has approximately
200 assets on it and required about 20 MBytes of hard disk
storage. A minimum requirement for Philips Durham, with
over 300 assets giving some safety margin, would be 40
MBytes of hard disk storage. This figure is obviously
highly dependent on the amount of data collected and stored
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8.1.2

8.1.3

by the particular software package and to what level it is
necessary to define assets. Comparison with data storage
requirements for the EQUTP system would indicate that this

figure is conservative.

Speed of Processing

This is a major consideration with respect to hardware
selection -~ if a user has to wait significant timespans for
the system to process transactions -- then overall the system
will lack credibility.

Again, guantification of requirements is difficult.
However, at Nissan the stand alone IBM AT PC based package
was considered too slow and unresponsive with the resulting
intention to update to a mini based version of the system.
Not only were individual transactions slow and frustrating
for the user, but batch style jobs were unacceptably long
e.g. it took 10 hours to print the work dockets.

Comparison with the EQUIP system on its IBM AT PC would
support the argument against a PC based solution. As the
breakdown databases have grown over time, searches through
them have become increasingly slower. If this trend were to
continue then it is possible that the system would lose
credibility due to its tardiness.

Number of System Terminals

Although it is possible to determine the number of
terminals required for data analysis and output purposes,
the overall number of terminals is highly dependent on how
data is to be input from the shopfloor. This in turn is
dependent on the overall factory information strategy with
respect to shopfloor data collection.

If data was to be directly input from terminals situated in

the processing areas then approximately 15 terminals would
be required.
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For data analysis and display purposes then approximately 6
terminals would be likely :

a) Central maintenance office. This could also be used
for data input for solutions other than direct input

from the shopfloor.
b) Central Maintenance Department Head.
c) Works Engineer.

d) One for each of the three IMT Production Engineering
Department Heads.

The selected solution would therefore have to support

significant networking requirements.

With respect to the above requirements of data storage,
processing speed and networking capabilities, a PC based
solution for a maintenance management package is not felt to
be viable.

Both mini and mainframe systems would have the technical
capabilities to support our requirements. However, the
overall cost of mainframe solution in terms of hardware,
software, operation and maintenance costs would be much

higher than a mini based solution.

As a possible part of our integrated system, special
consideration has been given to the mainframe based COPICS
module = plant maintenance. Although this module has
excellent functionality, it is built upon another module,
plant monitoring and control (Ref. 56). Plant monitoring
and control is based upon a sophisticated network of shop
floor systems designed to control product flow in a batch
style operation. As such it has not been nor would be
suitable to be implemented at Philips Durham. The COPICS
plant maintenance module is therefore not a viable option
for Philips Durham.

107-



8.2

Overall, it is therefore concluded that the most

appropriate hardware solution would be a mini based system.

With reference to computing facilities already installed on
site with the possible availability for a package of this
nature, Philips have available DEC Microvax 3300 and 3500
mini-computers. These are standard machines and obviously
the selection of a package to run under VMS on one of these
machines would dramatically reduce the cost of system
implementation.

Software Requirements - Packages Comparison

With reference to the hardware requirements as detailed above, the
mini based packages as summarised in Table 8.1 and further detailed in
Appendix 7 have been analysed further.

Table 8.1 : Equipment Management Packages Considered

| MAINPAC i Cruickshank Management Resources Ltd |
] ]
I i
i MAINTENANCE i Hoskyns |
| MANAGEMENT SYSTEM | |
| {
| I
i INHAMMER MAINTENANCE | Idhammer !
| MANAGEMENT SYSTEM | i
i [}
I ]
| RAPIER i Resource Management Systems i
| !
| i
| TERCMAN | Scicon Limited !
{ !
| |
| TEMPO ! Tandem Maintenance Services Ltd .
| |
: :
] )

HELMSMAN | MTAS

A comparison across various relevant criteria is given in Table 8.2.

Experience gained from the EQUIP project has been used to help
determine the relevant critera and their importance when comparing
various packages. These are detailed in the first and second columns
of Table 8.2.
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: MAINTENANCE PACKAGES QUMPARISON
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With respect to history files and failure statistics, when further
clarification of requirements is necessary for more detailed decision
making, consideration should bhe given to the points made in Chapter 7.

It was disappointing to note that as a general trend many packages do
not appear to work cffectively as integrated systems. Certainly
packages have areas of strength but overall tend to be weak on the
optimisation of functions necessary to determine cost effective levels
of preventive maintenance i.e. relate work done to equipment

performance and subsequetly act upon the level of work done.

To provide an objective assessment of the packages against the
assessment criteria a rating system was devised as follows :

Priority 1 : This is a qualifying feature. The package must contain
this feature or else it is excluded from the selection.
No points are given for this as it will be common

to all rated packages.

Priority 2 : This is a highly desirable feature. The package is given

a score of 2 if this feature is present.

Priority 3 : This is a desirable feature. The package is given a

score of 1 if this feature is present.
The total possible score is 53.
Following this rating system it is recommended that the following
packages should be given further consideration against a more detailed
user specification :

Teroman {(Score : 44).

) )

) Idhammar (Score : 33).
) Hoskyns (Score : 29).
) )

Rapier (Score : 20).



8.3

Implementation Requirements

To successfully implement a system of this nature (Ref. 47),

consideration should also be given to the following requirements ¢

8.3-1

8.3.2

Factory Wide Data Collection System

As previously stated for a system of this nature to operate
there would have to be a viable factory wide data collection
system on machine breakdowns. As such, the factory wide
implementation of EQUIP (please see Appendix 6)p‘albeit
without some of its data analysis functions would satisfy
this need. Furthermore, data already stored on the EQUIP
system could usefully be transferred to the relevant assets’
history files therefore reducing the payback pericd for any
installed system.

Implementation Considerations

Management would have to consider the following factors as
well as the initial hardware and software costs if this
type of system is to be implemented :

1) Implementation Resource : Setting up the system would
involve a significant amount of clerical resource for
initial data input. Engineering and computing resource
would also be required (Ref. 44).

2) Due to the nature of a planned maintenance system
a long payback period over which to cover the initial
cost should be acceptable (Ref. 67 and 69).

3) CAM Strategy : At the time of writing no official
information strategy exists. Obviously implementing
shop floor data collection systems on a ‘piecemeal’
basis i.e. collecting equipment data but no product or
process, may not fully support the long term interests
and objectives of a subsequent CAM strategy.
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8.3.3

8.3.4

oSy
~

Union Commitment : Craftsmen at Philips Durham are used
to working in an environment where traditional
attitudes prevail. To help prevent the data collection
necessary by the craftsman from being perceived as a
threat, consultation with the appropriate union bodies
is necessary. The importance of gaining the craftsmen
and first line supervisors acceptance of the system
cannot be over emphasised.

Resource Availuoility for Planned Maintenance

Resource needs to be available to carry out the planned
maintenance as detailed by the system. The present closed
loop scenario of 'we cannot do planned maintenance because
the men are busy on breakdowns®' must be broken.
Possibilities are :

1) Production operators carry out 'lst line' maintenance

activities (previously discussed in Chapter 3).

2) Availability of mid week maintenance windows
(previously discussed in Chapter 2).

Responsibility for System Operation and Maintenance

As with any other factory system, responsibility would need
to be taken for system operation and maintenance as follows :

1) Process control operator : to be responsible for
accurate and complete data input.

2)  System operator : to do keyboard clerical tasks as

necessary.

3) System manager : to be responsible for operational

management of system.

4) System maintenance engineer : to provide hardware and

software support.

-115-



8.3.5

8.3.6

Audit
As with other factory systems, AQAP audits should be carried
out on the system to determine if the responsibilities,; as

outlined above, are being undertaken.

Performance Indicators

Performance indicators as to how well the system is being
operated and maintained may also be important. Especially
useful may be some measure of input data accuracy.

Performance indicators are necessary to show the effect of
the system with respect to some stated factory performance
figure. Regular feedback of this nature would enhance the
credibility of the sytem by showing that the system is being
used and that this is having an effect on performance.
Suitable performance indicators are therefore further
discussed in Chapter 9.
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CHAPTER 9 : PRRFORMANCE INDICATORS

Introduction

In order to assess the effectiveness of an implemented change such as the
introduction of an equipment management package, it 1S necessary to have
performance measures that relate to the before and after scenarios.
Performance indicators can be thought of as systematic tools to help foster
and highlight improvement.

Before implementing further changes relating to the maintenance function,
consideration should be given to the design and establishment of effective

performance indicators (Ref. 81).

9.1 Performance Indicators : Requirements

In general, a performance indicator (PI) is a variable indicating the
effectiveness and/or efficiency of a part or whole of a process or
system against a given norm, target or plan.

As such, performance indicators can be extremely diverse; almost any
activity can be measured. When a performance level is set and if the
measurement of this performance level is quantitative, then this is
classed as a performance indicator.

As well as relating to the overall objectives of the function the

following conditions have to be fulfilled for the use of PI’'s to be

meaningful :

= PI's should be well defined, understandable and available
promptly. The raw data used to calculate a PI should have high

integrity.

= PI's should be relevant i.e. referring to affairs or parameters
that are controllable by the function.

= Targets have to be challenging but realistic.
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The presentation of PI's should be accompanied by an indicator
of the target to be achieved.

- 'Supplier and customer® of a PI should agree on its relevance
and meaning. In this scenario, maintenance PI's should be agrecd
within the Maintenance Deparitment, between Maintenance and

Production and between Maintenance and Management as appropriate.

- PI's have a relative character. Often they are specific to a
unique set of conditions and therefore, in general, comparison
with other PI's has little meaning and should be avoided. The
most sensible comparison is with itself, at earlier instants of

time.

- When implementing PI's, it is advisable to concentrate on a

limited number of the most important indicators.

= PI's have to be used in combination with each other so as to
cover all relevant aspects of an activity, product or service.

Therefore, to make successful use of performance indicators the
maintenance function should be appraised with respect to its
objectives or targets. Furthermore, each of these objectives should
be prioritised. Parameters should be defined which enable actions to
be monitored and related back to the overall objectives of the

function.

When determining PI's for the maintenance function three broad
categories should be considered :

1) Overall department performance.

2) Plant condition.
3) The use of any computer based maintenance system.
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9.2 Overall Departmont Performance

902.1 Maintenance Activity and Production Capacity
As stated above, PIL’s should be related to the overall
obijectives of the function and the company, therefore, some
consideration of these objectives with likely PI's will now
be given.
For Durham the practical reality of the production
maintenance system is that production dominates, the
maintenance objective often being established as shown in
Figure 9.1.
Figure 9.1 : The Production Maintenance System
| CPD |
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i
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} | ! Capacity & Production
| Production Plan i <= Influencing
| Long Term i Factors
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i Resource Cost
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The maintenancc objective in this case can therefore be
defined as ‘to providc production with the long and short
term plant availability requirements for the planned
productions, at minimum direct and indirect costs.

At the top level, the direction of thc maintenance function
should be related to the overall financial performance of

the plant.

Maintenance affects a Company'’s financial performance in a
number of ways, the most important of which are :

a) The relationship with availability; this is the major

indirect cost of maintenance.

b) The cost of maintenance resources; this is the direct

cost of maintenance.

c) Its relationship with the useful life of the plant;
the longer the plant life, the greater is the life
cycle profitability.

In general, the greater the level of maintenance resources
(higher direct cost) the lower the level of unavailability
(lower direct cost) and the longer the useful life of the
plant. Thus, in most industrial situations the proper
maintenance objective should be to minimise the sum of the
direct and indirect costs, taking into considertion the long
term effect of any maintenance decision. Ideally,
performance indicators relating to overall department
performance should reflect this relationship.

As previously discussed, the maintenance plan should

consist of a schedule of preventive maintenance work and
guidelines for the implementation of corrective maintenance
work. Overall, it should ensure that the maintenance
resources are directed so as to minimise the cost of
maintenance whilst achieving the planned output.
Departmental performance measures should therefore give some
indication of this relationship.



The standard model of cost optimisation showing the
balance bhetween prevent.ive and corrective maintenance
costs has been interpreted for Philips vurham and is

shown in Figure 9.7

As previously stated, with respect to this model a
major difficulty is fixing the level and type of
preventive maintenance balanced against the cost of
corrective maintenance and machine avaijlability.

Fiqure 9.2 : Relationship Between Preventive

Maintenance and Total Maintenance Cost

for Whole Factory

Corrective
Maintenance

3 Optimum Level
! of Preventive
: Maintenance
|
|
Cost 21 Preventive
In | Maintenance
Millions/ ! Cost
Year |
1
]
|
1
]
|

Level of Preventive Maintenance

It will be demonstrated that for Philips Durham there
is a high cost for plant unavailability = this is
normal in a high capital plant. As an indication of
overall control of the plant by the Maintenance
Department, it would be reasonable to expect a
relatively high level of preventive maintenance thus
preventing high cost outages.

Table 9.1 gives and indication of the average amount
of time spent on each category of work across trades.
The data represents midweek activity, sampled across
three shifts, for a total sample size of 6 weeks.



Table 9.1 : Approximate Percentage of. Workload Types

by Trade
| Trade | Inspection | Corrective | Corrective | Misc |
| ! Maintenance | Maintenance | Maintenance | !
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Data gathered for weekend work indicates a slightly
higher percentage of inspection maintenance -
approximately 15%.

The low inspection maintenance and high corrective
maintenance figures from this table would indicate
that the Maintenance Department has little control
over plant activity. With respect to Figure 9.2, we
are overall currently operating to the left of
position X.

A further conclusion from this data is that although
much of the work for the mechanical and electrical
trades is of a corrective nature, much of it can be
deferred and the process equipment restarted. This
does not appear to be so for electronic and software
problems requiring the attention of the technicians.
This is therefore a key area in which preventive
actions should be taken (Ref. 70).

This balance between preventive and corrective
workload is a valuable indicator of overall
maintenance performance. Data to generate an
indicator of this nature is relatively easy to collate
by Shift Engineers.



i3)

Rottleneck Area

Although data on direct: costs is relatively easy to
obtain, accurate data on indirect costs is less
readily available. Thce most significant problem with
respact. Lo obtaining this information is the lack of
accurate downtime information in bottleneck production
areas where 'EQUIP' has not been installed. Other
information reguired i.e. bottleneck definition,
throughput rates and financial data is more readily
available.

Although downtime is difficult to obtain at present,
this situation should be rectified so as to make PI's
of this nature possible. Including the indirect costs
of maintenance to the organisation has a major
implication on the maintenance decision making process.

The following calculations are valid only for the
bottleneck area for each of the tube types. At Durham
the factory bottleneck is likely to be in one of three
or four critical process areas. As PI's are used to
monitor performance over time, separate details for

each of these areas should be produced.

Cost Calculations

Bottleneck Area : APM/AMH

Direct Cost : The average monthly maintenance cost
for this area is £20,000. This figure
was obtained from the maintenance
budget.

Of this approximately 80% is corrective
maintenance and 20% is preventive
maintenance.



Indirect Cost :

NB : The following calculation is intended only to
produce a ballpark f{igure for machine

unavailability costs.

Assuming :

i) £13 recovery of fixed and semi. fixed
overheads for each FS tubo produced.

ii) £16 recovery of fixed and semi fixed overheads
for each CMT tube produced

iii) The line is fully loaded

Indirect Cost of Maintenance (i.e. Lost Output) :
Downtime of Bottleneck x Throughput x Lost Recovery of
Overheads

The downtime of equipment is estimated using data from the
equipment performance summary sheets and modifying with
respect to the number of process positions (APM = 4 cabinets,
AMH - 5 cabinets) :

APM : FS D'time / Month : Avge No of Hrs (Jan=July 89) = 23
: 23 x 240 x 13
: £71,760

AMH : FS D'time / Month : Avge No of Hrs (Jan=July 89) = 39
¢ 39 x 196 x 13
: £99,372

AMH : CMT D'time / Month : Avge No of Hrs (Jan=July 89) = 39
: 39 x 62 x 16
: £38,688

Total : £209,820

Therefore, approximately £200,000 of production loss per
month is sustained through equipment breakdown.



To summarisce :

Estimated costs for APM/AMH when it is the factory

bottleneck area :

Maintenance Direct Cost : Breoakdown : £16,000
Maintenance Direct: Cost : Proventive £4.,000
Maintenance Indirect Cost s £200,000
Total Maintenance Cost £220,000

Figure 9.3 (a) shows a possible graphical representation of
this data.

Figure 9.3 (b) implies that the total cost of maintenance
could be greatly reduced by radically increasing the amount

of preventive maintenance.

From Figures 9.3 (a) and 9.3 (b) it can be seen that the
optimum level of preventive maintenance changes greatly when
indirect costs are taken into consideration.

Therefore to give an indication of how the maintenance
function is affecting the overall plant operation, the level
and type of maintenance activity in relevant bottleneck
areas could be reported as in Figures 9.3 (a) and 9.3 (b).
Obviously when generating the individual graphs some
interpolation as to their precise loci is required.

However, the value of graphs of this nature is that they
illustrate the significance of the maintenance activity
within the bottleneck department and relate this to overall
factory performance.
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9.2.2 Direct Cost Index

A further standard indicator which may be of interest with
raspect to monitoring overall department performance is the
Direct: Cost: Index.

Direct Maintenance Costs
Direct COSt TNAEX = o ommom s i e sstotist s e s 50 76 e e e v e o <

Rep’ment value of Maintainable Assets

All the above indicators may be calculated for the
maintenance activity as a whole or broken down via trade,
machine group or Production Department.

9.3 Plant Condition

As well as determining PI's to monitor the overall effectiveness of
the Maintenance Department a more detailed assessment of machine
performance is also necessary.

Consideration of the resolution of plant data required should be given
when determining the PI's.

Comparison of machine performance across similar pleces of plant would
be useful to determine if any individual machine is showing any large
deviation from the mean. However, care should be taken in grouping
items together that they are of similar functionality, comparable age,
equivalent level of use etc.

Potential PI's are :

Planned Capacity = Total Downtime

a) Asset Availability =
Planned Capacity

b) Total Downtime = Breakdown Hours + Lost Production Hours
Hours of Downtime

Total Downtime % = Xx 100
Planned Capacity
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9.4

Brcakdown Hours
Cc) Breakdown % & weserovecmenoooees g 100
Planned Capacity

Planned Capacity - Total Downtime
d) Util isation % = e BB e 3 e ae e 2 B0 A e 31 36 B AE TSI 62 ok e % 100
Planned Capacity

e) Mecan Time Between Failure (MTBF) =

Total Running Time

No of Breakdowns

Planned Capacity = Breakdown Hours

No of Breakdowns

£) Failure Rate =

Mean Time Between Failure

MTIBF and failure rate figures are not readily available for equipment
at Philips Components.

Computer System Effectiveness

The overall business effectiveness of any installed computer system
would intrinsically be linked to the performance indicators detailed
above.

However, audits of any installed system would be necessary to ensure
that the system was being used and managed effectively. Specific
areas of interest may be :

a) Integrity of data being input to system.

b) Validity of reports automatically produced.
c) Backup and system security.
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CHAPTER 10 :

CONCLUSTONS AND RECOMMENDATIONS

10.1 Conclusions

1)

2)

Maintenance Strategy
Intense competitive pressure and greater factory automation is
bringing renewed impetus to comprehensively re-organise and
formalise the maintenance process. Due to the capital
intensive nature of its plant, an effective maintenance

strategy is highly desirable for Philips Components Durham.

JIT and Equipment Reliability

The JIT manufacturing philosophy is dependent upon an effective
maintenance operation with guaranteed reliability of plant.

The level of equipment/breakdowns and high percentage of
corrective maintenance at Philips Components Durham is at
present an obstacle to JIT production. Therefore to move
towards JIT production from the present position would require
improved preventive maintenance resulting in greater equipment
reliability.

Capacity and Maintenance Planning

Unavailability cost is the dominant factor in the design of a
maintenance organisation. Consideration should therefore be
given to factory capacity when determining maintenance policy.
Each producton department should not be viewed in isolation,
instead consideration must be given to the plant as a whole
when determining the individual strategy for a department. It
is likely to be both uneconcomic and non viable to attempt to
achieve an equivalent breakdown target e.g. 5% in all
departments. Instead targets should be set with relative
departmental capacities in mind.



4)

6)

Maintenance Resources

At Philips Components, to increase the level of preventive
maintenance further resources must be identified to carry out
the work.

Maintenance Windows

If eguipment reliability could be guaranteed it would then be
possible to implement midweek maintenance windows on non

bottleneck areas.

Software and Electronics - Preventive Maintenance

Although much of the work of the mechanical and electrical
trades is of a corrective nature, much of it can be deferred
and the line brought back up. This is not so for work carried
out by the technicians - the line tends to be down until the
fault is dealt with. This equipment category should therefore

be given extra consideration with respect to preventive

techniques such as design out maintenance.

work Planning and Control Systems

i) To improve the effectiveness of preventive maintenance
procedures an improved work planning and control system
is required.

ii) There are many equipment management systems on the
market. We would require an integrated system to be used
for plant monitoring and optimised resource planning with
interfaces to our budgetary control system and also
COPICS.

iii) Evidence from industrial visits indicates that such a
system is only viable in an appropriate environment. At
. Nissan, there is a 'progressive’ organisation with
flexibile working practices. This has led to the
installed system being used as an effective tool in
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8)

controlling the maintenance function. At Philips
Hamilton, there was a ‘traditional’ organisation with
inflexible working practices. Here, the system was not
being used as an effective tool and had even compounded

an industrial relations situation.

This would indicatce that following the recent
organistional changes, the environment at Philips Durham
is now more suited to a system of this nature. This
would therefore be a suitable opportunity to formally
review the feasibility of such a system for Durham.

EQUIP

As a pilot project the development and implementation of the
EQUIP system has been successful with respect to the following
points :

i) It provides more accurate and detailed information on
causes of lost utilisation than was previously
available. Analysis of EQUIP data indicates that it also
provides a record of machine faults which are corrected
by production, sometimes up to 90% of incidents.
These would otherwise not be drawn to the attention of

the maintenance department.

ii) Perhaps most importantly, as a pilot project EQUIP has
clearly highlighted the management issues which must be
addressed if considering the implementaton of an
equipment management system. Greater benefits could be
gained from the present EQUIP systems if these issues

were resolved.

iii) The system has been of some use in improving the
availability of equipment in the area.
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10)

iv) Technical issues raised by EQUIP will serve as a useful
input to a user specification for a total maintenance
management system. Specific areas highlighted to date
are optimisation of the planning and feedback functions,

statistical techniques and interfacing requirements.

Statistical Technigues

Mathematic medels can be usefully employed in describing
failure patterns. Analysis of failure data can give insights
into the cause of failure and can be used to help determine the
most appropriate maintenance strategy. Experience gained from
the EQUIP project would indicate that, to carry out statistical
analysis of this nature, the following issues must be

considered :

i) Item Definition. To facilitate analysis of the mode of
failure, machinery needs to be categorised down to
replaceable parts.

ii)  Diagnostic Training for Production Personnel. Training
in diagnostic techniques for data input personnel would
be necessary to ensure that causes not symptoms are being
accurately diagnosed and recorded correctly.

Factorywide EQUIP

The benefits of implementing EQUIP on a factory wide basis
should be assessed with respect to the following areas :

i) Factorywide EQUIP, possibly without some of its
analysis functionality, would be a suitable precursor to
the successful implementation of an equipment management
package. Irrespective of the package selected, accurate
shop floor data would be required.

ii) A factorywide system would also be very appropriate as a
data collection system for a capacity analysis package
e.g. CBIS. A possible systems configuration is given in
Figure 10.1.



Figurc 10.1 : Factorywide BQUIP - Possible Developments
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11) System Selection
With reference to technical constraints any further system
development should not be done on a PC based system. Due to
the cost of mainframe operations a mini based hardware
solution for a equipment management package is likely to be
most economic.
12) Performance Indicators
Performance indicators relating departmental performance to
overall factory objectives or detailing individual machine
performance are not in place.
13) Acceptance Testing

To provide quality reference ‘benchmarks' and thus improve the
validity of inspection maintenance routines, acceptance testing
should be carried ocut where appropriate. As major eguipment
from Eindhoven is often delivered in stages, a system of this
nature would also highlight any tools, drawings, test eguipment
or training reguired in order to effectively maintain the
equipment.



10.2 Recommendations

1)
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Maintenance Strateqy

A formally published maintenance strategy would be a useful
document for maintenance personnel.

JIT and Equipment Reliability

A maintenance policy with greater emphasis on preventive
maintenance should be formally initiated.

Capacity and Maintenance Planning

Factory capacity implications should be taken into account when
setting departmental equipment performance targets.

Efforts to achieve a viable preventive maintenance operation
should be intensified in bottleneck areas. In capacity
critical areas techniques such as design out maintenance and

condition monitoring should be considered further.

Maintenance Resources

Production personnel are a major untapped resource with respect
to equipment maintenance. Due to their job function they are
in a position to be closely aware of the performance of the
equipment they operate. As such they are ideally suited to
become more formally involved in plant maintenance.
Furthermore, it would be unrealistic not to involve production
in maintenance activities - the maintenance department does not
have the resources to carry out maintenance routines to the
necessary level of detail.

Following the recent re-organisation, under the guidance of the
Area Maintenance Engineer, production operators could be
trained to :



i) Carry out lst line inspection maintenance on the
production equipment they operate (and are possibly
responsible for). There are many examples of such
procedures operating successfully, the apparent key being
that the system is carried out in a formal manner.

ii)  Carry out 1lst line breakdown maintenance. Essentially to
ensure production personnel who deal with some incidents
of equipment failure are adequately trained to do so and
effectively report on the situation.

The above suggestions are essentially based on the Total
Preventive Maintenance philosophy which possibly could be
further pursued at Durham under the multi-functional worker
project. As well as proving job enlargement for production
personnel the above suggestions would also improve their
diagnostic skills and thus the quality of preventive and
breakdown maintenance data being recorded.

This type of operation would tend to naturally lead to the
formation of multidisciplinary work teams which in turn would
serve to reduce the conflict that presently exists between

production and maintenance.

Furthermore, some skilled craft resource would then become
available, facilitating further moves to improve the quality of

preventive maintenance service to the plant.

The possible problem of inappropriate Skill profiles of
craftsmen within the departments could be resolved by
multiskilling. The trend towards greater automation will
further increase Durhams need for highly skilled technicians.
The retraining of mechanical trades to achieve the necessary
standard of electronic and software skills is likely to be
themost common requirement but due to the different technical
environment this will not easy to achieve. This course of
action should therefore only be embarked upon if the above
recommendations do not satisfy our resource requirements. If
there is a decision to move towards multiskilled craftsmen this
should be handled with diplomacy by management and the

appropriate unions consulted as early as possible.
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6)

Maintenance Windows

A further method of increasing the quality of maintenance
service with the present level of resource would be the
creation of mid-week maintenance windows on areas with excess

capacity. This would also support JIT and OPT philosophies.
This is essentially a two stagc process ¢

i) Machine reliability in areas with excess capacity needs
to be guaranteed to a set level.

ii) The excess capacity can then be utilised for maintenance
purposes. Stoppages should be planned so as to minimise
the effect on production and with consideraton of the

maintenance tasks which must be carr