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SYNOPSIS

The Atkinson Committee for Teroteclhmology found
that it was hampered in its task of making‘recommendations
to the Secretary of State for Industry due to the lack
of research and information regarding the applica%lon,-
by mamufacturing industry, of terotechnological practices.
It was this lack of research and information which
provided a major justification_for pursuing this research
work, . | | | | |

This research has attempted t6 brovidé a
_contrlbutlon to our kmowledge in the fields of terotechnology
and llfe-cycle costlng. This has been achleved by |
investigating the historical developnent of terotechnology,'
examlnlng the way in which the concept should be 1nterpreted
developlng a 'levels-of-care' model and, by industrial
field research, examining the extent to which .
terdtechnological practices, as defined within this
dissertation, havé been applied by manufacturing industry.
The field work was based on a sample of six manufacturing
organisations in whibh détailed research was undertaken;
A further 31xteen organlsatlons were V131ted to obtain
a more general and wmder view of application, The
comparative organisational analysis was based on the

differences observed due to differing levels of production |




system mechanisation..The results of the field research
are presented and comparisons made, to the limited extent
poss1ble, with the findings of other work. |

A major part of the terotechnological approach

~ to physical asset life-cycle management is based on -

'the oomparatlve economic evaluation of assets over thelr _ff
llfe-cycles. Llfe-cycle costlng is a guantitative economic |
evaluation technique wh;ch can be used for such comparisons.‘- i
‘The historical development'of life;cycle costing has
been determined, A postal questionnaire survey,of
experienced practitioners in the United States and Swedeh,-.
was undertaken to determine the general body of knowledge
and experience'required to utilise the teohnique.The
results of the survey are preéented. One of the major
constraints on the application of life-cycle costing"
"has been the lack of any procedural model to facilitate:
Such]application within manufacturing industry. This
' fesearch has conceived'and'developed such a prdoedurol
model, An-example of the application of the model,based
on real data, is presented

Future developments in the concept and practice
of terotechnology and life~cycle costing are postulated.

Suggestions for further research work are outlined
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CHAPTER 1

INTRODUCTION

-This chapte& sets oﬁt the general purpose of thié.
‘aissertation. It states the objectives of the work, the
justification for pursuing such fesearch woﬁk, the
limitations and setting of the research and the chapter
then previews the organisation of the dissertation.

1.1 The General Purpose of this bissertation;'

The general purpose of this research work was o
investigate the concept and practice of terotechnology and
life-cycle costlng w1th1n manufacturlng industry. ' |
Specifically, the research work had the folloW1ng obgectives.
(a) To investigate the historical development of

' terotechnology and to examine the way in which the
concept should be interpreted. ,
(b) To'investigate the extent to which terotechnological
 practices,as identified within this.dissertation,have '
- been appliedrby manufacturing industry.
(c) To investigate the historical development of life~cycle
C6sting. | | .
| (d) To investigate some of the fundamental precepts
| surrouﬁding life~cycle costing.In particular the
qualifications and experience,the use of qﬁantitativeﬁand

accounting techniques;the management and organisafional ,

" considerations and the limitations associated with the

‘application of the technigue.

1




2

(e)To develop a generalised procedural model to facilitate
the use of life~cycle costing as an economic evaluation
technique for menufacturing systems.

1.2 The Justification for this Dissertation.

The Atkinson Report on Terotechnology(1),presented to
the Secretary of State for Trade and Industry in June 1973,
states,under the heading of*Research Projects}that:-

In planning a programme of action the committee
have been hampered by lack of data on the extent

to which terotechnology is being applied in the
various sectors of industry,and the adverse effects
of not doing so,Information on the practices
adopted by industry is also required to indicate
those areas where special emphasis should be
placed, (Atkinson Report,I973,p.10)

- In summarising the findings of the Committee on Terotechnology

the report states:-.
Tack of information-on the extent to which
terotechnological principles are being practised
in industry,... has led the committee to recommend
that a number of investigations be carried out,
It is expected that the information resulting
.from these researches will assist in the identification
of the main problem areas and will enable a :
further programme of action to be planned, (ibid.p,.2)
Hence, the need for exploratory research of the type mentioned
~in the Atkinson report represerited a major justification
for pursuing this work at this time.In addition,the dearth
of knowledge and understanding in this field of physical
asset management presented another justificatibn for such an

expioratory and geheralised research project.




Another justification was found in the desire'to'essiét*
With the solving of some'ofrindustry's many problems, -
Not_leasf of these problem'areas is that of the management .
of plant and_equipment.However,before'techniques can be |
developed or existing ones applied, it is necessary=to;
understand the current level of awareness of these
'techniques and to understand what the problems of industry-
‘are.The Atkinson Report(ibid,p.B),states that:-

«ss despite a growing awareness of the need to

protect and look after capital invested in plant,

‘machinery and equipment,there is serious lack of

knowledge in industry regarding technigues which

are already available to asgsist decision maklng

" in this area. (Atkinson Report,1973,Dp.3)
Hence,another justification for this work is seen in
" the contribution that it can make to furthering our
ﬁnderstanding of the problems of 1ndustfy and the extent
to whlch scientific management techniques are applied to
-the. management of physical assets, In recent years '
there has been a growing awareness of the consideraole
impact that on-going maintenance expenditure has on the total
'operating costs of plant and equipment.This has led to .
a desire to examine investment in capital equipment in
greater depth than has hitherto been the case.One technique
which could be utilised is life-cgg}e_gggjggggHowever,1itt1e'

work has been done on the application of life-cyole costing

-lto the comparative evaluation of manufacturlng systems. -
Consequently,the dearth of knowledge 'in this field wasg -




a further justification for this research work.One of the
major constraints on the application of life-cycle costing

is the lack of any generalised procedural model fo enable
industry to adopt fhe technique.ﬁheréfbre the objective of
developing ‘such a model was regarded as another Justification
. for pursuing the research, . IR

Hence,the problems asaociated'with physical asset management,.
the desire to understand and pursue solutions to these
problema,the need for an appropriate economic eraluation
technique and the general-dearth of research fOcusing'on 7
terotechnology and life-cycle costing have been the primary |
justifications for pursuing this research work, |

4,3 The Setting and Limitations of this.Dissertation.

Exploratory research effort,such as that presented in this
dissertation,has many inherent limitations.The recognition
of these limitations by a researcher is of paramount
importance if:objectivity and the search for truth is to
be maintained, The industrial field researchfwas_carried out
during a period oi high inflation and industrial depression.

‘As a result the degree of industrial co-operation was" limited

and comparative analysis on the basis of financial performance N

PR .

——. e i

- was very difficult to puraaemyiﬁomcogiiggncg,Indeed,some of

the companies visited were engaged in the development
of.redundancy plans or were experiencing a decline in business
activity,The research work began in January 1975,At this

time the Department of Industry had not published any of




the explanatofy brochures and manuals that.are available
in 1978.Hence,the interpretation that this research has
placed on the‘concept of terotechnology was that formed
before the Depertment of Industry's publicity‘campaign was
undertaken . anad descriptive material beeane evallable‘vence,
it should be understood-that the interpretation placed on
the concept of teroteehnology within this dissertation,was
that of the authors and it'may not coincide with the official
view expressed-oy the Depsrtment of 'Industry or the National
Terotechnology Centre,

The field feseerch was based on compaﬁies within the
manufacturing iﬁdustry olassification.The reseégggmwes;pot'

'1ntended to include service distribution or building seetors

of industry,
It is recognised_that the process of management is a

dynamic one.Nevertheless,the 'photograph’ of this process,

which results.from industrial field research of the type

ﬁndertaken is considered to be of considerable.value-f

as a contribution to our knowledge.The primary source of

uu_.‘.__,__,,\,..... . it

Lmdata °°1le°Ef9?iF§S the interv1ew supported by questionnaires. o
The weaknesses of the interview;as a means of data collection ,
were recognised and steps taken to minimise theif impact.
However,the accuracy of the results were governed by the
inherent limitations associated with'the collection of

descriptive data,




| ~ Further limitations were reoognised'due to the limited

'the.researeEiThe inclusion-of six organisations cannot .
be said to represent the whole of manufacturing industry.
As a consequence, the results and conclusions presented in

- this dissertation are formulated on the basis of the data

collected in the six organisations.However,a section of this

work has concerned itself with'making some speculative
istatements about the application of terotechnology and

' 1ife-cycle oosting.Wherever these speculations have been ;

- made, they were formulated by cons1deration of the approach

"to terotechnology whloh had been observed in a further
‘ 81xteen organisations which had been visited during the
course of this research work.' ' |

1.4 Dissertation Structure,

This dissertation has been arranged on the basis of a.

- three part structure, This was considered necessary” 1n

order to present this work in a logical and readable

:manner,Part_I istconcerned with teroteohnology.Part 2 Qith

R Iife-oycie eosting.and Part 3 presents some_general.statements_ej

_regarding future'developments andlsuggestions for fnrther

work, =




V//' Part 1e Terotechnology. Part 1 of this dlssertation

deals with the concept and practlce of terotechnology.
It covers the definition,the historical development,
the interpretation placed on'the éoncepf and develops
a 'levelnof-care'.mOdel of terotechnological practiaé
 ovef the life~cycle of an asset. It then covers the industrial
research design, states the objectives of the field research,
details the response rate,the data collection techniques
and the selection of an appropriate research methodologj.
' The results of the research are ﬁresented in allife-cycle
manner. That is,each‘phase‘iﬁ the life-cycle of an asset
is surveyed for all the companies included in the research.
The findings are given and conclusions drawn from thesé
.fihdings. Comparisons with other work are made to the
1limited extent p0551b1e. |

‘Part 2, Llfe-cx_;e Costlng. This part of the dissertation.

" covers the concept and practice of life~cycle costing,
It presénts‘an overview of the technique, it establiéhes
the historical developmeﬁt and presents‘somerof‘the .
definitions. The Justlficatlons for adoptlng the technique

_ are established. A postal questlonnaire was designed and a
survey of experienced practltloners was undertaken, -The
'éurvey design, questiommaire design, response rate, approach

to participants and the findings of the survey are presented.




A generalised procedural model for the implemeﬁtation

' of 1life~cycle costing is developed and the modei
characteristics descriﬁed. An example of the application

of the model is presented, Theifindings of the research

are presented and conclusions drawn from these findings;

No comparisons.with ofher work weré_possible in this

part of the research, -

Part 3., Future Developments and Further Work. This part

of the research work was concerned with'presenting some

~ speculative ideas for the future development of
teroteéhnblogy as a discipline within'the”generai field
of industrial managément. In addition, some: speculatife
-Ldeas are postulated regarding the possible future ._
development of llfe-cycle costing as a technlque within
the general field of economic evaluation and analysis for
engineered systems. Some suggestions for rurther research

work are also made,

1.5 Summary;

o This chapter has introduced the research work presented
in this dissertation, The objectives. of the research have
' been stated,the justifiéation for puréuing the work
 out1ined, the setting and limitations explained and the
general crganisarion of the work has been describéd.

Part 1 of this dissertation follbws this introductory

chapter,




- PART 1

TEROTECHNOLOGY




CHAPTER 2
THE HISTORICAL DEVELOPMENT

- This chapter provides insight into the historical
development of terotechnology.It states sene of the milestones
in the growth of interest in maintenance engineering

over the twenty year period from 1946 to 1966. From 1967 onwards
~ the analysis is deepened to examine, in detail, the emergence

‘. of terotechnology,This chapter establishes why and how the
word terotechnology was coined,Finally,the definition is
stated, ‘

2,1 The Initial Growth of Interest.,

This section outlines some of tne milestones in the
development of plant engineering as a profession..

-In*1946 the first Institntion of Plant Fngineers was
set up'in'the United Kingdom.In 1949 the first nationai
‘maintenance conference was held in the United States and in 1952
an Institution of Flant Engineers was set up in the United
States,In 1957 the first maintenance engineering journal |
appeared in the United Kingdom and in 1959 the Japanese formed -
r an,Institution of Plant Engineers,In 1961 the first U.K,
national maintenance conference was held.and in 1963 the
first international maintenance conference nas held again
in the United Kingdom.Also in 1963 the first maintenance
association was established and in 1964 the first glossary of
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terms for maintenance engineering was published. In

1965 the'Eastern'European Countries_he1d a'conference

in ﬁudapest;in I967 the British Council of Maintenence
Associations wés set up,Considerable interest in maintenance
engineering was now being shown and it was in 1967 that -

the- edltor of the 3ourna1'Ma1ntenance Engineering'approached

OV, .._,,....,.._._.._ e—t—— e i, e

the Minister of Technology regardlng a proposal that.

U, ER——e

the Minlster should commlssion a survey into the cost

of englneering me@ntenance in the United Kingdom.More

specifieally Mr.Parkes,the editor of 'Maintenance Engineering‘,r

suggested_that a committee or other body belset up to |

consider the following:- |

.(a)How small firms can be enceuraged to undertake planned
naintenance; _ _ |

(b) The eetting of standards for maintenance and the
dissemination-of maintenence information.

(c)Support for research into the cost of malntenanee work
and the consequentlal effect of downtime,whether planned

- or caused by breakdown,

As a result of this approach by Mr.Parkes a working party

S on Maintenance Englneerlng (2) was set up.

‘2.2 The Pindings of the ﬂorklng Party on Maintenance Engineering.

The working party was established under the Chairmanship
of Nr,I,Maddock,Controller Industrial Technology,in the
Ministry of Technology.The working party met seven times and
their report was published in 1970,A summary of the findings
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V/6f this working party is presented below:-
1.A Steering Committee should be set un to guide future
activities, | |
2,Maintenance education and training as a whole mast be
examined and action taken_to ensure adequate education and
training,.A Joint Committee of Industrial Training Boards,
augmented by other organisations having major interests ,
_should be set up to pursue.thie on an urgent basis,
3.A National Maintenance Centre should be set up.
4, The poseibilities.of using grouped maintenanee resources
should be explored,. | | |
5§§5.Research into all aspects of maintenance engineering is
.requireé and shonld be started soon,now that the
results of the survey into the national cost of
maintenance are kmown,
This last recommendation,based on the knowledge of the
national cost of maintenance,was the most important as far
es'this research work was eoneerned The nationel cost of

: maintenance was determlned by a firm of management

. consultants who were comm1351oned by the Ministry of Technology ]
Working Party.The survey thet they carrled out will be

described briefly in the next section,

2,3 The Study of Engineering Maintenance in Manufacturing Industry;
- In September 1968,P.A.Management Consultants Zimited”were'
. comnissioned by the Ministry of Technology to carry out a
a study of engineering maintenance in British manufacturing

industry,The study was published in April 1969 (3).
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. The study surveyed 515 campanies,each of which was requested
to complete a quéstionnaire.Frbm this sample 283 questionnaires :
were returned,In addition,the éonsultants then visited 80
companies in order to carry out an in-depth study of
‘maintenance practice,Because .the findings of the survey were
central to the development of terotechmology,they are quoted
below,almost verbatim et literatim,from the aonsultants'repart.
(ibidepe3):-

1+.The total direct costs of engineering maintenance
~in British Manufacturing Industry are approximately

: £1,100 million p.a,

2, (a)

There is available an 1ncrease in productivity of
maintenance staff of about 60% which would facilitate
the release of up to 200,000 maintenance personnel.
This could lead to a reduction in Direct Maintenance
Expenditure of around:

() £200 = £250 million p.a. : -
Inadequate maintenance appeared to have an adverse
effect on production in at least 20% of the firms
visited,mainly as a result of loss of output from
- plant which could otherwise have been productive,
We estimate that the savings available from this
source are in the region of

£200 - £300 mlllion Pele

[Authors note: All costs quoted were at 1968 values']
A summary of the P.A.Consultants Report is included in the

Maddock Report on Maintenance Engineering(op.cit;p.13).
2.4 Terotechnology-The Evolution of the Word,

Of the many conclusions drawn by the Maddock Report,the
most significant in tha‘dévelopﬁent of'terotechnologx,was

concerned with three important plant characteristics and

management functions,That is reliability,maintainabilitx_anqd_
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Again,because this finding was central to the'development
of terotechnoiogy,it is quoted below:- | |

-We considered that there was a need for the results
of maintenance investigations to be fedback to

. engineering designers,The engineering designer has
to take into account many aspects of his product:

. the problems posed by production techniques and the
.gkills of labour,the user's needs,the cost,the need
for relliability and the need for easy malntenance o

- [maintainability]. ... Reliability and ease of

- maintenance have so far not been given the importance-
they deserve (Maddook ibid.p.4)

"~ This statement was one of the first to break away from
considering. malntenanoe as an isolated disoipllne.lt
.started the move_towards.an;awareness of the broader
implioations of maintenance engineering.That is the

information feedback as important elements in the management

P e

_of physical assets.

The awareness of these wioer j‘implications-led to the
setting up of-a.Steerlng Committee to ekamine the. broader |
findings of the Maddock Report.However,Parkes(4)suggests.that
even anthe Steering Committee was being;estabiished,suggeStionse
were made that"maintenanoe‘was no longer the right word to -
use,He suggests that even‘Plant Engineeringfwas notregarded
favourably. Parkes. went on to State :- _ |

. There was too the undeniable faet that few praotlslng
paintenance englneers or plant engineers had been
really successful in finding the link between economic

design,efficient operation and effeotlve malntenance.
(Parkes,ibid,)

L

This point was extended by Jost(s),who coﬁmenting'on the




14

Maddock Report,stated that:-

It became quite obvious that the designing - out
. of maintenance and minimisation of maintenance
was as important as the management of maintenance,
ses to the maintenance functions were added non-
manufacturing functions such as installation,
removal etc.%&ost,ibid.)

Jost went on to say:-

- Hence,after many letters with the Editor of the
Oxford English Dictionary,the late Sir Richard
Clarke and myself [Dr.H.P.Jost),one Sunday after
dinner,in my sitting room,decided on the word
Terotechnology.(Jost,ibid, ) :

Therefore,when the Steering Committee was established ih
Aprii 1970 it became fhe Committee on Terotechnology.

This is confirmed in the Atkinsoh Report(op.cit.ﬁ.E)-which
cdvers the activities of the Committee for Terotechnolbgy
between April 1970 and Seﬁtember 1972, The report states:~

Consideration of the Working Party's [Maddock]
findings indicated that the whole nature of
maintenance activity was determined by the mannmer
in which plant and equipment was designed, selected, '

~ installed,commissioned,operated,removed and replaced,
It was concluded that major benefits could accrue
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 multi-disciplinary concept the name

- '"Terotechnology'based on the Greek word 'tereint,

~ was adopted. (Atkinson Report,op.cit.,p.5)

:In September 1972,the Committee on Terotechnology was
reconstituted to form part of a new committee structure
.dealing with the four industrial technologies that were to

réceive Go#ernment support, The four industrial technologies

were;Terotechnology,Materials_Bandling,TribologXM§g§”.

" Corrosion and Protection,

[T O
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2 5 Terotechnology-The Deflnition.

The deflnltlon of terotechnology evolved between 1972
‘and 1974. At the time of ‘the Atkinson Report of the Committee
on Terotechnology(lbld.,p.S)the deflnltlon of terotechnology
was stated as:-

The technology of installation,commissioning,
replacement and removal of plant,machinery and
equipnent,of feedback to design and operation

'g therenf,and of related subjects and practlces. ‘
: (Atklnsom Report, ibid, ) '

One of the worklng party sub—oommittees responSLble for 3
the deflnltlon of terotechnology,took account of opinions
that had been expressed at conferences and in the press.

~ As a result of thls,a wider definitlon evolved,This o o ]

' defmnitlon appeared 1n a Department of Industry booklet(6) o
publlshed in July 1974 The definition was ‘then stated as:-

Terotechnology is a comblnatlon of management,
-financial,engineering and other praotices applied
to physical assets in pursuit of economic life-
cycle costs;it is concerned with the specification,
and design for reliability and maintainability of
plant,machinery,equipment,buildings and structures,
with their installation,commissioning,maintenance,
modification and replacement,and with feedback of
~information on design performance and costs.
(Terotechnology Concept and Practlce H.M.S. 0.,
ibide,pe3)

,Fﬁrther refinement to this definition took place and in =

o.November 1975 a  new booklet (7),pmblished-oy the Committee.

" on Teroteohnology,defined terotechnology as follows:— o
.'A COMBINATION OF MANAGEMENT,FINANCIATL, ENGINEERING

AND OTHER PRACTICES APPLIED TO PHYSICAL ASSETS 1IN .
~PURSUIT OF ECONOMIC LIFE - CYCLE COSTS. ,

The_remainder of the definition was then added,as a note,
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as follows:=

| Note: '
Its practice is concerned with the speclflcatlon and
design for reliability and maintainability of plant,
machinery,equipment,buildings and structures,with
their installation,commissioning,maintenance,’
modification and replacement,and with feedback of
i information on de81gn,performance and costs.
(Terotechnology:An Introduction to the Management™

of Physical Resources,H.M.S.0.,ibid.,p.2)

This format received wider aptrotal and is'still
the aécepted way of presenting the definition of -
1 terotechnology.

2.6 Summary.

» This chapter has examined thé historical development'
. of terotechnology.It has been seen that terotechnology
‘emerged out of the consideradle growth of interest in
| maintenance engineering,From the findings of.the Maddock
‘Working Party on Maintenance Engineering,there was a
demand for a new approach to the care of physical asseté..
This new approach was found in the word terotéchndlogy,the
technology 6f'cariﬁg for', The concept,hés etolvgd‘into
a new approaéh to the waj:in whibh industry'manages,phygicalu
| asséts in pursuit of economic life-cycle costs,The definition
‘has been stated and its evolution descrlbed The next chapter
will examlne the 11terature in an attempt to understand the

way in which this new word has been interpreted., !



CHAPTER 3
A REVIEW OF THE LITERATURE

Thls chapter rev1ews some of the llterature on terotechnology.
‘The review is conflned to two aspects of . the concept and
practloe‘of terotechnology. That’ 1s,attempt;ng to-underotand
what is_meant by the definition and how‘that“underétanding
has been interpreted within the 1iterafure.This'wao oonsidered"
~ essential in order to establish answers to two questions, |
hitherto not examiﬁed'by a literature survey.

Firstly,was terotechnology viewéd as a;ﬁylti-disciplinary

or inter-disciplino;j technology or has no'cleér understanding -

_yet“been arrived at?.Seoondly,what interpretation,if any,has
beén placed on the concept and_practice of feroﬁechnology?.

it was conoidéred that with thése two fundamental questions.
'anSWered a clearef‘underotanding of the role ofjterotochnology,'
'w1th1n manufacturlng 1ndustry could follow.

3.1 Terotechnology Multl-D1301p11nary or Inter~Dlsolpllnary°

This section examines the llterature in an attempt to
answver the oonfu51on whlch surrounds the problem of deflnlng
'terotechnology as mult1-d1501pllnary or 1nter-d1301p11nary..
The Atkinson Report oﬁ Terotechnology(op.cif.),published'in
June 1973,does not assist in fhis matter;For example, on page_1; )

it stated "The inter-disciplinary nature of terotechnology"

L
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yet on page 5 it stafed.that “...'becaﬁse no suitable word
eﬁisted to deseribe such a multi-disciplinary concept the
name 'Terotechnology' was adopted", The Department of Industry
booklet(8) stated that one of the main requirements for the
impleﬁenfation of terotechnology is " an acceptance of the
multi-disciplinary approach to fhe running of an enterprisel,
Inother Government Report, TT139, (9) of the Gommittee for
Terotechnology stated that:- |
It was realised that improvements in life~-cycle
performance could only be achieved by the
co~ordinated application of several disciplines
which had not before been brought together in
such a way and because no existing word
adequately described the new mult1-d1301p11nary
approach ... Terotechnology was chosen,
(Committee on Terotechnology,TT139,P.3)
Other Department of Industry booklets such as  TTMO03 (10)
and ‘a later publicafion lherotechnology-Aﬁ Introduction |
to the Management of .Physical Resources ! . :
(op.cit, p.2): described terotechnology as"multl-diSCLPIinary"
However another Department of Industry publlcatlon,
'Terotechnology-Educatlon and Training. (11)used both the: terms
1nter-dlscip11nary (p.1)and mult1-d1s01p11nary(p.4)
Partington(12)suggested that "taklng care of plant 1tems
throughout their life~-cycle,is the business of ferotechnology
7...th13 illustrates the multlfdlsc1pllnary aspect of what is
ihvolved".Westlaké(13)described ferotechnology as a "mﬁlti-
‘disciplined science“.Venton(14)a1$o took the view that
.lterdtecﬁnology is a "multi-disciplinary concépt".Husband(15)
described terotechnology as a "multi-disciplinary approach

to maintenance engineering®,
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.However,McCallun(16 )stated that"Terotechnology is an
 inter-disciplinary subject" and Atkinson(17)described
terotechnology_as an“inter-disciplinary subject,involring
interplay between electrical and eleetronic engineering,
mechanical englneering,01V11 engineering ete.t .

The initial confusion expressed in the Department of
Industry booklets seems to have led to some confusion in the
literature.However,this reviewhae;indieeted that'the'majqrity
7_ of authors take the-view that terotechnology is a multi- |
diseiplinary technology.Therefore,this_is the view which
will be expressed throughout this research work,The next
seetion'will examine how terotechnology has been interpreted

in the literature.

3.2 Terotechnology:How has it been Interpreted,?’

This section examines the way In which the concept of

tevotechnology has been interpreted within the literature.

which it is felt has been practised for many years %..

——

The literature takes many viewpoints on terotechnology:It
.is the purpose of this section to arrive at a consensus,if
this is poesible;in order to develop the interpretation
further.to_facilitate the research design.The first
interpretation is that given in the Department‘of Indnstry
_booklet,Teretechnelogy:Coneept.and Practice(op.,cit, )which
describes terotechnology as beinQ"éoncerned‘with'improving,

1nduetr1al efflclency-through opulmlsation of the whole )
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life-cycle of physical e aésgth.Anbthef Department of Industry

/\/k_

_ booklet(18) used the following alternative descriptions
of terotechnology‘
(a2) Resource Managemen#-
——(b) Vnole~Life Costing’
(e) Costs in Use
(@) Total Cost of Ownership
(e) @radle to Grave Management
(f) Physical'Asseté'Managément'
——(g) Life-Tong Care
A later booklet {19 )published by the Department of Industry
replaced (b),(c) and (4) above with the term "Cost of
Ownership¥, ' |
In 1975,the Duke of Kent,when opening a conference,said of

$erotechnology "it is more of a managgggnj;iechniqueqxhgg_

strictly a technology".Finniston(20) stated,"Terotechnology

;Lﬂ‘ views plant as requiringhigfegrated treatment from first

 &/A”'conc9pt to final shutdown at the end of its life".Darnell(21)

%éi,/ H&)has inte;preted terotechnology "as a system'pf an organisation -
/”'ﬁpﬁgb which interacts with the General Management System .f..with
the Design and Henufacturing System ... and with the -
Operatibnal Management System ".White (22) stated,"what the

definition of terotechnology rgally means. is that_we mist.

U —

look at physical assets in terms of whole-llfe economics”,

- [ I - e e

Perry (23) stated that "Terotechnology can be thought of as
' an attempt to optimise the life-~cycle cost of a ... physical

aggetn,
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De 1la Mare (24) stated that "Terotechnology means a total
systems approach to maintenance problems",McCallum(25) said
of the definition of terotechnology"it is an absurdly naive
description”,but he did not sugéest an-alternative, =

Answering criticism in the literature that terotechnology

was Jjust another word fer maintenance engineering, Atkinson
(26) suggested that "maintenance engineering is to Terotechnology
as lubrication is to Tribology",.The Chartered Mechanical
Engineer(27)in an editorial, considered terotechnology " to be
a systems! approach to the non-operational management of |
‘plant®.Jost(28) stated that"Terotechnology is not only a
,product,but a requirement of modern technological development.
It has been forecast to become one of the great technological.
movements of our age",Wiegel (29 )when describing the model of
his f'functional maintenance system',said of his model:=-

The model must be developed into an expanded

- external system,Planning,design,assembly,
manufacture and maintenance must be integrated
to form the basis of a new technical thinking
which is covered by the concept of terotechnology
(Wiegel,FPunctional Maintenance-A Systems Approach,

Metals Technology,January 1974 pp.6-12)
Darnell and Smith (30) stated that:- -

- Perotechnology +.. coﬁcerns the application of the
business objectives of an enterprise to the ,
management of its permanent physical resources. ...

As such Terotechnology can be considered to be one
of a number of sub-systems ... which taken together
conprise the business, :

(Darnell,H.and Smith,M,Management Aspects of -
Terotechnology.University of Durham,September 1975)
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A later booklet published by the Department of Industry(op.cite)

suggested the following élternafivé interpretations can be

placed on the word terotechnology: -

| - (a)Resource Management
(b)Cost of Ownership
(¢)Life~Cycle Management
(@)Physical Asséts’ Management
-(e)Life-Léng Care

It is'intéresting to'nofe that the descriptions given in -

- (b) and (c¢) above replaced the earlier four descriptions,

*Vgiven on pagézo »This is an illustration of the maturing

in the interéretation that has taken place 6§er a fairly

shart périéd of time, |

- 3,3 Summary

This chapter has reviewed the literature on terotechnology
in two specific aréas of concern.That is,whether the concept
- is multifdisciblinary or inter-disciplinary and in what Way
had the concept been interpreted within the 1iferature. |
The reviéw.haé shown that déspité early confusion over
' terotechnology the‘literafure.has tended to interpret the
-_concept and practice of terotechnology as multi-diseiplinary.
Fﬁrthermore,the interpietations-that have been placéd on the .
definition of terotechﬁology have been very varied and it
has not been possible to arrive at a consensus of views
‘merely on the basis of a literature review.,Hence,these
| interpretations.will be examined in greater depth in the

next chapter which will be concerned with developing a .




'generaiised interpretative modef'for the definition of

terotechnology..

1The definition used by the author, throughout this
dissertation,for the noun "model" is as follows:-

"a framework or structurelto describe a system"®
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 CHAPTER 4
A DEVELOPMENTAL INTERPRETATION OF

TEROTECHNOLOGY.

4;1 Ixamination of the Definition.

r"h:.s chapter examlnes the deflnltlon of terotechnology

1n order to develop a generallsed 1nterpretatlve model of

the deflnltlon .This model w111 then be . used as a foundatlon |
for the deVelopment of a more detailed understandlng of the
.nature of terotechnological practice w1th1n industry. |
-The analys1s takes the form of an examination _of-the'.'
meaning-of.certain words which the.author hasjperceived to be
important to the development of a gemeralised and wider
"uhderstanding of the definition of terotechnology. To
facilitete such an ahalysis eccount is taken'cf fhe ﬁse of

: synonyms to replace the words actually used in the deflnltlon.

Such synonyms have been selected because they are commonly used

terms in organlsatlonal and economic analys;s As a result the

 use of these terms facilitates the loglcal development of a
. generalised 1nterprstatlon of the definition, .
" The definition.of terotechnology states that it iss~

A combination of management,engineering,financial
and other practlces applied to physical assets in

- pursuit of economic 11fe~cycle costs., o
Note: ‘ .
Its practice is concerned with the speclflcatlon
and design for reliability and maintainability of
plant ... , with their installation,commissioning,
maintenance,modification and replacement and with

- feedback of information on design performance and
costs. (Terotechnology:An Introduction to the

- Manangement of Phy31cal Resources H.M.S. O.,lbld p¢2)

24
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The first word to consider in the definition is the noun

‘combination' meaning 'a union of individual things', The

things which are required to be combined in terotechnology

are manageﬁent,fihancial,engiheéring and other practices.

The verb 'combine' means 'to unit and form a new compound!

and the'word'compouﬁd' means 'a whole composed of a numﬁéf

of parfs'.Turning to organisational language,a commonly used
expression is_that of an'organisational éystem',whére'é'system‘
is defined as'a whole composed of a nﬁmbe? of parts or |
subsystems' ;The ﬁecessarycombination of praétices suggested

by the definition of terotechnology is here likened to an

organisational system of management, engineering, financial

-and other practices. applled to physical assets in pursult of
economlc life~cycle costs.Turning to conventlon in organlsatlonal-
language ,the word 'system' is generally used only to describe
-the total organisation.Subordinate combinations of practice

" are described generally as 'subsystems'.”herefore,the author .

contends that terotechnology can be seen as a Subsyétem of_

: man_gement englneerlng,flnanclal and other practlces operating

within a total organlsatlonal system.
‘___-h_"“—-—'"-——-.m__

[

et e e o A

The second word of 1nterest in the definition 1s 'pursuit*

meaning 'to endeavour to attaln'.The context of this. word is

important w1th1n the definition whlch states that terotechnology

is in pursult of economic life~cycle costs,That is, the

of actually achieving ecoggmic life-cycle costs given the
m -

‘problems of estimation,forecasting,inflation and sqwgnl_
e - . h
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~In other wgrds,it is suggested here that the definition of '

terotechnology is'allocating'a'responsiblity to the terotechnology

subsystem to pursue the goal of economié life-cycle costs in

the same way as,fér example, the opefations’subsystem would be

required to pursue a given level of output and the marketing

éubsystem a certain level of sales. | |
Another word considered in this analysis is the adjective

'economic' meaning 'the efficient use of something'.The word
e e e ettt " . B s - )

tefficient'is an édjective of the noun 'effective! meaning
'successful in ?roducing a result or efféct'.The word 'effective!
is a commonly used term within management,financial énd
engineering literature.For example the terms 'management -
-effectiveness?', 'cost-effectiveness! and 'systeﬁs-effectiVeneSS'

‘are typical.This Leads to. the concept of 'effective life~cycle

cost'as a more méaningful term than'economic life-cycle cost',
The use of quantitative techniques in the field of life-cycle
costingrand the requirement to pursue the'efficient use of
physical assets' 1eads to the develoﬁment of a measurerbf

_ the degree to whiéh‘térotechnology is t*cost-effective! iﬁ

a 1ifeécyc1e cost sense.Thét is, the éufhor suggests,thefe is
a requirement for the use of 'life-cycle cost-effectiveness
analysis',as a quantitative sconomic evaluation téchﬁique to

measure the performance of the t@rotechnologj subsysfem.

In addition,the technique could be used for investment
appraisal and as & management decision making tool, ‘
Further analysis of the definition shows that the functions

over which terotechnology is said to be concerned in the life
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~of a physical assef are:- specifying,designing,installing,

commissioning,maintenance,modification,replacement and’

feedback of information on design,performance and costs. ’"ﬁ%;_

The function'not included within the direct life - cycle

gf_s physical asset,is that of'operatlon'.Consequently,lt

e IR v

4
is su*aested that terotechnology is intended to embrace (~

the non-operational management,engineering,financial and |

~ other practices over the life-cycle of a physical asset. &

4,2 A Generalised Interpretative Model

The analysis in the previous section has enabled the
following general statements to be postulated:-

)That terotechnology can be conolaered as a subsystem
of the total organlsatlonal system,

b)That the subsysiem is charged with the respon31blllty
fof pursuing cost-effectlve llfe-cycle costs for an
orvanisatisﬁs physical assets.

c)That the subsystem is respon81ble for the non-operatlonal

R P A o
e ——— T AT - . .

Ny — management,eng1neer1ng,11nanc1al and other practices over

the life~cycles of an organisatioﬁs physical'assets.
B o NS Sesv Vs

Superimposing these three postulates into the definition B
of terotechnology the following interpretative model of the
definition is proposed:~ |

’&Terotechnology can be considered to operate as a

L

e

subsystem of an organisation responsible for the

" non~operational life-cycle managemenf,engineeriﬁg;
financial and other prastices applied to that
organisation% physical assets in ordef‘to pursus '

cost-effective life~cycle costs for those assets.

i
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It exists as one of a number of subsystems in a
total organisational system,which when combined,

are responsible for pursuing the business

iobjectives of that organisatibn.

It is suggested that this generalised interpretatlon could
be applicable to any organisational system which manages
physical assets,That ie,it could apply to government |
organisations,transport and distribution organisations;‘
rental and leasing organisations and so on. However,within

T m————

" ‘the context of this work,it is intended to apply to
f""-_‘,—— - )

manufacturing organisations only.
B —— - -

4,3 Summary.

This chapter has developed a generalised interpretation
to be placed on the definitlon of terotechnology in terms
of its perceived role as part of a total organisational
system, The fact that terotechnology has been interprefed
as a subsystem of an organisation with responsibility
for the non-operational life-cycle management-of an -
organisation’s physical assets could have far reaching
implications. For example,what is meant by a tenotechnelogical
practice or principle ? What consequences could such an
intefpretation have on erganieation design ?. What consequences
could it have for the commwmication requiremenfs between
professional disciplines and functional groups ? VWhet
. consequences could it have for the existing use of the"
*low-bid' as a means of plant selection? What o

consequences could it have for the approach to the education




and training of engineers,managers,accountants and others?
Whilst it would be desirable to seek answers to all .
of these questions most of them are outside the scope -
of this work., The question which must be answered in
order to pursue this research further is the fifst one.
That is,what is meant by a terotechnbld'gicai practice? It
is this problem which is the subject of the next chapter. -
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CHAPTER 5
TEROTECHNOLOGICAL PRACTICE: A'LEVEIL-OQF-CARE'MODEL

5.1 Introduction.

In Chapter 4 the concept of teroteohnology was
analysed and a generalised interpretation of the concept
was developed.However,the problem of describing what is_gggut;by
so called 'terotechnological practices'still remains.It is the
purpose of this chapter to attempt to-identify theee practices‘
~over the life-cycle of a physieal asset,

5.2 The Concept of'Carlng-For'Physical Assets.

Terotechnology is the technology of 'carlng-for' plant |

and equipment in order to pursue eoonomlc llfe cycle costs.

The term 'caring-for' is synonymous with the nur51ng

.profession.Hence the author examined the literature to
determine what attempts had been made at defining or, at
ieast,desoribiug what is.meant by'caring-for'sick_patients.-
* Wehlin,et 21.(51) states thet there are three tlevels' of

patient care,These are identified as 'light-care!, .

—

'intermediary—care' and 'intensive- care' with specific

.——-«M Mo i e B Rt

practices being associated with each level. For example,light-

care could lnclude treatment of minox cuts and bruises and_ther

—_——

admlnistratlon of medicines at regular intervals.

e
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Iﬁtermediaiy—care could ineclude the care associated wifh'pﬁe-
or post-operative situations of a less serious naturé.Whilst
intensive-care involves the continuous and detailéd monitoring
and treatment of a patients condition,when suffering from
eritical injuries of a very serioﬁs illness.

These'ievels-of-care'are most useful to the nursing.
pfofession'in thefidentification of the necessary resourcés
that mﬁst be available to deal with different numberé of
patients requiring treatment at the various 1evels.stephenson1,
for example,mentioned their applicatiﬁn in manpower planning
and in the determination of the degree of patieﬁt dependency
‘on staff and equipment.

This type of application is just the sort that such a
scale of care could be used for in an industrial situatibn. o
If such a écale could be devéloped for the care of physical
asgets,based on the identification of terotechnolbgical _
practices,then it could be used in the identification of _.
reééurqes requi;ed to operate at a given 'level-of-care!,
Furthermore,it could be applied as a tool forAthe-comparative
analysis of teroteghnological p;acfices within'the industrial J
field reséérch. o |

5.3 Macro or Micro Le#els ?e

In order to develop some form of conceptual framework
for terotechnological practices in terms of 'levels~of-care!

two alternatives were copsidered.Firstly,the concept of there

e o, g
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being overall or macro level practices applicable throughout

all phases of a plant's life-cycle.However,this would require

- identification of practices that were equally applicable to
say,the.desigﬁ phase as they wergifo'the installétion or
maintenance phases,Several attempts were made to develop guch
a model but the resulting scales were too gensralised end
ambiguous to withstand applicafioh.

-,The'second alternative was to considef seﬁarafely each
‘phase in anassét'slife-cyclerand to attempt.to develop a
gpecific or micro level mddel of terotechnological practicé_
for'each phase.This would facilitate closer examinatioh‘of
possible practices and would be a more meaningful methodology
-‘in the light of the overall research objectives sfated in -
Chapter 1.As a consequence,it was the second_alternatiﬁ%

that was éhosen and developed.

5.4 Defining the .Terotechnological Life-Cycle.

In order to develop levels-of-care within each phase of
~of a plant!s life-cycle it is firstly _neceésary'to define
the terotechnological life-cycle through which a plant will
progress, The definitibn‘6f.terotechnology states éomé ﬁf.these
phases.These ére specificatidn,design,instaliation, | _
'eommiésioning,maintenance,modificétion'and replacement, together
with feedback of information on design,performance and cost,
However,this definition would bé inadequate when applied

in conjunction with the generalised interpretation of what
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is meant by the definition of terotechnology as developed
in Chapter 4, That analysis éoncluded‘that'the o
. interpretation to be plaCed on terotechnology,wifhin this
dissertation, would be as follows :~ -
Terotechnology can be considered to operate as a
subsystem of an organisation responsible for the
non-~operational life-cycle management,engineering,
finaneial and other practices applied to that
organisation’s physical assets in order to pursue
cost-effective life-cycle costs for those assets,
It exists as one of a number of subsystems in the
total organisational system,which when - '
combined,are responsible for pursuing the bu31ness
_obnectlves of that organisation,
As thls_lnterpretation'differed in emphasis from the |
definition,it was necessary to consider how this affected
;thé definition of the terotechnological life-cycle.

In almost all engineeering projects the first phase is
concern=d with defining what is actually required,That is,
wfiting the specifications,The next stage would be to.design
the plant according to.that specification.Having lald down
one or more design schemes,it is then necessary to carry out
the costing and general financial evaluation of the design(s).
From tﬁis phase follows the procurement of bought-out items
together with their iﬁstallatioh and commissioning,Afver
commissioning the plant comes into full scale operatlonal
‘use during which time it must be malntalned. At the
b end of 1ts 1life the plant must be removed and replaced,
Throughout the life there should be feedback of informatidn

on design,performance and cost characteristics.From this
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rationale a definition of the terotechnological life-cycle

was derived.itiis seen to be a'cyclic proceés during which
a plant is prepared for operational use;put'into use and
maintained such'that it remains in an.operational condition
‘and is flnally removed from use at the end of its 11fe._

"This llfe~cycle is depicted schematically by Flgure 1.

.‘ 5.5 A 'Levelfof-Care'Continwwmn

Within the literature several examples exist df atteﬁpts
to develop levels,scales.and. degreas of practice,For example,
Wahlin's levels-of-care in nursing Amber and Amber's degrees
of automaticity,Bright?s levels of mechanisation and the scales
‘of-yarh'quélity within the textile indusiry,These attempts,
although subjective,do provide a framework for analysis,
uﬁderstanding and development within.the-particular subject
area. - : |

If a combination-of‘management;engineering,financial.
and'other-practices'are to be applied to physical aésets
then it conceivable that such practices could vary along
some  form of continuum from the very_simple levei'tqgoné-which is
‘very complex or inténsive.This concept.is depicfed_ N
‘schematically by Figure 2. This figure is an'atteﬁpt to
- illustrate the proposition that inéreasing the degree of
» appiication of terotechnological practices wiil;by definition,

inecrease the t'level-of-care'applied to an aésef.This idealised
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representation is however an incomplete picture.

Pigure 2 is inadequate because it has not takenFaccount‘
of that'aspeét bf management policy which facilitates such an
inérease in terotechnological practice,that is the commitment |
of resources to a particular endeavour.Figure 3 is intended
to provide for this factor.In this figure the t'level-of-care!
is shown as deﬁending on both fhe.degree of applibation'of
terétechnological ﬁractices and the commitment. of resources
within an organisation.Further'considération of the way in
which resources are commited leads to a more realistic model
of the continuunm.That ié to say,capital is usually allocated

- "-in discrete sums.quthermoré,the application of pafticular
practices does not usually take the forin of a2 smooth transition
. from one level of practice to another,It is more appropriate
t0 consider changes of practice again as discrete events
often accurring at a specific time as a result of new.
personnel or_equipment entering the o:ganisational systemn.
Theréfore, Figure 3 illustrates these doncepts by showing
the increases as stéps in which each step pepresents a
discreté.change in practice,éommitmént of resqurces and a
consequential éhange ih_the 'level-of-care'.” |
. From this concept of step-wiée increases in -
terbtechnological‘practice,commitment of resourées and hence,

levels~of-care,it was thought feasible to consider the

application of terotechnology in terms of different levels
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of sophistication,These levels could var& from.the most
generally applicable practices to those whiéh are very
advanced and require considerable resources..

The next seétion congsiders the problem of describing
such levels-of-care when applied to physical asseis.

5.6 Describing the 'Levels-0Of-Care!,

The literature shows that attempts have been made by
thé nursing profession;to-describeAlevels of patient care.
- For example,Wahlin et al {(op.cit.) described three levels
of patient care.as 'light-care', ‘'intermediary-care' and
tintensive-care!,In addition,Norton et al (32) nave" deseribéd
the levels as 'basic-care!,!'technical-care! and 'total-care!,
COther WOfk has also been carried out by the profession to
- describe levels of patient dépendency and capability.
- Such subjective scales are also found ih Woodwardts (33)
scales of technical complexitj and 6ther work on automation
‘mentioned earlier,Considerable thought was given to the |
-p0551b111ty of developing detalled and rigorous deflnltlons
for levels of physical asset care,However,as this task had
not eﬁen been attempted wifhin the discipline of the nursing
prdfession,it'was considered an unwdrkable methéd to adoﬁt,
at this point in time,for research within manufacturing
industry.As'élconsequence;it was thought to be more‘appropriate.
to attenpt to formulate generalised descriptions of the

forms of care that could be envisaged.Such levels could then
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be more closely described by the identification of specific

practices that could be'associated with each !'level~of-care!,

The first level

The second level is

proposed is a level of 'general-care',

that of 'moderate-care!.with the third

level being described as 'advanced-care'.The fourth and

hlghest level will be described as 'inten31ve-care'.Each of

these levels are described below.

Be 61 General-Care :

5;62 Moderate-Care;

The adaectlve,general,is'defined'as -
not restricted or spécialised,reiating

to the whole or most,nearly universal,
prevalent,widespread. |

Hence,the word has been chosen to describe

a level-of-care which encompasses. a group

-of simple practices.that.could be

applied in almost all manufacturing .
organisétions at each phase of an assefb
terotechnological lifewcycle.

The adjedtivé,modeiate,is defined as :-
not excessive or extfeme charactefised by
temperance,not rigorous,of middle rate,
Hence, the word has been chosen %o describa

a level-of-care which is intended to encompass

" those practices which would require a

reasonable commitment of resources in order
to apply terotechnological practices during

an asset'!s life-cycle,
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_The adjective,advanced,is defined as &=
a far-on stage in any course of ideas

or actions.

Hence, this word was chosen tordescribe'a

level-of-care in wvhich the practices

‘ adopted could be associated with a

5.64 Intensive-Care:

L

considerable degree of development in the
application of terotechnology.m

Such practices could be expected to provide

- a comprehensive life-cycle management

system Tor an organisations physical assets.
To opérate ét this level~of-care would
reqﬁire a further commitment of reéourqes
over and above those employed at the
'moderate' level-of-care,

The adjective,intensive,is defined as.:-
concentrated,unremitting;6£ a véry high
degree of depth or fullness.
Consequently, the word has been chosen'to ‘

describe a level-of-care in which

terotechnological practices are applied |

to an organisation’s physical assets in
order to provide a system of detailed'-
monitoring and observation of plant
performance with subsequent intensive

analysis and treatment,This could be
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considered as the level at which an
-organisation has<developed a complete
terotechnologically based physical asset -
life~cycle management system.This lével
would require a further commitment of
resourceé to supﬁlement those Qmpibyed at
the-advanced_level-of-care. |
The generalised levels-of-care, described above,provide

a framéwork around which specific terotechnologiqai practicés

can be proposed as being representative of each level-of-care,

The next section considers the problem of determining what -

these terotechnological practices should be._

5.7 What are Terotechnological Practices?,

The problem of determining what constitutes a
terotechnological practice had not been considered in the
literature.As a result the identification of practices,within
- the terotecﬁnological life-cycle,are entirely those considered
approprlate by the author. .

The method adopted was to consider each phase in the
iife-cycle and to identify representative practices that
could be adopted ﬁithin each phase,These practices were then
considered in'greater detail and subsequently allocated to
a particular level-of-care.Several élternative schémes wére
" drawn-up and anélysed.The resulting scheme is présented in
matrix form in Table ! .This table shows the four levels-of-
‘care described earlier,with the rep;esen%ative practices fb‘be

associated with each level for each phase in_the life-cycle.
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The rationale behind the allocation of a particular
practice to a given level-of-care, whilst subjective,is
praxeologicaf!in nature,In order to illustrate this it was
thought appropriate to describe-here the way in'which
terotechnological practices were identified and agsoclated
~with a given level-of-care. for one of the phases of the
terotechnological 11fe-cycle; As maintenance is the major
rhase in the 1ife-cycle of most physical assets,the .- .-
rationale adopted for this phase is described in the next
section, |

5.8 Terotechnological Practice in Maintenance,

In developing a scale of terotechnological practice
from the'simplest' to the most 'complex' the posture taken
was to consider what practices should be adopted in the
authors view,by an organisation if it is to progressively
apply terotechnologically (caring) orientated practices to
the life-cycle'managemeﬁt of its'physical assets, |
Within the maintenance phase the first practice thought
nascessary was that of providing a breakdown maintenance |
BerV1ce.Thls was thought- to be the minimum level at which‘
a maintenance'system should operate.Hence,breakaown' |
: maintenance was considered a practice applicablelto -
the level of 'general—care'.Further consideration of |
practices appropriate to 'general-care' indicated that the.

next provision of resources should be directed towards
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a sjstem of regular lubrication for plant end equipment,
From this stage,the proﬁision of a sﬁpply of epare parﬁs,
for those items known to need regulaf replacement,was
considered as the next most appropriate practice,Having
provided the resources for breakdowns,lubrication ‘and spare
. parts the nexi stage of development was thought to be in
terms of the provision of a system of priority allocation
Afor wofk.This‘wae considered as the minimum level of control
thatlceuld be envisaged at the level ef 'generai-care'.
Hence,within_the framework of the level of 'general—eare'
the practices of breakdown ﬁaintenance,lubrication,SPare |
_parts .and priority allocetion were idehtified as
“representative of those which could be expected to be almost
unlversally applied, |
The next stage in the ratlonale was %o identify those

‘practices thought to be within the level of 'moderate-care'.
mherfirst practice considered appropriate to this 1evel was
that of.everheuls.A system of regular plant o#erhaulaewas
' considered to be a moderatelylsophisticated practiee which
‘would not necessarily be universally applied,From this,
~ the need to adopt a form of maintenance budgetaﬁy‘contrql
was thought to be the next stage of development,
The maintenance systeﬁ has now reached a stage of development
in which‘bfeakdewns,lubrication,spare parts,priority

alloeation,overhauls and budgets are all catered for.
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The next stage of'moderate-care! was considered to be the

.use of preventive maintenance-inspections carried out at

regular intervals.From this stage it would then be possible

to introduce a formalised.system of job recordiné with the

use of job cards designed to prodﬁce a range of control

information,The consideration of moderate practiceS(ie the

practlces considered to be non-rlgorous but more sophisticated

than the'general-care' ones) ended at thetjob cardsrstage |

of devalopment. | |

The next level-of-care to consideeras the"ad%anced'

‘level.The first practice considered to be applicable at this

level was that of standard .costing., The use of standard costing,

as a planning and dbudgeting tool,was considéred to be an

advanced practice within a maintenance system.This would

'enable more detailed management information to be produced

and'éreate the need for soﬁe form of data manageﬁént;Hence,‘

it was data managemént that was consideréd as the neit most

desirablé practice to employ.This would facilitate the

collection,manipulation,reporting,analysis, feedback and

storage of managementwinformation.ﬁaving established a system

of data management then the next practicé was considered to.
‘be the uée of some form of maintenaﬁde performance measurement.
~ The use of thié Fadvancéd"practice would.enable ﬁanégement‘.

to identify those aspects of the maintenancé system that were

not functioning effectively and to take action
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accordingly.Aé a system of data-management‘wouid exisf,thenl‘
- the next devélOpment was thought to be the‘uée of'an iné_'
coméany daté feedback system,This practide would ensure
that relevant information on plant design,performance and
- cost'characteristics was fedback to the fuﬁctional groups
with responsibility for those characteristics. )
:with a'System of information feédback in operation within
'thé'organisatioﬁ then the-next.development'in
terotechnological practice was thought to be the adoption:f
of é.system oi inforﬁation feedbacklto suppliers,contractqrs;
eéuipmenf designeré,and other external‘organisations.Hencé;
;Wa $ystém of ex-company data:feedback is'seeﬁ as the first 
‘practice that could be agsociated with ans'intenéive'
level-of-care, Further consideration of intensive-care for
plant and_eQuipmeht led to the use of fault diagnosis as |
-the next'most apﬁropriate practice fd adopt;Fauit diagnosis‘
,systemé:would_provide_a very.rapid‘and_systeﬁatic approach to
the location and subseéuent treatment of a plant failure or
malfunction,. The hext dévelopmént over.and above the use
| df_féult diagnosis-éidé was seen to he the useiof_condition
monitoring'_systems.This would enable intensivé obsef?ation.
~ of a'plaﬁt's health in order that early signs of | |
*.deteridfation cbuld be-detected and corrective aétion"taken
before anj disruption to_ﬁroduction ié experienced.The use
of‘data_gathered from the condition monitoring systems would
then enable further intensive management of the piant.This

~ could take the form of simulating the operating,reliability,
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maintainébility and cost charaéterisfics;performing
ttrade-off! studies and optimisation techniques in order
to develop an optimum terotechnologically based maintenance
.policy. This level of practice was considered to be the most
intensive level that could be enfisaged in relation to the
current level of knowledge'within physical asset life-cycle
. management As a consequence this was the final level of
practice considered. . |

The foregoing sectipn has described the way in which the
various térotechnological practices_were identified and
associated with a particulartlevel-of-care!. Thé rationale
for the mainfenance phasé has been described.In the model
shown in Figﬁre 4 this'analysis is depicted scheﬁatically.
The figure is an attempt to illustrate the step-wise nature
of advandement in practice from one stage to thé next.Each
stage réquiring an inérease in the‘resources employéd.The :
figure shows each practice that was identified within the
maintenance phase together with the levels-of-care,The figure
illustrates the iﬁcreasing depth and breadth of resources
needed to operate a terotechnological system of.maiﬁténanca'
management as the level-of-care iﬁcreasés.

A similar procedure was adopted to analyse all of the

térotechnological life-cycle phases in order to identify ..
'practices and associate them with a particular level-of-ca*e.

The resulting matrix is shown in Table 1.




A LEVEL-OF-CARE/LIFE-CYCLE MANAGEMENT MATRIX
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5.9 Summary.

This chapter has explored the concept of 'caring-fbr'
plant and equipﬁeﬁt.lt has attempted to develop a model
based on 'levels~-ofw-care'! in which each level is associated
with the employment of particular practices and commi tment
of fesources.The literature,showed that similar models had
been attémpted by the nursing profession.

Four 'levels-of-care' were derived,These were;generalf
cére, moderate-care, advanced-care and intensivé—care.The
terotechnological practices associated with each level were
identified and are shown in matrix form,for all the phases
in thé life-cycle,in Table 1, This idéntification has
provided a‘description of ﬁhat is meant by the wuse of
- terotechnological practices within the context of this
-'dissertatibn.Furthermore,it'has provided a framework for
the comparison of 6rganisafions within the industrial
field research. | _

The next chapter describes the formulation of the research
objedtives,the field research design and the méthod'of,
presentation adopted to show the resulté of the field

research,
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Miss C.Stephenson,Principal Lecturer in Nursing,

ﬁeé&s Polytechnic,March 1978,.Discussions held with the
author regarding research into levels of patient care
and their value to the nursing profession.

The word "praxeological" used ih.this chapter requires
some explanation becausé a wider meaning is placed on it

than the dictionary suggests.The dictionary defines .
praxeology as "the study of human action and conduct".
However,the word is used here in its wider context as
described by Nottage,H.B. in Praxeology and Subjective
Values in Project Management,School of Engineering and
Applied Science,University of California,October 1974.
Quoting Wottage: : '
"es s Praxeology is an individualls intelligent,
aprioristic and subjective values encompassing a
think-search-predict and decide prelude to his
purposive human action ... The personal decision
choice procedure requires the person!s comparative
evaluation between alternatives in terms of their
predicted future personal-meaning consequences,
with subjective values entirely dominant. ...
Praxeology is a personalised and inherently non-
quantitative procedure ~-= only an individual
can think praxeologically ...




CHAPTER 6
'INDUSTRIAL RESEARCH
OBJECTIVES AND DESIGN

6.1'Introduction.

This chapter describes the objectives of the industrial

- field research and the way in which those objeétives were
determined.Thé field research design methodolggieé available
are then examined and the most appropriate is selected,The

research design andﬂpresenfation of iesults is then explained

“in detail.

6.2 Indﬁstrial Research Objectives.

. The Atkinson Report (op.cit.page‘10) stated,under the

sub-héading of Reséarch Projects that:~

In planning a programme of action the committee have
been hampered by lack of data on the extent to which
terotechnology is being applied in the various sectors
of industry,and the adverse effects of not doing so.

" Information on the practices adopted by industry is

. also required to indicate those areas where special .
emphasis should be placed.(Atkinson Report, 1973, .
page 10) S

- A further statement from the Atkinson Report'of the Committee
-on Terotechnology states that:- . |

Lack of information on the extent to which .
terotechnological principles are being practised
in industry ... has led the committee to recommend
that a number of investigations be carried out.

It is expected that information resulting from
these researches will assist in the identification
of the main problem areas and will enable a

further programme of action to be plammed.(ibid.p.2) =

These two statements provided the initial focus for

52
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detérmining the oﬁjectives of an_industrial'research
project into thelpracfice of terotechnology. In order to
limit the research focus it was found uséful to concentrate
on two statements contained w1th1n the Atkinson Report
(ibid,p.10)these were:~

"Lack of data on the extent to which terotechnology
- is being applied in- the-various sectors of industry".

and |
tInformation on the pracfices adopted by industry .
is also required to indicate those areas where

- special emphasis should be placed."

Hoﬁevef,these extracts.use global terms such as
"yarious sectors of industry" which was too wide an
objective for the ba31346f a research project to be
‘carried but by a éingle reséarcher. Hence,téking this
factor into account,the following objectives were defiﬁed:-
. 1. To investigate the extent to which terotechnological

practices,as‘identified'within this dissertation,
were'applied in a small‘sample of companieé withiﬁ
the manufacturing industry classification,

2. To suggest,as a result of the above investigation,.
those areas of management practice where special
emphasis should be placed in order to improve the
'level-of-care! applied to industrial plant and

equipment,
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To employ frameworks for the comparative analysis

of industrial practice_that were considered to be

independent of the economic factors that wé;e'

affecting company performancé at the

research programme,

time of the

In order to further limit the focus of these'dbjectivés

the following specific practiées‘were,considered for

investigation :-

.a.

b.

Ce

C,

€.

f.

-

What tefotéchnological practices were
specifying plant ? |

Vhat terofechnological practices were
designing planf ? |
What terotechnological practices were
6arrying out the financial evaluation

Yhat terotechnologicai practices were

precuring plant ?

What terotechnological practices were
installing plant ? |
What terotechnological practicés were
éommissioﬁing plant ?
Whét-terotechnological‘praétices were

maintaining plant ?

What terotechnological practices were

-~ removing plant ?

included when
included when

included when

-3

of plant

included when
included when

inéluded when

included when

included when

- Operational practice was excluded from the research

focus because of the conclusions drawn as a result of

54
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- the analysis carried out in Chapter 4 ., Having

steted the specific objectives of the industrial field

- research it was necessary to examine the aiternative research
methodologies available and to determlne which would be the
most appropriate to use for this work Once the correct
methodology had been determined the fiéld research

could then follow.A review of eome.alternative regearch

methodologies follows in 6.3 below,

R 6.3 A Review of Altefoative Research Methodologies.r
This section reviews foun basic forms of research

methodology in relation to their appllcablllty to the research
object;ves defined earlier.The four methodologies described by
TLeedy (34) are :- | | | B

(a)The historical method. | -

(b)The analytical method.

{(c)Phe experimental method.
and -

(4)The descriptive survey method.
(a)The historical method Thls methodology relies on data that

are derived: primarlly from docunentary sources These sources
are generally documentary remains,written records and artifacts
that man has left behind him,The intention of this type of
research would be to study the events of past time and to

try to comprehend the meaning of these events,Such a study
.‘might be conducted into the history of technology or management -
science,However,the purpose of this research work is to

investigete industrial activity as it is happening.Therefore,
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it is suggested that the historical methodology is
inappropriate to this work.

(b)The analytical_method.Thé pufpose of the'ahalytical
'methodology is to collect and anélysé data that are essentially
quantitétive in nature(humerical)and'then to analyse this"'
data using analytical techniques.In the analytical methodology
themresearcher would be concerheq'pyimarilﬁ with the testing
of a statistically based hypothesis.Such a research efforf
may be to examine a relationship between the number of
production opefators against the number.of uﬁits of output-
per wnit time.In this case all the data would be numerical,
hypotheses could be set-up and tested for significénce by the
use of analytical techniques.applied to the numerical déta.
This methodology is inappropriate also for the researéh
enﬁisaged because it is to be concerned with establishing
- fpractices' which are essentially activities in which numerical
| data is not expected tdlbe available.PFurthermore, the objéctive ‘
‘of the work is not to test a gpecific hypothesis about the
practice of ferotechnology,but to determine what that practice
actually is.Hence,the analytical methodology was considered

to be inappropriate.

(c)The experimental method.This.methodology is often referred
to.as the léboratory method, The essential characteristic is
one of control.The ex?erimehtai method attempts to control
the research situwation,except for those input variables under
study.Such a methodology would be appropriate to a laboratory

experiment say to determine the breaking point of a steel baf
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or to test the reliability,characteristics of electronic
components.01éarly,this.methodology would have been

inappropriate to this research work.

(d)The descriptive survey method,This methodolbgy is designed
to facilitate the observation of human activity and other
complex processes,The wordt!survey'is composed of two elements
from the Latin 'super! meaning'above! fover! or 'beyond' and
the wofd *videre' meaning 'to look! or 'fto see!,Thus the
-word survey means 'to look over or beyond';The word
*descriptive' is derived also from the Iatin word elements
'de'meaning 'from' and 'scribere' meaning 'to write',Hence,
the essential characteristic of this methodology is to look
or ohserve and to record what is seen.In research terms the
-intefpretation of this activity is to utilise queéstionnaire,
interview,discussion,observation and data recording
techniques,The data then being presented,generally speaking,
in the form of tables;charts,figures and descriptive text,
Oppenheim (35) says of the descriptive survey:-
Descriptive surveys are well kndwn and
_ important ... The job of such surveys is
essentially fact~-finding ... they are not
degigned to"explainManything or to show
- relationships between one variable and.
another. (Oppenheinm, 1966, page 8) |
Leedy (op.cit,p.114) says of the descriptive survey:-
‘Descriptive studies deal with questionnaire
data,interview data and simple observational
information....Cagse-studies,Community Surveys
- and opinion polls are all typical studies in
the descriptive survey category.(Leedy,1974,
page 114) .
It has already been stated that the objective of the

industriél field research was to investigate the extent
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to which tterotechnological practiceelwere}applied"

to.the non-opefational ménagement,engineering,financial'

and other practices over the life-cycles of physical
‘assets.These.practicee were seen as essentiallj acfivities
which would be descriptive‘in neture.The mcst'appropriate‘

i method of collecting data was thought to be the questionnalre

and interview technique. Hence, the descriptlve survey .

_methodology was considered to be the most appropriate
technique for conducting the industrial field research )

- defined in section 6.2,

The determination of the most appropriate research
methodology led on to examining and recognising the .
-'11mitations that it would impose.These are examined in detail
later in this chapter.However,the_author was particularly
conscious of the problem of 'researcher rolet when carrying
~ out research within an industrial organisation.Barnes(Bs)
recognises this problem when he states that-

Organisational research also differs from :
laboratory experiments with regard to researcher
atatus, The experimenter is typically masgter
within the laboratory ... The organisational
researcher,however,is typically a guest in
someone else's establishment.The various
organisational parts and persons may all

choose to ignore him,or they may all demangd -
attention simultaneously.When they demand
attention it may not be for purposes of
cooperating. They may only be suspicious or
curious about "whats going on?",At times the
organisational researcher will feel that he
has absolutely no control over his "subjects™,
He can only cross his fingers and hope that
natural events and some skill will rermit hinm
to carry out his work,(Barnes, 1971, pages 77-78)
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Perhaps'Barnes was quoting from bitter experience or
exaggerating to make a point,1t is not clear from his
book, However,it is certainly true that this au*t?hlor did
experience some of the problems that Barnes highliéhts
in that quotation. |

The next section deals with the detailed design of the
field research project, . '

' 6.4 Regearch Design,

This section covers the design of the research effort,
It explains the methods used to select companies, to approach -
these companies for theirCo-operation,the respense rate,
data collection methods,the problems of error and bias
" and the method of data presentation fhat was adopted in

order to present the results of the field research,

6,41 The Selection of Companies.A list of possible

'companies,which would be prepared to co-operete withithe_
research project,was drawn up from therKeily Trade Directory .
of Company Informetion (37).The Central Office of Informatidn
Business Monitor,PA 1003, (38) was used to identify'the |
maﬁufacturing industry classifications, The countiee Of‘: 
Leieestershire,Derbysﬁire_and Nottinghamshire were surveyed.
pne compeny.was*chosen from Yorkshire.Thirty companies

were selected on the basis of the expected type of
production system and size.It'was understood that the
‘University of Aston,Small Business Centre,were engaged on

a survey of companies employing less than 200 employees.
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Conseqﬁently,the size range chosen was that of 200
employees and over,but up to a maxiﬁum of 10,000 employees.
It ﬁas considered that a company larger thanl10,006
employees would be toollarge a unit fo be reseérched
‘adequately by a single.reséarcher.In total, 31 companies-

| wefe approaéhed. B |

6.42 Approach to Companies., The formal approach to each

company was in the form of an introductory letter and a
'detailed‘bIOChure.The'letter explained the objectives of
the research and requested thecxh@perétion.of the company
to carry out the work within the company's premises.

The brochure inciuded a brief introductidn to terotechnology,
a brief account of the objectives of the research, |
a description of the data that would need to be collected,
how the data were to be collectéd, how confidential the
study would bes,what assistanée would be requifed from the
host company,a brief description of the benefits the host
company may expect from the study and those whlch the
unlversity may expect. In additlon & brief curriculum vitae
of the researcher ~was included together with a summary of
‘the P.A.Management Consultants!Report.The covering letter
and brochure are to be found.in‘Appendik 1 ._" |

6.43 Response Rate. As mentioned earlier 31 companies

were approached %o co-operate with the research, The response
was as shown in Table 2 over ., From the table it can be -
seen that 16 companies did not reply,7 companies replied

but were unable toco-operate,? companies replied that they




TABLE 2
RESPONSE PATTERN OF

COMPANIES

ASKED TO PARTICIPATE WITH

THE RESEARCH

Response Number of
Companies

No reply 16

Replied but not

wishing to 7

participate ‘

Replied but required 2

further discussions

Replied and willing 6

to participate

Total number of

companies approached 31

Regponse rate 19%
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wished to -have further discussions.The remaiﬁing 6 companies
agreed to participate.Of the.2 companies that wished to have
further discussions,one company was visited- but showed

no further interest.The other company was visifed,but on
mutual agreement 1t was decided not fo use the company as
part of the sample. | | )

6.44 Research Period. The research within the asix

comnanies was carried out between September 1975 and
December 1976, The detalls of the companies are glven in
Dable 3. '

6.45 The Companies. The 6 companies that agreed toi

--co~operate with‘the research ranged in sigze from 200 .
employees to 6,000 emplcyees.All of the'companies operated
'flow'type production systems as defined by Lockyer(39);
Table 3 shows the details of each company in terms of 31ze,
type of product, productlon system and the alphabetlcal
letter whlch was allocated to it, _

6.46 . Data Collection. The methods of data collectlon

~.adopted were'questionnaires,interviews'and'dccumentary

evidence.

Questionnaires. Questionnaires were designed to cover

each of the life-cycle functions that were defined in section
6.2 pagefﬁ$.Hence,eight questionnaires were drawn up and |
are shown in Appendix 2 ,Bach questionnaire contained a
mixture of open-ended and closed questions, Because of the

_ inherent difficulties in interpretating open-ended questlon

respcnses)the majority of questions were of the closed'type.
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 TABLE 3
BASIC DETATILS OF THE COMPANIES
THAT AGREED TO PARTICIPATE

8ize(1) Product(2) Production(3)
: System
- 350 Textile/ . Flow
Resin based
200 . Chemicals Flow
800 - Fine Flow
"Chemicals |
500 - Plastics/ Flow
‘ Electronics
E - 2,200 Foodstuffs Flow -
F 6,000 - Metal Flow
- Processing )

(1)Size relates to the mimber of employees
‘at the location visited.

(2)Product is that description felt to most
accurately describe the companys'products
without disclosing the identity of the company.

(3)Type of production,system was determined using
the description given by Lockyer(39).
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That is,required 'yes! or 'no! answeis only.-The questionnaires-
remained under the control of the researcher.A space was .
left at the end of each guestion in orxrder to allow for any
expansion'of the respondenf%vanSWer.If a respondent was |

not sure of the accurate answer to a question he'was ésked

to say so and to refer the researcher to the_ﬁost appropriaté
employee,.In general,the questionﬁaires—ﬁere'used to form

:the basis of an interviewing schedule The questionnalres are

to be found in Appendix 2,

Interviews, The interviews were held with éach'person

who had been allocated the responsiblity for each of the
life~-cycle functlons defined earlier.In every case interviews
| were arranged by appointment and were always held on the
companys® premises,During the research a total of 90 interviews 3
| were conducted with directors,managers and engineers |
responsible for the life-cycle management of physical assets.
The'léngth of interview varied from appfoximately 40 minutes
to 2 hoursJ | |

Documentary Evidence. In all cases documentary evidence

was asked for in order to provide further evidence.of_a
company's practices,However,in many cases individuals wefe :
reluctant to providé documentation,or it was not available

at all.Ne#ertheless,whenever it was available it was collected
and the evidence that it provided was examined.,As a |
consequence pf the limited documentation available fo the .
researcher it must be recognised that some.of the results

presented in this dissertation are based only on interview
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responses, Some of the documentary evidence collected during -
the field research has been included in this dissertation .

and can be found in Appendix 4 .

Errors and Biases, The deseriptive survey methodology,.
by its very nature,is particularlyrsuscéptiblé to distqrtidn
from érﬁor.and‘bias.lt is an important function of thé
reséarcher-to remainiseverely'critical in- the control
and elimination of erroé énd to avoid statements of .
texactness! when presenting results.Leedy (op.cit.,page 107)
states, "Bias is,of course,indggenous tq‘all research projects."
Qppénﬁeim {(op.cit.,page 21) sfates,"it behoves the iesearch‘
worker to remain Severély critical,to search out biases in |
others and himself énd to avoid giving the appearance-of
spurious exactitude”. |

Therefo:é,it is reéognised that statements prescribing__

absolutely certain practices cannot reasonébly be made -

| with tﬁe certainty ascribed to many physical_laws and
relationships.Hence, the statements and conclusions made in
this dissertation héve Been.bound as formulations in terms
of"téndénciés' wheﬁ dealing with a‘genéral populatioﬁ of
com@anies and in terms of an 'indication towards' when
dealing with an individual company.The various fechniqués
for control of error and bias,which are outlined by Leedy
and Oppenheim,have been incorporated,whenever applicable,

into this research work. .
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6.47 A basis for comparative analysis; The research,as

has already been explained,was performed during a period

when industrial performance was affected_seﬁerely by high

inflation and a decline in'wofld.trade.As a result,it was

considered important that from the inception of the research ,
a basis for comparative analysis should be found that could

| reasonably be expected to be'indépendent of these inflhences, |
Several alternatives suggested themselves,For example, -
comparison on the basgsis of number of emplo&ees,orrsize of

| turnover,or type of product,or by -type éf industry.However,

one other basis for comparison on which 1little work had been

performed was that of the level of mechanisation of the

production system,This comparative analysis'methdd could

éllow the researcher to assess the level of mechanisation of - ]
the compahy's production syétem and to cbmpare the way in-
which the life-cycle of the plant is managed in relation

to its mechanisation level.A reagsonable premise béing that
the higher the level of mechanisatioﬁ,the higher ﬁould be

the need toremploy téroteéhnological pfactices in order

to 5care fTor? the.plant adequately, Three alternafives.
presented themselves wifh respect to defining mechanisafion. '
Firstly,the definition offered by Bright (40).Secondly,the
definition offered by Amber and Amber(41).Thirdly,to devise

a framework for the definition of mechanisation as part

of this research work,The third alternative ﬁas considered

inappropriate as this task could probably form the basis
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- of a single reseaich project.The;Eore,the use offBright
. or Amber and Amber was considered more appropriate.,On

" analysis of the two types of mechanisation frameworks,it
" was found that the Amber and Amber framework was more
suited to classifying individual types of maéhinery such
as lathesldr milling machines etc.In addition,it was "

' fouﬁd to be fairly insensitive because of the low number':
~of scales that Wefe included.Bright's 'le#els of mechanisation' -
were,on the other hénd,more appropriate for defining
-mechanisaticn in process plants.Indeed all of his applications .
of the_fechnique were in process piants.Furthermore,it‘
was éonsidered to be much more sensitive to changes.in
mechanisation from one plant to énother.Hence,it was considered -
to be a more\accurate measure of mechanisation.A further
justification for the use of thé Bright method came”from the
fact that it was well explained and an appendix on-iié use
ﬁas included in Bright's book., The adviée given in this
appendii ﬁas cbnsidered to.be extremeiy valuable in the
applicétion of'the fechniqﬁe and in avoiding errors and
‘biases.Hence,the Bright 'mechanisation’profile' techniquel

- was adopted_as a basis for comparati#e organisationai analysis,
The 'mechanisation profiletis described,together'with the’
six profiles obtained from the:research,in Appendix 3, -

6. 48 Presentation of results. The results of the

industrial field research provided the researcher with a
considerable volume of descriptive data,documentary eﬁidénce '

and interview responses.The method of presentation of this
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data required considerable thought and planning.,Two methods

were considered.Firstly,the use of individual case-studies
of the companieé visited.This would take the form of -
déscribing the life-cycle managément,engineering,financial
and other practices adopted by.each company.However because‘
of the volume of information 1nvolved and the fact that
there were 6 companies to analyse 1t was con31dered that thlB
| method‘would not be appropriate.Firstly,because it would be
difficult to present as many as 6 companies on a cése-study
basis that would enable the reader to absorb all of the
data colleéted.It would then become difficult to read and
to examine thé findings.Seéonély,it was éonsidered.more
meaningful if the data were presented and analysed at each
'étagé of the 1life-cycle management_proéesssbecause one of
the objectives of the research was to indentify areas of
management practice where more emphasis needs to be placed
for the application of terotechnology.The case-study method .
would make this objective more difficult to achieve.

The second method of presentation of the results cpuld
be the'survey!.Thié'would entail describing the practicesu
of all the:companies visited for each function in the
life-cycle,That is,describing specification'pracfices or
maintenance practices and comparing“these against the
mechaﬁiéation of the production systen for.all of the
‘companies visited.Using this method would also be more

meaningful and immediate to the reader and would facilitate
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the‘ identlficatlon of those practices that were lacking
from a terotechnology viewpoint, This method would also
enable as many as 6 companies to be analysed more
constructively énd economically;Consequently,the survey
method was chosen and it is on this basis thét the results
are presented.That is t6 say that each function in thé’
life~cycle is presented and analysed in relation to the
-application of terotechnological practices, These
practices are compared against the level of mechahisafion_
of the production syétem.The practices that were ekamined

.3

are given in Chapter 5 Table 1.

6.5, Sumnary., |
This chapter has stated the objectives of the industrial
field research.It has stated the practicés that. were to 5e
investigated in the compénies that agreed to participate
with the work.The chapter has revxewed some of the alternative
- research methodologies which could have been utilised, The
most appropriate was selected, The rgsearch design has been
described in detail.This included analysis of the method
adopted to select and approach fhe companies,the response
to these approaches,the research period,the details of the
participating companies,the method of data collection and

the problem of erfor and bias.In addition,this chapter has
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covered the basis of the method of comparative analysis

which was considered to be most appropriate for this

- work, The chapter has described also the way in which
the findings of the research have been presented.
The findings of the industrial field research are

given in Chapters 7 to 14,



CHAPTER 7 |
TEROTECHNOLOGICAL PRACTICE IN SPECIFYING
| PHYSICAL ASSETS . |

7.1 Introduction,

 This chapter presents the findings of:the.indﬁetrial
research into the application of teroteehnological
practices when specifying plant.'In order to maintain
-confidenfialitj_the companies are referred to by their i
aiphabetieal code only. The results are presented by
grouping the terotechnological practices according to 
their essociated leVel-df—cafe. The finéings are
summarised in tabular form using the average level
of prodﬁction-sysfem mechanisation as the basis for
comparative analysis,

7.2 Employees Interviewed,

Within each company a person respon31b1e for
specifying plant and equipment was 1nterv1ewed. Table 4
shows the tltle of the p051tlon held by eaeh employee
within each company.

7.3 Terotechnological Practices,

T7+31 General Care., All of the companies surveyed were

found to carry out the practices associated with the level

¥

of 'general-care' as given in Table 1 Chapter 5,
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TABLE 4

EMPLOYEES INTERVIEWED WITH RESPECT

TO SPECIFICATION PRACTICES

TITLE OF INTERVIEWEE

COMPANY
A " ENGINEERING MANAGER
B “WORKS} MANAGER
c CHEMICAL PROCESS ENGINEER
D | CHIEF PRODUCTION ENGINEER
E SENTOR PRQJECT ENGINEER
.

. DEPARTMENTAL ENGINEER
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7.32 Moderate Care, In Chapter 5 four practices were

proposed at the level of 'moderate-care! in the specifying
of physical assets,These werejease of control for operators,
ease of access for maintenance,the supply of overhaul
schedules and the supply of preventive maintenance schedules,

Only company D did not congider the need for ease of
operator control.In the case of company A the engineering
manager commented that ¥ often it would not be a formal
requirement but woﬁld be expected to have been considered",
In company E the project engineers-and control engineers
planned the positions of controls using 3D models of the
plant,In company F a method of 'functional Systems' -
documentation' had been adopted,This required additionai
instrumentation and control systems which also had to be
cengidered.In this case the operator was located in an
ergononically designed control cabin fitted with television
_ monitors,computer printout terminals,instrumentation,
telephones and visual observation of the process.Company
P also built 3D models for use in operator familiarisation,
Company C made use of mock-up panel layouts for plamming the
positions of controls.

Ease of access for maintenance was not considered by
company C or company D. In company E ease of access for

- maintenance was considered by project éngineers using 3D

models,Company F regarded ease of access for maintenance




74

as a very importaﬁt considerafion.The interviewee.stated,
" Thig is a very strict requirement on whiéh great emphasis
is placed and finance allocafed to facilitate any neéessary
‘modifications ", | |
The-specifying‘of ovérhaul schedules was not éonsidered
by company C or company D.All other companies included this
" practice. |
Preventive mainfenance schedu1es were;considered by a11
éompanies ekcept C and D. | |

- 7,33 Advanced Care, Four pracfices were proposed at this level

of-care.They werejmodular construction,training scheﬁes,
use éf‘historical data to evaluate specifications and the
‘ﬁse of fault diagnoéis systems, |

Companies B,C and D 414 not consider modular construction,
In combany B the interviewee commented ,” This is not considered
at ‘the moment but may be in the future®.In company C'the 
interviewee commented,® Qe do not specify it but if the ,:'
plant'Supplier has it designedfin then we aécépt it »,
In company A the coﬁcern_was more_for medular construction to
facilitate plént.modificétions rathér than for ease of.
maintenance.In company E use was made of jlug-in control
circuit boards,In company F modular construction was widely
used to facilitate méintenance.It was incorporated into the
maintenance syatem by the use of "module change-overs" in which
Va new module of the plant would be fitted rather than ffying o
repair a fault on the line,The faulty module would then be

repaired at the central workshops.
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Training schemes were not specified by companies A4,

B,C and D,However, in company A the plant manager,conderned
with the asset being specified,would be invdived from the |
start of the project. In company B the interviewee stated,
"the plant is ndt sophisticated_enough for this%", In company
E training for operétors was carried out during'cgmmissioning
and management training began when the project team was

first selected to investigate the feasébility of a parficular
project. In company F'training for operators énd maiﬁtenance
fitfers was'organised ~on a formal basis,Specialist coﬁrses
were ruﬁ at the companyt's training school,In total, sixty one
days of training were cpnduéted for each fitter and
electrician.Managemeht fraining wés-stafted during the
feasabiiify study stage'of_design.Training of operators wés
‘considered very important.Operators were selected and then
~attached to'an experienced operator for a period of three
months pfior to.the commissioning of the'new plant.In company ;
~ F both prodﬁction and mainﬁenance personnel were trained in |
the‘use.of 'functionalésystems-documentation'.

| The third practice asSociated'with advanced-care was the
use of historical}information.on plant reliability and
maintainability in order to provide a basis for deciéion.
making regarding the plant being specified,This éractice was
not adopted in companieé A,B,C_énd D, In company E historical
records existed and would be examined on an informal basis

by project engineers.In addition,visits to other compahies




and members of the parent group would be made in order td
gain informafion to assist in the development of a plant
specification.In company F historical records were also
available. Managers,engineersvand designers also made
visits to Japan,Burcope and the U.S.,A. in oxrder to géin
information aboﬁt the performance of similar plant. ”

| - The foﬁrth practice associated with advanced~care was
the use of faulf diagnosis gystems *specified-in' to the E
design of the plant.This practice was not adopted by

éompanies A,B,C,D and Es In company F it was adopted.This

took the form of specifying the need for functional systems

‘documentation to be an integrallpart‘of the plant design .
concept.Iﬁdeed,two suppliers to company F had to establish

- new deparitments in order to meet this reqﬁirement.

T.34 Intensive Care., Five praefices were identified as
being inteﬁsive in nature whenlspegifying new plant,

The first.of these was the specifying of a meaﬁ time
to‘repaif (MTTR) for a breakdown maintenance activify..This
- was not adopted by 6ompanies A,B,C,D énd E, In ¢ompany F an
"average job length of 1.75 hours®" was épecified. |

The second prabtice was the need to be supplied with
information on anticipated'coﬁponent lives.This was not
_'carried out by companies A,B,C,D and E. In company F use
| was made of data from H.Q. laboratories regarding material
spe01ficatlons and tests. From this and using englneering

experlence expected lives were given to components in order
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to facilitate the forward planning and budgeting of
replacement parts. - |

The third practice was the specifying of a mean time
between failure (MTBF) for the plant or specific componeﬁts.
"None of the 6ompanies.surveyed adopted this practice.However,"
in company F a standard for “engiﬁeering delays” was -
specified as 5.4% of total operating timé. o

The fourth practice was the specifying_of an anticipated-‘
- life-cycle for the plant.This wasg ﬁbt adopted by any 6f'the
compahies surveyed.A comment made by the Works! Manager of
company B was," we are quite prepared o use it,until it
collapses".All companies used an accountiﬁg 1ife for.
_depfeciation purposes., | _

The fifth practiée of specifying a life-dycle cost
for the plant was not adopted by any of the companies
surveyéd. | | -

Te4 Summary,

This chapter has presented_the_fihdings of the .
industrial reseéréh into the application of terotechnologiéal
préctices when spécifying ﬁlant. Company D had the lowest _
, _ievel.ofmechanisation and the lowest level of application -

" of terotechnological practices as proposed by this o
dissertation,A1l the_companieé surveyed specified ﬁlant
to the 'general-care' level, However,company D did not

exceed this level and company C included only one additional
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practice at the level of moderate-care. Companies A,B,E
and F all adopted the'four practices included within the
level of moderate-care,but company B did not exceed this
level. ‘ _

At the advanced-care level company A adopted the
first practiée,coﬁpany E included three of the practices
and companj F ntilised all of‘thé practices associated -
with this level. o -

At the intensive-care level only twd préctices were
adopted by company F. No other company-opefated at this ,.
level-of-care.- | |

Table 5 éummarisés the findingé 6f the.reSearch described
in this chapter.The findings have shown that the company
with the.lowest level of production systenm mechanisation'
also has the lowest level of application of the _
-terotechnological practices postulated in Chapter 5 Table 1.
With the exception of company B, as the level of mechanisation
1nc£eases so does thé level of application of‘terotechnologicai
practices,In the.case_of company.B;the‘divergence from this -
trend was thought fb'be due to the fact that the Works'
Manager himself,set plant_specif;cations.ln this situation-
it is likely'that he is-more conscious of the need to set
high quality-specificatioﬁs as he is also ultimately

responsible for the performance of the plant. when in use,
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~ From the findings of the research it can be seen that

'-_ five of the six companies surveyed exhibit a trend towards

increased appllcatlon of terotechnologlcal practlces with
increasing mechanisation., Table 5 summarises the findings
and illustrates this trend. The next chapter presents the
findings of the research into the application of
terotechnological practices during the next phase, that of
design of a physical asset's life-cycle,



CHAPTER 8

- TEROTECHNOLOGICAL PRACTICE IN THE DESIGN OF
PHYSICAI: ASSETS.

8.1 Introduction,

This chapter presents the findings of the industrial
research into the'appliéation of terotechmnological practices
during the design phase of a physical agset's life-cycleQ
The results are preseﬁted in the same manner as the previous 
chapter,

8.2 Employees Interviewed,

Within each company a person responsible for designing
-plant and equipment was interviewed, Table 6 shows the title
of each employee within each company,

8.3 Terotechnological Practices.

8,31 General Care, In Chapter 5 it was proposed that three

terotechnological design practices could be associated with
a level of general-care.They were stated as; a system to allow
plént modifications, the use of journals and conferences etc.
to keep up to date with design practice and developments and
the scheduling of the work load to be completed during the
- project, |

All companies surveyed operated a system whereby plant

could be modified in use,In the case of companies B and D

this practice was carried out by the writing of a meme to
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TABLE 6

EMPLOYEES INTERVIEWED WITH RESPECT - -

TO DESIGN PRACTICES

- COMPANY TITLE OF INTERVIEWEE |
A | ENGINEERING MANAGER
B DESIGN ENGINEER -
c DESIGN ENlGINEE.}R
D ENGINEERING MANAGER
B CHIEF DESIGN DRAUGHTSMAN
CHIEF DEVELOPMENT ENGINEER
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'the engineering managers which would then be considered at

" a meeting. In the case of company A the design department

had to charge the production and maintenance departments

for their services., Commenting on this system of internal

accounting,the engineering manager stated," this system

hiﬁders the performance of the plant and departmental

'éooperation #, In company‘E the system for plant modifications.

was the responsiblity of the area éngineers Qithin each

factory zone. A formal "plant improvement" document was

submitted to the chief development engineer and a project

team would then be designated to examine the suggested

 improvement. In company C a projéct team would also bhe

established to examine a proposed modification.The interviewees

in companies A and C commentéd.that product changes or

developments caused the majority of modificatiohs to

plant. | |
All_com?anies except company D made uée of reports,

. journais and conferences to Xeep up to date with design

developments.In all the othér'companies there was a

regular circulation of several engineering jourmals,

Only company F had its'bwﬁ"housé journéi'._

.. The. third practice at the level of general-care was the

- formal scheduling of work to facilitate-pfoject planning,This

praétice'waé'adopted bylall'the companieé.Surveyed except

company D. In company E a draughtsman was responsible for this

task, In all‘cases'the 'baruchart' was the most frequently

used teéhnique.
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8 32 Moderate Care. Three practices were proposed at this

1eve1-of-care , The flrst of these practices that of designers
discussing problems with maintenance engineers,did not occur
in companies A,B,C and D, In oompany E discussions would
be held between designers and the érea-maintenanoe engineers
responsible for the zone of the factory in which the plant
would be located. In company F a maintenance engineer formed
part of the project design team and all design drawings were
examinéd by the maintenance enginéerQ In addition, the |
maintehancé engineer was given responsibility for designing
tﬁe layoot of the maintenance workshops.

The second practice proposed was the analysis of.
maintenance costs in order to-idehtify the high cosf items
- or characteristios. This practice was not found in comﬁanies
4,B,C and D .-In'company E this practice was carried out by
an industrial engineer.-who then submitted the findings of
his‘analyois to the designers and project engineers. In
.oompaoy F it was stated that"no major plant would be
seleotéd without an investigation'into its maintenance
characteriéticé either from cost data within the.compény or
as a result of visits to other companies.", |

The third practice at the level of moderate-care was the
analysis of breakdown data and information given by fitters
on job cards and other primary ihformation sources;-This

practice was not adopted by com?anies 4,B,0 . and D, In company E
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this,practice was cgrried.out by the secpndment'of a

.mainténance fitter to the projéct team. The fitter then
exémined breakdown data,from the historicallrecords,'in
order to establish weak poinfs‘in the design of the existing
plant. This practice wasg found also in company F. |

8.33 Advanced Care. Company F was the only company found

- tp utilise any of the practices associated with advanced-

care. in the design of plant.
' a

o The first practice,that of u31ng of system of 1nformat10n-

feedback to design,was operated both within the company
and to major suppliers of plant. A'complalnts proceduretwas
'uééd also by designers in order to gain information about
 the 'on-g01ng' problems of operating the plant. a

- The second practice of designing-in condition monltorlng
equipnment was also found. Equipment such as load-cells,
oil anale%efs and vibration monitors were designed-in to
major plant in the productlon process. The information
generated by thls equlpment was fedback to a central control

panel in the plant control room.-

The third practice,that of utilising historical information

on plant repair times,was used. The company had defailed
_flant history‘records which were analysed in order to produce
a standard for " average job length", This was stated as

" 1.75 hours . In addition, designers'visited'other companies
-in.order to gain further information.about maintenance

problems,repair times and other characteristics.
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The fourth practice proposed at the level of adVanced-Q"

care was the use of a data bank of information for designers.
Again this wa.s only foﬁnd in company F., The system relied
on manual input and record keeping,but the information was

stored on computer,

8.34 Intensive Care. In Chapter 5,four practices were proposed
~at the ievel of intensive-care when designing phyéical assets;.
However,it was found that none of the‘bompaﬁies survéyed
adopted any of the four practices-pfoposed. |

8.4 Summary.

This chapter has presented the findings of the industrial
research into the use'pf terotechﬁological practices during
the design of physical assets., It has been found that |
company D utilised only one of the fifteen practices and
consequently . cannot be descfibed as even reaching a level
of general-care when'designing its plant.Companies A,B and C
adopted all of the practices associated with general-care.
_Company E adopted all-the practicesrproposed at the level of
moderate-éare. Gompany F was the only company surveyed which
was found to practice at the level of advanced-care. None
of the companies surve&ed utiiised the practices ﬁroposed
at the level of intensive-care. |

Table 7 summarises the findings of the research described
in ‘this chapter. The findings have shown that the companies

with the lowest and highest levels of production system
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mechanisation have thellowest and highest levels of
application of terotechnological practices respectively.
‘It'has been found that design pfactice in four of ﬁhe six
cqmpanieslwas operating at the level of general-care or
lower, However, the findings show that there is a 'tendencyi
towards the increasing application of terotechnological
practices during desigﬁ being mechanisation dependent,
| The next chapter presents the findings‘bf the research
inté the application of teroteéhnological practices during

- the financial evaluation of physical assets,



CHAPTER 9
TEROTECHNOLOGICAL PRACTICE IN THE
FINANCIAL EVALUATION OF PHYSICAL ASSETS

- 9.1 Introduction,

This chapter presents the findings of the industrial
research into the application of térotechnological practiées
during the financial evaluation of physical assets, o

- 9.2 Employees'IntervieWed.

Within each company a persdn repohsible for the
financial evaluatiqn of plant was iﬁterviewed. Table 8
shows‘the title of the position held by each interviewee
in each company. - |

9.3 The Terotechnological Practices.

9.31 General-Care, In Chapter 5 it was proposed that the

practice of budgeting for a procurement should be'aSsociated
| with.this 1eve1-of—care; All the'companies surveyed adopted
this practice. However, company D did not extend its
précfices beyond thisllevel. -

9,32 Moderaté;Care. The practice. proposed at this level

was that of carrying out an investment appraisal of the
plaﬁt under consideratibn. All companies,excépt company D,

utilised in#estment appraisal techniques, In company G the

return-on~investment method was used for plant up to £100,000.-

‘For'plant up to £1,000,000,then discounted cash flow was
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TARLE 8

 EMPLOYEES INTERVIEWED WITH RESPECT

- TO FINANCIAL EVALUATION PRACTICES -

COMPANY (TITLE OF INTERVIEWEE
A N DIVISTONAL ACCOUNTANT
B COST ACCOUNTANT
c COMPANY ACCOUNTANT
D COMPANY SECRETARY
E- COST & MANAGEMENT ACCOUNTANT
F : PROJEFIT ACCOUNTANT
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adofted also. In company A the discounted cash flow

method was‘adopted'also.Additionally,company A used the
pay-back'périod methodron bccasions.aCompahy E used the
discounted cashrflow method and in company F the discounted.
cash flow, pay-back period and return-on-invesiment methods
were ali used as required,. .

' 9.33 Advanced-Care., Two practices were proposed at the level

of advanced-care. The first practice was the use of

| quantitative techniques to'predictffutﬁre'coét#trends.

' Only companies B,E and F used this practicé.‘in company B
llinear regression analysié was used to predict costs. In
company E a firm of forecasting speclalists was used to
supply regular reports on cost trends in their sector of
manufacturing industry. Company F had a headquarters

‘_teaﬁ éf specialists. to supply cost indices for labour and
'materials; These were further analysed. into different
industry sectors. Compéniele énd F made use-also of risk
analjsis'when evaluating projects. | |

| The second practice was the use of plant performance
analysis using financial criteria. This practice was only _
found in companies E and F , In company E a measure of plant
lefficiency' was used,eXpreésed as a percentage of actual

. operating time against the budgeted operating time. Actual
against budgef comparisons were made for plant running costs

and maintenance costs, In company P a similar procedure was
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 found. In addition,company F analysed plant stoppages by

nature of stoppage and amount of lost-time attributable to

that cause,

9.34 Intensive—Care. Only companies E and F operated at this

level. Furthermore,of the three practices proposed in
. Chapter 5 only the first was used by the two companies. |
- The first practice was thé use of post-complefion?auditing ,
in ofder to evaluafe the performance of the plant and assess
the-sucdess of the decisions made at the time of the initiél
~evaluation. In company E post-cémplefion-auditing was a
formal reqﬁirement with a manual'providEd:to shbw the method to
~adopt and points to be covered.when?submitting the audit.

- The post-completidn—audit was usually carried out at the end |
- of the second or third year.of_the plant's‘life; The actual
timing being dependent on the type of plant under réview;.
| The post-completlon-audlt was carried out by an industrial
engineer together W1th other members of the project team -
as required, The audit was then submitted to the highest
level of engineering managemeht inrthe company.

| In company ¥ the post-completion-audit was also a
 formal requirement. In this company it was called a 'post-
Eompletion—review'. Three such. reviews were stipulated.
The_first review had to be submitted after the plant hadi
been installed. The second after twelve months running

: experiehce and the third after two years running experience,
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Fach member of the brojéct team submitted a section of-

the post-completion;review and dne such reviéw;examinéd by
the researcher, extended to over 100 pages in lengﬁh o As with
, company E,company F also submitted‘the post-completion-review
'.ﬁo the highest level of engineering management in the company.
- The other two praétices proposed at the level of |
'intensiveécare were not applied by any of the companiés

- surveyéd. |

9 . 4- Slmary.

This chapter has presented the findings of the induétrial
* research into the application of terotechnological practiceé
.during the financial evaluation of a phjsical assgt.‘
A3l the companies surveyed,practisedg at the level of
 general-care, COmpaﬁy D did not exceed the level of general
care, Companies A and C did not practise beyond the 1e§e1
of moderate-care‘and company B ﬁsed one of the practices
. proposed at the level of advanced-care._Companies E and F
used both practices at the level of advanced-care and the
first practice at the ievel_of‘intensive-care.None of.the
- six companies surveyed operated beyond the first p;actice
at the level of‘intenSivé—care.- | | j‘ |

Table'9 summarises the findings of this part of
the industrial research. It can be seen from this table‘

that financial practice is slightly more  standardised
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acroSs the samplé than other practices performed during‘

a plantt's life-cyéle, Again the company‘with the lowest
level of terotechnological préptice also has the lowest
level of production system mechanisation,The companieé
' with the highest levels of practice have also the_highest
leveis'of.mechanisation.However,company F with -a level
- of mechanisation nearly three points higher than company E
" had not adopted any more intensive a level of practlce.
With the exception of:company B the findings again
-indicate fhe 'tendency towards' the level of application
of terotechnological practice being depend;nt upon'the
avefage level of production system mechanisation within

a company. The reason for the écceleratéd level of pfactice
found in company B is again attributed to the fact that
as a small company, the accouﬁtant was respoﬁsible directly

to the'owner of the company and this had tended to 'promote!

the application of higher level techniques in order to assist |

in the decision making process.
The next chapter presents the findings of the research
into the application of terotechnologleal pfactices dﬁring

~the procurement of phyéicél assets.




CHAPTER 10 |
TEROTECHNOLOGICAL, PRACTICE IN THE
PROCUREMENT OF PHYSICAL ASSETS

| 10.1 Introduction.

- This chapter presents the findings of the industrial
research into the application of . terotechnological practices

during the procurement of physical assets,

- 10,2 Employees Interviewed,

Within each company a pérSon respohsible'for the
procurement of plant was interviewed., Table 10 shows the
title of'the position held by each interVieﬁee ﬁithin
~each company.

10.3 The Terotechnological Practices,

10.31 General-Care.In Chapter 5 it was proposed thét the
practice of progressing purchases shouwld be assbciated

~ with the level of genefal-care; A1l the companies surveye&
~adopted this practice. In the case of company A an
escalation sysfem for,progressing_late.deliveries was in
use, In this case a buyer would refer a suppliefb poor

~ performance to a senior buyer,who in turn would escalate
Vthe ﬁroblem to the assistant chigf buyer and finally to

the chief buyer, A formal texception report! was produced
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TABLE 10

EMPL,OYEES INTERVIEWED WITH RESPECT

TO PROCUREMENT PRACTICES

TITLE OF INTERVIEWEE

COMPANY
A CHIEF BUYER
B  WORKS' MANAGER.
o PURCHASING OFFICER
D PURCHASING OFFICER
E ' SENIOR PROJECT ENGINEER
F PROGRESS & IngrEcmiON ENGINEER
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dn a regular basis. In company'B.the system was not as
formal, the inferviewee commentedﬁ"'most companies keep
us inforﬁed n, In company'c suppliers were progrgésed
approximately every two weeks until'deiivery took place.
.In company D progressing was carried out by clerks.‘Any
problems were then referred to the purchasiﬁg officer, .

| In company E the project engineer was responsible for
ensuring that suppliers met the required delivery datés;
- In compény F progress chasers reported to planmning .
engineers who in turn were required to.report information

to the interviewee., Formal progress sheets were written

for all orders.

10.32 Moderate-Care; The practice proposed at the level

of moderate-care,was théf of using a s&stem of receipt
inspection to ensure that procured items were delivered
according to the specification required; All the companies
surveyed operated a systenm of receipt inspection as a

standard practiCe .

10,33 Advancéd-Cape. Two bractices were proposed at‘the
‘1evel of advanced-care. |

The first practice was the use of a system 6f suppiier
~vetting in order to ensure that only reputable and
efficient suppliers were used by a comﬁany.This practice
was not ad9ﬁted by companies B -and D. In company C
references were asked for as a means of assessment,.
In company A an assessment of a Supplier was made on the
basis of the buyer's experience. In addition, an analysis

of‘the supplier% viabilitj was also carried out using the
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basis of the buyer's experience. In addition, an analysis

'of a company's viability was also carried out using the
'Pelegraph Exchange! company information service. Other
considerations,such as a willingness to negotiaté on the
price and the method of payment,were also taken into
account. Furthermore, within company A,for.large
procurements the company's accountants would also review
“the supplief%fprofit and loss accounts and balance sheets,
.For overéeas suppliers the vetting took the forms described
above but in addition personal visits would be made to
undertake a general irapproval.investigation“.
- In companied E and F an assessment wasmade aiso on the
basis of réputation and viability. The interviewee in
cbmpany P commented that " some companies are black-listed".
- The second practice:proposed at the advanced level-of-
_ecare wés that of using penalty clauses for late delivery
of plantibecause of the disruption that this could cause.
This practice was not found in companieé A,B,C aﬁd D.
In company E a peiqenﬁage‘of the value of the confract
was withheld until delivery took place. In company F a
penalty of % % of the capltal value of the plant per week

of late delivery was imposed on the supplier.
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10,34 Intensive-Care. Two practices were proposed at the

level of intensive-care, These were the use of approved
supplier listings such as those used for government
contracting and the use of incentive contracting to
promulgate inc;eased reliability and maintainability

in procured plant. None of the compénies surveyed adopted
these practices.

10.4 Summary,

.This chapter hés presénted_the findings of the researéh
into the use of terotechnological practices during the
procurement of plant , All of the companies surveyed
opératéd up to the level 6f‘moqerate-care. However,
compaﬂies B and D did not exceed this level, Companies A
- and C édopted the first practice 'at the level of advanced-
care and companies ¥ and F were found fo use both practices
] at this level, None of the companies surfeyed were found

fp operate at the level of iﬁtensive-care.

'_1The findings show a trend towards an increased
appiicétion of terotechnoiogical pfactice with increasing
mechanisation, |
Téble 11 summerises the fihdihgs of this Qork. The'next

ﬁchépter presgnts the findings df the research into the

application of terotechnological practices during the

installation phase of a physical asset's life-cycle,
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CHAPTER 11

TEROTECHNOLOGICAL PRACTICE IN THE
- INSTALLATION OF PHYSICAL ASSETS

. 11.1 Introduction.

This chapter presents the findingseof the industrial
research into the application of terotechnological practices
during the installation of physical assets,

11.2 Employees Interviewed.

Within each company a persen responsible for the
installation of plant was interviewed, Table 12 shows
the title of the position held by each employee within
 each company,

11.3 The Terotechnological Practices,

‘11.31 General-Care, At this level~of-care three prectices‘

were proposed, These were,the use of site layouts,services!
‘layouts and the scheduling of;the installation project in
order that an assessment could be made of the time required
to-complete the installation., All of these practices were
adopted by each company surveyed. |

11.32 Moderate-Care. The first practlce proposed at this

'level-of-care was the forward planning for equipment needed

_during the installatien phase, All of the companies surveyed

102




TABLE 12

EMPLOYEES INTERVIEWED WITH RESPECT TO

INSTALLATION PRACTICES

COMPANY TITLE OF INTERVIEWEE
| A ENGINEERTNG MANAGER
B ' MAINTENANCE FOREMAN
c INSTATLATION ENGINEER
D WORKS' ENGINEER
E INSTALTATION MANAGER
F PROJECT PI_;ANNING" ENGINEER
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- were found to adopt this practice,

' The second practice was that of budgeting'for the cost
of the installation phase. This was carried out by all
companies except company D; In the case of company C the
interviewee commented ' installation budgets are.estgblished _
in great detail even down to each nut & bolt and weld ", -
The third practice was that of planning the work load
reduifed in each taék during the installation, Compdnies
D and ‘B did not adopt this practice.All the other companies
in the survey did utilise this practice. In company C'a
.general proceduré for carrying out é task was laid down. .
In company A the task_planning was generally carried out |
'by the plant designer, In company E the installation manager
drew up procéduies and instructions for the project and in
company F a detailed card system was used, This operated |
in such a way that as each item of equipmeht was delivered
" an installation card was issﬁed. As each item was subseqﬁently
installed the card was-completed by a site engineer or
contractor, | |

11,33 Advanced~Care. The first practice proposed at this

' level-of-care was the Torward planmning of manpower
fequirements during the installation phase, This was found
to be in use by all companies except D.and B,

The sepond practice was the use of network analysis
to facilitate installation planning., Only companies D & B
did not adopt this technique. In éompany C a planning
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assistant was employed to prepare networks together with

detailed bar-charts and flow sheets, In company A bar-charts
were more often used than networks., In company E the initial
network was drawn-up by a project engineer,the installation
 manager and a project technician, The network would then
be computerised and the critical path established, In company
" P the network was also computer based with regular up—dating
and re-issuing of the 1neta11ation plan.
The third practice was that of recording installation
problems:relating to the plant. This practice was only
found in companies E and F. In both cases the reporting was
carried out via regular meetings during‘installation.
- In company E these were termed " project control meetings" i
| ‘whilst in company F they were termed "co-ordination meetings", ‘

11.34 Intensive-Care. Two practices were proposed at the

level of intensive-care, _ -

The first practice was tﬂat of recording the problenms
encountered when installing the services, Companies E and
F both adopted'this practice.-In the case of company E this
- was carried out using formal reports to the " projeet control -
meetings“. In the case of company F the problems would be
recorded and reported to the regular "co-ordination meetings ",

The second practice aesociated with intensive-care was

that of carrying out a ‘formal review of the installation

phase and feeding back information to facilitate improvements
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’ 4o future installation projects., This practice was only

found in companies E and F, In company E this was done

in a formal manner,.At the end of the installation project |
the Installation Manager.of company E would be responsible
for writing a report to the p:qgect control committee, In
addition, all the points raised during the installation
phase would be recorded in the formal minutes of each
meeting., In company F a similar procedure was found, However,'
in this case further meetings were held wifh cdnsultants,
contractqrs and between design,instaliat;oﬁ,production énd
maintenance personnel, In addition, a noteworthy practice.
wag found :also in that the installation engineers appointed

- were éﬁpdinted'with their suitability to become subsequently

}-maintenange engineers on the plant. Hence,feedbéck was

idirectly achieved, ‘

11.35 Summary,

Thi s Ehapter has presented the findings of the industrial
research into the extent to which terotechnological practices
were found to be applied when instélling physical assets,

The findihgs are summarised in Table 13, All the companies
‘surveyed were found to operate above the level of general-
caré. Company D was found to use one practice at the level
1ofmoderate-care.and_coﬁpany B two prgctices at this level.,
Companies C,A,E and'Ffadopted all the practices.éssociated
' witn moderate-care,Companies C and A were found to use two

pracfices at the level of advanced-care whiist_companies




E and F were fouﬁd to adopt éll of the practices at this
1evel.'dompanies E and P were the only companies found to
.5e operating at the level of intensive-care and both of the
préctices proposed‘at this 1ev§; were_in use, _

The findings as shown by.iabie 13 ‘indicate a tendency
towards an increasing épplication of terotechnological
practice during the installation of plant with increasihg
mechanisation of the production system. |

The following chapter presents the findings of the
.reserach'into the application of fe:otechnological practices

during the commissioning phase of the life-cycle.
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TABLE 13

' THE APPLICATION OF TEROTECHNOLOGICAL

PRACTICES WEEN INSTALLING PLANT RELATED TO THE

AVERAGE LEVEL OF PROTUCTICKN SISTEM MECHANISATION

LEVEL~-OP-
CARB

THE PROPOSED
TERGTECHNOLOGICAL
PRACTICES

COMPANY CODE LETTER

AVERAGE LEVEYL, OF MECEANISATION

D

c

¥}

E

?

INSTALTLATION .

J.2

3.5

J.8

5.2

Ted

10.3

-INTENSIVE

review and
information
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recording
of problems
with services

ADVANCED

recording
problems
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use of
network
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manpower .
planning
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CHAPTER 12
TEROTECHNOLOGICAL PRACTICE IN THE
COMMISSIONING OF PHYSICAL ASSETS

12.1 Introduction,

This chapter presents the findings of the industrial
| research into the application of terotechnological practices
- during the commissioning phase of the life~cycle,

k 12.2 Employees Interviewed.

Within each company a person respcnsiﬁle for the
.commissioning of plant was interviewed. Table 14'showe
the title of the position held by each interviewee within
- each conpany, |

12,3 The Terotechnological Practices.

12,31 General-Care. In Chapter 5 Table 1, four practices

were proposed at this level, They were,the use of a formal
comnissioning schedule,tests of performance of the plant

to ensure that it functions, the production of actual
ccmpcnentsrto'determine;the plant's capability to produce.
and finally a detailed evaluation of the cperation of the
plant against the specification laid down for it. The survey
found that ali companies adopted these practicee.

12,32 Moderate-Care, Four practices were proposed at this

level—of-care.

The first practice was the use .of a formal acceptance
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TABLE 14

EMPLOYEES INTERVIEWED WITH RESPECT TO

COMMISSIONING PRACTICES

COMPANY TITLE OF INTERVIEWEE
A ENGINEERING MANAGER |
B MAINTENANCE FOREMAN
c | PROCESS ENGINEER
D CHIEF PRODUGTIO& ENGINEER
E . INSTAI.LATI-ON NANAGER
F

PROJECT PLANNING ENGINEER

410




11

procedure.This was found to be in use in all of the companies
surveyed. In the case of company C the acceptance eheets'
were.signed by each engineer in'the project feam. In addition,
piant and process data were written up and handed over to the
process engineers and plant managers. In company E a 40 shift
commissioning run would be carried out and if production

were then satlsfled with the plant it would be accepted
formally by the company.

The second practice was that of tralning plant operators
during the commissioning period . Only company B did,not
adopt.this practice, the interviewee commenting," the‘plant
isrnot complicated enough %o justify it ". In the case of
company A deteiled operating instructions were éiven to
‘opérators prior to starting on a plant ., In:company_,

C operators attended training lectures and 'on-plant!
training. ‘-In company ? the operators were attached to |
experienced operators of similar plent for up to 3 months
prior to working on the new plant, In addition, courses

- were held at the company’s own training schoole\end
residenfiai weekend seminars were used also to establish a
rapport between management and - operators,

The third practlce proposed at this level-of—care was
" the training of production management.This was carried'out
by companies D,C,A,E and F . In company A the production
manager would be inveolved in a plant project from its
initial conception and would follow fhe project through
-until he became responsible for the piant when put into"

full operational use. In company C management attended




112

a series of lectures on the new plant and examined flow
process sheets and other layoﬁts of the new plant complex.
In companies E and F a production manager Qould be seconded-
to the project team. o N |

. The fourth practice was the recording of plant faults
during the commissioning périod. This practice waé found,
in companies C,A,E and F. In company d formal comﬁiésioningr .
‘data_shéets were compléeted together with daily meetings
to discuss the performahce of the plant, In campany Fa.
% commissioning card" system was used in the same way as
the "installation card" system. As each plant became
available to‘commiséioh,a card was dfawn-up with the
compissioning procedure laid ddwn; As each procedufe was
coﬁpletéd,the card was signédJand comments made inlthe

space adjacent to the task,

- 12,33 Advanced~Care, The first practice proposéd at.this
level-of-care was thatlof récording faults that occur on
auxiliary equipment. This practiée wés found in companies
 C,A,Eand P, | | |

| The second practiéerwas the adoption éf formal reviews
and information feedback during.commissioning. This was

found in companies C,A,E and F. In company A formal ﬁeetings

' wére held between'design and production. In company C regular
.meetings of the project team were held with contractors,
lconsultants and designers., This type of procedure was also

adopted by companies E and F,
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The fhird practice at the level of advénced—care Waé the
adoﬁtion of a training programme for maintenance management
in order to familiarise them with the new plant. This
practice was only found in companies E and F. As with
- production management,the maintenanée engineer,who would
" be ultimately responsible for the plant,would be a member
of the project team and would have been familiar with the
 plant almost from its conception. In company F the departmental
engineer was responsible for vetting designs,approving
installation and commissioning procedures and for recruiting
installation and commissioning engineers to be subsegquently

transferred to posts in maintenance supervision.

12.34 Infensive-Care. Three practices were proposed at the
-level of intensive-care.

The first practice wags the training of maintenance fitters
and electricans during the commissioning périod. This pracfice
“was only found in companies.E and F . In company E |
maintenance craftsmen were given an appreciatioﬁ of the
plant during its initial design stages. Subsequently,the
craftsmen would be involved in ton-the~job' training
during the comm1331on1ng period. In addition,the maintenance
craftsmen éarried out a two day check of thé plant during
vhich time notes of possible modifications would be made,
Furthér,training took place because the craffsmen assisted
the supplier in the task of completing the commissioning

schedule and generally ‘de-bugging' the plant. In company F -
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-the-training of maintenance craftsmen was conducted in a -
"siightly different way. Initially,specific skill reQuirements

_were'identified using a "skills matrix", Training programmee

were then devised to provide the craftsmen with these skills.

‘Training extended over a 61 day period for each fitter,

SpeCialised courses were run on fault location,fault diagnosis,

' use of documentation and reporting systems, condition

._monitoring equipment and computerised data systems._

The two remaining practices at the level of intensive-

care were_not found in any of the companies surveyed.

"12.4 Summary.

This chapter has presented the findings of the industrial

research into the application of terotechnological practices

'—4dur1ng the-comm1531oning of plant. The findings are summarised

in Table 15 . It is notable from these findings that the .

-'position of companies D and B has been reversed from that

Whlch might be expected if the proPOSition stated in Chapter
6 was‘to he true in all cases, More detailed analysis of the
reasone for the enhanced lerel of'practice in company D or
oonversly the depressed level of pracﬁice foﬁnd in company
B reveal that in company B managenenﬂe attitude towards the
production process was that‘it'was'"unsophisticated“ and

51mple in nature. They regarded the operation of the. plant

as a straightforward task. However,in company D the

management regarded the process as quite complex and "fiddily"

oand consequently felt that training for operatives and S

supervision was required in order to ensure satisfactory -
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operation and quality. This finding 1led to another possible

factor affeoting the level of management pracfice being
applied in a particular companj. That is the perception of
" the complexity or sophisticationlof the production process
" in the minds of management. “

- A1l the companles surveyed operated above the level of
general-care. Company B adopted only one practice at the o
level of moderate-care whilst company D was found to-adopt o
three of the practices at this level., Companies C,A,E and F
all operated above the level of mode:ete-care. Compeniee -
C and A were found.to adoot two.practices at advanced-care
and companies E and F utilised all the advanced practices.
_.Only,companies E and F were found to be practising at the
‘level of intensive-care,both adopting the first practice
only. The findings summarised in Table 15 show that there
is an indication towards the appllcatlon of
-terotechnological practice being dependent on the attitude
of management towards the complexlty of the process. For
the remaining four companies the findings show that there
was a tendency towards the application of terotechnological
practices increasing with'inoreasing mechanisation of the
production process. The following chapter presents the
findings of the industrial research into the application

of terotechnological practices when maintaihing plant.




TABLE 15
THE APPLICATION OF TEROTECHNOLOGICAL
PRACTICES WHEN CCMMISSIONING PLANT RELATED TO IEE
AVERAGE LEVZL OF PRODUCTION SYSTEM MECHANISATION

 LEVEL-OF-
E CARB

TEROTECHNOLOGICAL

THE PROPOSED

CCHMPANY CCDE LETTER

AVERAGE IEVEL OF MECHAHISATIOH

PRACTICES D

B ¢c | a E

?

COMMISSIONING l 3.2

3.5 5.2 | 7.2

10.3

i]
-
INTENSIVE

reliablility
testing

ability

maintain-
teating

maintenance
fitter -
training

ADVANCED

maintenanca
management
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formal reviews &
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Il

recording of
auxiliary
equipment faults

MODERATE

recording
plant faults

training of
production
management
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operators “
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‘procedure
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of operation
against spec,
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CHAPTER 13 -

TEROTECHNOLOGICAL_PRACTICE IN THE
MAINTENANCE.OF PHYSICAL ASSETS

13.1 Introduction.

This chapter presents the findings of the industrial
‘reseafch-intoAthe applicatibn of terotechnological practices

when maintaining physical assets,

13.2 Emplojees Interviewed.

~ Within each company a person'responsibieyfor-thé
maintenance of plant was intervieWe&;“Table 16 ‘shows the
'titie of the position held by each employee ﬁithin each
company, - )

| 13.3 The Terotechnological Practices,

13;31 General-Care. Four practices were proposed at this

'lével—of-care. They were breakdown maintenance,lubrication
méinteﬁance,the—stocking of spare parts and the allocation
of priorities to different typeé of maintenance work and

- plant, Ali of the companies surveyed‘were found fo adopt
fhese practices, In companies Diand B the maintenance
workforce was found to be centralised whereas in companies
C,A,B and F the workforces were fbund to be decentralised
but supported by central workshops. In companies D and B

 lubrication schedules were decided upon by the maintenance
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TABLE 16

EMPLOYEES INTERVIEWED WITH RESPECT 10

MAINTENANCE PRACTICES

 COMPANY TITLE OF :_{NTERVIEWEE'
A ASSISTANT FAGTORY MANAGER
B MATNTENANCE FOREMAN
¢ WORKS' ENGIﬁEER |
D WORKS' ENGINEER
E MATNTENANCE SYSTEMS' MANAGER
P DEPARTMENTAT, .ENGINEE-R
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crews. In company C the works'engineer was in the process

of arranging for an oil company to examine the lubrication

reduirements of the plant.-In‘companies-A E and F oil
ompanies were already used to determine the lubrlcation
schedules and select the oils, |

In companies A and C prioritiee'ﬁere deeided_upon:by

the plant'menagers. In company B by the workéfmaheger and

in company D by the production supervisor. Only in'companiéé

E ‘and F were the prioritiGS'determined:by the- o .
maintenance engineers ., In company F a lubrication-engineer

was on the site permanently and company E had recently

~ started discussions with the. National Tribology Centre at

" Leeds University in order to further'develop'the company's

‘kmowledge of lubrication.

13,32 Moderate-Care. Four practlces ‘were proposed at’ the

- level of moderate-~care,

The_first of these practices was the-eVerhauling of

| plant; This practice was found in all the companies surveyed,

- Overhauls were'carried out either on a time scale basis(everyH

one or two years) or on a productlon-run ba31s(after X mllllon“_

'units of productlon)

The ‘second practice was that of using a system of

'budgetary control for maintenance., This practice was not
.‘found in companies D and B, In coﬁpany A the assistant factory

‘manager derived the budget, in company C the works engineer,.

in company E the area engineers laid down their own area
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budgets and in company F the departmental engineer was

résponsible for the setting of the maintenance budget.

- The third practice was that of carrying out preventive
maintenance inspections on a regular basis, This practicé
was not fouﬁd in companies D,B and C, In company A
preventive méintenance was the taék of two semi-skilled' _
fitters. They used a‘formal checking and inspection-schedule'
derived bj the maintenance‘foreman;'The schedules were updated,
at intervals, in order to take account of changes in the plant
inventorj or other circumstances, In fact,at the‘time of the
visit to this company, the maintenance fo:emén was in the
process of re-writinglall the preventive maintenance schedules.

In company E preventive maintenance was carried out by the

‘déy shift crews only,eabh crew reporting to an area engineer.

The schedules were derived on the basis of experience and,at
the time of the researchers visit,were in the process of

being:put onto computer. In company F the preventive :

.maintenance schedules were written initially by the

maintenance staff and were then put onto computer and issued

. as required on a daily,weekly,monthly or half yearly basis.

Some examples of the preventive maintenance schedules,used

by company{j;are giveh in Appendix 4.

The fourth practice at the level of moderate-care was
the use of job cards to record information during maintenance

work. This pracitice was found only in companies E and F.

In both companies clerical staff were employed to check

- Job cards and to transfer information from them to plant™
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history cards.In addition to job cards both companies were

found to use shift reports and maintenance record sheetis.
These were used by the maintenance engineers to enter detailed.
information of any task that was carried out during their

shift, Examples of these documents are given-in Appendix 4.

13.33 Advanced—Care. At this level-of-care fouf practices
were proposed in Chapter 5 Table 1. '
The first of these practices was the use of a standard
costing system in order to establish more éccurate budgets_
and cost estimates; This practice was found only in.cbmpanies
E and F. In company E industrial engineers derived standard
costs-for 1abour,materials and ovérheads. In compény P they:
-were derived by a cost accountant.

| The second pragtice propqsed was the use of a system of
dafa management to collect,collate,analyse and report
maintenance data., Again this practice was found oniy in
companies E and‘?; In both cases the source_docﬁments were
job cafds and shift reports. These were fed-back to

administration departments for detailed recording,collation

- and analysis. In company E clerical staff entered the

information onto plant history cards, tedhﬁicians and a cost:
analyst were employed to examinhe- the Qata_and |

issue reports, At the ‘time of thé research visit company E
was In the process of designing a computer based data |
manégemént Syétem. In company F the administration staff

transferred information onto a computer for storage,« = "~ 7~
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The third practice was the use of performance

:meaéurement for the plant. This was found only in companies
~ E and F. In company E_a.sfandard,for production efficieney
was established as actual production per shift over possible
production per éhiff_expressed as a percenfage. ff*this_
. térget'was,notlachieved then‘ the reasons for the shorffall

in perférmance were examined in detail, In addition,the
| comﬁany operated a " Management Performance Improvement
Programme -~ MPIP ", in which short and long term performance
- targets for general increases in efficiency would be'set. 
In company F performance was measured in terms of "'Engineering
‘Delays ", In this case a standard was set for engineering
.delays of 5.4% . The engineering delays were plotted on a
wall chart and " design atiributed delays " were also
identified and plotted separately. The availabllity of
) major plant was measured also and recorded on a wall chart
displayed in the departmental engineerts office. In addition,
both companies used variance analysis for comparison of |
actual/budget cosf and material consumption., Examples of some
the.documentation used to record performance are shown in
Appendix 4. . |

The fourth practice at the level of advanced-cafe'was

thé.use of a system df in-company data feedback to ensure that
aata were fed - back to productipn;design and development
and to top management, This précfiée was found only  in -
| companies E and F, In company E a formal " Piant'Seivices'

" Report " was issued on a regular basis, In this report each
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enginéer contributed a section about the plant for which

he waslresponsible; The report had seven sections dealing
‘with personnel, training,developments in systems and procedures,
plant modifications,projects,general comments and equipment
causing concern,together with major breakdowns and_the
resulting delay times., This report was circulated to all
1evels bf management In company F " Period Reports " wére

issued giving summarles of engineerlng performance. The'

| reports covered engineering delays, avallability,safety,a001dents.

and they analysed  trends in performance, Detailed reports
would.be.isgﬁeq aé‘reQuiégd.. . For example,désign attributed
delays were idenfified and the causé of these faults would

be reported to design engineering or to the supplier. |

In addition, company‘F operatéd what was termed a "follow-on"
book., This was used to define the reéponsibility for
sélving‘a particular'problem and then ensuring that the
problem had been followed up and action taken. Shift report
sheets were ekamined by management on a daily basis in both
companies. Furthermofe both companies used post-completion~
reviews as a means of information feedback. Examples of some
documentatipn mentioned here are given in Appendix 4,

13,34 Intensive-Care. Four practices were proposed at this.

level~of-care. They were a system of ex~-company data feedback ,
use of fault diagnosis systems,condition monitoring systems
and maintenance optimisation studies. Only company F was

. found to operate at the level-of intensive-care,
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Thé_first practice was found to be in use with several

of the company's suppliers, A formal system of data feedback
had been set ﬁp between the departmental engineer and major
plant manufacturers. An addifiongl source of ex-company
- data feedback was that the company published regularly in
the professional journals for the industry.
| The second pfactice was the use of faunlt diagnosis
systems., In this case company F.héd"developed 1ts own type -
of éystem known as,"Functional Systems Documentation-FSDW -
this being an adaptation of a system in use by the Royal.
Navy. A department was established within the company'in
order to develop the FSD documentation and procedures and
the two major suppliers of plant also set up new departments
~in order:to incorpbréte the FSD into the new plant designs.
« Detailed training was given'to fitters,eiectricians,technicians,
'supervisofs and managers in order to familiarise.thém with
the use of faulf diagnosis systems,

The third practice at the level of intensive-care was
the use of condifion honitoring systgms. Here again company F
had designed-in.condition monitoring equipment which included
oil analyse:s,vibratidn monitors and load cells, Information
.from the condition monitoring equipment was fedback to the
central control room where instruments recorded the condition
of the plant. If a fauit was detected by the monitoring

systems then the fault was relayed to a " faults computer "
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attached to a visﬁal display unit~VDU. For example,if a fault

occurred then the control room engineer would type-in
the plant number and the readings from the monltorlng
equipment. The computer would then display‘on the VDU a
1list of possible remedies which'the'fitter oxr electrican
could then try out.-The purpose of this gystem was to increase
the'speed ef location of.a fault,its diagnosis and repair
so that productlon could be resumed as soon as pOSSlble..

The fourth practice at the 1eve1 of 1nten51ve-care was
not found in any of the companies surveyed |

13.4 Summary.

This chapter has presented thelfindings of the 7
. industrial reeeareh into the application of terotechnological-
practices when maintaining planf. The findings which are
.summarised in Table 17, show that all the companies surveyed'-
operated above the level of generel-care. However, companies
D and B were found to adopt only one practice at the level
of_moderateécare, whilst company C adopted two practices
and company A three practices at this 1eve1—of-care.
Only companies E and F operated at the level offadvaneed~care.
Company F was the onl& eompany iﬁ'the survey %to operate at
”"%he.level of intensive care-when maintaining its physical
assets, | _‘

The findings indicate that there is a'tendency towards
the level of application of terbtechnological practices

increasing with increasing mechanisation of the production
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TABLE 17

THE APPLICATION OF TEROTECENQOLOGICAL
PRACTICES WHEN MAINTAINING PLANT RELATED TO THE
.AVERAGE LEVEL OF PRODUCTION SYSTEM MECHANISATION

THE PROPOSED CCMPANY CQDE LATTER

LEVEL-QF- ||TEROTECHNOLOGICAL{ ATERAGE IEVEL OF MECHANISATION
GARE PUCTICES  § 5 f 3 | ¢ | 4 |2 | 2

h MATINTENANCE 3.2 { 3.5 | 3.8 | 5.2 | 7.4 |10.3
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system. The next chapter presents the findings of the

industrial research into the application of terotechnologlcal

practlces during the removal of plant at the end of its

11fe-cycle.




CHAPTER 14
TEROTECHNOLOGICAL PRACTICE IN.THE
REMOVAL OF PHYSICAL ASSETS

. 14,1 Introduction.

This chapter presents the findings of the industrial
research into the application of_teroteohnological practices
when removing physical assets at the end of their life,

14 2 Employees Interviewed,

Within each company a person resPonsible for the
removal of plant was 1nterv1ewed. Table 18 shows the
position held by each interviewee within each company.

14,3 The Terotechnological Practices,

.14.31 General-Care, Three practices were propoeed at this
level~of-care,

The first of these practices was the assessment of
the market potential for the new product thch is to be
_-manofactured by the new machine. All the compenies in the
survey were found to adopt this prectioe when considering
- the removal of an old plant for replacement by a new one,
The second prectice proposed was fo carry out an
: assessment of the operatlonal performance requlrements
" (de. speed feed ,capacity etc.) for the new plant. Again all

the companies in the survey were found to adopt this practice.
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PABLE- 18 -
 EMPLOYEES INTERVIEWED WITH RESPECT TO
REMOVAT, PRACTICES |

COMPANY ' TITLE OF INTERVIEWEE
A PECHNICAL & PLANT ENGINEER
B  yorkS MANAGER
c . CHIEF ENGINEER
D : WORKS ENGINEER
i  INSTALLATION MANAGER
F CHLEF ﬁEVELOPMENT EﬁGINEER
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The.third practice was that of making an assessment of

the residual value of the old piant. This was found in all

- the companies surveyed., In company B-the plant was usually"

sbrapped off. In company F the plant would be advertised
internally to other divisions of the company,otherwise

the accountants book value or the scrap value would be used,
This was élsb the method used in cdmpanieé A,C,D and E.

14.32 Moderafe-Care. Three practiées were proposed at this

level~of-care,
'The first of these was the preparation of a budget for
fhe removal project. This was found to be adopted by all
of the companies surveyed. In all cases it was found that
the interviewees were responsible for preparing the budget.
-The second practice was the formal planning of the removal
project, This was not found in-companies D and B, In companies
C-and T network aﬁalysis was used as well as bar~charting.
In companies A and E bar-charting was the only technique
adopted. | | _ |
The thipd practice‘was to review the maintainébility
problens of the plant being removed in order to ensure that
they were not carriéd.oniinto the new plant design., This
.practice was found only in companies E and F. In company
E,prior to the design of a new plant, the poor maintainability .
features of the existing plant were highlighted and fed-back
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1
to the designers. Omne example was quoted in which some 60

points had been raised by the maintenance engineers which
added several months ‘to the design time of the new plant.

In compeny F a similar procedure was found in whieh the
maintenance engineer would ﬁighlight the poor aepects of

the old plant to ensure that these features were not repeated
in the new plant. wherever possible.

- 14,33 Advanced-Care. The first practice proposed at this

"level-of-care was to carry out a review of the reliabilitj
ﬁrobleme associated with the old plant.-This practice was
only found in companies E and F, In both companies a similar
procedure was adopted to that for assessing maintainability
problems. 7 _

The second practice was to assessthe maintainabilityi
requiremenfs of the new plant. This was found only in
companies E and F. In company E this was carried out by
the area engineers who were responsible for highlighting
the features that they wished to be incorporated in a new
plant. For example,one case was given in which a specific
. number of-preventive maintenance hours were stipulated by
the area engineers. It was mentiened also that several new
maintainability ideas were tried out on'develOPment plant |
befere being incorporated into new plant.deeighs. In compeny.

P the departmental engineer estimated the"average job length"
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for a maintenance task and reviewed also other characteristics

such as fault location aids,fault diagnosis aids,condit}on
'monitoriné equipment,workshop layouts and special ‘equipment.
The third practice was to assess the life of the new
plant, ihis was found only in companies E and F. In company
Elthis was assessed as ten yéars and in company F as fifteen
years, However,in both cases the interviewees admitted that
 these lives were arbitrary and based more on accouhting"

convenience than on engineering estimates,

14.34 Intensive-Care. Two praétices were pfoposed at the

level of intensive care., The first was the recording and
' feed-back of experiencé gained during the life of a plént
-‘to the plant manufacturer, This was not found as a prabtice
in ény of the compénies surveyed, However, COmpany F had
established a system of feed-back of information which they
hoped would still Be,in existence at the end of the plantts =
life., Because this pracfice was established recently it has |
not been credited to the comﬁany becausé it has not existed

long enough to apply to any plant that fhey are cbnsidering

removing from operation. |

The second practicé wés to carry out ah_assessment of

the reliability required of a new ﬁlant. This practice was

not found iﬁ any of the companies surveyed.

1404 Sﬁmaryo .

- This chapter has presented the findings of the research
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into the application of terotechnological practices when

removing plant from opérational use and replacing it with

_"a_new,plaht. All the companies surveyed-were- -found to adopt:

the practices associated with general-care, The first practice
at the level of m;éerate-Care was utilised also by all
companies.in the survey. However, companies D and B 4id not
exceed_this'level of practipe.'Companies C and A adbpted

-two préctices_at the level of moderate-~care and companies -

E and F adopted all of the practices at this level. -Only

companies E and F were found to adopt practices associated
with advanced-care of their physical assets. Table 19

summarises the findings presented in this chapter. The table

| indicates that the findings show a tendency towards the

““increasing application of terotechnology being dependent

on the increasing level of mechanisation of the production
systeﬁ;

The'néxt chapter pfeSents a summary and draws some
conclusions from the research findings whiqh have been

presented in the foregoing chapters;




TABLE 19

THE APPLICATION OF TEROTIECHNOLOGICAL
PRACTICES WHEN RIMOVING PLANT RELATED TO THE
AVERAGE LEVEL OF PRODUCTION SYSTEM MECHANISATION

LEVEL-OP=-
CARE

THE PROPOSED |
TEROTECENOLOGICAL
PRACTICES

CCHMPANY COIE LETTER

AVERAGE IEVEL OF MECHANISATION

e

B ¢ I a E

?

REMOVAL q 3.2

3.5 | 3.8 | 5.2 | 7.4
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new plant

review
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removal

GENERAL
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value of plant
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CHAPTER 15

SUMMARY AND CONCLUSIONS

~15.1 Introduction.

This chapter pfesent§ én overview of fhe resea;ch
‘:work_détailed in the foregoing chapters. It then draws
-'soﬁé concluéions based'dn the‘findings of this wofﬁ into
.thé.concept and practice of terotechndlogy.

15,2 Ovérviéw of +the Research Work.

- Chapter 1 of this dissertation set oﬁt'the‘broadu
objectivés of the work. It butlined the.justifications‘for
pursuing the work, it described the setting and limitations
.";Suryounding.both the conceptual and field research work and

.finally it described the structureof-thefdigsertétign.
'Chépter 2 was concerned with establishing the_ﬁistorical
dévelopment of -terotechnology as a concept and the evolution
" of the formal definition.. |
| chapter 3 examined the literature in two areas of
‘‘concern to £he development of this research. Theseléreas

. were examined and coanclusions arrived at as a result of

the analysis of the literature, However,because the'literatﬁrg'

“presented a confused picture of the‘way terotechndlogy should-

- be interprefed,Chapter 4 presenfed a detailed examination
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. of the dgfinition in ofder to develoﬁ a géneralised
| interpretatidn of fhe role that terotechnology should'aﬁopt
| within a‘manufacturing organisational system.

Chapter 5 was concerned with developing a conceptual
model based on the concept of 'caring-for' physical assets.
The'chapter developed a 'level-of-care!' framework for-eéch

of the eight phases in the terotechnological life-cycle,
Thié model facilitated a praxeological‘gescription of the
- nature of ’terotechnological‘ﬁractices'. In total 95 éuch'
practices were identified énd associated with levels of care
described as:'general-, moderéte, advanced and intensive,
Chaﬁter 6 examined the 6bjéctives of the ihdﬁstrial |
{ield research, it described the alternative research
: mefhodologies available and the reasons for selecting the
descriptive survey methodology. The reéearch\design was
then described in detail together with details of the
lresponse rate and participétihg companies. The basis for
omparatlve analysis was glven and the method adopted to
present the findings of the 1ndustr1al research was stated
Chapters 7 to 14 presented the findings of the 1ndustr1a1
research into the application of terotechnological‘practices
-gver the life-cycle of physical assets. That is,when |
specifying,designing,financially evalnating, procuring,
installing,commissioning,maintaining and finally removing
physical'aésets. The following section.presents the

conclusions drawn from this research work.
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15;3 Conclusions.

This section presents the conclusions that the author
considers justifiable as a result of this research into _.
the concept and practice of terofechnology. The first part
considers the concluéions drawn as a result of the work
_which examined the concept of terotechnolbgy.and the second

part deals with the practice of terotechnology.

15.31 The Concept of Terotechnologj:.

In Chapter. 1, page 1 the objectivé for this part of

the reséarch was stated as follows:-

' To investigate the historical development of -
terotechnology and to examine the way in which the
concept should be interpreted.

As a .result of the work carﬁigd out in Chapters 2 to 5

“this dissertation draws the following conclusions:-

1) It concludes that to the authors knowledge,until this

, neseafch'was undertaken,no single work had attempted
to establish.the historical development of terotechnology.
The noncept was.evolved ag.a result of two gdvernment'
reports which attempted to establish how maintenance
engineering was being practised and the cnst to the
country of those practices.

2) It concludes that despite the attention given to
maintenance;the government. working party interestinglj
omitted the wdord maintenance from the first definition
given in 1972 and it was not wntil 1974 that this omission

was rectified.
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3) It concludes that the word terotechnology was chosen

by Dr.H.P.Jost and the late Sir Richard Clarke one
Sunday after dinner in Dr.Jost's sitting room and that
as a result of this the government set up a working
. party to investigate how the concept of terotechnology
could ‘be disseminated to industry,education,research
- and the media. | | |
4) It concludes that early work in the literature on
terotechnology was confused about the concépt,some
 describing it as inter-~disciplinary and others as’
multi—disciplinary; This work suggests that-thé correct
"interpretation‘should be that terotechnology is a
multi-disciplinary concept. |
5) It concludes that again the literature was confused
about the possible role that terotechnology could adopt
© in manufacturing industry. The descriptions'ranging from
Mabsurdly naiveﬁ to "multi-disciplined science". This
work has developed a generalised interpretation of the
role of terotechnology as follows:-
Terotechnology can be considered to operate as
a subsystem of an organisation responsible for
the non-operational life-cycle management, :
engineering,financial and other practices applied
to that organisation's physical assets in order
to pursue cost-effective life-cycle costs for
those assets., It exists as one of a number of
subsystems in a total organisational system,
which when combined,are responsible for pursuing

the business objectives of that organisation.
- (Chapter 4,pages 27 and 28)
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6) It.conclades that whilst the literature freQuently
--referred to-the application of 'terotechnological
‘practices' no attempt had been made to-identify what

these practlces were. Thls research has developed a
cornceptual model based on progre531ve development of
"a ’caring' attitude towards the life-cycle management
of physical assets. This has resulted in a model which
.ldescriﬁes foar levels—of-care,These.being; general-care,
moderate-care, advanced-care and intensive-oare. The'
 ‘model then identified;95sseparateiterofechnological
~ practices over the eight phases of the life-cycle,
These 95 practices formed the basis around.which the
- industrial. field research coulo be conducted.

This section has stated the cOnclusione dravn from the.work

presented in Chapters 2 to 5. The following section states

the conclusions drawn from the industrial research.,

15.32 The Practice of Terotechnology.-

In Chapter 6, page 53 and 54 the objectives for this.
part of the research were stated and are summarised as -

follows-

1. To investigate the extent to which terotechnological
practices,as identified within this dissertation,were
applied in a small sample of manufacturing organisations.

2. To suggest,as a result of this investigation,those
areas of management practice where special emphasis
should be placed in order to improve the level-of-
care applied to industrial plant and equipment,

- These objectives were applied to each of the eight phases
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in the life-cycle that were identified in Chapter 5. As

stated in Chapter 6,page 65 the conclusions have been.

bound as formulations in terms of 'tendencies' when dealing

with all the companies in the survey and in terms of an

tindication towards'! when dealing with an individual coﬁpany.
In Chapter 6, page 66 the method of comparative |

organisational analysis was stated, This was the use'of

‘Bright's (op.cit) mechanisation profile. The average level

of_production system mechanisation was determined for each

company and the results of the research were presented in

Ghspters 7 to 14‘froﬁ which the following conclusions about

the application of terctechnology are drawn.

1) This research concludes that when specifying plant
ithere'is.a tendency .towards an increasing application
of terotechnological practices with.increasing
mecﬁenisation of the production system. On average 43%
of ﬁractices,prcposed in Chapter 5, Table 1,were found

to be in use,

2) This research concludes that when d931gning plant

there is a tendency towards an increasing application
of terotechnclogicsl‘prsctices with increasing

mechanisation of the production system. On average,

30% of the practlces propcsed in Ghapter 5, Table 1,

were found to be in use.
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This research concludes thét ﬁhen performing thé
financiai evaluation of plant there is a‘tenéenéy
towards an increasing-épplication of terotechnolbgical
practices with increasing mechanisation of the
production system., On average 43% of the practices,.
pfoﬁosed'in Chapter 5, Table 1,were found td be in usé
in the companies surveyed. _

Thié research concludes that when procuring plant

there is a tendency towards an increasing appligatioﬁ'

~of terotechnological practices with increasing‘f

mechanisation of the production system. On average

50% of the practices, proposed in Chapter 5, Table 1,

5)

were found to be in use in the companies surveyed.

This research concludes that when installing plant
there is a tendency towards an increasing-application
of terotechnological practices with increasing

mechanisation of the production system. On average

- 71% of the practices,proposea in Chapter 5, Tabie 1,

6)

were found to be in use in the companies surveyed,

This research concludes that when commissioning plant

- there is autendengj towards an increasing application

of terotechnological practices with increasing

mechanisation of the production systém. On average
67% of the practices, proposed in Chapter 5, Table 1,

were found in use in the companies surveyed.
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7) This research concludes that when malntalnlng plant
‘there is a tendency towards an increasing appllcation
of terotechnological practices with increaszng
mechanisation of the production system. Omn average;

l_5 % of the practlces proposed in Chapter 5, Table 1
were found in use in the companies surveyed,

8).This research concludes that when removing plant
there is a tendencj towards éﬁ“ihcreasing application
of.terotechnological practices with increasing
‘mechanisation of the produétion system, on average,

54% of the practices,proposed in Chapter 5, Table 1,
were found in use in the companies surveyed.

9) This research concludes that there is an indication
towards other factors affecting the appliéation of
terotechnological.practices.For-example,it'was foﬁnd that in
companies D and B whllst they had the lowest levels
of mechanisatlon in the survey,they could adopt higher
Jevel practices « In company B the indications were
.that beéause it was o&nér managed fhe senior management
who reported directly to- the owner tended to take more
fcare' over the settihg of specifications and the
financial evaluation of possible plant procurements.

In company D, which had the lowest levél of mechanisatioh,
' fhe'management regérded their plant as sophisticated and

'£iddily' to use, As a consequence fhey adopted higher
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1eﬁe1 practices when commissioning plant than might
:_have been expected if variations iﬁ the application
of térofechnological-practices could be entirely

| -explained by the mechanisation of the production system.

105 This research concludes that.it was noticeéble thati
during -the eariy phases in fhe life-cycle,that is when
specifying,designing and carrying out the financial
evaluation, the lowest lefels-of practice were fqund.,r.

- This, itois suggested,is a ﬁost‘significant finding
in that during these phases of the life-cycle
‘approximately 70% of the total life-cycle cost of the
plant could alreadj have beeﬁ.committed,but'perhaps
only as much as 5% will have been incurred, This finding
is depicted in Figure 5 . In this figure the life-cycle is the
horizontal axis and the percentage life~cycle dost'is'the
. vertical éxis.‘It can be seen that it is most important
'to‘édopt.terotechnological practices to a very high level
as'eaily in the project as.possible, because the cost
incurred in doing so is small in comparison to the cost

bommitted_during the early stages in the life-cycle.

11) As a result of the conclusion drawn in 10 abdve,it is
~ further concluded that emphasis needs to be placed on |

the development of a wider and deeper understanding of

the importance of setting speeifications to include as
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‘ tion of : ,
100% - %e% géigglogical % total cost ' - .
practices found in committed , T
] uge by industry “”",ﬁf,a—"' B
% total cost
] incurred
life~cycle
coat |
50% T1% | 7% 54%
o "”f”’
3% | —
: . . , A~ !
: ' specify " design evaluate procure inatall conm, operate and maintain ' remove

—t—— Idfe~Cycle Phases e

Figure 5 - jAn Idealised Representation of Committed/Tneurred
Iife~-Cycle Cost showing the Overall % Application of
Terotechnological Practice Tound during each Phase of the

Life-Cycle

* ) ' - -
This figure has been adapied from a_similar one proposed
oy Br;gggier General J.O?Arman_?74J. .
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‘many terotechnological features as justifiable in order

to pursue cost-effective life=-cycle costis.

This reseérchcohcludes that special emphasis should

be placed on the design of physical assets., In particular
the development of a wider and deeper understanding of
terotechnological aspects of design such aé those

suggested in Chapter 5, Table 1.

This research concludes that special emphasis should

' be placed on financial evaluation as an important and

. distinct phase in the life-cycle of a physidal asset,

14)

It was found that none 6f the companies surveyed had

heard of life-cycle costing. Further attention should

be given to this {echnique if the application of ... .
terotechnological practiCe is to improve and to be seen

‘4o be costeeffective.

This research conéludes that the level of application

of tefotechnological practice during the maintenance

phase was also at a low level when compared to the

other post-procurement phases. Yet maintenance is

| probably the greatest gbst incurring phase during an

assets life-cycle. Special .emphasis should be placed
on improving the application of terotechnological

practices during maintenance.
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15) This research concludes that on the ba51s of the

| flndings which are summarlsed in Table 20, over '

.the six companies surveyed in this work for all

. the phases in the lifchycle of plant the application

of terotechnological practices was found to increase
with increasing-mechanisation of the production |
system, The application of linear multiple regression
analysis indicated that there was an ovérall correlation
coefficient (r) of 0.976 between the average 1evel of |
productlon system mechanlsation and the overaJJ.percentage
of terotechnological practices found in each of the

- 8ix companies, This result gave é coefficient'of
determination (rz) of 0,955 . This suggests that 95%
of the variation between fhe~application-of
terotechnological practices and the mechanisation of
the production system couid be explained‘by a linear
relétionship between the two variables. Thé print -~ out
from the multiﬁle regreésion correlation package

{ MUIREG °) is given in Appendix 5 .,

15.4° Summary. '

This chapter has presented an overview of the work
~earried out in this section of the dissertation. The'
conclusions drawn,as'a result of the research carried out

into .the concept and practice of terotechnology,have been




SUMMARY OF THE FINDINGS OF THE RESEARCH

TABLE 20
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. INTO THE APPLICATION OF TEROTECENOLOGICAL PRACTICES
LIFE-CYCLE PHASE| THE NUMBER OF MECHANISATION INCREASTING«
. magmcmmosxcu THE No.OF PRACTICES IN USE o vfﬁfé
PRACTICES PROPOSED —OVES
BY THS MODEL 1% | THE % OP PRACTICES IN USE AVERAGE
CEAPTER 5 TABLE 1 [ D [ B[ C L AT 2 1 F | 1y psz
3.2 3.5 3-8 5-2 704 10-3 : :
SPECIFYING 15 263|179 |12
13% | 40% [ 20%| 47%| 60% | 80% 43%
DESIGNING .15 113|3135f[6 |11 ’
6% | 20% | 20% | 20% | 40% | 3% 30%
FINANCTAL 7. "1 |{3{2[2]|51{ s
EVALTATION 14514356 (28% | 28% | 7256 | T2% 43%
PROCURING 6 2t2i3131 4] 4
' 33%133%{50%| 506674 ] 6T% 50%
INSTALLING 11. 41518811 {13
363 45% | 72%{ 72%| 100 [100 %
COMMISSIONING * 14 715 {10 {10 |12 | 12
50X |36% | 7241 72% | 865 | 86% 67%
MAINTAYNING 16 5|56 7 (12115
‘ J1% )31 13T | 44% ) 75% | 94% 52%
REMOVING 11 41 4]|515]¢9 9
36K 36X |ama| 454 | 82% | 82% 54%
TOTAL NUMEER OF
PRACTICES PROPOSED 95 95 |95 |95 |95 }95 | 95
DURING THE LIFE-CICLE ‘
TOTAL NUMBER OF PRACTICES
FOUND IX USE IN EACH COMPANY 26 |33 |40 145 [68 { 719
THE OVERALL % OF PRACTICES .
FOUND IN USE IN EACH COMPANY 29%) 35% |42%] 47% | T2% ] 83%| - 51%
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stated., The next chapter examines other work which has

- been carried out in this field in order to establish if

any comparisons can be made between them and the conclusiems

drawn in this chapter,



CHAPTER 16
COMPARISONS WITH OTHER WORK

16.1 Introduction.

This chapter eiamines the comparisons which can_be
made with other research work thét hasAbeen‘pursued in
the area covered by the work presented in this dissertation.
| 'However;'it should be understood that to the aﬁthqfé
knowledge no directly comparéble research_has_ever.been
conducted, Therefore,ldirectly relevant compafisons cannot
bermade and the comparisons presented in this chapter -
are of a generalvnature only. | | |

16,2 Identification of Other Work,

~ No other résearch work has been identified which

- investigated the extent of application of teroteéhnological
practice in relation to the level of préduction system

- mechanisation, However, Bright (op.cit.) in 1954 carried
out research in the United States to examine the general
impact‘of automation on management within 13'manufacturing.

organisations.. In addition, between 1973 and 1975, the

' Small Business Centre of .the University of Aston carried

out a survey of companies emﬁloying less than 200‘peop1e.

The survey was conducted in order to determine

149
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the terotechnological practices adopted by small cbmpanies.

116 companies were surveyed and the findings of the work'l
wére published in March 1976,(42 ). In 1968 the
Ministry-of Technology commissioned P;A.Management
Consultants Limited to carry out a survey of maintenance
ﬁractices-in manufacturing industry. Some of the findingé
"~ of these tﬁreé works can be compared, but only in the
most generalIWay. The next section describes some of |

* the comparisons which can be made .with the findings of
~the researgh presented within this-dissértation;

16.3 Some Comparisons,

The first comparison_which can be drawn is with the
Aston Survey. The survey found that 53% of thé firms in
the sample used investment appraisal techniqués. In this
research 84% of the sample used'éuch techniques. The Aston
Survey found that 52% of the companies bought second-hand
plént. Ih.this survey only 17% were found to adopt this '_
practicé. The Aston Survey fouﬁd that 27% of the companies
Yisiféd used historical records to assist in plant -
purchasing decisions, whereas in this survey 3%% of the
companies used this‘préctice. '

Bright found‘that automation brought considerablg
planning problems during instailation and that manpower
planning,equipment plamming and task planning were all

: céfried out in detail. In this survey equipment planning
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was found in all companies, whilst task planning and

manpower planning were found only in companies C,A,E and F.
So that the more highly mechanised plants were found to
carry out more planning, Bright found also that considerable
use was made of the commissioning phase as a trainingr
tool. This practice was found ‘also in five of the companies
surveyed by this work,. |

Bright found that " no meaningful records " existed
torenable him to jﬁdge how routine maintenance was affected
by automation., However, in this study it was found that
routine maintenance.work was organised more férmally in
‘the more mechanised plants., For example job cards were used
and.maintenance was decentralised with groups of engineers
responsible for maintaining zohes or areas of plant.
_Aﬁtbmatic 1ﬁbrication systems were found in both studies.
Bright found that organised prevenfive,maintenance waé
stiongly advised by experienced maintainers of automated
plant. This was‘fouﬁd also in this survey in which the
three mqre'mechanised companies operated detailéd-*'
preventive mainténance systems. Bright'found also oﬁeE,
-company in his survéy-that had a separate housekeeping
orgahisatioﬁ.Coincidentally, onlylﬁne company(E) was‘fouﬁdj
to have a separate housekeeping department in thiS'survey._

Another interesting finding,which compares with this work,
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. was that Bright found decentralisation.of'the_maintenancé
. force wés a desirable feature inéautomated plants, This
was aléo noticeable iﬁ'this'work} All the cdmpanies
in.the survey, excepf D and B,used decentralised
maihtéﬁance organisations. Bright comments on the
'rising level of automaticity by saying that " there is

a strongreconomic spur to raise activitiesAgff lévels:
i,2_and 3 ", He goeé on to say " But iﬁhmany béses.there

."is'literally neither necessity nor economic advantage in
.achieving mechanisation abpve;séy.level_G,with an occasional.. ;
lﬁse'of levels 8,9'and 10 where heeded."'This.conclﬁsion‘
‘may well be the one which.ﬁost dates the findingslof.

- Bright's work. As can be séen from Table 21, the average
.level of production system mechanisation observed in the
- seven mechaﬁisation»profiles given in.Chépter 4 of his
*béok_show_that they ranged from 3.5 up to 6.8. Whereas,
.in this survey the range was from 3.2 up tof10;3 despite
the fact that most of the companies in this‘Survey were
~ much smaller than those in Bright's survey. Certainlj,

x-.the management of companieé C,E and F saw no halt in the

desire to increase the mechanisation of their production

' fsjstems still further. However, it.was noticeable that
- the management.of §ompanies B aﬁd D‘could‘see no incentive 

 for further increasing the mechanisation of their

..productioh gystems, This leads to thelﬁropositioﬁ that it

could be a function of size and management attitudes towards.




COMPARTSONS EETYWEEN AVERAGE

TABLE 21

LEVELS -OF PRODUCTION SYSTEM MECHANISATION
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BRIGAT SURVEY(1954-55) HARVEY SURVEY(1975-76)
company Everage level of | company average level of
production production
mechanisation mechanisation
| Burton 011
Seals 3 5 D 3 92
Rubberfoam 4.2 3.5
Ovenflow 4.6
Growmore 4.6 ¢ 3.8
Queens - - -
Moters 4.7 5.2
Ford Motor
Conpany . 6.1 E T.4
- Northland 01l
Refinery 6.8 2 10,3
Range 3.5 %0 6.8 3.2 to 10.3
Overall Average 4.9 5.6

1Comnuted rrom the mechanisation proﬁles glven in

exhibits 4,3 ¢

4,10 cha.pter 4
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the plant which could affect the desire to increase

the mechanisation of production.

Another note-worthy comparison between this work and
the findings of Bright are the conclusions he draws
regarding the need for integrated organisational systems.
. Bright states:-

....‘under automation it becomes a job of management
‘to create superior teamwork,Automation is literally
integration of the physical plant, Its counterpart
for management is integration of the organisation.
The plant and its people may no longer be unrelated
-elements,each proceeding with little regard to the
- others actions. An effective automation design team
that knits together the requirements,plans and
adaptations of marketing, sales, product design,
process design, purchasing and manufacturing ps=sen
personnel to the total business goals is the first
management step towards successful automation.
(Bright,ibid,page 234)
It was found in this survey that companies E and F
pald particular attention to the integnation of their
'drganisation structures when setting up plant projects.
In company E project teams consisted of marketing,
- product research and development, process development,
project engineering, design engineering, industrial
engineering, maintenance'engineering, production
management and other specialist disciplines as were
considered necessary by the project manager. In company
F new plant'project teams were designed also to fulfil
the needs of an infegrated approach to the consideration

of new proposals, They consisted of accounting, production,
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personnel, safety, site engineering, maintenance,
' prbgress and inspection, electrical engineering, désign
engineering, process coﬁtrol, planning, installations, -
and many other support functions . This form of
organisational integration was not found in any of the
- other companies with much lower levels of mechanisation,
 The need for a terotechnological approach to the
managemenf of plant is highlighted also by Bright when
he concludes:- . | S
Managers must become "machine designers". ... No
longer can management simply "run" the plant to
. make whatever it is selling., Now management must
decide well in advance exactly what it wants to
make,how much it wants to make,at what rate it is
to be made and over what perlod This is a far cry
from traditional practice ... Therefore, an
extremely careful planning job, which means laying
down a clear set of requirements of input, output
and operating characteristics for the supermachine

must be done. Only management can do this.
(Bright,ibid,page 234)

Thls conclusion must be as true in 1978 as it was iﬂ
1955. The importance of planning and determining the
detailed characteristics of the production system are
central to the terotechnologiéal-approach to the life-
cycle management of physical assets., Bright makes  .

' a further comment on the need for térotechnological
characteristics in the management of plant when he

- concludes:-~

Managemeﬁt must provide the "feedback" from market

to supermachine,from technological frontiers to the
plant. ... Once management has collected data and
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identified trends,it must make a realistic and
hard~boiled decision about scrapping or changing
the supermachine.How can management do this
sensing,balancing,data~relating and interpreting
job ? The complexities of the relationships are
so much greater and more significant under

- automation: that all facets of the organisation -
must be intimately conscious of what is happening
in other parts of the business, :
(Bright,ibid,page 234)

It could be argued that Bright was suggestihg that
' what is needed to cope with automation is a --

terotechnological approach to plant management although a

: of course the concept did not exist at the time he J

'carrled out his work.

Returning to some of thé findings'of the Aston
survey, it found that 24% qf companies carried out |
regular lubrication of plant, In this survey-100%‘df -
the companies adopted this practice.{Regula: preventive
mainfenance'inspectién was found in-32% of the.iston'
survey aﬁd 50% of the companies in this survey. 86%
of the companies surveyed in the Aston study kept spare.
| parts, whereas all the compaﬁies in this sﬁrvey were found
to hold_stocks of spares, Overhauls were carried_out_
in 22%.of the Aston survey and 100% in this survey. In
the Aston survey 23% of companies had records of machine
breakdowns whereas 33% of companies in this survey kept
such records., Only 11% of the companies in the Aston
survey had heard of terotechnology wﬁereas 50% of the

companies in this survey had done so.
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The P.A. Management Consultantt!s report(op.cit.)

- found that 41% of the respondents used budgetary'control
e“in~ﬁaintenance whereas in'thiS'study‘GT%“of“fhe companies”
adopted this practice. The P.A, study found that on
. average,throughout manufacturing industry,7% of all
emplojees were employed‘on'maintenance work? In this
study the overall average for all six companies was 10%,
It must be clearly stated again. that the comparisons
that have been made in this dhapfer are formulafed ini |
the most general way because as was stated at the
intreduction to this chapter'no_directly comparable work
_ has ever been conducted. | |
Having reiterated -the 1iﬁitations on these comparisons,
some general statements can be postulated regarding the
application of terotechnology and its‘relationship to
mechanisatien,based on the comparisons of the four
studies noted in this chapter.
1), It would appear that iﬁ comparison to the findings
ef the Aston survey in 1973 to 1975 and the P.A;
survey in 1968, thaf terotechnoiogical.practices
are applied to a greater extent than these surveys
might suggest%
2}, Based on the findings of the Aston survey into
companies employing up te 200 peeple it could be
‘suggested that the enhanced levels of practlce

T

\-

* This conclusion was seen to
be doubtful in the eyes of
the thesis examiners \
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found to be in use in the six companies surveyed

by this research existed for reasons other than
simply'the nmechanisation of.the production system. -
(For example,size,management attitudes and so on)
3). More than twenty years ago companies in the U.S.A.
were approaching the challenge of managing , cc.-
production systems with ever increaSLng levels of
mechanisation by adoptlng what are now describéd
as terotechnological practices,
4). If the management of a comcany are considering
| further mechanisation then they'would be strongly
advised to consider a terotechnological approach if
. their move towards increaeed mechanisation is to be

successful.,

16.4 Summary.

This chapter has presented'some comparieons with
other work that has been carried out in the fleld of
terotechnology and automation. It has been p01nted out
that the connection between the three studies mentioned |
and this work is very loose and that the comparlscne
are made in a most general way. The ccmparlscns have
not enabhled any‘definitive validation of the findings of
the work presented in the fofegoing.chapters of this
dissertation buf ne%ertheless were interesting to note,

This chapter concludes the work on the concept and

practlce of terotechnology. Part 2. follcws this chapter.



This deals with the concept and practice of life-cycle
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costing,a technique which is central to the development

and application of a terotechnological approach to

physical asset management.



PART 2

LIFE-CYCLE COSTING




CHAPTER 17

LIFE~-CYCLE COSTING~AN OVERVIEW

17.1 Introduction.

This chapter presents on overview of the techniqué
of life-cycle éosting. It states the definition of a
lifé-cycle‘cost and it reviews the_litérature in order
'folestablish the Historicél development'bf the technique
on an international basis. In addition, the literature
is examined in order to esfablish-what benefits and
limitations have been associated with the applibatioh
of life-cycle costing to the economic evaluation of
engineered systems, | |

17 2 The Definition,

Several authors have chosen to place sllghtly
different 1nterpretatlons on the definition of a life- ‘
cycle cost. For example, Kaufman( 43 ), Ebenfelt and Ogreni44),
white and Oswald(45),Murden(46) and-Brode(47). However,
the majority of writers have chosen to adopt the definition
éiven'by the Logisticeranagemenf Institute of the U,S.A,
It is the total cost of ownership of ‘a system during
its operational life,It embraces all the costs
agsociated with the feasibility studies,research,
development,design and production, and all support
training and operating costs generated by acquisition

of the equipment, (Life-Cycle Costing in Equipment
 Procurement,IMI,April 1965)

. 160
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Within the United Kingdom some writers have chosen

to use the definition offered by the Departmeﬁt of Induatry.
This is stated as follows:i~

It includes the costs associated with acquiring,
using, caring for and disposing of physical assets,
including the feasibility studies, research, design,

" development, production, maintenance, replacement
and disposal, as well as support, training and
operating costs génerated by the acquisition, use,
maintenance and replacement of permanent physical
assets. (Terotechnology-An Introduction. to_the
Management of Phy31ca1 Resources,Dept,of Industry,
1975,page 3.)

It is this definition which has been adcpted throughout
this dissertation, '

17.3 The Historical Development,

The origin of the life-cycle costing (ILCC) technique
" can be traced back to the early 1960's, At this time the
United States!' Department of Defense became concerned
about the implications for cn—going expenditure incurred
by the government if it contlnued to award contracts on
a'the ba31s of lowest purchase price only. As a result of
“this concern, in 1963 the then Assistant Secretary for
Defense(Installations and Logistics) contracted'the
'Logistics Management Institute (LMI)_of the U.S,.A. to
investigate the consequences and‘feasibiiity of a change
in procurement policy from the use of the'low-bid! to a
policy which took account of the on-goiné.costs of

owhershi? and their impact on government expenditure,
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1965 (48 ). The report stated that " operating and support

costs were often a substantial part of the total cost of
a piece of equipment over its expected life". The report

found that, " those operatingrand support costs, as well
as the.purchase price, can fary significantly among
various suppliers.™ The report concluded that techniques
could be devised to allow the gofernment to prediét and
measure operating and support costs to a degree that
 would allow their use in e#aluating alternative
'procurements. | |

On the 10th July 1965, the Assistant Secretary for

" Defense issued a memorandum to his assistant secretaries

of the military departments, The memorandum stated that:-

It is important that we develop an improved -
. capability to identify and evaluate logistics
costs,other than price,in awarding contracts for
“equipment, There is general agreement that a well
organised approach should be undertaken
'particularly to. ensure communication of information
and experience between organisational elements
in the departments engaged in this work.Co-ordination
with industry is desirable especially to familiarise
“defense contractors with the general concept and
our intentions to develop procedures to exploit it..
(taken from Peratino,G.S,,Air Force Approach to
Life-Cycle Costing, Procs 1968 Reliability Symposium
Boston,Mass, Jan,16-18th.1968,)

In addition,thg Secretary proposed the setting up of a
‘Department of Defense life-cycle costing steering grbup
together with several life-cycle costing task groups,

The task groups were composed of representatives from

-
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procurement, englneering, maintenance, supply and
training, As the work of the task groups continued 1t
became evident that the role of engineering pe:sonnel‘
was critical, In a letter dated the 4th,June 1966, to -
the Director of Defense‘Research and Engineéring(ODDR&E),
the Assistant Secretary of Defense(Installations and :
Loglstics) (49) .stated:- .

It is clear ... much of the 1n1t1at1ve for employlng
this concept [life-cycle costing] rests with
personnel representing engineering, In fact, it is
likely that criteria for evaluation of loglstics
factors should be written into equipment
gspecifications.

(taken from L.C.C. in Equlpment Procurement LMI.,
Feb,1967,page 8)

' The Director of Defense Research and Engineering replied:=

I believe there is considerable promise in the .
concept of life-cycle costing in eQuipment
rocurement and that partlcipatlon ig desirable,
%1bid,page 8)

At this time doubts still existed about the compatibillty
of financial procedures to the application of life-cycle
costing., However, on the 30th.June 1966 the Assistant
Sécretary for Defense(Comptroller) saids:=-

Iife~cycle costing ... is certainly a concept that
should be fully exploited in the interest of
providing for more complete evaluations of the
economic impact of defense programs before they
are approved for programming and execution, I do
not forsee that our current program/budget
procedures should interfere with the execution

of decisions reached as the result of application
of life~cycle costing analyses ...

(ibid.page 9)
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Peratino.( 50 ) , has suggested that the level of
. acceptance gained by the Department of Defense's
efforts to promote life-cycle costing can-be judged
from a statement issued by the Deputy Assistant
Secretary of Defense(Procurement), on the 21st,June 1966,
The sfatement reads:- |
The ccncept of life-cycle costing in equipment
procurement has the endorsement of top level
Department of Defense management, Some of our
defense contractors and many representatives
of Department of Defense technical disciplines
have urged this course of action for some time
«es The logic of this concept is so compelling
that we intend to make whatever investment is

necessary to exploit it to the fullest possible
extent, (ibid).

Following these initiatives the Déparfﬁent of pefense'
conducted several tridl procurements and from this
 experience an initial life-cycle costing policy evolﬁed.

| Several examples of the application of 1ife-cyci§
costing to equipment procurements were performed by each
of the armed forces, For example, Sternlight( 51 ) has
descfibed the application of LCC to the design and economic
analysis of. a Fast Deployment Logistics Ship. However,
Pedrick( 52 ) has suggested that the progress:made‘in the
use of reliability and maintainability analysis had been
disappointing. He suggests that at this time most of the
emphgsis was placed-on inventory mangement costs and on‘.

estimating the useful life of non-repairable equipment,.
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Further work was carried out by the Department of

' Defense and in 1970 an interim report was issued( 53 ).
This guide represented the first attempt to establish
- procedures for employing the ICC concept to military
procurenents, The gﬁide gtated that:-
Implementation of life-cycle costing involves the
application of knowledge from a broad range..of .
disciplines. ... Included in the assigned re5pon51b11ty
shoild be the effective utilisation of personnel
operating in teams, who collectively possess the
materiel management, engineering, cost analysis,
procurement and legal expertise needed in the
~execution of life-cycle costing procurements...e.
(Department of Defense Guide,ICC 1,July 1970,
page 1.)
Since the publication of this- procedural guide 11fe-cycle
costing has become a common evaluation technigue within
the United States Armed Forces., For examplé, Boren(54),
Fiorello( 55 ), Nelson( 56 ), Balaban and Nomer( 57 ),
Brode (58),, Dixon and Anderson( 59 ), Duhan and Catlin .
(60), Fagan(61), Fiorello and Konoske-Dey( 62 ), .
Fragola and Spahn( 63 ), Gansler( 64 ), Giordano and Sacks
(65), Haxrty( 66), Langwost( 67 ), Rush et al(68),
Sadler( 69); Stehle et al(70) and Watts( 71 ) all describe
_ the appllcation of LCC -to the evaluation of military
_systems.
| From the llterature it is clear that the Swedish
- government have also used lifencycle costing, For example,
Ebenfelt and Ogren( 72), Ebenfelt and Waak( 73 ), Arman
(74) ,,and Dahlberg and Westlund(75 ) all describe the

application of life-cycle costing to Swedish military
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systems,

. In the Unitedkingdom, the originsg of life-cyéie
;costing stem from work carried out by tﬁe'admiraliy'd'i
department1in late 1967..At thig time fhe admiralty
were becoming increasingly concerned with_thelimpact -
 that on-going costs of operating and 1ogisfics support
were making on the total costs of vessels in the
operational fleet, In addition, it was reéognised thaﬁ
'some}vessels were suffering from down-time of unaccepiable
proportions. Hence, in 1ate11967 a'working_party of four
'admiraltylgtaff( three engineers and one accountant )
- was set-up to investigafe ways of,réduéing expenditure
incurred as a result of the on-going operation and
support of the fleet. The woiking party analysed
maintenance costs, loglstics costs, reliability and
'maintainability charactéristics and S0 on.
o Further work continued in the late 1960's and early
1970's within what is now termed the Navy bepértment;
In approximately 1971 the Army and Air Force began to
take an interest in the use of life-cycle costing, In the
same year the Managémeht and Technical Information Serviced
" (MANTIS) department of the Procurement Executivélset—up |
a working pafty to develop a procedural guide to the use.
of life-cycle costing in the Miﬁistry'éf Defence., In 1974
they produced a guide entitled " Defence Life-Cycle
Costing-Introdﬁctiohjand Guide"( 76 ), In 1973 the Army
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commissioned a firm of consultants to investigate the

feasibility of using life=-cycle costing on army équipment,
In 1973 the Air Force eétablished 2 woiking party which -
riooked at the use of trade~off anaiyses, particuiarly

for aero-engine performance against cost characteristics.
In December 1975 the Navy Department produced a report
outliﬁing the procedure for application of ICC to .
naval equipment, Other wérk,.parficulérly in tﬁéAfieldQ

-of parametric cost estimating, trade~off and simulation

ﬁork is being carried out by the Defence Operational
Analysis Department. In 1977 three case sfudies were
presented at a conference in TLondon in.which members
of the Procurement Executive gave detailed accbunts of
the work.that has been pursued by them,{ 777,

In 1976 the Department of Industry set-up a life~
'cycle costing working party with the task of prdmoting
the general level of awarenéés and encouraging.application
of life=-cycle cosfing withiﬁ manufacturiﬁg industry
Vgenerélly. The working pafty qoﬁmiséiongd a firm of
consultants to produce an accouﬁtanté.gﬁiaé to life~
cycle costing and this was published in 1977 ( 718).

The concept of terotechnology allied to life-cycle
.costing;as a means of econoﬁic evaluatioﬁ for manufactufing

plant, has received more and more interest from industry,
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The author has held discﬁssions with several senior

,manaéers in manufacturing industry including Hart 3,

- Clarke4 , Sharrock® , Powell® , Moss7 , Sadler® , Riddell? ,
Hodgkinsonl1, Blunnl12, Davies13, Darnelll4 .and Penwickl5 .
These discussibns have indicated that.fhere'is considerable
interest in ?esting'the feasibility of life-cycle cosfing._
waever,,they all have one .problem whiéh is tending t07 ‘ |

- prevent impleﬁentation, That_ié;'no proceduial ﬁodel has -
been developed to enable indusiry to pick-up the technique .
and understand how to proceed with its application, However,
Lopinion.anthe Value of the technique does seem to have

flincreased.,,with many manufacturing organisations
expressing interest in the technique, research being
conducted and the 1itefature 5ecoming more expansive, In
1971 the 2nd.Internafiona1 Conference on.Lifé-Cycle Costing
was held in Tondon and early in'1978 the third conference
was held in the Netherlands, Arman(op.cit.) expressed

.the'curreﬁt'situation well in his paper and hié figure is'
reproduced in Pigure 6 ;'The figure attempts to illustrate
the inifial extreme fluctuations when a new technique is
introduced and as time passes the level of opinion settles
down to a sfeadj state, Arman is_suggesting that iﬁu1978‘
the technique has reached a stage where it is regarded as

 a useful tool for apﬁlication in many cases.
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- OPINION ON A NEW TECHNIQUE

OPINION ON THE
NEW TECHNIQUE
. QFLCe

THE LCC-TECHNIQUE
WILL SOLVE ALL
[_ OUR PROBLEMS

[}

THE LCC-TECHNIQUE IS

A USEFUL TOOL IN MANY
" CASES -

THE LCC-TECHNIQUE
WOULDN'T SOLVE ANYTHING

) 1 T

68 10 77 TIME

IHE FLUCTUATION OF OPINION ON LIFE-CYCLE -
' COSTING

Figu_re 6 .

(taken from Arman,J.0,(74))
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17.4 The Benefits from Application.

The application of life-cycle costing could produce
many désirable benefits to industry, However, little work
has been carried out to establish what those benefits
-are in relation fo the application of life-cycle costing
as an economic evaluation technique for manufacturing
planf and equipment. The literature expounding thé
benefits which have accrued to the military sector is
considerable. In this.section those benefits,which the
author‘ perceives as being relevant to manufacturing
_industry,are brought together from the wide ranging
'military oriehtated literature,

Peace( 73) says of life-cycle costing "it is a
valuable tool in all phases of program development and
operations ... and it has the highest pay-off early in
the Program“; Kaufman(opeit)who is one of the few writers.
to have examined the application of ILCC to manufacturing
plant says " life-cycle costing reinforces the point
that profits.are maximised by minimising overall or
life~-cycle bbsts and not just initial cosfs".

McCulloﬁgh( 80) says "The use of life-cycle costing |
highlights the distinctions that can be made in the
allocation of resoﬁrces ovér the lifeécycle of'thé ésseﬁ".
Earles( 81) suggests that life-cycle costlng can be used '
as four things "... a costing discipline, a procurement

technique, an acquisition con91deratlon and a design
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trade-off tool", Ryan( 82 ) says, "The objective of

| ICcc procurementlis to avoid the so called “iow~bid
fallacy". Ryan goes on to state," ICC reprgsents a
moie scientific approach to the source selection process
thaﬁ those predicated upon acquisition price alone,"
- Bryson( 83 ) says that " designing to life-cycle cost
brings.improved management," Harrison 034) says, "ICC
is a valuable tool in reducing support costs",

More detailed anaiyses 6f the value of 1ife-cycie

| costing are found in work by Sternlight,(op.cif),i
Ebenfelt(85) and the Iogistics Mé.nagement Ihstitute.
For example;Ebenfelt states:=

Life-cycle costing has three roles; the first
~in budgeting and planning, the second in
communicating priorities and the third as a
“basis to support trade-offs. The life-cycle
¢osting technique is a trademark implying
-that a decision has, been supported by relevant
-user orientated utility and cost concepts.
{Ebenfelit,H.2nd,Int,Conf,on Design-to-Cost-
Tife-Cycle Cost,London,1977,pages 94-95)

\The Logiétics Management Institute (op.¢1t,)5ays-of
lifé-cycle costings:- |

Life-Cycle Costing ... encourages a more . . -

- advantageous distribution of technical effort
among ... equipment design, support equipment
design and operation and support precepts.
Since LCC award criteria are more comprehensive
than acquisition cost criterion, a better

. balance of ... innovative effort should result,
(Life-Cycle Costing in Equipment Procurement-
Supplemental Report,Task 66-3,IMI,Washington
D.C.,Feb,1967) ,
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Perhaps the most comprehensive analysis of the value ,

of life~cycle costing has come from Sternlight(op.cit.)

He describes, in detail, the way in which life-cycle

costing was of value to the design and economic evaluation
of the Past Deployment Logistic Ship project.Because his
analysis is so detailed and central to arguments for
encouragiﬁg the use of life-cyp}e costing within_
manufacturing'industry,twd long quotétions are inclﬁded
here for completeness of this section;Sternlight states:~

As a result of the complete,coherent application
of life«cycle cost analysis as an engineering
decision making tool from system to component
a step-by-step economic justification of the
entire system and the rationale for its selection
existg, It is possible to see how decisions at

- any stage affect and are affected by previous and
subsequent decisions, It is also possible to
explore the decision.chain . when_changes to the
system are contemplated in order to provide an
efficient method for the analysis of the
economic affect of these changes, (Sternlight,D,
Fast Deployment Logistica Ship Project: Economic
Design and Decision Technique, NRIQ,Vol.17 1970,
pages 374-375)

' When summarising the application of life-cycle costing
0o this project Sternlight goes on to say:- |

The benefits from life-cycle cost and econonic
analysis integrated into major physical system
- planning and design are so significant that we
have adopted these same techniques for many
other systems which are currently under in-house
.8tudy and design ... The technique of formally
applied,integrated life-cycle cost analysis is
being applled «ssfrom the design of resistors to
that of major systems, substantial savings are
possible in overall life-cycle costs.At the same time
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more reliable, more maintainable systems will be
produced, with the higher invesiment costs fully
justified by the reduction in total life-cycle
costs., To assure these benefits, contractors
must rise to the responsibility of developing
data bases on their products! costs and
performance,.(ibid,page 387)
The benefits then are. thought to be considerable, if
it is possible to transfer experience from the milifary
sector of industry to manufacturing industry in general;
However, several problems exist with respect to
establishing the technique withln manufacturing industry.
It is suggested. that the first requirement in order to
commence the‘application of life<cycle costing should be to
develop a procedural methodoleogy. Indeed this was the
first step taken by both the United States Department
of Defense and the British Ministry of Defence. To the
author's Imowledge no procedural model exists to
facilitate the wider dissemination and application of
the technique at the time of writing. It is the objective
of later chapters to attempt to develop such a model.

17.5 The Problems and Limitations of Application,

- The first problem,which was highlighted above,is

the lack of any procedural model at-the present time,

"Another problem associated with attempting to apply the

LCC technique in manufacturing industry is that not
enough is yet known about the actual mechanics of

performing a 1ife-cycle costing analysis, For exaumple,
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is ICC performed by engineers or aécountants or are

1cC analysts required who are specially trained? Is
inflation included in the analyses? Is discounting -
included? Aie computers required? What combinations

of knowledge and experﬁence are desirable?. What
maqagement and organisational implications stem from

the use of life-cycle costing?. What limitations do

| éxperienced practitioners see in the aﬁﬁlication of

.fhé technique ? and_so'on. Before any meaningful detailed
analysis of the technique cén'begin,it was considered
lnecessary-to seek answers to these fundamental questions,
Therefore a survey of experienced practitioners was
conducted and this work is described in-detail in

the next chapter, |

17.6 Summary,

This chapter has presented aﬁ overview of the
the.fechnique of life-cycle costing. The definifions used
in the U.S.A and the U,K, have been stated. The historical
development of the technique has been established and the
advantages and limitations that can be associated w1th
the application of the technique within manufacturing .

1ndustry_have been stated. The next chapter presents the
| research design,objectives,survey response and the findings_
of fhe field researéh conducted in order to provide some‘

base of fundamental information so that a procedural model

can then be designed,
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8 s determined affer a visit to the Procurement
"Bt yes.ogberpies o the ¥ |

2This was determined after a further visit to the

Procurement Executive in which the manager of MANTIS
was interviewed, -

3Discussions held with Mr.J.Hart,Manager Maintenance and
Operations Division Greater_London Council.

4Discussions with Mr,D,Clarke ,Manager,Vehicle Maintenance
Costving,National Bus ompany.

5£iscussion with Mr, G.Sharrock, Chief Bngineer Pearl
ssurance Compeny. -

| 6Dlscussions with Mr.Powell,Chief Development Engineer,
Pedlgree Petfoods Limited,

Tpiscussions with Mr,R,Moss Manager Systems Rellabillty
Service Data Bank,UKAEA,

Discussions with Mr.J,Sadler, Head of Engineering Economlcs, '
British Steel Corporation,

9Dlscu351ons with Mr.H,Riddell, Maintenance Advlser,

ICI Organics Division, Manchester.

" Discussions with Mr,A.Hodgkinson, Plant Serv;ces Manager,'
Pedlgree Petfoods Limited,

11 | : | |
Discussions with Mr,M,Blunn, Manager,Value Engineering,

Pilkingtons Glass Limited. - _

. 12D180u8810n3 ‘with Mr,.D,Davies, Chlef Malntenance Engineer, -

Pilkingtons Glass Limited,

V3 piscussions with Mr;H.Darnell, Director of Engineering,

British Steel Corporation .

Discussions with Mr.Fenwick, Productlon Manager,
Perodo Iimited,




CHAPTER 18

LIFE~-CYCLE COSTING:
ESTABLISHING SOME FUNDAMENTAL PRECEPTS

18.1 Introduction.

This chapter presents the field reséarch design,
‘objectives and findings, The fieié“reSearch into the practice
of life-cycle costing was carried out in order ‘to establish .
answers to:impbrtant questions régarding somelof the
fundamental aspects of life-cyclercbsting. Some of thése_
questions were listed in Chapter 17; It was considered

| 'essentia1 to attempt to establish a base of fundamental
~ knowledge before any realistic attempt could be made to
design a procedura; model of the“life-cycle5costing‘process.

18.2 Research Objectives,

The field research was designéd wifh the following
four areas of concerﬂ‘in mind, The:research objectives
were to determine:- |
 1)What qualifications and experience are sought of

personnel employed“on life-cycle costing analyses?

2)What quantitative and accounting'techniques are
utilised within life-cycle costing. analyses?

3)What_management and organisational considerations -

stem from the application of life-cycle costing?

176
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4)What limitations and other important issues

do existing practitioners associate with the
use of life-cycle costing?

18.3 Research Design.

This research was intended to seek the views of
experienced practitioners in life-cycle costing. The
literature showed that the vast majority of experienced
professionals were located iﬁ the United Stafes and Sweden,
Consequeﬁtly, a postal questionnaire survey was considered
the most approﬁriate method to adopt; Analyéis of'thé.writers '
who had published paperé in 1975 and 1976 showed that
twenty eight had done sb and given a correspondence address,
It was felt that to send a questionnaire to writers who
had pub1ished earlier fhan 1975 would probably result in
a lot of returns as "address unknown" and would be a waste

of time and resources.

18,31 Questionnaire Design;
The questionnaife was designed fo cover the four
- objectives stated earlier, It includéd both open and closed
questions., Thirty seven questions were asked and thé
guestionnaire can be foﬁnd in Appendix 6 , To infroduce'
“the research an introductory letter was enclosed fogether
| with an international reply coupon énd self éddreésed

envelope. .
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The twentiy eight companies selected were all located

in Sweden or the United States. The response pattern is

given in Table 22 below. Table 23 gives details of the

respondents,
TARLE 22
RESPONSE PATTERN
UNITED STATES | SWEDEN | TOTALS

QUESTIONNAIRES = 22 .. 6 28

POSTED
- RESPONSE 7 1 8
RETURNED ADDRESS 1 (1)

UNKNOWN
| RESPONSE RATE 30%

~As cah be seen from the table a total of eight completed

‘questionnaires were returned,giving a 30% response rate.

18.%3 TLimitations of Results.

The following limitations on the findings of the postal

survey are recognised:- .

1} The sample was very small,

2) The experieﬁce. of the respondents is very specialised

and there may be limitations on the degree to which

their experiences are applicable tb.the use of life-.

cycle costing as an economic evaluation technigue

- for manmufacturing plant.
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TABLE 23
DETAILS OF RESPONDENTS

RESPONDENT NAME/COMPANY/COUNTRY

ORGANISAE;OH
CCIE

R.A.Eberhard

_.Chief Technoiogy Engineer,

Operations Analysis,
Mc Donnell Aircraft
U.S.A,

Staff Engineer,
T.5.A,
(asked 'to remain anonymous})

S.,0.Nilssoen,

Manager,Reliability Group,
Sweden,

(asked for company to
remalin anonymous

D.R.Earles,

Manager of Life~Cycle
Analysis,

Raytheon Company,
T.S.4,

Director of Support
Technology,

T.S.4.

(asked to remain anonymous)

J.H.Witt

Principai Engineer,

ARINC Research Corporation,
U.S.4.

D.D.Gregor,

Manager System Support,
Yorthrop Corporation,
U.S.A,

H.A,Brode,

Coat Analyst,

Hughes Aircraft Company,
U.S.A.

Used to refer to each respondent within the text.

179




180

3)There may be misunderstandings with language used

in the questionnaire and.in the replies.

- 4}A1]--the respondents-ﬁorkedfforvery large international
organisations with considerable resources at their -
disposal. Hence,some of the‘replies may exaggerate
the degree of depth or breadth actually necessary

- to adopt the practice at a minimum level of sophistication;
Despite these inherent limitations on the findings of the
'survey,thé resultSf~give-some:interesting“insightS'into
- the fundamental kmowledge and skills required in-order to
adoptrthe life-=cycle costing'technique. The findings of'the
survey are given in the next section,

18.4 Survey Findings.

. The fihdings of the survey are'divided‘into four
groups under the same headings as the objectives Were
sﬁated. That is,the survey findings are presented below
‘under (1) Qualifications and Experience,(2) Quantitative
and Accounting Technigues, (3) Ménagement and Organisational
__Cbnsiderations and (4) Limitations and Other Important Issues,-

. 18,41 Qualifications and Experience.

Four questions weie ésked in fhis sectioﬁ dealing with
“academic Qualifications,industrial-exPerience,the ideal
combination of knowledge and skills and at‘what academic
level did respondents think that life-cycle costing should

be introduced,
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Academic Qualifications. Respondent G required a

Bachelor of Science degree in maths.,physics or engineering.
L_ Respondent H stated," an engineering degree with a masters
in business is desirable but not mandatory .". Respondent I
| did not specify any-qualificatioﬁs and respondent J required
‘ tindustrial engineering", Respondent K required a " good
engineering background™” and respondent M regquired"advanced
degrees in economics,accounting,business administration or
_ . equivalent", Respondent L replied,"stéff eee generally have
.engineering,mathematics or operations research backgrounds',
Respondent N replied simply,” a university degree ", From
| these findings it would appear that the most frequently
| required qualification is é'degree in engineering with
.;additional gualifications in econdmics,business,operational
research and accounting being generally désirable.

Industrial Bxperience, Respondent G replied that experignce‘,

is'required in "design,maintenance enginegring and'reliability"ﬁ
Réspondeﬁt H stated,” design,gofeinment requireﬁents,and

cost estimating". Respondent I replied," knowledge of product
cqst,ménufacturing cost and calculating principles,

knowiedge oflproduct users cost principles,specific knowledgé_
of maintenaﬁce costs and reléted subjects", Respondent J
required experience ih‘"‘designréngineering,product assurance

" and support engineering", Respondent K stated that "military
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systems experience"™ was required.and .experience in cost

~

anaiysis was required by respondent'M. Respondent'L required

- "general knowledge of DoD procedures,procurenent,costing—

categories and operating aﬁd-support philosophies",

Respondent N required "experience in the use of computer

. programs and ability-to'work with systems engineers",

From these findings it would appear that experience in

design engineering,cost estimating,maintenance engineering,

- and computing would.be most relevant to the needs of the

life-cycle costing analyst,
The Ideal Combination of Knowledge and Skills,Respondent.

¢ replied that the following would be ideal:-

1. Familiarity with system design and function,

2. Experience with system operational characteristics,

3. Knowledge of customer’s planned utilisation of system.

4, Experience in maintenance and reliability.

5. Manufacturing/production cost estimation and support
concepts,

6, Ability to explain LCC methodology and results to
the customer,

Respondent H gave the follow1ng reply.
The best combinatlon is an engineer with design and
test experience with either a lmowledge of cost
estimating or an interest therein, A "value engineer®
makes an excellent life-cycle cost analyst,

The respondent I suggested two alternatives, Firstly a

~ team consisting of:-

1. Leader- with an academic degree in technology
combined with knowledge of economics.,
2, Economist~ maybe with a bachelors degree,with
: practical experience of product use and
- knowledge of computer programming.
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3.Engineer~- with practical experience of maintaining
and using the products.
4, Englneer- with experience from production and or
design of the products.

The respondent suggested a second alternative in that
an individual ICC anai&st shpﬁld be "an engineer with
_séme.practical experience combined with knoweldge of
economics", Respondent J suggestedifaccounting and éngineering
) is.ideal“.and respondent K suggested, "engineers with_éome
operational research knowledge®™. Respondeht M suggested
that " an engineering degree and. advanced degree’in economics
?of'business administration ﬁith experience in computer
sciences and operation of systems.". Respondent I, suggested
that " a basic education in engineering or mathematics
and operational research is all that ié required" and ' o
~respondent N étated," an engineering background,or anyone
‘with an analyticel mind has the potential to be an LCC
| analySt.“ﬁ' o -
- From these replies the 'ideal! combination of
knowlédge-and experience can be summarised‘as engineéring
experiéncé,particularly design and maintenance,with |
knowledge of the prpduet and its operatibnal environment,
Further experienc¢ in economics,cost estimating and computing
~would also be desirable, A team of LCC analysts would also
provide a very comp?ehensive range of abilities and skills
if.tﬁe combination of disciplines suggested by respondent

T could be integrated effectively.
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At What Academic Level Should LCC be Taught? Respondents

G,H,I,J,M and N all repliedwthat-LCC-should be taught at
bachelors degree level. Respondent G commented ,"LCC should
be treated with more depth and the practical or engineering
aspects incorporated", Respondent H replied :-
The undergraduate must be exposed to LCC to be certain
that the student will consider systematically,all
parameters in decision making,once employed.,Students
naturally have a tendency to over emphasise their own
speciality. LCC tends to neutralise this tendency.
Respondent J suggested that " a general-ihtroduction-tO‘
the subject at undergraduate level work .., more specialised
sonsiderations at graduate level®, Respondent M replied
s that ﬁ'The introduction to the methodology should be at
an early level".and respondenf N replied,¥it may be
appropriate fO'introduce LCC as a concept as part of a -
bachelors degree in engineering or finance". However,
respohdent L suggested.that "T,CC should be taught on
post-experience short courses or as éart of an MBA".and
respondent K thought.that it should be taught at the masters!
'degree'level. From these'findings the majority view was
found to be that LCC should be introduced at bachelor degree
level and that‘it is‘imfortant that_exposure to the concepts
of life;sycle costing should be introduced as early as
: possible; in additios,the view was expressed that LCC could
fit also iﬁto masters and post-experience courses as

appropriate,




18.42 Quantitative and Accounting Techniques.

~application of various quantitative and accounting techniques .~
~ when performing life—eycle'costing analyses, The questionnaire

- covered the topics of post-completion euditing,.discoﬁnting,

'relatienships, cost-effectiveness enalysis;an@ trade-off

"analysis.'
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This section presents the findings relating to the

inflation, risk and sensitivity analysis, cost estimating

~Post Completion Auditing(PCA).Respondents G, Ly d , K&N did not

use PCA-in conjunction with life-cycle costing studies,

whereas respondents H,I and M were found to adopt PCA,. .
Respondent H applied_?CA analysie after 2 to 4 years of
an asset's life and respondent M.commented_fhat PCA was
applied"dufiﬁg a major portion of the asset's life",

: Discounting. Discounting was neﬁ used by respondehts:

N and G, Respondent I did not answer the question,

‘_'Respondentst,M,K;Jxand'H were all found to use discounting.

when performing'LCC analyses, The discount rate chosen at
the time of the survey was found to be between 7% and 10%.

Inflation. Allowance for inflation was included in

LCC analyses by respondents G,H,J,L,M,and N, It was not -

- included by respondents I and K. Respondent G stated -

that "all costs are inflated" and respondent H stated that

"labour and materials are inflated",Respondent K stated
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that "a general across~the-toard inflation factor was
used“ and respondent L commented that " generally inflation
is included at different rates‘for RDI&E, procurement,
labour, materials and construction Respondent M replied
that "an overall inflation factor was used of 10%" and

respondent N stated that "all cost elements are inflated",

Risk and Sensitivity Analysis, All respondénts;except
I were found to use risk and sensitivity amalysis in'
conjunction with life-cycle costing.studies.

Cost Estimating Relationships (CERS). A11 respondents

except T were found to apply cost.estimating relationships
within their LCC analyses., Respondent J stated, "all coste
are calculated using CERs" and respbndent-K replied that
%only R&D costs use CERs", In the case of respondent I
the reply was," CERs are used for acquisitibn costs,
and the prediction of MTBF_and MTTR which in turn are then
used in eupport cost eguations to predict future suppoit
costs", Hespondent M used CERs fdr tfuel coﬁsumption,
installation cests, equipment costs, spares costs;
support equipment costy and manpower reéuirements" and
regpondent N uscd CERs to calculate direct labour and
material costs,

The cost estimating relationships were generally

derived from nultiple linear regression analysis of
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historical data, In addition, where historical data -

did not exist,respondents stated that information and

estimates,derived by expertis in each field,wbuld be used.

Cost-Effectiveness Analysis, The use of cost-effectiveness
analysis in conjunction with LCC analysis was found to :
be used by all resppndents_except N. Typical'measures
of cost-effectiveness found to be used by the respondents
were :- T |

1)Cost to achieve a given level of effectiveness,
2)Cost per unit of reliability,
3)Cost per pound of péy-load.
4)Cost per risk unit, |
5)Cost per performance ﬁnit.
6)Relationship between on-going maintenance cost and
manufacturing cost,
7)Probability of survival.v production.cost.
8)Reliability v operating and support costs.
9)Availability v operating and support costs.
10)Availability v life~-cycle cost.
More respondents were found to use neasures 8,9 and 10

than any of the other more specialised ones,

Trade-Off Analyaes. ALl respondents except I were

found to apply trade-off analyses in conjunction with
life-cycle costing studies, Typical trade~-offs mentioned

by the respondents 2 the survey werec between the



foliowing .

1)Reliability and cost

2)Performance and production éost

3)Acquisition cost and operating and support costs

4)Cost and availability

5)Reliability and performence

G)MTBF and acquisition and support costs .

7)Acquisition costs and supp6ft costs

'8)Design costs and manufacturing costs o

9)What design will meet performance requirements ath

minimum éostg

»:Trade=offs were.carried'oﬁt using both manuai analysis,
as in the case of respéndents G,H,J and K,and ccmputer
based analysié,as in the casg of respondents M and N, .
Respondents G,H,J,K. and L used both manual and computer
based methods of analysis,
' Ffom’therfindings given in this section on dquantitative
and accounting techniques it has been found that mosit
respondents use discounting,inflation allownaces,risk
and sensitivity ahalyses,costrestimating relationships
and cost-effectivensss analysis. Only three respondents
were found to use posi~completion-auditing whereas most
respondents applied trade-~off analyses to their LCC

studies,

188 .
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18,43 Management and Organisational Considerations,

.This section presenfs the findings of the survey which
are related to some of the manééement ahdrorganisational
 considerations which should be recognised when adopfing
life-cycle costing. The sﬁrvey covered; the use of_cbmputers,
the use of ILCC as a contractual requirement, fhe'basis
used for decision‘making, the work performed by life=-
cycle costing analysis or staf%, the use of.data banks,

and organisational design;

Use of Computers, All respondents exéeﬁt I used . -
computers in order to perform LCC analyses, All of the
‘respondents had cqmputer systems which facilitated cost
summations and calculations., Some of the respondents
had also systems which allowed optimisation studics to
be carried out, A l |

ILCC as a Contractual Requirement, . . Respondents G,H,

I,K,L and M all required LCC analyses to be carried out,

as a contractual requirement,on a percentége of projects.
For respondent G it was 50%, for H 75%, for I less than

10%, for K 100%, for I 100% and for respondent M 50% of pro=-
jects  were requirsd to perform ICC énalyses as part of

the contract for the system under study.

The Basis for Decismion Making, It was thought that

it would be of interest to determine whether or not the
uge of life~cycle c¢o3ting determines the way in which

decisions are made regarding particular projectz. It was

B g 5 b by €Al b o1 par ek
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" found that when using life-cycle costing analyses
resPondents H,M and N used minimuﬁ life-cycie cost as the_'.
basis for determlning which system to. procure or
manufacture. Respondent G used maximum cost effectiveness
and respondent I stated that-each method was used in about
equal proportions depending on the project under study.
In addition, respondent L stated that many projects are
now using Design-to-Cost or Design-te-Llfe-Cycle Cost
(DTC and DTLCG) as a declslon making requlrement.

Work Performed by 1,60 Analysts and Staff, Respondents

G,H,J and M all replied that their ICC analysts worked
entirely on life-cycle costing projects., Respondent I
stated that in his organisation they are employed also
on reliability studies and follow-up work on maintenance
costs,Respondent K commented that his ICC staff work
also on systems engineering, whilst respondent I replied
that they were employed also on operations research
operations analysis and engineering amalyses projects,
In the case of respondent N the ICC analysts were also
employed on 5 year budget planning.

Use of Data Banks., All the respondents were found to

have.data banks of historical 1nformatlon. Tre data benke
were both computer and manually based, Respundents

'H and N use manual data banks onliy,whilst respondents
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G,I,J,K and L used both manual and compﬁter based

data banks., In all cases respohdents gstated that data
banks were updated regularly. -
Organlsation Design. In all cases life~cycle costing

staff were located in engineering organisations and
functions, In organisation G,the LCC staff reported to
the®Chief Technology Englneer-Operatlons Analaysis" and
in organisatlon H,the ILCC staff reported to the "Systems
Engineering Manager", In organisation I,LCC analysts
formed part of the "Product Planmning De?artmént“ and in
organisafion J,they were part of the “Industr;al_Engineefing
Department", In organisation X,ICC staff were part of
"Support Technology" an@ in organisation I,they were part
of "Project Engineering', In organisaﬁion N,they were
paft of-the cosf analysis staff reporting %o the'ﬁﬁssistant
Engineering ProgramrManager“. Each respondent was asked
to sketch the organisétion structure in which the life-
cycle costing staff were situated and these organisation .
structures are shown in Pigures 7 to 14 . ”

The flndlngs frow this section of the survey,indicate
that in the magoritv of cases computers were used to
. perform LCC analyse:z and all respondents utlllsed some
form of formal data bank of higterical information. Many

of the respondents were required to -carry out LCC analyses
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as a condition of the project on which they were empldyed.

- Decision making was found-to be based on a mixture of
eriteria, Minimum LCC, Maximum cost-effectiveness and

more recently design-to-cost and design-to-life-cycle

cost criteria were now being applied, Tﬂe majority of
respondents stated that LCC analysts were employed
'_entirély on life-cycle costing wofk.other work performed
by LCC staff included long term plann;ng,operationé'analysis
‘and operations research, together with reliabilitj studies,
: maintenance cost analysis and engineering analyses.

LCC analysts were found to be employed in engineering
departments and several examples of organisation structures
are given;in Figures 7 to 14,

18.44 Limifations and Other Important Issues,

This section presents the findings of the survey

in which the respondents were invited to make any comments
based on their experience in the use of LOC which would
- be of value to the successiul application of the technique,
- No comments were offered by respondents G and N, However,
-respondent H commented:-

Visibility is the key to successful zpplication

of life-cycle costing effort, The program personnel

mist know their cost goals once they have been

establighed by trade~off studies,

Goals and predicted/actual performance must be

compared periodically and corrective action

taken if necessary.
Respondent I commented:-~

Design engineers must have an understanding of
economic design criteria,
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Respondent K commented:-

The most important thing is to realise that current
tools are good enough for "ball-park" estimates for
comparison of alternative systems and logistics
systems. They do not give "exact" answers,

‘Respondent L commented:~

I believe that no "general®" life-cycle cost analysis
model can be developed which is truly meaningful,
The analysis model must be tailored to the specific
system and its users, reflecting the peculiarities
of its operation and support w1th1n the using
environment as well as the users' policies and
procedures.

Respondent M made.several detailed and valuable comments:-

In our experience,life-cycle costing remains an
art relying upon the experience of the analyst
rather than a strict scientific discipline.

There are three observations I would like to
make concerning the ability of the analyst to
produce an accurate and useful product. They are:-

1. Familiarity with the hardware is of prime
importance., Any cost is associated with some
task and some set of resources, Unless the
analyst has an intimate knowledge of what is
being accomplished and what resources are
required, the analyses may become no more than
an accounting exercise,

2. Familiarity with the using organisation is also
required, The objectives,policies and structure
of the using organisation may have as much impact
upon life-cycle cost as the equipment being
provided.

3.The life-cycle cost analysis model must be
‘compatible with the accounting procedures of the
producer and user, Too many models require
estimates to be made at a detailed level for which
no cost or resource requirements records are
available, Such estimates are subject to gross
errors which are seldom detected and cannot be
verlfled.
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The general comments made by the respondents indicate

that despite many years of equriehce in the applicafion‘
of life-cycle costing it is reéarded sfill as an "artv,
Its primary value is in gi#ing "ball-park" comparisons
for mutualiy-exclusivé systems in order that a decision
can be made on the basis of some visibility.of future
cost flows, It would seem also that familiarity with the
system under study and the org;nisation,in which the
systeﬁ will operate,is alsq qf considerable importance
in'developing meaningful LCC analyses. .

18,5 Summary.

This chapter has presented the findings of the

postal'queétionnaire survey of experienced LCC practitioners

in the United States and Sweden. The objectives of the
survey were stated,the survey design and response rate
were discussed, The response was found to_Ee 30% which
whilst low was acceptable for the purposes of this work,
The knowledge gained as a result of this survey enabled
the second part of the research work into life—cycle

| costing to be carried out, The findings were presented
under the he=zdings of qualifications and exy2rience,
quantitativm'aﬁd‘accounting techniques, mansgenent and
organisation and limitations and other issues. Considerable
insight has hbeen gained into the practice of life-cycle
costing as a cunsequence of this survey, The following

chapter is concerned with the development of a generalised
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procedural model in order tc facilitate the conducting

of -2 life~cycle costing study within a manufacturing

‘organisation,



CHAPTER 19 |
A PROCEDURAL MODEL FOR LIFE-CYCLE COSTING

19.1 Introduction.

This chapter develops a procedural model intended
to facilitate the application of life-cyclé costing as
an economic evaluation techniQﬁe for ﬁanufacturing plant
and equipment, The objecti?es in developing alprocedural ,
model are stated, the assuﬁptions made ig ordexr to develdb_
‘the model are described, the model itself is developed

- and the limitations of such a model are outlined.

19.2 The Cbjectives of Developing a Précedural Model.

The considerablé number of industrial visits and
discussions held with difectors,managers;engineers and.
accountants,which had been carried out whilst puréuing
this research work,indicated that one of the biggest
problems facing application of life-cycle cdsting was the
lack of any guide to indicate how ILCC could be adepted, '
" Further evidence of the need to develop firstly procedural
models, before analytical models, is feund in the work.
of the United States Department of Doiense and the Ministry
of Defence in the United Kingdom. In both cases the first

reports that these organisations issued were concexrned
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with establishing procedures'for adopting the ICC tecﬁnique;

as .an evaluation tool, for military equipment. Numerous

analytical models then followed ., The specific objectives

in developing a generalised procedural nodel are stated -

below. 3=

1.

3,

4.

Se

19,3

To facilitate the application,by manufacturing
industry,of the LCC technique by providing a
procedural model which caﬂ be,adapted to sﬁit
specific company envirbnments;

To provide a check list of cost elements that éould

be used by an ICC analyst when evaluating an item

of manufacturing plant.

To identify and give some examples of the types

of cost structuré that-could‘be'utiiised when
performing life~cycle costing analyses, .

To describe some of fhelcost estimating relationships
that could be adopted according to the nature of the
estimating sitvation. |

To develop a geheralised procedural flow chart

to describe,the‘methodology which ghould be.adopted
in order to evaluﬁte'finally the life-cycle cost

of the systems uniar study,

The Assumptions Made in the Development of the Model,

In order to develop any type of model of a system it

ig necessary to. esteblich what assumptions or 'start-points!
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have been made, In the case of this model,the following

aésumptions were.made in order to proceed further:-
1. That the organisation understands the concept of
| terotéchnology_and wishes to apply the life-cycle
costing fechniQue to the economic efaluatioh of its

manufacturing'plant.
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2, That fhe type of experienced and qualified personnel,

as described in Chapter fa,are available within the
company or will be reéruited.
3, That senior company managément are sufficiently

Vcdmmitted to the application of life-cycle costing

that there would be little or no restrictions imﬁosed

on the investment of resources required in order to
develop and implement the necessary procedures, |
‘4, The procedural model is intended 6n1y to facilitate

the analysis of life-cycle costs of those assets

under study. It is not intended to be a 'profitability!

or'industrial dynamics'type of model in which sales

revenue,profit and other variables are considered . also,

(This type of model is mentioned later in suggestions

for further work)

19.4 Development of Model Characteristics,

The types of models that have been develeped by

the military ucers of life-cycle costing have been very

o



detailed extending in some cases to over'tuo hundred

pages of descrlptlon. To develop such a detailed type

of model for use by manufacturlng industry was thought

to be unnecessary and would probably be-. counter—productlve.
Consequently, the characteristics of the model were
developed in order.to ensure that the model would be

" gimple to understand yet genera; enough'to-be modified

to suit individuwal company'environments and objectives.,
.$he model has twently two procedural stages and these

are aescribed belows:= | |

" Stage 1, Identify Cost Elements of Interest.

Thie is the first stage in the procedural model. The
individual cost eleménts that are important +to a particular
organisation must be identified in detail, This task is
earried out most effectively using "cost element check lists®
Initia} gcreening of the cost elements is not necessary.

The important point is to list as many.cost eiements as
can be thought of. Kaufman(cp.cit) suggests "every

- conceivable cost" should be identified only then can
rdiscrimination between significant and insignificant cost
elenents take place, A life-cycle cost element check list
is given in Figure 15, This check list consists of 92

cost elementz which could be considered when evaluating
the life-cycle cost of manufacturing plant, The check list

is not exhaustive but is intended to be representative of



AN L.C.C, COST-ELEMENT

CHECK LIST

“ONE-TIME™ COSTS

PHYSICAL ASSET
LIFE-CVCLE COSTS

- INITIAL ENGINEERING
& DEVELOPMENT COSTS

ACQUISITION
COSTS

OPERATING *
COSTS

PROJECT ENGINEERING COSTS

FEASIBILITY STUDY COSTS

PLANT RESEARCH COSTS

PLANT DEVELOPMENT COSTS

TRAVEL COSTS

PRODUCTION ENGINEERING COSTS

MAINTENANCE ENGINEERING COSTS

PROCESS DEVELOPMENT COSTS

DESIGN ENGINEERING COSTS

TRAINING AND COMMUNICATIONS

COSTS o

L ANCILLARY EQUIPMENT COSTS )

. TEST AND DEVELOPMENT EQUIFMENT
COS5TS o

- INFLATION ALLOWANCES

- PROTOTYPES AND MOODELS

L DATA BANK AND SEARCH COSTS ~

- PROFESSIONAL FEES

L IFORMATION PROCESSING COSTS

TTTTFPIN T OTA

~

L. CAPITAL COST OF PRIMARY
EQUIPMENT

. CAPITAL CO5T OF SERVICES

- CAPITAL COST OF SECONDARY
EQUIPMENT

DELIVERY (PRIMARY AND SECONDARY}
- INSURANCE (PRIMARY AND
SECONDARY) .
TAXES {PRIMARY AND SECONDARY)
caPITAL COST OF SPECHAL TOOLING
INITIAL SPARES COSTS

INSTALLATION COSTS {PRIMARY AND
SECONDARY)

COMMISSIONG COSTS (PRIMARY AND
SECONDARY)

WORK- UP COSTS {PRIMARY AND
SECONDARY)

TRAINING COSTS

PROFESSIONAL FEES

INFLATION ALLOVVANCES
CONTINGENCY ALLOWANCE

|- COST OF CAPITAL

f= SHUT~ DOWN COSTS

[~ DISPOSAL COSTS

i~ RESIDUAL VALUE

~ INHERITANCE COSTS

I I LR

PRODUCTION LABCUR [DIRECT)
PRODUCTION LABOUR (INDIRECT}
ELECTRICITY COSTS

STEAM COSTS

WATER COSTS

COMPRESSED AR COSTS

GAS COSTS

INSURANCE

SPACE, HEAT, LIGHT .

GILS AND tUBRICANTS

HANDLING EQUIPMENT

COST OF MODIFICATION DUE TO
PROCESS )

ANGS, FIXTURES, TOOLS, DIES, ETC.
INFLATION ALLOWANCE

- DOWN-TIME COSTS DUE TO SET-UP
AND ADJUSTMENTS

- DOWN-TIME COSTS DUE TO TRAINING
|~ COST OF LICENCES AND PATENTS -

IREELELAEELEER!

3L

b

“"ON-GOING” COSTS

MAINTENANCE
. i COSTS
BREARDOWN PREVENTIVE OVERHAUL
MAINTENANCE MAINTENANCE | MAINTENANCE

COST OF HEAT, LIGHT AND SPACE
DIRECT LABOUR COSTS

INDIRECT LASOUR COSTS

COST OF MATERIALS AND SPARES

COST OF SUFPORT EQUIPMENT
ITOOLS, CRANES, TEST EQUIPMENT}
TRAINING COSTS

GENERAL DOCUMENTATION COSTS
ADMINISTRATION COSTS

COSY CF LOST PRODUCTION DUE TO
DOWN-TIME

FAULT DIAGNOSIS DOCUMENTATION
€osTS .

INFLATION ALLOWANCES

|~ COST OF HEAT, LIGHT AND SPACE
l- DIRECT LABOUR COSTS

|- INDIRECT LABOUR COSTS

|- COST OF MATERIAL AND SPARES

|~ COST OF SUPPORT EQUIPMENT

L+ COST OF SUPPORT DOCUMENTATION
b~ ADMVHNISTRATION COSTS

|- COST OF CONDITION MONITORING
EQUIPMENT

I~ TRAINING COSTS

}- COST OF MODIFICATYONS

b= COST OF LOST PRODUCTION DUE TO
DOWN-TIME -

L~ INFLATION ALLOVWANCES

- SPARES HOLDING COSTS

A LIFE-CYCLE COST ELEMENT CHECK LIST FOR MANUFACTURING PLANT

. Figure 15

DIRECT LABOUR COSTS

INDIRECT LABOUR COSTS

COST OF MATERIALS AND SPARES
COST OF SUPPORT EQUIPMENT
PAWTING, REFURBISHING AND
CLEANING COSTS

CONTRACTOR COSTS !
INSURANCE COSTS -

COST OF DOWN=TIME DUE TO
OVERHAUL

ADMINISTRATION COSTS
INFLATION ALLOWANCES
CONTINGENCY ALLOWANCES
STORAGE AND DEUVERY COSTS
PROFESSIONAL FEES °
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the type of check list that should be aimed at,

Stage 2. Commence the Collection of Historical Data..

The teehnique of llfencycle costing relies heavily
on the availability of historical information, This is
| rquired in Qrder-to identify the significant cost elements,
to design appropriaté‘cost structures and to'establish
the cost estiméting relationships.'Conséquently, once‘the
organisation has derived an inifial cost element check list,
it is then necessary to collect data on each cost element,
~ The collection of historical data is most effectively
" carried out by using standard éource documents that already
exist in the organisation. In this waj less inertia shou;d
be experienced in the collection of detailed infdrmati&ﬁfh
Typically, the source documents could be maintenance Jjob
cards, project cost control cards, maférialg consumption
records, time sheets sinvoices, overhead cost records, ‘
general accounting records, plant history records and so on.
The important pc;nt about 21l these source docuzents is
that 11fe-cycle costing requires that they become 'plant
'specific' and not department or factory specific as is
generallyithe case with many data collection systems,
Therefore,the'dcsignhand implementation of a system of
data collechiorn in order to establish historical information
on the cost elements,identified as important te the
organisation,is an essential part of the procedure. to

bring life-cvele cogting into use in an organisation,
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Stage 3., Establish a Data Bank of Historical Information.

Having installed a system of data collection using

standard source documentation, the next stage is to develop

a data bank of historical information. Efforts to develop
such a data bank must begin-long before‘if becomes
necessary to use the data for LCC studies. For example,
1t took the British Army Data pentre three years in

6rder to establish an adequate base of historical

information?

The data bank must be established in order
.to fulfil the needs of a range of investigative procedures
allied to the appliéatién of a terotechnological approach
fo ﬁhysical asset management, For eXaﬁple,lifeQGycle
costing analyses, level-of-care studies, cost effectiveness
'analysis and trade~-off analyses.
A data ﬁank should have the following minimum
characteristics:- |
1.Well plianned source documentation. -
2,A system of regular data collection.
3.A system of indexing and classifying cost information.
and otheér operational and design information.
4,A facility for storage of thelhistorical'information
with sufficient capacity to hold data for many years.
5.A systen which allows simple and quick access to‘data

by data users.
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G.A'facility‘for updating the'dgta base to take account
of recently acqulred data, . -

7.4 facility for storage of cost-estimating relationshlps
cost indices and pther standard costing data as used
within the organisatioﬁ% accounting system,

8.4 system of data analysis and periodic or ad-hoc
reporting, | | | |

These basic characteristics of a data bank for 1ife-

cyele costing should.then be integrated with the needs

of users in terms of both data retrieval and data anaiysis=

which form the next stages of the proéedure.

| Stage 4, Establish a Data Retrleval and Update Procedure,

" This is a very important stage in the procedural

' model, If data is difficult to obtain and becomes out

of date then the system falls into disuse and the process

of implementing 1ife-cycle costing will be very difficult

to pursue. Therefore, it is important that access to the
data by the ILCC analyst and pther users is éfficient, |
regular and simple, The undating of data should be

carried out on a regular bhasis éo that the latest information
is always avsilable to a user., The frequency of updating
will depend < fthe freguency of data collecticn, the uses

“to which data are put and the nature Qf'the dgﬁa. ‘

For example, maintenance cost data could be updated montnly,
whereas the updating of a cost estimating relationship

nay only take place once a year.
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Stége 5. Establish a Data Analysis and Reporting Procedure;'

In addition ta the.need for regular ﬁpdating and
simplicity‘of data retrieval, tﬁere is another feature
which should be incorporated into the procedure, That is,
~data analysis and reporting. Because of the nature of the
task,life-cycle costing analyses will require many.smaller_
or lower level énalyées to be carried out. Therefore,
proviéion should be madé.in oféef td facilitate small
anounts of data analysis o@tside fhe main life-cycle
‘costing analysis. For example, a user may wish to examine
the trend of maintenance labour costs égainst operator
 labour costs over several years in order td give some
further detail, Therefore the user should be able to
requést this type of low level analysis from the data
bank without a long and detailed search of the data. Such
- an analysis should then be forwarded to the user as an
output report from the data bank, Additionally, regular
reports should also be a desirable.feafure of”thé LCC
procedural model , Such réports may take the form of
monthly digests of information such ag cost indices,
lists of refarences, research data and in*ormqtidn
about work of other departments which may affect the
work of the LCC analysts(ie, design changes,mnterial
changes, performance changes etc.) , The important
point to make here is that the organisation must consider .

if this aspect of the model is required In order to sétisfy
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the objeétives of the particular system that is being
established. | . |
3

Stage 6. Identify the Cost Structures’of Interest, -

The procedural model has now reached a stage where -

the cost elements have been identified, a system of data

-management has been established'in_order to collect,

store,update,access, analyse and report on .the characteristics
of these cost elements., The next stage is to identify the

forms of ICC cost structure which are apprqpriate to

‘the organisations objectives. The purpose of establishing

a cost structure is to enable trade-osffs to be carried

out between the different phases in an assets life-cycle.

It ensufes also that comparisons between alternative

plant gystems are compared on an egqual basis and ensures
that cost elements are positioned correctly within a
particular phase of the plant!s life, This separation

of cost elements iﬁto an-aggrégated cost structure enables
system level,subsystem level and component level trade-offs
and detailed life-cycle costing analyses to be performed.
The gpecific nature of an LCC cost structure will depend

on the objectives of the study,the organisation,the plant
itself and +the availability of historical ihfofmation..
Several types of life-tycle cost structure can be envisaged
and some examples are given in Figures 16 to 20.

The structure shown in Figure 16 is a generalised one,

The term "cost structure"

used throughout this section
of the thesis could be more |
accurately described as |
"cost breakdown structure".
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PHYSICAL ASSET
LIFE-CICLE COST
L l -

ONE-TIME COSIS . | ON=GOING COSTS

: | i : 1

INITIAL ACQUISITION OPERATING MATNTENANCE
ENGINEERING AND ‘ " cos?s COSTS COSTS
DEVELOTMENT COSTIS 1 : T

i 1 | I
[ S .
I . AN EXAMPLE OF A LIFE-CYCLE COST STRUCTURE

‘ Figure 16

POTAL LIFE-CICLE COST
[ - | 1
CATPITAL COSTS CPERATIONAL COSTS MATNTENANCE COSTS
T T t
AN EYAMPLE OF A LIFE-CYCLE CCET STRUCTURE l
Figure 17

TOTAL LIFE-CICLE COST

1
. [ ] 1 I
ENGINEERING | | MANUFACTURING| | CISTRIBUTICH| § SERVICE|| SALES REFURBISHLAG
COSIS COSTS COsTs cosTs |l cosTsS COSTS

: : i L l
) I. l.. | N ) t

AN BXAMPLE OF A LIFE~CICLE COST STRUCTURE

Figure 18
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in which an organisatibn would be concerned with idéntifying
the'cost.impact of 'one-time'! costs of initiél engineering
and de#elopment-and.acquisition;costs against fhe

" cost impact of 'on-going' costs which in this case have
been.identified as operafing and maintenahce cdsts.

Figure 17 shows the COst_sfruEtufe used by Blunn (86 ),
in his ICC work, Figure 18*shows the cosfuétructure |
adopted Wifhin Jeffrey's organisation (87 ). Figure 19
shows the LCC cost structure used by Stordahl and Short(as ),
and‘Figure 20 provides a further variation in the stucture
used by Sternlight(op.cit.). An important consideration
in the design of the life-cycle cost atructure is that
it must be designed to suit the objectives of the study
and once defined the cost elements nmust be allocated to

each branch of the structure as necessary.

' Stage 7. Develop Cost Estimating Relationships (CERS).

This stage is dependent largely on the availability
of historical informaticn end the gquality of thét information.
It is one of the primary objectives,in holding considerable
‘historical data,to facilitate the development of cost-
estimating relationships. There are many types of cost
esﬁimating relationships and the literature gives several
desériﬁfions of these types. For example, MéGullough(op.cit.)
~ Sternlight(op.cit.) and Seiler(89 ) describe two tyves

whilst Jones {90 ) describes five different types, However,

for use on the evaluation of manufacturing plant six
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forms of JER can be identified as being useful to the

LCC analyst.
1. Cost Factor Estimating Relaéionships.

Here the item to be costed is identified as a specific
type anid quantity from an'off-the-shelf'catalogue g OF
other source., Therefore, the analyst simply multiplies
- the catalogue price by the.required quantity; adding
ﬁelivéry, insurance etec. to bb%ain a total cost. For example, :
the cost of 100 litres of iubricating oil might be
expressed ag - | o ‘

100.I:c + D +Zl = TC

c
Where
L, = cost per litre
Dc-= delivery charge
Ic = insurance cost

¢ = total cost

2., Cost-To~Cost Estimating Relationshipé.

In this method cost is estimated as a function(eg.a
percentage) of another cbst. For example a delivery charge
mayrbé eipressed as a % of the purchase price, Many other’
examplés of this type of CER are given in Xarles(op.cit
page T78).For example:~ |

Program Management Costs = 1,04(Test Hardwsre Fab,Cost)

System Engineering Costs = 2,2 i
Design Costs = 5,5 "
Data Costis = 0,20 "

Another example could be that maintenance costs are
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expressed as a percentage of total production costs;egé,:-

Maintenance Costs = 0;15(Pr0duction-Costs)'

3, Parametric Estimating Relationships.

In this method cdst is estimated as a function of one
or ﬁore nonécost‘parameters.of the plant. For example,
age,capacity,weight,output xate;etc.. They.describe the
relationship between elemeﬁts of cest and plant |
charadteristics. Sternlight(opicit.) gives an examplé
of such a CER in which insfallation labour costs for

planf type G are stated asg:-

. - c o ‘ ,
where A = Cost factor per man hour
B,C = Historical data regression coefficients
SHP = Design horsepower,piant type G,

Many other examples of this type of CER are given in

Rush et al(op.cif.), Levensan-(9i ) and Watts (qp;cit.).-
Statistical correlation analysis is required to develop

this type of estimating relationship. For example,3ternlight .
used lipéar regression, Rush used a weighted linear
regreséion technique and Levenson used multiple regression
analysis,

- 4, Specific Anaiogy Fatimating Relationships.

In this method costs are estimated by means of an analogy
to some specific previous item of plant. The new and

analogous plants are compared on the basis of their
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performance, design, intended use, opefdting environment

and so on., This type of estimating relationship could
have wide appiication in ILCC analyses of manufacturing
plant. For example, for estiﬁating routine lubricétion
maintenance tasks on comparable ‘plant, for estimating :
design costs and for estimating materlal and 1abour .
costs for the design and manufacture of analogous plant._
Flgure 21 gives an example of a specific analogy cest
~estimating relationship taken from Earles(op.cit.page 80),

5.Expert Opinion,

In the absence of historical information or specifically

analogous plant,a company can derive cost estimates

for use in the ICC analy31s by consultlng expert opinion.

Such estlmates may be made by maintenance engineers,

production engineers, designers, cost estimators, life-

cycle éost analysts,.consultants'and so on., For example,

such an estimate may be derived for the cost of the first

overhaul of a plant or for theAcost of a modification.

In both of these cases it could be that historical informatlon
and analogous plan% do not exist,

6, Accounting Relan~¢uuh1ps.

In this method the cost of an element may be determined
by mathematical swrmation of the various lower level
elements in the cost structure so that all summary

elements{mechanical “wotals) are identified properly,



For example, research and development costs could be
expreésed_by the CER:- _
R&D = (Es+ Ey + By + By + By + E.)

Where

B, = Enginee?ing,specification costs
E, = u ,administration costé
E, = W - ,reliability costs
Em = " ,main?ainébility costs
Eq = " ,design costs

Et e .on s testing costs

From fhe:six methods of déveloping cost-estimating
relationships described above,it is clear that historical
informafion is essential‘if the relationships are to be
developed with confidence., It is necessary also %o
establish a correlation between the parameters of a

CER ﬁefore the relationship is put to use. Therefore,
-when establishing a linea? regression equation,it should
be tested alsc for correlation and significance. If

a reasonable correlation is not obtained then further

~ data must be collected until the CER is acceptable. Once
| acceptable CERS have been derivéd the next stage in the
" procedure can follow.

Stage 8, Decidc on Plants to be Studied.

Stages 1 to7 have provided the organisation with

~a method of data collection,storage,analysis,reporting

and updating. In additicn, the appropriate cost structures

have been identified and the cost elements of interest
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- to the organisation have been selected, From this base

~ the cost-estimating relationships have been established
and testéd for reliability. The organisation is.now in
a poéition'to begin to adopt life-cycle'costihg as an
economic evaluation techniquerfor manuféctuﬁing plant.,
Conéequently, stagefs is concerned with the selection of
the particular project(s) to which an ILCC analysis is
to be applied, It is necessary to. establish fhat'fhe
piants,under study, are compérable in terms of their
basic performancé characteristics and intended use. -

It is then necessary to ensure that the ICC analysts
‘are familiar with the characteristics of the plants and
that they gain as much information about their operating
coﬁditions and maintenance problems as possible, Having
selected the plants to be stﬁdied the next stage.caﬁ
follow, | ' |

Stage 9, Select Appropriate Cost Elements.

From the original list- of cost elements, derived at
stage 1ta‘plant'or'studynspecifié'1ist can now he derived
which identifies those cost elements considered appropriate

to the plant under study.

Stage 10, Design an Appropriate Cost Struciure.

Again,from an earlier stage in the procedure(stage 6)

a cost structure can be selected which suitc the speecific

objectives to be met in the study,
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Stage 11. Allocate Cost Elements to Cost Structure,

At this stage is it necessary to identify within
each branch of the cost structure all those cosi elements
that should be allocated to it. At this stage in the ‘
analy51s the analyst should now have a structure established
similar to that shown in Figure 15, This flgure gives
an example of a cost.structurg with cost elements allocated
to each branch within the structure.

Stage 12. Select Appropriate CERS From Data Bank,

Having identified the cost elements of interest,
and designed the appropriate cost structure it is now
possible‘to begin evaluating the magnitude of each cost
element, This can be carried out using one of the cost
‘estimating methods described at stage 7., If historical
information has been built-up then cost estiméting
relationships may already exist on file in the data bank.
In which case it will be necessary .to establish which
ones are the most appropriate for the plant under siudy.

Stage 15. Dstimate the Value of each Cost Element.

At this stage alli the cost elements are evaluated.
This can be done using computer based analytical models
or by manval analysis., From the findings of the field

survey presented in Chaﬁter 18 it would seem that

discounting and inflation should be included in the
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evaluations.,

Stage 14, Aggregate Cost Elements to Cost Structure.

Having estimated thé valué-of_each cost element
within the cost structure, each of these estimates can
now be summated to obtain each sub-total for each branch
of the cost sfructure. This would result,for example .
taking Figure 15,in the summation of 92 cost elements
into a 4 phase cost structure ;f "Initial Engiheering
and Development Costs"™, "Acquisition Gosts",‘"OPerating
Costs" and "Maintenance Costs", In this particulaf case
maintenance costs were sub-divided alsc. into breakdown
maintenapce costs, preventive maintenance cogts and
overhaul maintenance costs, This would be a desirable
Teature qf a cost structure when lower level policy
decisions are beiﬁg determined or when trade-offs-
betweén-different types of maintainability characteristics

are being congidered.

Stage 15. Evaluate Each Cost Structure Sub-Total.

~The life-cycle costing procedure has now reached
an advanced stage in the analysis of a particular plaﬁt .
under study. This stage is included in order to emphasige
the need to examine the implications to the company of
the particular levels ofﬁresources which will need %o be '

’commitfed to each phase in the life-cycle of the plant,.
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It is at this stage where decisions about plant

performance characteristics anq company policy can be

seen in terms of the amount of:capital the company requires
and the on-going commitment that it will incﬁr if a decision

' is taken to proceed with the project.,If the company is
sétisfied with the estimated value df each phase of the cost
structure then the next stage can foliow.

Stage 16. Evaluate Total Life-Cycle Cost,

This is performed simply py summatiﬁg each of the
cost structure sub~totals ih order to determine the total .
life-cycle cost of the plant under study.
Stage 17. Repeat Stages 12 to 16 for Each Plant Undér‘study.

‘The procedure has now enabled the analyst to estimate
| the life~-cycle cost of the first plant under study. 4s

the ILCC technique has its greatest value as a comparative

" tool, it will now be necessary éo repeat the evaluation
procedure from stage 12 through to sfage'TG for each

plant or plant configuration that is under consideration.

Stage 18, Compare The Life~Cycle Costs.

Having now evaluated the life-cycle costs for several
plants, each of these can be compared aund a decision taken,
It is important at this stage of.the jrocedure to take
account of the assumptions that were made in the analyses.

These should be examined to ensure that these assumptions
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still hold and that radical changes in the market for

the product or in the .availability of finance and other
‘variables have not taken place. This'procedure_then leads
to a decision to proceed as the next stage;

Stage 19, Select Plant With Lowest Life-Cycle Cost.

. This staée is concerned with actunally making a decision
to proceed with the project, Tge findiﬁgs of the field
survey indicate that this is generally carried out on the
basis of the 'lowest life-cycle.cost' criteriop:However,
this may not be the only criterionffor.a plant project
within a commercial manufacturing organisation. The
procedure described in this chapter has been concermed

only with the.evaluation of the life-cycle cost. It may

now be necessary tc evaluate revenue and carry out
profitability analyses of each of the plants studied. 4
decision could then be taken bn the basis of maximum
cost-effectivenesé, vhere effectiveness is measured in
terms of profit or saleg revenue or some-other variable,
However, for the purposes of this work,the decision criterion
'has been assumed to be that of lowesf'life-cycle cosf.

Stage 20, Acquire Plant and Operate,

Once the decision has been taken then the plant can
be acquired and installed, commissioned and put into full

scale operational use, The plant should then enter a system



223

of on~going terotechnologically based management, -

Stage 21, Collect Operational Information. -

As part of the'system of terotechnologically based
managément,the blant should enter a regulaf and detailed
system of sourcé data'colléction. This data will be derived
from the standard documentation used by production and |
maintenance personnel and should be deéigned to continue
throughout the life of the plant, -

Stage .22, Peed - back Operational Information.

This is the final stage in the procedﬁral médel.

"At this stage the plant is in use and data.are'being‘collec%ed
on a regular basis. The data should then be fed-back to

the data bank via stége 2 of the proceduré described

earlier. In this’way the précess of life-cjcle costing
becomes a cyclicél and iterative procedure in which data are
beifiz built - up and used to imprové the characteristics

of future plant and as a consequence to improve the -
life-cycle cost effectiveness of those plants.

19,5 Summary.,

This chapter has developed a procedural medel for
life~cycle cozting. The objectives of develéying such a.
model were ntated and the assumptions made,in order fo
develop the model,were described, The characteristics of
the procedural model were then deseribed, The procedure

consisted of twenty two different gstages in which the
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company i3 required firstly to identify thbse cost
elements that are important to it, then to set-up a data
collection system and progress %hrough the procedure until
the lifé;cycle cost of a particular plant can be estimated
using the base of historical'information‘in order to
provide more reliable estimatés. Prom this,several plants
can be studied and a decision taken to acquire a plant |
and operate it; On-going inforﬁation fegarding the plant's
design,perforﬁance and cost characteristics is then fed-back
to a data bankand used to estimate fthe characteristics
of future plant systems, ~
‘.- - The procedural model iz summarised by‘Figure 22 ﬁhich
illustrates the path of the procedure from stage 1 through
_to stage 22, From stage 22 fhe prooedure.then-féeds into
stage é for the second and subsequent ecycles,

The following éhapter presents an example of the

application of this procedural model,

TInformation obtained during a visit te the REME Data
Centre,Woolwich, 1976,
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CHAPTER 20
THE LCC PROCEDURAL MODEL
AN BXAMPLE OF ITS APPLICATION

-

20.1 Introduction.:

This chapter presents a case-study.in the use of
.the procedural model developed-in the‘last~chapter. The
case-study is baéed on data collected from compahy E
of the industrial research into'the épplication of
terotechnological practices described in Part 1 of this

diggertation.,

20,2 The Limitations of this Case-Study.

The case-study deyeloped in this chaptér is based
on real data collected from the historical records made
available to the author, Some cost data were not available
for exemination by the author. For e%ample, manégement
salaries, the contribution to income per unit of output
and the general fixed overheads, Therefore, this'case-study
is not exhaustive and is intended only. to indicate the
way in which the procedural model could be applied.
It was considered to be important to uwse .real data,despite
its limitations,because the data could theh be subjected

to analysis in order to determine if it was feasible to
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develop coust estimating relationships on the basis of

" raw data collected from the records available within the
company. Further limitations are seen in that it was not
'possibie to obtain aﬁ engineering estimate of the plant's
.life. Hence, from data available in Jelen (92 },aﬁ average
life of plént within manﬁfactﬁring industry was found to-
be twelve years and this life was assumed here, Inflgtion
was assumed to be at 5% per annum (merely for simplicity)
and the discbuﬁfing rate was assumed to be 10%,again

chosen only for simplicity in this hypothetical example,

20,3 Background and Data Sources.

 The company was experiencing increased demand for
its products and wished to establish a new maﬁufacturing
facility. The major item of capital expenditure was
the sterilising plant.and‘its associated secondary plant
such as water treatment and conveyors. The company was -
anxious not‘to repeat a mistake made some years ago when
a plant was procured Which has given consistently pooxr
performance, For the type of piant under congideration
two manufacturers wera available, Thé coupany had experience
with both makes of plant, The company wished to evalunate
these two makes on the basis of life-~cycle cost rather
than adopting the comuany's conventional practice of
considering capital costs onlye. If wag assumed that both

makes of plant would meet the minimum operational
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performance requirements.

The data sources available to the researcher were
plant history record cards, comﬁuter files on maintenance
man~hours for breakdown maintenance and preventive
maintenance, computer files for maintenance materials’
expenditure, shift data, operatdr @oSts per énnum by
grade of operator, the hourly %OSt of maintenance-craftsmen,
the capital costs of each plan%'and an industriél engineering
report which included data on project engineering costs,
delivery costs, initial spares costs, installation and
- commissioning costs and an estimate for a half-life
'overhaﬁl. |

20.4 Applying the Procedural Model,

This particular company had an established data
.managémént system for the collection of operational
information, A maintenance administration manager was
employed together with a staff of three clerks, two
technical assistants and a cost.analyst. Data were collected
at the end.of each shift and then entered onto the plant
.history cards and.}nputted to the computer data base. o
Regular reports were issued from the ccmputér giving

details of méintenance man;hours expended by plant number
and maintenance materials costs'by plant nﬁmber. Hence,

stages two up to five of the procedural model were already
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in existence, For stage one a check list was derived

which identified the cost elemépts of interest to the
company. This is shown in Tablé'24. Stage 6 was the next

item of the procedure, This stage required the

identification of the cost structure of interest to the
company in order to facilitate analysis between differenf
phases of the life-cycle. In this case a three phase cost
structure was chosen,consistiné oi"écquisitioﬁ cosi","on-going
maintenance costs".énd "on-going operating costs",

fhis structure is shown in Figure 23 below, °

Total Iife~Cycle Cost
[

| i _ 1
Acquisition. Maintenance | | Operating
Costs Costs Costs
13 1 1

i | . I
! [ H

An 1ICC Cost-Structure Appropriate

To The Company

Figure 23

The cost elements identified earlier could then be allocated
to each branch of th« structure. The structure used here

involved only the dircetd costs asgociated with the plant
under study. As was mentioned earlier,indirect costs and

overheads could not e considered due to the lack of data.



TABLE 24
AN ICC COST-ELEMENT CHECK LIST SUITABLE

FOR STUDIES IN COMPANY E

NUMBER COST~-ELEMENT
1 ' Initial Engineering & Development
2 - Purchase Price
3 Delivery
4 Initial Spares
5 Training
6 Information Processing
7 Manuals
8 Installation
9 Commissioning
10 Removal
11 Contingency
12 Overhauls
13 - Management Costs
14 Preventive Maintenance Iabour Cost
15 Breakdown Maintenance Iabour Cost
16 Maintenance Material Cost
17 Maintenance Stock Hoiding Cost
18 Electricity Cost
19 Steam Conswumption Cost
20 Operator labour Cost
21 Water Treatment Cost
22

Maintenance Administration Cost
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Having identified the cost-elements of interest and
an appropriate cost-structure for use in an ILCC study, the
next stage could follow, This WES-stage 7 in which the
cost estimating relationships should be derived and tested.
In order to derive the CERS data was collected over a
six year period in the case of plant A and a five year
period in the case of plant B, This was the maximum amount
of historical data available, ﬁnfortunately, because the
" conpany was not practising_life-cycle costing,historical
- data was kep?t only on a year-end basis, Therefore,the |
CERS were derived using six data points for plant A and
| five data points for plant B. Data were availeble for
maintenance man-hours per year on preventive maintenance
and breakdown maintenance, maintenance material costs per
year, operator labour costs per year at 1975 values only
and electricity and steam costs per year at 1975 values
ontly. The data collected are shown in Appendix 7, Fron
this data muliiple regression analysis was carried out
uging a stanﬁard computer package (MULREG) which gave
the regression equation and its correlation ccefficient,
The resulting cost estimating relationshipﬂ*%xﬂ shown
in Table 25 and the print out of the MULREG programme
is giiren in Appendix 8 .
k The cost estimating relatione
. ships derived using the Mulreg
program data, were, in some ;
cases, not found to be statistic-
ally significant. Therefore it
should be understood that the
cost estimating relationship
shown in table 25 merely
illustrates the types of CER

which could be derived if
historical data were available.
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TABLE 25
COST ESTIMATING RELATIONSHIPS
DEVELOPED FROM COMPANY DATA
COST ELEMENT COST-ESTIMATING RELATIONSHIP
| PLANT A | Puavt B
. ="\ . . P Y
Preventive (1s8+268a) ¢, B | < [ (Mg+203a) ¢, ¢,
Maintenance :§z = =L
Labour Cost . |, (Pfr) o ()
sreakdonn | [(301 +150) o ]| S i
re own %o + 1S ) Co S30 + 2420
Maintenance 2 ‘ a, '] <. * \)CZ ]
Labour Cost |, | Cre)® o Clae )™
d=f P
Maintenance (2652a ~14:82) (lo 042 am 11,554 )
Material , 2 —( b P o
Costs i bl Civr)f
Maintenance |“°0
Togistics é (2.6.7’2.(\,— 14 :’.) o1 2 lu‘.g()li\"” ‘&M)
Costs { ) Ny
o : d
[ s Y .
Operating E EC-?, N q!:,—‘ [ 2. ,
Labour Cost = Cir)® { +r)a.
, a=n . ; oy
Electricity 2%. Cop gﬁ'i] : f; o Cﬁ l
—_—— < :,\,
COStS Ao ( 'I+r*§& o - (‘-l )
(AR - du"-i'\
Steam Costs 1< [ Cs. ¢, \. 'PJ) 5-
- \__- . G\ {
; dny ( B )0& oy ( i+ - E
where:~ a = plant life in years 1,2 ..o n
¢4= preventive maintenanceé labour cost factor(£/nr)

co= breaikdown maintenance labour cost factor{L/hr)’
c3= oprrator labour contz/shift/year(£)
c4= anmuaal cost of electricity at base vear(L)
c5= anmal cost of steam at base year(s£
ﬁ, assumed inflation factor(%/year)
assumed discount factor{({/year)
N o= number of shifts/year
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Stage 8 of the procedural model could now follow,

In this particular case-study ftwo different makes of
hydrostatic sterilisers were to be analysed. Each plant
was’manufacturea overseas and the company had six years
operating experience with plant A and five years operating
experience with plant B, As stated at the introduction to
this case-study, the purpose of the new procuremeht is
for expansion of the production facility and the choice
is between plant A or B on the basis of lowest life-cycle
cost, | |
Stage 9 involved the selection of the appropriate cost
elements for the study. From the check list derived at
~stage 1, cost elements 1,2,3,4,8,9,10,11,12,13,14,15,
16, and 17 were selected, In addition training, information
processing énd manuals {cost elements 5,6 and 7) were
combined into one cest element as insufficient data were
availablé to justify separating them, Cost elements 18,

19;20,21 and 22 were considered to be equal for hoih

~ plants and were therefore not included in the comparative

LCC analyses.. As & consegquence of this,the LCC case-study

became a differential ILCC case~study in which only those
cost elements,thought to be different beiween the two
mutually exclwsive plants,were considered.

Stage 10’was Qoncerned with the desigﬁ of an appropriate

cost structure to facilitate comparison of the alternatives,
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For this particular study a four phase cost structure,

as shown in Figure 24,was chosen,

Differential
Life-Cycle”Cost

. [ -

Acquisition Breakdown ‘Preventive Maintenance
Costs Maintenance Maintenance Materials
7 Costs . : Costs || Costs

The‘LifeQCycle Cos% Structure

Figure 24

Having'selected an appropriate cost strucéure to sui%
the objectives df the study and the limitations of the
available'data,the next stage was-to alloéate thé cost
elements to each branch of the structure, Cost elements
were allocatedtb*each.branch.and these are detailed in
the ﬁorking sheets shown in Appendix 9 ,
| Stage 12 consisted of selecting the appropriéte cost
estimating relationships from the_daﬁa bank. From the
bank of CERS derived zarlier in this chapter and given
in Table 25,fbur appropriafe CERS were choéen. These were
CERS to estimate preventive maintenance labour costs,

breakdown maintenance labour costs, maintenance material -
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costs and what has been described as maintenance logistics
costs. This CER was derived in order to estimate the

stock holding costis together wi%h the costs associated
with holding smell stocks of parts on the plant.itself .
in order to improve repair times for simple tasks such as
changing drive belts, replacing filters etc.

Stage 13 was concerned with the actual éalculation bf
the value of each cost element, The working sheets for
theéese calcnlations are given in Appendix 9 . Each cost
element waé estimated either from company data for capital_
costs or from . .the CERS using company data for labour rates
at 1975 levela. Table 26 presents a sﬁmmafy of the results
of this LCC cage-study,

The study has now reached stage 18 of the procedural
model, At fhis stage “a- conparison between fhe plants under
study should take placé. This compar;son indicates that
plant B has an initial capltal cost which represents only
78% of the capital cost of'plant A, However,'beéause‘plant
B has poofér reliability and maintainability characteristics,
‘it has a totai direct maintenance cost some 2,3C times
greater than piant A, Table 26 shows that plant B is
estimated to have over 5 times more brsakdown hours than
rlant A and to require approximately twice as many

maintenance craftsmen to be employed to maintain it.




| TABLE 26

SUMMARY OF LSTIMATED ICC

236

COST BLEMENT PLANT A PLANT B | B/A
ACQUISITION COSTS 808,150 632,500 .78
‘% LIFE OVERHAUL COST 150,000 80,000 | 1,60
REMOVAL COSTS ‘50,000 60,000 | 1,20
BREAKDOWN MAINT,COST 33,860 169,663 | 5.00
PREVENTIVE MAINT.COST | 148,117 178,889 | 1,21
MAINT ,MATERTALS  COST 88,777 | 291,639 | 3.30
MAINT,LOGISTICS COST 8,877 29,164 | 3.30
TOTAL DIRECT MAINT,COST 329,631 759,355 | 2.30
(s consisered nove) 1,187,781  [1,441,855 | 1.25
SUMMARY OF OTHER DATA
TOTAL, BREAZDOWN HOURS 4,812 25,236 | 5,24
TOTAL PREVENTIVE MAINT, 23,280 27,520 | 1.20
HOURS .
MAINTENANGCE MANPOWER YR.1 .5 man 1,0 man| 2,00
MAINTENANCY MANPOWER YR.,12| 2.3 men 4.2 men| 1.83
RATIO LIFE-CYCLE COST i 47 2,26 | 1.40
ACQUISITION COSTS
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The procedural model has been followed in this case-study

and as a consequence the life-gycle cost analysis has been
reduced rationally to a consid;ration'between capital cdsts
and on=going direct maintenance costs. Whilst this- case-study
has been extensively simplified it 111ustrates the =
impact that reliability and malntalnablllty characteriétics
can have on the cost of ownlng plant and the potential
josses in revenue which. stem from owning plant with many
thousands of hours of breakdown time during its:life=-cycle,
'Stage 19 would requiie that plant A be procured despite
‘its higher capital cost.'As a result of this type of
analysis it can be seen that the company would probably
never again pfocureplant type B . InithisTwayg“~;”:L;wsu
the company will be reducing its future on-going costs
of operating'and_maintaining its'production plant, Experience
gained in operating plant A can now be fed-back to the *
manufacturer and'improvements in reliability and |
méintainability could be introduced into the plant,Thereby
" further reducing the levéls of breakdowvng and preventive
naintenance activities. Future plant designg would therefore
benefit from.this data feedback thus indicsiting the
cyclic and iterative nature of the ﬁrocedurai ricdel -

- proposed in Chapter 19,
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_20.5 Summary.

This chapter has presenteq an example of the
application of the procedural ﬁodel developed in the
previous chapter, The example.waS'hypothetiCal,inhthat
the situation described did not actually take place .
within the company, However, actual historical data
collected from company recoqu,were used in order to
estimate the magnifude of the cost elements., Furthermore,
the example is realistic in the sense that the type
of situation deseribed is not untypical of the type of
decision which fades the managements of manufacturing
companies, The appiication of the procedural model
facilitates a sfep-by-step analysis and justificétion
for the selection of a particular item of plént.‘

| Thé.exampie has many limitations,as were described

“in the text ,and such considerations as investment allowances
and grants, taxation, depreciation and of course the

- estimated revenue must now be taken into accouﬁt in oxder
to convert the calculation of the life-cycle cost into
a comprehensive investment appfaisal. The important pbint
about the appiication of the procedural model is that it
provides a detailed acconomic evaluatioﬁ.technique based on the
engineering characteristics of a plant, |

The following chapter presents a summary of the

research work intc the concept and opractice of life-cycle

costing,




CHAPTER 21
SUMMARY AND CONCLUSIONS ON RESEARCH
INTO LIFE-CYCLE COSTING

21,1 Introduction.

| This chapter presehtg firstly a summary of the
regearch work carriéd out intOJthe technique of life~cycle
costing.AI% then draws some conclusions that can be
made regafding the application of life-cycle costing
withiﬁ manufacturing industry. Qonclusions are also
drawn from the findings.of the poétal gquestionnaire
survey of expérienced practitioners in the United States
and Sweden, '

21.2 An Overview of the Research Work,

The research work carried out into the concept
and practice of life-cycle costing has been presented
in Chapters 17,18;19 and 20 of this dissertation,
Chapter 17 was concerned with establishihg the historical
~ development of life-cycle cqstiﬂg on an international
basis,., This chapter stated also some bf the definitions
of life-cycle costing, The definition offered by the
Department of Industry is the one which was assumed

throughout thic research work. The advantages and problems

239




240

associated with the use of iife-cycle costing were
outlined also. - -
| Chapter 18 presented the industrial research, This
chapter covered the objectives of the research,the approach
to thé participants, thg'reéponsé from the postal
questionnaire and then described the findings of the
rgsearch in detail.

Chapter 19 wag concerncd Qﬁth the development of
a proceduré.l model to facilitate the application of life=
' cycle cogting as‘aﬁ economié'efaluation téchnique for
- manufacturing plant and equipment, The objectives of
deveéloping such a model were described together with the
assumptions made, The médel was then described in detail
as a2 twenty two stage procedural model which was both
cyclical and iterative in nature, Cost element check
lists, examples of cost structures and cost estimating
relationships were given. A general schema of the
procedural model was presented in Figure 22,

Chapter 20 presented a brief case~study in the use
of the procedural medel. In this case~study data were
acquired frém source documentation within company E of
the industrial research described in part 1 of this
dissertation, The case-study was hypofhetical in nature
because'cbmpany E had not in‘fact even'heard of life-cycle

costing at the time of the research visit., Therefore,
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the case-study gives only an indication of the way in

which the model could be applied,

- 21.3 Conclusions,

This section presents the conclusions drawn from
the work described in the foregoing chapters . The
conclusions are presented in three sections, The first
congiders the conclusions relating fo the devélopment of
the technique of life-cycle cgéting. The second section
deals with the findings of the survej of practitioners
in the USA and Sweden and the third section draws some
" - conclusions regarding the development of the proceéural
modei and its applications.'

21.31 The Devélopment of Life—Cycie Cogsting.

In Chapter 1 page 1 the objective of this part of

the research into life-cycle costing was stated as follows:~

To 1nvest1gate the historical development of 11fe~
cycle costing,

As a result of the work presented in Chapter 17 of this
-dissertation,the following conclusions are drawn.
- 1) That life-~cycle costing developed due to an increasing
concerh expressed by the miiitary avthorities that the
on=going costs of supporting military equipment were
hécoming excessive and that a more effective method
than the 'low~bid' must be déVeloped as a means of

equipnment selection,

2) The military authorities were concerned also that




3)

4)
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the availability of some items of equipment was

poor in relation to its desired level and that more
attention needed to be given to reliability and

maintainability characteristics as important parameters

in system design,

The technique of life-cycle costing should be develbped
ﬁithiﬁ‘manufacturing industry for the. same reasons
that it was developed within the military environment.
This author concludes that the justifications for

developing life-cycle costing‘aSEan‘iﬁ%egral part of

the appraisal of equipment procurement and design is

applicable equally to the procedures which should be

-adopted to evaluate manufacturing plant and equipmént.

Life~cycle costing has developed into a standa;d

évaluation technique within the American,Swedish and British

Defence industries and that this'level of commitment to

. the technigue should reinforce the view that the technique

5)

should be considered seriously by those engineers,
managers, accountants and directors who are respohsible
for the effactive allocation of résources within their
organiéations. ‘ |
Thelapplication of the technigque has cértain limitations

which must be understood by users and its greatest value

is in the comparative evaluation of mutuslly exclusive
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assets and when great accﬁracy is not required.

21,32 Establishing Some Fundamental Precepts,

In Chapter 1 page 1 the objective for this part of the
research into life-cycle costing was stated as follows:-
To investigate-some of the fundamental precepts surrounding
the technique of life-cycle costing. In particular the
qualifications and experience required,the use of .
accounting and guantitative techmniques,the management
and organisational considerations and the limitations
and other important issues which are associated with
application of life~cycle costing,
In otder to achieve this cbjective a postal survey of |
experienced practitioners was conducted. The survey obtained
the experiences of eight life-cycle costing préctitioners
seven of whom were from the United States and one from
Sweden. As a result of this survey the following
conclusions are drawn,
1) That life~-cycle costing is performed‘by engineers
as a tool for the evaluation of the engineering
characteristics of a system .
2) That life-cycle costing ana1YSts'do'exist, most of
whom have bachelor degrees in engineering,with some
analysts having higher degrees in business, economics
operations research and mathematicso. .
3) That within the context of manufacturing industry,
a'value engineer or industrial engineer would héﬁe

a suitable combination of knowledge and skill to .

. become a l1life-cycle costing analyst.



4)

5)

That experience of the ugser organisation and
familiarity with the plant under study is of vital
importance to the successfﬁl application of life-
eycle costing, | |

Thgt life-cycle costing should be introduced into the
curriculum of'bachelor degrees in engipeering and

finance, It should be introduced also.at-mastefg degree
a7

level and where appropriate on short courses as part

. of post-experiénce development within companies.

6)

7)

That ideally life-cycle costing should not be

performed by a single fexpert' but that a combination |
of skills ié required if the technigue is to.be exploited
to the full, |

That as a result of the opinions expressed in the

questionnaires,the following quantitative and accounting

techniques were found to be used in conjunction with

lifewcycle costing:-

f

(a) three respondents wsed post~completion anditing.

~ (b) five rcspondents used discounting.

(e) gix respondents used inflation indices,
(@) all respondents used risk and semsitivity analyses,
(e) seven respondents used cost estimating relationships,

(f£) seven vespondents used cost-~effectiveness analysis,

t(g)-seven respondents used trade~ocff analyses,

These findings indicate thé complexity and depth of

analyszes carried out when using life-cycle costing
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ag an evaluation procedurc for englneered systems,

That as a result of the findings from the postal

questionnalre survey the following management and

organisatlonal considerations stemmed from the use

of life-cycle costlng'

(a)
(b)

(0)

seven respondents used c6mpﬁters to perform"
life-cycle costing anélyses.

six respondents required ;ife-cycle costing to

be carried out as part of a pontractuai commitmeﬁt

four. respondents used minimum life~cycle cost

.. as a basis for decision making.,

(a)

(e)

(1)

one respondent used maximum cost effectivehess

and one responden{ used désigh-to-éost apd design-
to-life-cycle cost as a basis for -decision making,
féur respondents employed LCC analysts who worked
entirely on life~-cycle costing studies.,

the remaining four respondents stated that LCC

" analysts were employed on a variety of other work

(2)

such as reliability studies,maintenance cost analysis,
operations research,operations ahalysis,engineering
projects and five year bﬁdget planning.

A11 respondents were found to use data banks of '

his torlcal information which were regularly updated,




(h)

(1)

(D

(k)

(1)

(m)

(n)

In all the orgéﬁisations in which the
respondents were emploxed the LCC analysts

were located in engineéring departments,

That aﬁ important feature of life-cycle costing

is to recognise that the technigue only produces

tball-park' estimates for comparison of alternative .

_systems under study.l_

'

That familiarity with the user organisation and

the policies,procedures and structure of the

|
organisation are important, _ ' . E
That familiarity with the plant is of prime :
importance, _

That the life~cycle coét nmodel must be compatible

with the accounting procedures'of the user

organisation,

That life-cycle cost aﬁalysis models of a generaliseéd
nature areAunlikely to be meaningful. Analytical

models must be tailored fo the specific type of

study under consideration. |

That the developmént of procedufal guidelines

should be the first stage in an;organisatioﬂé

-strategy for the implementation of life~cycle //////’/—ﬁﬁ

costing as an integrated economic evaluation

technique for manufacturing plant and equipment.




20,33 The Development of a Procedural Model.

In Chapier 1 page 2 the objective for this part

of the research was stated as follows:-

To develop a generalised procedural model to
facilitate the use of life-cycle costing as an
economic evaluation technique for manufacturing
gystems,

This objéctive was met by the work carried out in

Chapter 19 of this dissertation. As a result of this

research work the following conclusions are drawn s -

1)

3)

4)

That no procedural model existed to facilitate the
application of life~cycle costing within ﬁanufacturing
industry, This dissertation is to the author's
knowledge the first attempt at such a procedural model,
That a procedural model should be the first task of \
any organisation wishing to implement life-cycle
costing, | -

That once a procedural sysfem-has ﬁeén introduced -
then specific analytical moéels can be developed in

order to evaluate 1ife-cyclé costs, perform trade~off
aﬁalyses, cost-cffectiveness analyses'and S0 on,

Thaf a proceduwe of the type develéped in Chaptexr 19

can be regardéd QS'sufficiently_comprehensive to enable
manufactufing organisations to adopt the life~cycle

cogting technigque as an integratéd part of their

evaluatibn procedures for new plant designs and

procurements.
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5) The example given in Chapter 20 of this dissertation

illustrates the way in which the technique of life-
eyecle costing could be applied td the evaluation of
manufacturing plant, It is concluded here that this

type of application could improve greatly the decision

making ablllty ‘of those engineers,managers and directors

responsible for the allocation of resources within
manufacturing organisations, The technigue should be
of particular value when attempting fo justify the |
increased allocation of resources to impro#e the
reliability.and maintainability characteristics of
plént; |

6) The application of the procedural model should
provide a complete, coherent and step=-by-step economic
justification for an item of manufacturing plant.
Furfhermore, it should be possible to identify and
examine the way in which decisions were arrived at
and to explore the decision chain in oxder teo ensure
that all the relevant parameters,concerning the plant

under study,have been considered.

20,4 Summary,

This chapter has presented an overview of the work
carried out in this section of the dissertation. The

conclusions Grawn as a rﬂsult of the res avch carriecd out
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in Chapters 17 to 20 have been stated.

This. chapter concludes the research work carried
out into the concept and practiée of terotechnology and
life-cycle costing. The next chapter is the first of the |
three chapters under part 3 .of this dissertation. This
part is concerned with postulating some future developments
| for terotechnology and life-cycle costing and with outlining

some suggestions for further research work,




' CHAPTER 22
- FUTURE DEVELOPMENTS IN THE CONCERT AND
PRACTICE OF TEROTECHNOLOGY

22,4 Introduction.

. This chapter attempts to outllne gsone of the
‘possible future developments in the concept and practlce '
of terotechnology. These speculations have been based
firstly on a consideration-of the-cﬁrren£ state-of~the-
art within those companies that the researcher percelved
te be leaders in the appllcatlon of terotechnologlcal
practices, Secondly, they have been based on the flndlngs
';of one day visits to 16 organisatioﬁs within manufactuiing
industry, local government, the armed forces. and passenger
vehicle operators.'Thirdly, they have been baséd ﬁﬁrely |
on the anthor!'s evaluation of the way in. whlch the
coneept and practlce of terotechnology may develop in
: the future, Therefore, the background to these specunlations
haé conéisted of interviews with 6ver 90 diresctors,managers,
engineers and accountants in 22 organisations within the

Unlted Kingdom,

22,2 Some Possible Developments
These developments are outlined in the two following
sections, Ih~ first considers the concept of terotechnology

and the second deals with the practice of J'Dte“hnOlOWY¢
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22.21 Developments in the Concept,

Discussions with many personnel in the ofganisations
visited,revealed that the word terotechnology was disliked,
Many felt that the development of a new word was counter-
productive. The understanding of the definition of the
wbrd'yaried considerably, From these findings it is
- postulated here that the woxd terotechnology will féll
into disuse. The researchers view is that the temm 'life~
cycle management'lis much preferred within industry and
the services, It was found also that using this term
enabled "discussion of life~cycle costing to. take place
directly and naturally as an assoclated concept to that
-of life«cycle management, |
| The coﬁcept of ‘caring-for! plant and equipment was
found td be well received, The interpretation placed on
the word térotechnology was very varied and only\one;;:-;~-
organisation was found to have developed its own ideas
on.the way in which the concept could be interprefed.

- In general, it was found that industry preferred self
defining terms such as.life-cycle management and physical
asset management to the word terotechnology.'It is
suggesfed nere that it will be the term life-cycle
management which supercedes eventualiy the word

terdtechnology.
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The'way in which the concept of terotechnology is
.interpreted will be subject té‘considerable change over
.the next few years. One organi;ation ig known to have
formulated a view on the way in which the concept applies
to their particular requirements. ThlS view has been
expressed by the the organlsatlons dlrector of englneerlng,
Mr.H.Darnell,in two papers re#grred to in ‘Chapter 3 of
this dissertation. The.Britisﬁ Steel Corporation have,l

_ under Mr, Darnell's leadership,developed comprehensive
terqtechnolégigal procedures based on his concept éhat
terotechnology can be considered as a subsystem of an
organisation concerned with the application of.business
"objectives to the management of its permanent vhysical
resources, British éteél have formed a special department
of terotechnolog& at the ILondon headquaters with the task
of developing a terotechnological approach to the management
of the‘organisatioﬁE plant and eguipment, One résult of
this work has been described by Harvey( 93 ). This was

- the Thybergh Bar Mill project which was designed with

| many terotechnological features and at the time of the -
author's visit had curpassed all ﬁféviously recorded
performancé figures for steel plant throughout the world.
Figure 25 shows the.wvrk»up performance of the Thrybergh

Bar Mill in comparison to other recent installations,
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Other examples of the application of terotechnological
concepts aﬁd'the benefits accrued. from such application
" are described by VWeigel (94.}r§£thappiniu(.95 Ye.
What is clear in the author's view, from these examples,
is that there needs to be an integrated organisational
system established to ensure that terotechhologically
orientated ideas can be considered and put into practice
wifhin the organisation, That is to séy that the
interpretation of terotechnology,developed'in Chapter 4
of this dissertation,is likely to became the accepted
way in which a detailed,integrated and conscious attemﬁt
to develop terotechnological practices within an organisation
could be achieved. | |
Fufther development of the concept is seen in the
‘edﬁcation and training of engineers and accountants and
S0 on. Edﬁcational establishments have been actively
encouraged to introduce terotechnology into courses and
this effort is resulting“slow1y in several new courses
. and modifications to existing ones., This effort will
:continﬁerto develdp but once againvit is the author's
view that the word terotechnology is likely to be replaced
by more wideiy acceptable terms such as those mentioned |
earlier, '
The author is a membexr of a working party of

the Chemical and Allied Products Industry Training Board



This working party has the task of developing training

recommendations for the introduction of terotechnological | _
concepts and practices within éhe industry, Such developments

as these will continue but their impact is of course

long term. ‘ : - .

- In the author's: view one of the,mdst signifigant'
contributions that the develop@ent.of the new word has
mgde'is in terms of awéreness;fThis'awarengss has been
demonstrated by the high levels of attendance at conferences,
the interest shown by government and educational

" establishments and py'the ievel of interest shown by
the persomnel that have been intefviewed_during the
course of this research work, In particular, industry
gseems to have become more aware of fhe need to increase
the reliability and maintainability charateristics of
plant and to consider on~going costs of operatihg and
maintaining plant in greater depth than has hitherto been
thie practice, It is felt that this increasing awareness
will continue and in particular there will be a demand
to iﬁtegrate engineering considerations with wconomic
analysis to‘a much‘greater exfent than is the current
practice., |

To summarise the possible future developments in

- the concept of terotechnology,the author conziders




that firstly,the word terotechnology_will be replaced
by the term '1ife-cjcle manage@ent’. Secondly,that whilst
organisations will need to devélop'their own interpretation
of terotechnology,the kind.pf interpretation developed _l
in this dissertation. should be considered as one possible

| way to move forward, Thirdly, that'thefe will be greater
integration amongst ‘those diSClpllneS concerned w1th

tne life-cycle management of plant and equlpment

Purther developments will take place in education and
training which will provide a medium and long term
development of the concept whiéh will become e?entually
an accepted and integral part offinduétrial life,
Pinally, the level of awareness for reliability and
maintainability as important plant characteristics will
continue, Eurtherﬁore, it may well be the case that
'directi#es':or 'codes of practice! may be introduced
which will promote the detailed consideration of |
reliability and maintainability together with the
.pusuit of economic lifewcycle costs within equipment
procurement cou tracts and ‘so.on,

22,22 Developments in Practice,

The first development that is needed in ihe

practice of terotechnology is in the collection,analysis,
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reporting and use of data_on plant design,performance and

cost characteristics. Some of the organisations visited
are carrying out projects in this field, For example,one
organisation was developing a rationalised data collection
gystem for the 40 locations throughout the U.X. in which |
.maintenance work was carried out. Another‘brganisation
had developed a system of data feedback to its plant
suppliers and two other organisations were investigating
the nature of data collection which would be most |

| appropriate to their needs,

Improved maintenance practices.are seen élsa as vital
future developmenis., Again several companies were examininé
their existing practices very closely and at the time of
one visit a firm of ﬁanagement consultants had been called
in to make a presentation to the company's engineering ‘
staff, Another company had set up a project team to |
examine the maintenance characteristics of majer plant
Ag a result of this study, 64 maihtenance problems were
“highlighted. |

Within manufécturing industry, the role of the
production engineer ishonld be given more attention in the
developument of tercteshnological practices., This possible
role was described by harvey( 96) in which the production

engineer is seen as 2 central figure in the design,selection,
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technical and econonmic appraisal and on-going use of
manufacturing plant, It is suggested that this role

be examined more closely in thé future and resources
allocated in order to allow the productidn engineer to
avoid the 'loﬁ-bid' procurement practice,

Furthef defelopments should be. pursued in the désign
of manufacturing plaﬁt. Design for reliability and design
for maintainability were founa to be little known terms.
Currently, these expressions seem to have meaning only in
the military sectofs of industry. It is suggested that
these practices must be developed if significant .
improvements in operaticnal performance are tb be obtained
from manufacturing plant, It was found that, in general,
the pressure to purchase or design t&‘a low initial cost
far outweighed the desirability of increasing the initial
costs in order to reduce the life-cycle cost.

This leads to'the.need for a furtﬁer_important future
development. That is the deavelopment of attitudes. Top
management must change_their attitude towafds capital
expenditvure if the practice of terotechnology is fo be
successful, Desgigners and plant selectors must be prepared
to propose plant procurements on the basis of life-cycle
cost rather then purchase price.and &hat is more important

they must be able to defend the logic of this approach.




A further important developmerit is seen in the need

to establish much better plant;specifiqations and
contractual commitments. Specified reliability and
maintainability characteristics, épgcified functional
systems documentation, specified condition moniforing
equipment.and 850 bn would soon make plant designers and
manufacturers take some notice of industry's commitment
to the application of'terotecﬂ;ological practices, This
was again highlighted by the British Steel Corporation
when they decided to incorporate functional systems’

. documentation as a designed-in feature;of the plaﬁt for
Thrybergh Bar Mill. As‘a result of their action two major
suppliers had to sef-up new departments in order to supply
the fault diagnosis systems specified_b& BSC. Specifiea
reiiability and maintainability is again now a coﬁmon
practiﬁe in the military sector of industry., Furthermore,
gome military procurements are now basgd on ‘incénﬁive
contracting'! in which incentives are offered to suppliers
to exceed the gpecified minimum level of verformance .,
However, if the specified level of performance is not met
then the supplier faces pgnalties. It is suggested that
thesé types of practices should be cxamined and if they
can bhe applied to general manufacturing industry then

| they should be encouraged.as desirable improvements in'

the way in which contracts and specifications are laid down.
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To summarise thé developments in the practice of
terotechnology as perceived bygthe author . Pirstly,
data management will need to bé improved greatly before -
terotechnology caﬁ even begin to have an effect on plant
performance, Secondly, maintenance practices will need to

be improved and the role of the maintgnande engineer ,

in the decision making process!needs-tO'be'recognised..
Thirdly, the role of other disciplines needs to be examined
and consideration given to the COntribution that they

could make to the successful application of terotechnological
practices, In addition; the need to improve .design for
reliability and design for maintainability is of paramount
importance in the future development of terotechnology.
Emphasis on low initial costs must be shifted fowards

low life~cycle costs, However, this task is lzrgely
dependent on the commitment.to terotechnology by top
management who issue policy directives and sanction
procurcment decisions, Loﬁer levels of management and
engineering must be provided with the gkills and knowledge | |
to adopt and defend dacisions based.on life~cycle cost,

Plant contracts and spscifications must be improved and

techniques currentiy in use by‘the military establishment

should bte examined and applied to manufacturing plant ,

wherever applicable,
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22,% Sumrary,

This chaptér has ouflined some of the possible
future deveiopments in the conéept and practice of
terotechnology., Some of these developments that have
been suggested are in fact already in use in the military
sector of industry or in the major manufadturing
organisations of the UK, It is the author's opinion
that practiqes adopted by the“defenée organisations
have thén been applied successfully in'general
manufaciuring industry and given time the same will be
true of advanced lifeécycle management practices of
the types suggested in thie chapter,

' The follpwing chapter coﬁsidérs some possible future
developments in the application of life-cycle costing

within manufacturing industry.




CHAPTER 23
FUTURE DEVELOPMENTS IN THE APPLICATION
OF LIFE-CYCIE COSTING

2%.1 Introduction.

This chapter attempts to outline some of the
possible'future dévelopments'in'the technique of life-
cycle cbsting as applied to the evaluation of manufacturing
plant and equipmeﬁt. As with-the speculations regarding.
terotechnology, the developments prbposed in this
chapter have been based on the research within a total

of 22 organisations, In addition, the views expressed

"'by the eight respondents to the postal questionnaire

on life-cycle costing have also been taken into account,

2%.,2 Some Possible Developﬁents.

These developments are outlined in the following
. three sections. The first deals with the need to have
a transferéﬁcé of experience from the experienced military
useré of the technique %o the perhaps scepiizal indusirial
users., The zecond considers the need to +iesi the technique
thoroughly before it can become standard rraciice and the
third section outlines some of the aftempfs-that are

already being made by major companies to utilise -
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the technique,

' 2%,21 The Need to Transfer Fxperience. o

A major development which the aﬁthor suggests
as vital to the successful development of life-cycie
costing is that the considerable amount of experiencey
within the defence industries and armed forces,shouid be
transferred to manufacturing . industry, .The armed forces
now have over twenty yearé'experience in the use of
life-cycle costing. To some extent this transfer of
knowledge is taking placé.already in that twd najor
intérnational conferences were' ﬁeld in late 1977 and
early 1978. In both cases all the speakers were from
the defence industries 2nd armed forces. The authér
has visited senior members of the Ministry of Defénce |
Procurement Executive and menbers of the army's data
‘management centre at VWoolwich.The experience held ﬁithin
these organisations and olhers should be disseminated
86 thatumanufacturing iniustry may 1eafn from the
experience of the defence industries and thereby accelerate
the detailed aﬁpraisal of the technigue necessary before
it can become standard_praétice within manufacturing |
indusitry. ﬁnowledge is building up élso in the airline
operating companies and in some rental baged organisations
such as Rank Xebox.‘The experience of the author

indicates that these orgasnisations are very Willing to
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discuss their experiences in the use of life-cycle

costing, However what is needed is some form of central

|
|
|
or governmentital incentive to éisseminate}their knowledge .
on a wider scaie. |
The educational and research establishments have

a major role to play in this transference of knowledge .
and it is the author's view that further resources | ‘
need to be allocated to'enabié résearch,‘short courses, .

publications and so on to be mounted,

23,22 Establishing the Validity of the Technigue,

‘Another important development;which needs to take
place,is that of validating the.éppiicability of the
techhique to the environment in which investments nust
bhe made within manufacturing industry. The author
has heard often the cbmblaint thatrthé défence industries
have a 'bottomless pot of gold!' and that such sophisticated
techniques as 1ife-c&cle costing, cost-effectiveness
analysis and trade-off analyses.would be too expensive
for most manufacturing organisations, However, as has
"already been pointéd out in Chapter 19,what is needed in
manufacturing industry are simplified procedures which
facilitate the same process of analysis but at a level
of depth which is appropriate to the needs of the
rarticular studj'being undertaken, The professional

institutionsz should establish their policies rcgarding
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the validity,of.life-cycle costing as a method of

e} pim = p it Pl et - LT A

economic analysis for manufacturing plant,

The validity of the technique should also be tested
by conducting case~studies and developing and testing '
analytical medels of life-cycle costing., Over 200

analytical models have been developed by the militéry
| organisatiéns and some which the author has seen |
" extend to over 200 pages of explanation, computer
programmes and eventually the printouts of the.results"
of thé evaluation, Such models would i the author's
view be couwnter-productive for manufacturing industry,

2%.23 Puture Developments in Industry.

Of the 22 brganisatiéns visited during the course
of this research (between 1975 and 1976)[six organisations
are known to be using life-cycle cbsting or examining
the applicability of the technique, In one company
internal seminars.aﬁd'lectures have been held in order
to introduce 1ife-cycle-oosting fo project enginaers,
accountants, maintenance engiﬁeers and other members
of the management structure, In another company an
" on-going project has been.established to create a data '
collection system, test out life-~cycle costing on a
pilot basis and several internal courses have been run,
In another conpany éase-studies have been conducted

and examples of the work that this campany has carried out
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were praesented at the Tero 77 Conference( 97 ) by

Mr.S.E.Kay, This development should continue to gather
momentum and other eompanies;will almost certainly
begin to investigate the use of the technique.
However, the author has serious doubts about

- the way in which the technique is being taken up by ’
indust;y befére standardised procedurés and definitions
have been developed and pubiished_. What appears to:be
happening at the momentris.that each company is adopting
its own definitions and procedures so that numerous
varieties of life~cycle costing techniques may become
established. What is considered to be a more demirable
course is for a standardised procedure to be developed
and supported by the institutions so that it cén then
be applied to each company environment as their needs
dictéte. The need for a standardised approach is
particularly important of cource if the technidue becones
‘part of a céntractual requirenent as ig the case in
many defence contracts. If each supplier submits a
rroposal for the ﬁesign and manufacture of an item of
rmahufacturing plant based on life-cycle cosfing,then
-1t is. essential that they are all uéing the sane
procedure; definivisng and agsumptions,

To summérise the developments seen to be required by

the author, The First develcpment should be in the
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field of wider dissemination of knowledge and expefience

in the use of life-cycle costiné.‘The sécond is seen

in terms of'encouraging more detailed research into the
use of the technique as a meang of appraisal for
manufacturing plant, The third is seen in terms of )

a need to establish the validity of the technique and

thé feasibility of adopting gpch in-depth procedures
within a commercial industrial environment. The fou:th :
and pefhaps-most important development should be in

the development'of simple standardised procedurés for

the implémentation of the technique, The fifth development
seen as important by the "author is to ensure that

the technigque has the support of the institutions and .
that this leads to wiﬁer use of what should become a

- gstandard evaluation procedure for manufacturing plant

and eguipment,

23,3 Summary.

This chapter has described some of the future
developments considered to be desirable by the anthor,
- Some of these deve=lorments are already wnder way within
industxry and most of them are standard practice in the
defence industries, I the poténtial benefits,as described

in Chapter 17,are to be realised then these
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speculative ideas must become reality. The technique

has a long wéy to go but the extent of the interest shown -
by industry has been remarkabie for such a new technique,

The following chapter outlines some suggestions

costing.

for further research work in terotechnology and life-cycle



CHAPTER 24

SUGGESTIONS FOR FURTHER WORK

24.1 Introduction.

This chapter describes some suggestions for carrying
out further research work in the fields of terotechnology
and life-cycle costing., The findings of the research,
pregented in this dissertation, leave many unanswered
questions about the way in which terotechnology and life-
cycle costing should be applied to manufacturing industry.
The suggestions ére'presented in two sections., The first
considers further work in terotechnology and the second
describes some suggestions for furfher work in life-
cycle costing.

24.2 Suggestions for Purther Research in Terofechnology.

The findings of this research highlighted the
following ideas for further résearch‘endeavour.r
1) To carry out industrial regearch to establish the
way in which the concept of ferotechnology has been
interpreted by engineers,managers and &ccuuntants;
2) To carry out industrial research to estabiish if

the word terotechnology is actually in vrezular use
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3)

4)

5)

.6)

T)

8)

practices and their subsequent effect on the

To carry out research into the training implications

of introducing terotechnology into an organisation,
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as a managerial or engineering term. , z
To carry out industrial rgsearbh into the application |

of terotechnology to determine what effect such .

applicaticn hés on the financial performance of -

a company. - ' . . ]
To carry out industrial. research to establish the ‘

value of using the terot%phnology concept as a

product marketing tool, . , - I | ;

To carry out research which will provide detailed

cage=-studies in the application of terotechnological -

performance of the product.

To carry out research into methods of assessing
the 'pay-off!' {to be gained ffom applying terotechnology
to a plént design(ie, increasing its reliability and
maiﬁtainability characteristics) against the cost
and time involved in applying techniques to improve
these characteristics,
To carry ocut research into the way in which the
application of teroteéhnological'practices varies
according to the industrial sector,(ie. what differences
exist Between practices adopted by the chemical
|
|

industry and ssy the vehicle manufacturing industry)
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9) To perform a replication of the research work

carried out in this dissértatibn‘in order to
determine if the findings:of this work hold true
for a different‘sample of organiszations.

10) To carry out reéearch into'the sociologicgl problems
associated with the need to have greater interaction
between.professional disciplineé within an
organisation and methodslgf.breaking down specialist

~barriers fo communication. | | |
These suggestions are not exhaustive in nature, but

do indicate those areas which should receive attention

from researchers endeavouring to advance our knowledge

about the concept and practice of terbtechnology.

24,3 Suggestions for Further Research into Life-Cycle Costing.

The findings of this research work into lifé~cycle
costing highlighted the following ideas for further
research endeavour. | ‘

1) Industrial research to establish, in détail, the
way in which those companies who.are applying LCC
have done so and the reasons why they decided to
nutilise the technique; |

2) Research intc the way in which the Ministry of
Defence have app;iéd life-cycle costing and their
experiences in the use of the technique, This work

should then be disseminated to industry in general

in order to stimulate interest and application of LCC, :
|
|
|




3)

4)

6)

7)

Research,on a caseéstud& basis,td investigate

the cost of implemehtatiog of a life-cycle costing
procedure within a manufaéturing organisation.
Research into the possible application of life~

cycle costing to other environments such as local

" government, hospital equipment,’buildings services’

plant and buildings.

L

Research into the problem of applying discounting

techniques to long-life systems and the way in which

such systems should be treated from a life-cycle
cost viewpoint.‘

Research to carry out long term 'follow~up! analyses
of projects,selected on the basis 6f their 10#
life~cycle cost,to determine the accuracy of the.
forecasting ability of cost-estimating relationships
and predicted reliability and maintainability |
characteristics.,

Reseérch to establish how life-cycle costing can

be integrated with conventional investment appraisal
techhiques for manufacturing plant,

Researchh to establish how to 6ost for loat production
from breakdovns and the validity of including such

a cost element in an ILCC analysis,

Research to develop specific analytical models for

- the evaluation of a life~cycle cost fox : particular

types of manufactuiing plant,



10) Research to establish the most effective way of
introducing 1ifé-gyc1e cogting'into an organisation.
(ie, should one engineer or acdountant be trainea in
the technique or should it be performed by a team?)

11) Research to develop a range of life-cycle costing'
case~studies for wide dissémination_within industry
and education,

Again these suggestions aréihdt inténded as an

'.exhaustive list but as an indicatipn of the -

direction in which research should be developed.

24.4 Summary.

This chapter has outlined‘some of the suggestions
for further research that this work has highlighted,
Inevitably all the ideas proposed in this chapter would
require considerable time and commitment of resources,
Nevertheless, the effort would Be well fewarded by
"wider understanding and application of life-cycle
costing as a technique for the econonic evaluation of
engineered sysptems, The suggestions for further research
| into the cbncepf and practice ofvteroteéhnology weuld
probably be even more difficuit to pursue but again
the rewards cculd be substantial if such research led
to a wider understanding and application of
terotechnological practices,

This chapter concludes the work presented in this
bdissertation. The appendices and list of works citeﬂ

follow this chapter. -
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APPENDIX 1

(a) Industrial research letter of introduction

(b) The research brochure.
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LOUGHRBORQUGH LEICESTERSHIRE LEr iTU Teb: o50p 63171 Telex 34319 Telegrams Technology Loughborougls

DEPARTMENT OF ENGINEERING PRODUCTION
Profcssor .. SURY, PhD3,, C.Eng. Head of Department <

Professor K. J. HUME, B.Sc., C.Eng.
Professor M. GRANEEK, I.Eng. C.Eng., Bentley Engincering Professor of Manipulative Machinery
Professor T, M. HUSBAND, Ph.D., British United Shoe Machinery Profissor of Manufacturing Organisation

"o

I am currently engaged on.pqstgraduéte research vhich is being funded
by the Science Research Gouncil.My‘research is aimed at investigating
how companies manage the 1ife - cycles of their plant and equi;;r'r:e'nt.
That is,hou plant is specified,designed,installed, commissioned,used

_ and maintained.The objective is to determine what relationships exist

betveen various physical asset management practices and plant performance,
I zn writing to ask if you would be willing to assist me in this
research work.I would very much like to use your company as one of my

case studies.This will simply involve me in visiting your company for

" & short period of time to. collect data and interview several of your

manggement personnel, .

Please find enclosed a short brochure which outlines the objectives
of my research and covers some other points that you may be interested
in having clarified at this stage. ‘

If you would like to assist me in this rcsearch work end would like
to discuss it further,please let me know. I lock forward to hearing
from you.

Yours faithfully

Graham Harvey. .
Postgraduate Research Student.
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PRACTICAL RESEARGCH TNTQ THR PHYSICAT, ASSET ANAGEMENT PRACTICES OF INDUSTRY.

.

INTRODUCTION,

These notes are for the information and guiaance of potential ‘'host' companies.
I hope that managers and engineers who read these noteg will be encouraged to
collaborate with the university in this research work. Hopefully, the project

~ should produce results of value to the host companies as well as providing
essential knowledge about the genefal nature of physical asset managément .
practices within manufacturing industry.

- The management of industry's physical assets has recently begun to receive
a great deal of attention from government departments institutions, congultants
and educationzl establishmenis as well as from industry itself.
The grouth in interest in this 'cinderella' srea of mansgement was sparked off
by a government report which was published in I970.This report was centred
around an investigation into the maintenance practices of British mamufacluring
industry.However the revort alec highlighted the fact that an assebt requires

nansging from its initial spscification and design,to its installation co%m1951011r~

operation,naintenance and eventual removal and replacement.i copy of thn
report summary is included on page5-.This whole - 1ife management approach
has baen given the nzme Terotechnology.It is suggested that Sritish indusiry
could save appro¥.£5C0 million by the adoptlon of improved maintenance and
life - cycle manazement practices (at 1970 cost levels).

However very little is known gbout the whole - life physical as%et managerent
technigques that are employsd by companies in order to ensure that their plan
and equipment is working effectively throughout its economic 1life.

THE CBIECTIVES OF MY RESTARCH,

1) To investigate the whole-life physical asset manaécment practices of
mamufacturing industry. . '
ii) Te investigate the relationships that exist (if any) between various
physical asset mansgement practices,plant performance and
the overall company performance.
11i) To investigate how the'need! for whole - life physical asset management
varies according to the complexity of the production process.
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WVHAT DATA WILL Bn COLLECTED.?

I would like to collect data on the following aspects of the company!'s
organisation. (a)the general organisation structure,{b)hoy the company
Specifies,dosigns,installs,commissions,opergtes,méintains and replaces

its plant and cquipment.Jec)data relating to the company's, performance,eg.
sales,profit,assets employed etec. {d)data relating to the plant’s performance
eg.no.of breakdowns,operating costs,scrap levels etc.(e)a genora] description
of the productlon process.

HOV WILL THE DATA_BE COLLECTED ?

I shall collect the data within the host company.I shall v131t the hogt
“company at any time convenient to it.. T would 1ike to talk €

several managers and other personnel who held the dé*" that I wish to

collect.Pata will be entored onto coded- data collection sheets,or
onto questlonnalres. '

HOW COMFIDEMTTAL WILL THRE STUDY BR?

Fo documents or records of any kind will be removed bty me from the host

company's premiseé. Ho publication of the results of my study will proceed
vithout the written consent of the company concerned, Fowever it is desirable
that the company will allow me to use the dsta,in an anonynous form,vithin

the content of my thesis.Such a reference will take the form of the following
eXample:—

Data collected from company'X' small batch production:

JHAT ASSTSTAMNGE IS BRQUIRSD WROM_THAR HOAT _COMPANY,?

I would like to be able to Interview,quite briefly, varicus managers and
engineers who are assoclated with the management of the company’s physical
esgets,eg.Chicl designer,Production manager,¥aintenance manager, Accountant,
ete.I would also require initial guidance in the interpretation of company -
data. i

There will be no cost to the comoanb.-he project is flﬂaﬂced by the Science
Research Council,
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" WHAT BENEFIT3 CAN THE BO3T COMPANY FXPTCT_FROM THIS STURY?
When I have collected and analysed the data from several different

companies I should then be able to carry cut seoversl comparative gnalyses,
These will probably take the form of comparing the practices of each company
with the other companies,and relating this fo the success of the company's
financial and operational performance.This should enable conclusions te be
drswn regarding those managcment prastices that can be associated with

. high levels of plent performance and company Success.

From this and other forms of analysis,l shall prepare a report for each
coppany.This will cutline the findings of my research,in general terms

and zs relsted to your particular company.lt may also be possible to

suggest imbrovements or modifications to exzstlng practlce which’ have

been shown to be successfully applied in other companies.

VHAT BEWEFITS UWILL THE UNIVERSITY GAIN?
I am carrying out this research work in order to submit a thesis for
the degree of Ph.D.In addition the university will gain a much clearer

understanding of the practical problems that have to be solved when
managing a companys physical assets.It is hoped that information regarding
the problems that face those managers concerned with asset manageuent

will emable future teaching and training coursas to be modified to

include this knowledge.

)
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STHTCTLY CONFISENTIAL.

TIDUSTRIAL RESEARCH INTO TUE THYSICAL ASSET LIFE - CTOLR MAMMGEMENT

PRACTICSS OF MAMUFACTURLID IIDUSTRE, (RY CASE-GTUDY)

GEIRRAL QUESTIONMAIRE. COMPAMY i : LOCATION, .

BOTES.. - This questi*cpmire is to be used to colleet general information
about the participating companies.Tnla inciudes the nature of products,type or
production system,analysis o the production process, rmaber of cmployees ;n@ other
generai orfxnisational nzormation. o

I)}Clessirication of ihdustfv

2) Yature or producta ol

3)Type or production system (see operation sequence and mechanisation protile)

4)YIype of organisation

5)Total mumber of employees at the location under stody

6) Company organisation structure(see seperate shects)
7)The mmber of levels of hierarchy in the organisation.

8)The mumber ot exccutizes reponsible{directly reporting)to the
chiet executive. —_—

9)The operational and financlal performance of the company(see seperate sheel}

I10)The funciional responsiblitles for the tite - cycle mansgement of plent ‘and
equipnent. .

&)Responsible for the specification or planh

b)Responsiblo for the design of plant

¢)Responsible for the installestion of plant

d)Respongsible for tne commissioning ot plant

e)Responsible. tor the mamufacturs of plant
(it 'in bouse!)

f)Responsible for the oporation of the plant

g)Responsible for the maintenance ot piant

h)Responsible for the removal of plant

1)Rasponsible for ihe financisl evaluatien |
of tne plant :

J)Responsitle for 1le docision to invest in
plant

k)Responsitle for the procurement of plant

1}iesponsible for personnel selection

recruitment ond training,

m)Responsible ror tha provialon of
managerent intoraatlon.
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FISLD DRITATCI : OESTIONAIRS 'o.T.
THE SPROTFYLIG OF PHYSTCAL ASSETS(FLA N AND EGUIPMENT OMTY)

INFERVIEWERS POSITION:-

280 .

HOTRS.This questionnaire looks at the factors that could be included when attempting
to set specitientions terotocnnoj_ogicuily.\-fould you plense contine your nnswers to
those practices that you ndopt with respeet to the apecitying of major items of
capital equipment.Thid does not ineiude buildings and structures.Iy yoﬁ feel unable

Just giving a RO ensver.

. to ansver any question sccuratoly or teol it is not relevant please say po rather than

Are any of the following factors included when laying doun the specirication for an -

asset against which 1t will be subcequently designed or procured?

CRLENTS

1 )Thc vorking speeds aund feeds of the plant 7 J_ ) [f_l
-2 )'I'h'é capacity of the plant{size of work piece ete,)}? [:ID
'3 A messure of tha product quolity that is roquired? ' DD

L )The degree of plant accuracy required ?

5 YThe degree of planb repestability required? ' DD

6 )The skill level required of the operator{iz.skilled,s s,u/s)Dl:I

‘7 )Tho approximate cost of the plamt ? - - | DD

Y )The operating prorilé of the plant{ie.hrs.in nse/wecx ete.)? l:” I

9 )The utilisation factors of the plant{iec.pumps ete,that only DD

reed 1o operate occasaionn.'!..l.y)

I0)The geographic location of tne plant? . E DD

1I)Tne vorking enviroment of the plant? I:”:l

Y2)Tne satety requirements of ‘the plant(ie,must supply iully DD
guarded eted? )7

13)The mean tine to repair a foilure that is required? D D
I4)The delivery date? | : ) DD
T5)The mean time between failures of -the plant? D EI
16)The necd 4o bo cupplied witn preventua peintenance . ﬂ I:'
schedudrc? i-—
I7)The need to be provided with plant overhsul schedules? . DD
I8)The nred to be supplied with a maintensnce mamual? D
19)Tue need to ve .supplicd with n list of recommended spares? r_”:l
20)The recd to bersuppllied witn ranlt disgnosis datn? N I_:[D
21)The need o provide training progrwuies for maintenance . l__“:-]
and produclica operators? -




22)1‘ho neced to provide training programacs ror muntaﬁauce
and production suporviaion 7

23)The need to provide Lnstiuments end controls ihet ars ]
ter?

readily mecessible to the aperator sad maintenance filt

24)The need to cngure tha® there i3 pood access to internal
poarts o1 the plant that will requiie maintonance 2

25)4 ponsity clause 1o, late de.livery?

26)A ponalty clause for plant reliability being below the
< specitied level ror a given peried or time(ie.puarantee
perdod or pgrread mmber of operating hours) ? .

27}Tre nord to be provided with 'expected "life' data tor
gspecafied plant componeats?

28)Do you have any nistorieal data wulcu you use 1n order to
nake decisiors on plant religbplity and maintainability
- when you are speciiying a now item or plant?

1 .
29)Do vou specity the need 4o be supplied with data or
) intormation on tne transportaiicn,packaging and
stornge requirements of the plant?
30)De you speciry the aniicipated lite — cycle ot the plaht?

3I)Do y_oﬁ speclry.the need for nodular consiruction or plant
to 1acilitate ease of malntenance ena replacement?

32)})0 you use neiworik snatysis to plan a new plant projecty -

33)Do you over specity certein requirements in order to give
' you margins or satety?

3418 a review ot the piants nerformance spec carried cub?

35)Is e review of the plants reliatility spec earried out?

T}
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30)Is a review or the plants msintainability spee earried out?D[ [

37¢)Is & Tevicw o1 the plantz final specification carried out
in tho ligai or ristorical data and informaticn ?

38)In uhicn department is the intervievece locatea?
39)A% what level or mansgencnt is the J.htemewee situated?

40)Whet quativicationo dnes the intorviewee hold?

LIMWhat do you tind givea you the biggest problems
whon developing a .)J_o:.t srecitication?

00 |

COMMENRTS
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FIELD RESEARGL : QUESTIONNATTE To.2,
T!’E E DESIGITIN OF PHYSICAL ASSETS (r‘rm AD EQUIEMRLT _OILY)

INIERVIEYEES POSTITION:~ P
NOTES.This questionrnire looks ab the factars that conld be included wnen attenpting L
to design plant systens terotechnologleally.Hould you please confine your answnrs to ..
thosg practices that you adopt with reopect to the desizning of major items of capital
equipment.This does not include puildings and struriures.If you feel unsblo to answer -
ony question accuratioly or feel it is not- relevent please say so rather than jJust giving

& N0 answer. 4 :

Are any ot the following factors included wen desigzrlnu 2 mew ltem ot

282

R N —
I )The use of ldistorical dota on plant performance
(ie,specds, feeds, quatity,aceuracy, repeatability etc.)? [
2 )The ise of historlcal dats to detecrmine a plants KTTR? D EI
3 )The use of historieal datn to deterzine o plants MIDF? 1
4 )The use of historical data to dotermine the degree of DD
preventive naintenance applied 1o o plant"
5 )the examination of breakdown reports ete.io determina
: the comments mads by the operator or maintenance iltter
&t the time of a breakdoun? Lt |
6 }he nording of discussions with maimtonance personnel I__ '
to detemine tneir suggestions for improviments in the
plants maintainability? _ ) ———
7 )The analysis of maintenancs costs,dountime records, Spares
usegge records 1. locate hiph cost arcas?.
8 )The use of network analysis to plan tne design project? DD
9 )The use of value enzincering studies? i
. I0)The vse of statisical anslysis on istorical data? ' L_:”:_]
II)The use of trade - off's betucen rlant eost end operational _-II:
performance(ie, speed to cost,capacity to cost ctc.)? . __I L
I2)The use of trade-offs betveen ditferent fomss of oontrol D
systona(ie.mech/elect/nyd/pme etc.)? | L
I3)D0 you use any form of cost offectivencss ‘eriteria to . .
evaluate sliernative designs?
I4)Po you use Life - Cycle Costinz to evaluate deslgna? 1]
I5)D> you use trade ~ offs petwwen the different elements of - DD
cost in the life of the plant? . :
I6)Do you use reliabiiity and menntaimbility criteria o evaluate jl_'
alternative plant designs? _I
I7)Do you aerive a detailed operating profile for the plant? [] l_T
18)Do you derive utilisction factors for the plant? - L—_lL
Iy)lo you identify eritinal cost parameters in the plant design? I____l
20)lo you make use or reports, Journals,contersnces ete to keep up DU
to date witn enpincerirg developaents?
2I)Do you write schedutes sor the manuzacture,installzt ion, DI]
and commissioning or plant? i - _—
22}l you writs Jubrmecatlc:n maintenanes gehcdules for plant? [:”j l o ‘

23)Do you write overnsul schedules for plant? 0]
2/)Do you wiite schudules rox preventave wuintenance of plant? Dr—l
25)Do you wn.'l.e scaciuiag 1or preventive replacsencit of camponents:LlD




20)Do you write out fault diagnosis and xepsir shools?
27)Is there a tormol date foudback docunent to the design dept

. from ihe other phases in ihe plants life?

28)Do you recoive amy romm or reedbuex intormation curing
a planta lif'e « eyvelo whleh provides you with some datn
on plant performancs,relisbility,maintainability and costs?.

) 29)Do you have o data batk of historlcal information on plant

performance within tno design depts?
30)If yeos i3 it a computerlsed system?

3IWhat reports and types of infordetion cen you obtain
from the system? :

32)¥hat dolay is there botween requesting an’ recelving
"~ infermation?

33)Do you deaign in condition monttoring equipment?

- 34)Is there a system for modifying plant whilst in

service, (io.imn suggeslion schemns ete.)?
35)Ir yos how dors the system uperate?

36)How wany design arternatives sre taken to tho Finas
steges of evaluation botore a decision is made?

37 )Vho desides vhich design is the ‘best'? _
330What criteria is used to determine the best design?

39)Vhat partienlar aspect or plant design gives you tho
grc,atest problems?

40)Mhat do you consider to be the most inportant
consideration in the design ot a new item or plant?

. I)Please rong tne 10)loving des:ign"criteria'in order of
importance to you as the company's plant designer

a)Donign tor longest plant lite
b)Design for ease of operational uso
e)Design for ease of mainiensnce
d)Design for paximum reliability
o)Design for meximum product quality

f)Design for marimun engincering quelity
of the plant

g)Design for tovest inifial investuont cost
I)Design for maximum plant availability '
i1)Design for louset ongoing operating costs
§)Design for lovest life ~ cycle costs

kiDésign tor an optimun mix betueen plant
perforuance, costs,quality,aval lebility
and lite.

The use of auancitative techniques in the design of plant

42)Do you use critical patn anolysis?

43)Do you use risk and sensitivity anolysis?

L4)Do you use O.M.tcernigues to predict reliability?
45)Ds vou use D.R.tachniques to predict maintainauility?
45)D5 yeu use cost effectivenscs analysis?

4700 you use discounted cash flow analysis?
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"48)Do you use O.R.tcchnigues to predict optimum inspecticn froquencos
- 49}Do you uge O.R.technigues to predict opiimum overhaul freqs?
50)Bo you use O.R.techriques to predict optimua maint.crew sizes?
51)Do you use regression amalysis on historical data?
+ 52)Do you use lincar progromsirng?
53)Do you use 1life - cycle costing?
5,)Do you use couponent stress analysis?
55)Do you use vibration analysia?
. £6)Do you use simlation? .
57)Do you use any rules of thumb for designers?
- 58)Do you wuse a lowent cost only decision mule?

59)Do you use ergonomics?
T

000000000000,
DO0oo0nooant

60)In vhich department is the intervievee located?

. 6I)AL vhat level of wanagewont is the interviewee situated?

62)What qualifications doss the interviewee hold?

?3}1&1:{1‘. is the organisation structure of the design department?




- -1I)Pe you have any formal reporting doeuments for recordlnf,
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FII*..L!’) Rb“I‘A QU[‘STIO‘IMIRE . 3.
THE ITSTM,IATIO‘I OF PHYSECAL ASSEES(PLANT AMD ROUTLMEIT O‘ILY)
INTERVIDWORS POCITION: ~
_HOTES .This questionnaire looks at the factors that could be included when attenpiing
to instell plant terotechnologicatly.Viould you pledse confine your answers to thase

practices that you adopt witn respect to installing major items of capital equipment.
This does not inclndesbuildings and structures.lt you ieel unsble to answer any question
‘mecurately of Teel it is not relovani ptease ssy so rather than just giving a NO znswex.

Are any oi‘ the tollowing included when installinu & nev item or plant.?

YES I\,'O COELNTS
I }Do you huve s formai layout of the site where the .
the plant is to be instalied?

2 Yo you nsve a formai layout of the site serv:tces?

)Do veu derive an installation project plnn using -
network analysis?

4 Do you develop - Job desériptions tor each installation
task?.

5 )D_o you use contractors to install plant?
6 )Do you use contractors to instell the services?

%t YDo you carry out any rorvard planming or manpower
requircmcn‘bs i

8 Do you ecarry out eny rorwvard planning ot aunliary
equipment requircmenta?

9 }Do you record the problems encountered wh_en installing
the plent?

10)Do you record the prohlems cncountcred when ins tallin.g
the services? .

muamjrjmti

N0 | =

]

installation problems?
12)Do you establish an installation budget?
I3)Do you esteblish an installation project time schedule?

I2}0n completion of plant installation are there any fowmal
, meotingd between design,prod.,maintenance, conmissioning,
account:.n\, cte.to review problemsfcosts with you.?

JDDI

[

I5)Wnat partlcular aspects ot plant installation give you the
biggest problema?

Ié)knat dn you consider to be the most important aspect in
the 1nst&11ation or & now item ot plant?

I7)1n which dopartment 1 tae interviewee located?
18750 wnat lovel of manavement is the interviewee sltuatea?
19)¥hat quslifications does tne intervievee hold?

o
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FIELD RESEARGY : QUESTTOMMATRE Mo, A,
THE G ASTONTIG OF ‘THYSTCAL ASSETS (PTANT AID EQUIBERIL ONLY)

TETERVIERLEES POGITION: =~

NOTES. «Tads quostionnaire looks st the ractors that cau.!.d be included wien attcmpt:,qg‘-
to commission a plant terotechnologlcadly. Hould you plt..a o confine your ansuers to
dnuse practicos the you adopt with respect to commissioning major items of capital
eguipuant, This dees nottinclude buildings end structures.If you feel unable to ansver
any question aceurately or teel 1t is mut relevant please say so rather than just
giving a KO mnswer,

Are any orthe following included when commissioning a nev iten or plant.?

I }Tne use of a formal tommisaioning schedule?

2 )Formsl. tests for plant performance(ie positioning,”
Topeatability,quality or output ete.)?

3 )Formal tests .for plant .reliability(ie.detemmtion of
ML BFa )2

J JFormal tests of plant:maintainability(ie.carrying out
prevensinteroutines to specitied times cte.}?

3 )A formsl training programme for plant eperators?

6 )A :foﬁﬂ ‘training programme for production supervision?
7 )A fomsal tralning programie tor malntenance ritters?

B )4 formsl training programme tor maintenance supervision?
9 )The production of actual comporenis 2

COLENTS

DDDDDDE@

300 WF‘DDDEDE{DDD]}

ID)The eveluation of -conponents 2or m"pli..n..c with the
specification?

I7}The evaluation of plant performance egainst that
specigied?

I2)The resording ot all plant fawlts durinz the
commissioning peried? :

”»

I3)The recording of all auxiliary equipnent ans services
Toults during the coumimsioning perdod?

A4)hre ony Tormal reportingdociments vsed?

I5)Is there a formal acceptance of the plant as complying
with ihe specirieation?

I6)Is there any tornsl discussion betveen - design,prod.,
maint.,inctal., comissioning,cunplier ete to discuss
problenas that have oeccureni. during commiscioning?

OO0 C00

I7Mhet do you conaider to bo the most important activity
earried out wnen you coamission a new item of plant?

I3)nat partioulsr comninzioning netivity gives the
biggest problens?

I9)In which depariment is the interviewee located?
20)At unat level of wonazerent is tno intervievee situated?
2I)What gualiticaticns Socs the intorviewce hold? -
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FIELD MESEARCH :QUESTIONMAIRE 1o, 6,

THE MATICEIANGS OF PUYSICAL ASSETS (PLAIT AID BOUIDMEIT O:LY)

IM‘EI"\TI"I.’E"‘% POSTITION.

KOTES. Tb.i.s ques tionnaire looks at the Imctors that could be included vhen atbempiing

to maintain plant and equipaent terotechnologleally.W mﬂ.d you ploase conrine your answers
to those practices that you adopt with respect to maJor itenn of caplisl equipment.

This dces nob inelude ruXldings pn ctructures,If you feel unable to ansver shy question
eccurately or feel that 1t iz not relevant please eay so rather than Just giving =
" HO mnower. '

Are any of the folloving included wpen mad ntatning the plnnt and equipment used within
the momufacturing process.

’ YES N0 . COMMENTS
I )Do you carry out any training of' maintenance
fitters wnen a new item of plant is installed?

2 )Po you carry out any training of malntenance D I:I
supervision whon a new item or plant is insislled?

3 JAre any data recording documents used by the D ]:I
naintenance deplt.?

If yes,vhat data is recarded on th=se
documenta?

4 )ire any production operators used on maintenance D I I
work?

If yes,in vhat capaclty?
5 Ma there o maintenznes fitters incentive scheme? [ | [ ]
6 }Do you allocate priority to maintonance, Jobs? T t
7 JWhat is the basis ot the priority allocation?
1 ' 8 )Is there s lubrication muintenance schedule? ’
DT 9 )Is the schedule supplied by an oil company?

I0)Is there a preventive maintenance programme
in use?

000
00

Ir yes how does 1t operate?

II)ls there a berore-iailure parts replacemont
progranue in use?

L]
L]

Ir yus,how doos it operate?

I2)Are any format repeiis sTitten wnen m v D I I .
plant break down cemuzs? .

It yea,do you use foraai weporting documents?

13) Do you uss maintcna e job caras? . . D [:!

s



..
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YES 10
T4)IE yos,what information &8 collocted on the job cand?
I5)To what use is this inforumiion put?

CODENTS
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I6)How do vou update the vreventive maintenanca
schedules?

I7)Are fault diagnosis shwets used oy the maintenancs - D
titter? . , _I -'

18)If yes,uno creates these diagnosis sheets?

I9)Is tnere a computerised systom of maintenance data
menipwlation end reportingy -

If yes,hoy does it operate?

20)Hov i3 the data interpreted?

2I}tho interpiets the data?

22)¥net reports ere fssued on the basis of reviewing the
maintencnee data?

»

23}Dc you' have coat recovery rates tor maintenance work? D D

If yes,does the mainfenance dept caleulate then?

24)Is there s standard costing system in use in the D D
paintenance deparizent?

25)Is there a budgetary control systen in use in tne
raintenanace departnent? )

If yes,do yoa set your own budgets?

How are tuoy =ct?

26)00 you set perforuwamnca standards ror the meintenance ! | I 1

departacat?

If yes,houw do you do thia and wnat mezsurezenta do
Yyou use? .
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27)Ia there eny aysiem of naindehanco data tesdback
* to otner devariments in the compary or to tne

plant mamufneturere?

If yes,how 1s this donet

COMHE

NS

23)Is network anatysis ufed within the mainienance DI
depariment? . l

Iy yes,wnat iz it used foi?

29)Do you oveinnul pLant? D | I
It yes,do you use contractors? . S

30)How do you deeide thet a plant needs to be
overhauled?

31}Have you' heard of terotecunology{before my arrivel I:] D

at the company)?

If yes,vhat is your understanding ot the word?

32)Do you hold spare parts Yor plant and equipment? [j] |

CIx yes,on wnat basis do you dscrde iz a part znould
be neld in inventory? )

»

33)Do yeu knew how nuch maintenance costs your compé.ny?[:“_l

34)Vhat practices do you think would have an edverse
effect{decreasclon the expecied 1ire or plant?

35)Wnat practices o you think would have a favourable
effoct{increase)on the expected 1119 oY plant?

36)¥nat types or plant sutfer most failures?

F¢i¥nat are the major cguses of failure?

38)nat d» you vonstder io be the most important
eetivity earried cut by your malntenance depl.?

39)daat particular a.,pcm. o1 rainlenancs gives you the
big,[;e st proviems? :

T R
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.I6)Recression analysis.

40)Are any of thv fOlTUJiﬁ" techniques wsed by thn maintenance dept,

YRS N0
I)Critieal path analysis. [::] [::]

2}Sennitivity analyusis,

ﬂ
s

3)Prediction of plent availability.

=l

4
4)YPrediction of plant reliability.

S¥preadiction of plant malnteinability. -

45”_‘
nd
S-S,

6)5imulation.
7IDotermination of optimum inspection fireq.

8) " " n overhlinl "

DDDDDDDGEIDDGDDDD

Ogoooo

9Z o " # mainb.crev sizes.

I0}Cost effec?ivennss.&nalysis.:

II)Rati? snalysis. {ic.avail./cost.)

I2)Discounted cash flow analysis.

13)Eveluation of a plant fizure of merit.

I4)Develorment of relationships between
maint, cost and plant performance,

I5)Lincar programming.

1 [ I | O

L

17)Probebility analyris,

IS)Analyéis.of risk end uncertzinty.
I9)¥Stendard costing.

20)0ptizun stock holding levels.
2T)0ptimum re ~ order levels.
22)0ptinuz orﬁering quantities.

23}Dclerninntion of an oplimum spares mix. [::] [:]

- 24)valuation of life — cycle support ecosts, [: [-‘]

26)Life - cyele 205iing. RN

28 0y elbur techndigues used by the { T
. . I
malninrance Jent, ) i
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Filib RRSRARCH sIUSSTIONIATRE Mo Ts

THE REMOVAL A0 _RRPLACEMENT OF PUYSICAL ASSETS (PLANT AND EQUIDITNT OIY)

INIERVINWEES POSITION.

NOTES.This questionnaire looks ut the factors that could be im luded when applying
terotechnelogy 1o the removal and replacement of jnlnnt and equipment.This does not
inciude baildings and sf.ruc‘l.ues.'n'oul_o‘. you plense confine your answsss 1o thosa

" practices that you adopt with respect to major items of ‘capital equipmont.If you teei
unsble to enswer eny question accurately or feol thn.t it 15 not relevant Iiié’ase say B0
rather than jus.t giving a HO answer. l |

" Are any of the rollowing includéd when removing and ,replacing an iten of plant?

’ YES IO COMENTS
I )An ascessment of the residusl value of the _
old plant? o )
2 )& review of the life-cycle coats or the old ' : D I:I
plant? :
3)A review of the maintenance problens asscciated l | D

with the old plant? :

4 JA review ot the reliability problems associated
with the old plant?

5 )An ecsessment of tne fuiure mawket requirements D D

tor the product thet 1s to be produced from the . )
new plant? t

6 )An assessment ot the operational performence D [:l
requirements of ths now plant(spesds,feecds,capacity ete)?

-7 JAn assesanent of the 1ife- cycle that the new : D I [
. plant muat be selected for? .

8 )An assessment of the meintainability requirements ' D [:l
requirements of tne new planl?(ITR,FM,CH,etc)

9 )An assessment of tne reliability requirements ‘ E_—l
of the new plani? {MIBF,systen,s/s eie)

10)If a rew item of plant is to be purchesed
‘oif the sheit''do you carry out eny investument

eppraisal anslysis?

If yes,vhat method do you use?

[

T T T D 4 e T R ¥
~1I}lo you use notwors aniysis to plan n removal D I:‘
project? ‘
I2)Do you derive a budget ror the removal project? | .
I3)Do you use contractors te remove plant? ’ EI l__]




e ——— o

.t L
4I)In wnicn department is the interviewes situated?

A2)At what level of management is the intarviewee located?

43Wnat qualifications does the interviewee nold?’

I R R X TR WA EDRE TSI TERE %

e



FIELD RRSZASCY QUASTICUINYEE h.8,

THE FIMANCIAL MAMAGIMEDT OF THYSTCAL ASSETS (PLANT AL ESUIRMENT o5y}

T RTERVIEWEES POSITION. - - . e e

NOTES.This questionnaire looke et the factors that ¢orld be included when epplying

 terotechnology to the tinancial managenent oi plant and equipment.Would you please

eonfin - your ut-!suurﬂ to tifuse practices thet you adoph with respect to major w1tems of
caprtal equipnent oiuly.This doos not include bu:ildings and stm.ctures.lf you recl unable
40 ahsver any question accurately or feel it is net relevanl please éay so rather than
Just giving o MO anawer.. ) o .
Aye gny or the following included within the financial I:ip.nagemen'r: ot the companys .
plant and equipnent? B — COMENTS
1 Yho you‘ ectablisn’ budgets ror any ol the folloving i~ ' :

2)The setting of the plant specification?
b)The design of the plant 2 :
¢)The cost of purchesing the plant?
‘a)the cost of installing the plant?

e)The cost of commisssioning the plant?

i

£)The cost or opersting the plant?

g)The cost of meintaining the plant?

-

o000 0Coood
0000 0 000000

h)Tne cost of removing tne plant?.
. 41)Tue oost of ini%ial spares ror the plant?

j)Tne treining of production and naintenance
- personncl?

k)The eost of providing management intormation
relating to the plant throughout its lire?

2)Are actual costs recorded?

3)1f yes,do vou produce eny management information. R =
trom then?

Ir yes,utat form does this take?

" 4)Do you catculate iho lite cyele cost of the plant? i

5)Wnat methods of investment appraissi are used to
evaluate plant invesiment declsions?

6)Is the pcecinting tystem computerised? . EID

oy v ey Ay,

- T

T AT LT




P
4
;
i
r
1
1
|
1

YES MO COMMENTS

14)Do you vrite s formal report regarding tho probleas
that were encountered im the removal ot the plant? :

204

I5)Vnat data do you colloct during the removal of a
8 prece o1 plant? %

I6Mnut particular activity gives you the bigﬁest
prohtlem vhen removing plant? :

I7)in wnien department 13 the Jntervieweo located?

I8)At what level of management is the interviewees sifuuted?

I9 Mnat qualifications doea the antervievee nold?
. \ .




FIELD RESEARCH:QUESTIONAIRE ¥n.9,
THE PROCONGMENT OF THYEICAL ASSEIS{PLANT A EQUIRENT OILY)
INTREVIEWERS FOSTTION

NOTES,.Tnis questionnnire Jeoks at the factors that could pe included when appiying

|
. , |
 terotechnolery 1o the prosurcuent ol physical asseis.This does rot include buildings |
_amd structures.tould you please confine your answers,unless olhervise requested,to |

thoso practices that you<adept 1ith resprct to major itema of cspital equiprment.If |
-.you fecl unable 1o answer any guostlon zesurately or feel it is not relevent pleasa |

g2y =50 ratoer than giving e IO ansuer, ' |

Are any of the following included when procuring plant and eguipmént?
YES 10 CORENTS
I )Do you include penaliy clouses tor late delivery I | ] l
01 plant?

2 )Do you progress suppLiers before the delivery o DD
date expires? .

3 Do you progress suppl:.ez's when deﬁvery is

' overdue? | I ] I

4 )Are any particular criteria used to select _ D I l
-mappliers of plant? :

5 )Is there ary system of supplier vett:.nu in E{ D

operation?

. I% yes,how does this operate?

6 )Do you carry oul a reccipt iﬁs;;ection? D I I
» |
7 Yo you calculate economic ordering guantities L__I l I
tor large useage items?

8 Yow do you plan your forward stock requirements?

9 net do you consider-io be the most important - L
. activity performed oy the picecurement department? ’ }

I0)¥Wnat particotler activity gives you the bipgest

probleust . .
|
|
|
|
|
|
|

II)In wricn dopartuent Lo the intervievee situated?

I2}At want level of monagement 18 the intorviewee loeated?

E3MWnat guatifications doos the intervicwee hold?




7 YT yos,wuat acounting routines ere on the computex?

8))Is there a oystem of plant porformencs roporting?
If yeos,vhat criteria are uséd to measure end aveluate
pland porformance?

9 )If none are uced vhat ceiterin wonrd you econsider to
be good measures or plant performance?

I0)Do you earry out a post-compietion-audit of' & piants
lite = cycle? -

If yos,wrat fomm does this take?

1

II)Are any quuntiuative techniquca usod to predict future
cost trends? ‘

I2)When a new item of plant is being specified do you
perform any financled analysis to delermine the
optimm specification?

I3)Wnen a now item ol plant is being desigred do you
perform any finenciel analysis to neter:u:.ne an

optimum. design confimtration? .

I4MMbat do you consider to be the most important activity
carried out within the financiel management of plent
and oquipment?

I5)Vnat partieular aspect of the financlel management of
plant end equipment give you the biggest problems?

I6)In which depertmentis the interviewee located?

YE3 MO

COMY

LTS
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17)}At what level of management ia tho interviewee situated?

18)What quatifications does the tnterviowes hold?
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APPENDIX 3

(a) Bright's mechanisation profile

{b) The mechanisation profiles of each company
in the field research survey,
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THE MECHANISATION PROFILE

In 1954 Professor J,R.Bright initiated a project

to investigate the effect of automation on the

management of several manufacturing orgenisations

in the United States., As part of this research he

devised the concept of a tmechanisation profile!

as a means by which the mechanisation of a production

system could be assegsed,

Seventeenzlevels of mechanisatich were identified
in ascending prder from level 1 (hand) to level 17
when a machine would be able tovanticipate action
required and adjust to provide it", The table over
is-taken from page 4% of his book 'Automation and
Management', Bright applied this profilé technique to
thirteen manufacturing companies‘and fhe resulting
wmechanisation profiles are given on pages 47 to 56
of his book. The profile is really only of use in
assessing the level of mechanisation, Bright also

identified the characteristics of ‘spanfand ‘penetration’

and these ars defined on pages. 40 and 41 of Lis Dbook,

However, for the purposes of the research prusented in
this digsertation only the level of mechanissation was

asgessed,
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: : N

LEVEL OF MECHANIZATION

Tnitiating
Control
Source
Response

Type of

Machine
Power Source
Yevel Number

1

17| Anticipates action required and
adjusts to provide it.
16] Corrscts periormance while operat-

ing, -

variation

action over a
de range of

Modifles own
wi

15] Cocrects performance after operat-

ina.

14 Identifies and selects appropsinte
*| cet of 2ctions.

Respends with action

12 Segregates or rejects according to
~| measurement.

ted range
of possible pre-
fixed actions

Mechanical (Nonmanual)

i

Selects from 2

12 Changes speed, position, dir_cc:icr_\ o - : -
according to measurament sional, : e

1

11} Records nerformanca. : CE

From a variable in the environment

10 Signals preselected values of meas-
urement. (Includes error deteciion)

Responds
with
signal

9| Measures characteristic of work.

‘g | AActuated by introduction of work
picece or material,

7 [ Pover Teol System, Remote Con-
troiled

6 Power Tool, Program Control

{sequence of fixed functions).
« | Power Tool, Fixed Cycle (single ) '
function). .

pat-

ects a

ir
d

ine
tern of aclion

that &

Fixed within
the machine

From a control mech-
anism

predeterm

41 Power Tool, IHand Control. o

3| Powered Hand Tool.

2| ¥Hand Tool.

From man
Variable

wlanual

Hand.

2
o

Brighit'e Seventeen lLevels of

Yizchanisation

(taken from'Automation and Managermend!®
page 45) |
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Method of Application of the lMechanisation Profile.

One of the reasons given in Chapter 6 of this
dissertation for the selectién of Bright's mechanisation
profile technique was that he gave detailed instructions
on the_way in which the profile should be used, Teking
these factors into aécount the following method was
adopted within the six companies included in this
regearch, A
1.The operation sequence was identified and listed,

This wasldone with the assistance of an experienced
member of the @roduction manégement of the company.
2,The method adopted by Bright was used to evaluate
the level of mechanisation; That is, all'primary!
actions within the production process were plotted.
What was considered 'primary'! was essentially a
subjective assescment buf was left to the production
manager to determine, This ﬁethod was used on a
consistent bésis throughout the asix companiés.

3, The mechanisation profile wés then plotted and a
simple average of all the primary actions was
computed, This'simple average level of mechanisation'
wag then used as the basis for the subseguent
comparative analyses of the terotechnological
practices found in use in the six companies.

The resulting mecheanisation profiles for componies

4£,B,C,D. 0 and T are shown in this appendix.
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The Mechanisation Profiles,

Company A, This company ope;ated fwo equally |
important production lines %or the. manufacture of

its product lines. Censequently, in order to assess
the.level of mechanisation of the company's production
system, both production lines weie examined and an
average of the two profiles.was taken. For production
line 1,the-average level of mechanisation was 4,76

and for line 2,the average was 5,61. Therefore,the -
overall average was 5.2,

Company B. The same situation was found in this company
asg wés found in company A, Therefore two profiles were |
plotted, The first averaged.3.45 and the secondl3.55.
Therefore the overail average was 3,5, |

Company C. This compeny operated a single‘préduction
line,as shown in profile C. The overall average Jlevel
of mechanisation was found to be 3.8.

Company D, This company operated three producticn lines
all considered of equal importanée. Therefore, three
profiles were plotted with averages of 4.6,1.4 and 3.5
with the overall average being 3.2. |
Qg§gggg;gb This company operated z single production
line,as showa in profile E. The overall average level
of mechanisation was found to Be Teda

Company F, This company operated a single productiocn

line,ag shown in profile F,giving an coverall average of 10,3
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APPENDIX 4

Exanples of documentation cocllected



Company F

An example of the type of documentation

,used to measure performance.

. 1 .
S B I il Bt wivts oukomabis gt Wit SAAPTep JUOSE i it s
MRS ARSI R DA B wnict AT ot Wiinines SoOotnl | IOl Bestoun R Mmm
— PRSPV VSV, [V LI WU [ S T o.m B
R [ V- PP - G_ [

-4 - ..l!i.l;h”.lu.n gl - nb 4 - [1.._..-_.14
—_ .._.It.!lu..-l-l.. ..... . h.wnu]
. m. T
- A DR I T I Y
9. 144

w

el

!
!
1

A

JEED R RS- : i i - -
lJlIIII. lno.lnl . - ‘ .- - T ]
- ] R 4 R
e . i S 1 . .
— — e ] - et R .-..,..... e IS ——— LT PER PR
= : —_ . .-EMI.NT-E...-J,PI - SRS RS I
1 M - - .
— e e A DU S S IV (R R ) R
-— .|||w|m.ll.|4|r.l |||”|I.u_|q R Rt - .”..-lll.llll e —— PR PP .|.”..|m|
- 3 to et} - S5 IR P S AR D R N
] o i Jrmemr— A e e 8 BN Ryl NG ERO IR RN (P ppr gy
- VTN TS D e s
— = ..__.i.... SR ..i.lrr.l!_ll..l.. e . - W j—-
N YES PV SRR DU TR T P T =00 Dot PRI
po T T NI e 2 Bt P
i .I.l...:r!lw —_—— S H --_h_l!ulullvlwl..l = W I
OO (VN U PRSI, DN JNUNPUUI R S T - —_— - S RO,
-t i i - W... _ - 7
o ML SRRl B W
—_—t— NS SR A HEe.

-1

Sy
1.
(1
N

v
+
.
'

B —,

— — e

[E—— u ..... - # - - ..1I.-‘.t|
e MR PO I 44

St M IS SRS it Ml
T.H..‘.‘ T ) Hm.LH

R

R o D Y. Lo RS o te ke
i r-u-.-h-.\m..... BRI RIS EERRE Sl SRR ) 1ok
e S BT — et - ....m.u..LIm.n.,|..— Jll..l.u..*tn.l_l.uu .o U ”.l O SER RS ..;M..-. _“ R e e
m.;.u”_.iu.u- ‘229 _.u.....”...“..m..nw:ri‘.‘.ui.‘..-..m"uu.,.-,u oG me TTEIEE
legm Sl s g B E Mo ejeiaad . Z . . A da
lnml.l.l.llnl...!l.. %rl\ ..m Mvnlull..h + v . m Fi- [ <t

S I Y LV 3 R Dot SoBARet I Ny by
SEITLON 2 3% PN e et S . g .M Lot il
T B B L AR LR TR > R RN R R
-atents S G w%_._”....u I T T T TN
;-”.M.,d__. A ROBAE RIS ROl B-Sos BRI DA Datrbd SSE SRS Sdby

Baginesring Delays(downtine)as a percentags of

30

Operating Hours.

-~




———
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Lin s AT T

‘ : SHIFT DATE:-
EEAINTEMNANIE RECORD SLARET E | DAYS TWO SHIFTS | |
. A | Blue TIME TRACE
' B | Green Morning Mech,
X € | Black Afternoon E.ecer,
. D | Red Mighe $3RV.
’ , !
PLANT | Unavall'b P B.
MAZHINE & LOCATION WORK DONE COMMENTS ON WORK DONE rOALIN -l I TOTETCS I ST S Y
1
» i
- . -
\
* -
M i P PLANNED NS No., OF SHIFTS SINCE UNIT LAST WORKED MAN HOURS ACTUAL
. B BRIAKDOWN ON IF UNDER $1X. T AVAILASLE $TD,
§ SCHEDULED (PM) €  TICK IF WORK COMPLETE. OTIME

q Auwedwon

-, -



- ’ N ‘
‘ d JOBCARD . . ) JOBTIME ... . .
' 91594 S5 BO9
Fu i
c€.c. Rat, | Repair Nams fock No.
1203 JOB CHARGE No. 16 e Dept, Clock No Oate Time Start Hours
‘ | | I
Allowed Hrs, Time Taken Oelay Hours Origin | Class | Fault Est,
DELAY HOURS
Code 1 Code 2 Code 2 Code 4 Code 5
Code 6 Code 7 Codo 8 =
. =|
[ah}
flannary Signature Forgmans Signature [
. =
' ct
[0
; =
Plant Histary Required . . YES NO g
Job: Guantity A Q
L]
'
Cule
o
Totel Hours o
Oparationt. []
Q
 DELAY TIME )
., . (]
Dalay Cde. Data Time Start Hours P
a .
Praoduction o1 O
=
Craneg a2 gl
. . g
Other Trade a3 ~
Commaonty:
. k=
Transport o4
Tools / Materlals 05
fnstructions 08
o7
w
o8 -t
Qo
WOR SAFELY AS PER WORKS RULE BOOK Total Delay Time
‘...- it T ]




.o o PLANNED MAINTENANCE TASK SHEET

.Iol;'U'largc No. 'ézbf_ . A Job Description ' Allowed Hours ' Dete Completed Craftmans Signature
17542419 001| INSPECT CROP & COBBLE SHEAR DRIVE MOTOR 12 V 2,00 zliz/7¢ ,Z‘,——A '
Plant
g I:f o Oparation/Task Description : i . , _ Remarks/Details of Work Done Hi;}c:v
1 DRIVE MOTOR - .
1 CHECK FOR SECURITY:UEARpDAHAGF : ' .. wn — e
2 CHECK FOR CLEANLINESS,OVERHATING .
3 CHECK WIRING,TERMINATIONS
4 CHECK BRUSHESSBAQUSHGEAR,(OMMUTATOR
5 CHANGE 0OR ARJUST BRUSHES & BRUSHGEAR .
6 CHMECK COUPLING .
7 CHELK BEARINGS b a
Q
2 TACHQ GENERATOR g
1 REPEAT TASKS 1 TO 7 OQPEATION 1 g
'3 COOLING MOTOR s
) " CHECK FOR SECURITY,WEAR,DAMAGE =
2 {HECK FOR CLEANLIMNESS,OVERHATING
3 CUECK WIRING R TERMINATIONS
I3 CHECK BEARINGS

4 COOLING MOTOR FILTER
CHECK FOR SECURITY,WEARADAMAGE
CHECK FOR CLEANLINESS

) =h




In-company data feed~back report

Company E.
312
PLANT SERVICIS DEPARITENT NAPALTMENT  -- o
BI-LONTHIY REIORT PERIONS RANAGER; — |

———

1. Personnel  (Vacancies, transfers, recruitment, promotions). |

2, Training (Courses completed, familiarisation with new equipment)



RN WS

313

3. Doveloments in syvstems and contlrcl wrocodures

4, Noteworthy plant wodifications

g



314

5. Projects Status of mailntensnco preparation for fortheoning projects,
progress on installod projacts.

RN

Guneral comments (difficulties, successes, tochnigues).

[p—



: 315 )

7. Fouipaent causing concern {4nvestigatious, action plans) - Arca Dagincer.
Ol najor breakduwns, by Area, ang delay tines ~ Shili Dnginecr.

- v




APPERDIX 5
The printout from the MULREG programe'




Variable Identification

The variables inputted to the correlation'programme

were given the following idertifications:-

X = average level of production system mechanisation.
¥1 = the percentage application of terotechnological
practices found in use when specifying plant

= as y but for desigh practice
¥z = as ¥ but for financial evaluation pfactices
¥y = as y but for procurement practicés.
¥ = as y; but for installation practices,
%Sg as ylbut for commissioning practices.
Y, = as y]but for maintenance practices.
%32 asg y{but for removal practices.
y. = the overall averzge percentage application of
9 terotechnological practices found in each
company.
VAR 0BS = 1,2,3

from company A %

4,5,6 these refer to each company
o Fr

2
F respectively.

The data were taken from Table 20 page -147.
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APPENDIX 6

(a)The letter of introduction for
the postal survey of life-cycle

costing practitioners,

(b)The life-cycle costing questionnaire



26th July 1976

Dear Sir

Research into Life-Cycle Costing

I am carrying out research into the theory and practice of life-cycle
costing ( L C C ), Since you have worthwhile experience in this
field I would be very grateful if you could find time to assist me by
answering the enclosed questionnaire, This information is intended
to.provide some insight into the basic knowledge and expertise
required for the application of L. C C in practical situations.

All information you provide will, of course, be treated in the strictest
coniidence and no publication of the information will proceed without
your prior written approval. The reseaych is being sponsored by the
Science Research Council of Great Britain.

Could you please return the completed questionnaire in the envelope
provided, The international reply coupon is also enclosed to enable
you te obtain a refund of the postage charge.

With many thanks for your help,

Yours faithfully

Professor T M Husband



LIFE - CYCLE COSTING OUESTIONNAIRE.

1) Do you carry out Life Cycle coéting analyses on all capital investment

Il

projects and feasibility studies? R .

YES
‘ ' NO

2) If NO, on what basis do you selec¢t projects that will be subjected

to L.C.C. analyses?

3) 1f NO, on what %

4} At what stage in
a) The
b) The
¢) The
d) The

of pfojects do you carry out an L,C.C. analysis?

the life of the project is L.C.C, analysis carried 6ut?
specification stage ’
design sfage
procuremenf stage

operation and support stage

e) At any other stage in the life - c¢ycle

{please specify)

5) Do you employ L.C.C, analysts who work solgly on Life—Cyéle Costing studies?

“YES
NO

6) If NO, on what other work are they employed?

- I
_. J

-

i

\

\

7} What academic qualifications do you require of an L.C.7. snalyst?

v




320

8) What industrial/commercial/other cxperience do you require of an L.C.C. analyst?

o

9) Do you feel that L.C.C. analysts should be accountants or economists or
engineers or technologists or O.R, scientists or some combination of these?
Please specify and comment on your view of the ideal combination of knowlédge

and skill that would best serve the needs of an L,.C.C, analyst / team,



521

10) At what academic level do you think it is appropriate to introduce the

teaching of Life-Cycle Costing?

-a) Bachelors degree

b) Masters degree

c) Postfcxperience short courses;

q) Professional accounting examinations
e) Doctoral research only

£f) Any other level (please specify)

These courses are, of course, not necessarily mutually exclusive, Bence,
would you please expand on the reascons for your choice, If you do not feol
! strongly towards any one level of course then please indicate your order

of preference by ranking from first to last,

11) Do you have a 'data bank' of information on reliability/maintainability/cost -
estimating relationshins/ cost factors and functions ete. that the L.C.C,
analyst cmploys? '

- : ', YES

NO




| - 322
-12) If NO to question (11), how does the 1..C.C. analyst collate

the necessary
information and datn to perform the L.C.C. analysis?

13) If YES to question (11) is the data-bank ereated and managed using a computer
or, manually-based creating, updating,

storing and retrieval system?
a) computer

b) manual

¢} mixture (please specify what is computerised)

e

14). Do you carry out Post-Completion-Audits on the capitai projects where Life-Cycle
Costing was carried out? .

YES
Ko

o]



323

15) If YES at what stage in the life -~ cycle is the Post-Completion-Audit

carried out?

first 2 years

2 to 4 years

4 to 6 yearé :
¢ to 8 years

8 to 10 years

any other time (please specify)

16) Do you use D,C.F, within an L;C.C. analysis?

YES
NO

17) If YES what discount rate do you use and why?

I8) Do you use any other forms or investment appraisal technigues in conjunction
with L.C.C.? (i.e. payback period, rate of return, N,P.V. étc.).

L B -~
- e

19) Do you take inflation into account in an L,C.C, analysis?

20) If YES which costs do you inflate and what % rate or oiher basis do you use

"to escalate costs? - i

PR



21) Do you use risk and sensitivity analysis within the L.C.C. analysis?
YFS
NO

22) Do you use cost-estimating relationships (C.E.R.s) within the L.C.C. analysis?

YES
NO
23) 1f YES which costs doAyou calculate using C.E.R.s?
‘ s
24) How_ are the C.E.R.s derived?
e

25) Do you praduce contrel information during the operational phase in the
life - cycle?
YIS
NO

324

I



26) If YES what form does this take and {to what use is it put? 325

27) Do you use cost effectiveness criteria (ile. figures of merit, ratios etc.)
in association wiih an L.C.C. Analysis? ' .
YES
N0

28) If YES please give some examples of the types of cost effectiveness criteria

you employ.

" 29) On what bhasis do you make the decision to select a particular project
submission? ‘ ’
' a) Minimun Life-Cycle Cost
’ N b) Maximum Cost - Effectiveness
¢} Maximum Life - Cycle profit
d) Oiher (please specify)
If more ithan one meiked is used please specifyv the % distribution and the

reasons for employing different criteria,



R

. : ’ %26
30) bo you carry out ‘trade-off' studies?
YES
NO
31) If YES which parameters and/or costs do you trade-off?

32) If YES how are the trade-off studies carried out? (i.e. do you use computer
simulation, manual, analysis, system/subsystem/component level 'trade-offs’' etc.)

~ .

33) Do you use a computerised model for evaluating L.C.C.?
YES
. . ) _ "HO
-345 If YES is this a 'number crunching' qomputew program for cost susmations and

calculations or is it a simulation program which enables optimisation studies

"to be carried out?



35) Weuld you be kind enough to sketch the ofganisation structure for the 327 |

department within which Life - Cycle Costing analyses are carried out,

Pleasc indicate the broakdown of any special responsibilities carried out
by members of the department, Please indicate the line of command Irom
your department to the senior levels of manageinent within the orpganisation,

|
(titles should be given, not individual's names). ) '
|

36) Do you have any projects in which Life-Cycle Costing is a contractual requirement?
YIS ‘ 1

. NO |

If YES what % are these of your total L.C.C. analyses?




Y Please make any further comments on the theory and pruétice of Life-Cyclo 328
Costing that you foel are important to the successful aﬁplication of the

technique,

Thank you very much indeoed for your valuable cooperation and time, When completed

would you please reiurn the questionnaire in the stamped addressed envelope provides,

NOTE: ACENOWLEDGE»LMTS. if you would prefer your responsc.to remain

anonymous please tick the box,

Otherwise please give vour name, pesition, qualifications, company and address

in order that a full acknowledgement can be made,




The historical data collected from

|
|
|
|
|
|
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APPENDIX 8

The printout from the MULREG programme
for the derivation of the LCC coste-

estimating velaticuships.



UATA

222391, 000222208 0072252,

2,000 1453.000 _ 834.000 1287.000 9542.000
“3,0007° 2287, 000 752006.000 = 8955, 000 =7445,000 T
4,000 1548,000_ 2643.000_10445.000 37882,000
: £539,000.10582.0007 36396000 e e

S5 208000221700, 000 = 252,000 2 2o
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__-l 5811383307._.._

DEPENDENT
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DEPT A = LA A A MR s G A L N ATV RS T T

VAR MEAN STANDARD — CORRELATION  REGRESSION — —  STD ERROR  —  COMPUTED

DEVIATION X v COEFFICIENT REG COEFF T VALUE- )

3692828065 ==

13 581138830—==. 90536 1 184=22692, 1999999 00==2729. 034576 200=

1482,799999900 i
MULT CORRELATION_ 9

ved




Qe

¢

=53,914853960.-

St O SRR
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APPENDIX 9

The working sheets for the estimation

of the life-cycle cost.
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Iife-Cycle Costing Model:Dsta Sheet LCG O. '

"Ona-Timo'Coat Inputs -

.Co.qt Flement Flant 4 Plant B
Initial Engineering and Development Costs { G , o000 g / oo
Purchase Price ' oo, oo . 5%0, ooo ‘
' " Delivery Costs ~ © ) o, oo ' B, _{;o’bm_:
Initial Spares : ' A 1S, o> | 'ZS; gTD
Training/Information/Mamals ete.Costs ), oo ' 2, oon
Installation Costs - 4, S o 1,5 oo
Commissioning Costs 293,650 .7, S so L
Removal Costs (G\‘D of '-4F€) So,c00 Lo, a0
‘One—Time’ Contingency Costs S, oo G, 77
" Overhem Costs (% wee) So,0T0 Do, FEO
Yanagement Costs -~ | ' 2, oo . S, oo
Totels - ] sesi5e |- 762, Sow
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Yeant A

Life -~ Cyele Costing Model:Data Sheet LCC I.

Preventive laintenance,

Plant| Estinated | Prov,Msint. | Inflation| Prev.Maint.| Discount| Total .. [Manpover

Prev.tiaint.| Cost Factor Factors | Lusbour Cosi| Factors [ Discounted |Regmts.
age Hours &/hr, { Labour Costl .
1 464 5-66 - 5o (o909 4 09 | 0-23
2 | T3 | foery | 105 | 7445 lo%26) & 145 | 243
3 | 1oo2 | oy |« |lok6i |ovsil%,006 f0-S3
-4 (270 | I 49 " e, 211 |0683k 9,706 o5
5 [S2E | 1195 " (2,071 lorbzt i, 222 | oS
6 106 | 11433 " 22,267 | oSt 2554 11 1o
7 | 2094 | 1299 | -, 26 8270 0s2 13,767 11023
¢ | 2342 | (3+5y n 31 223 |owi| .90 | (-3
9_| 2610 | 2y | v |37 24s| 0 Gl (5,790 1156
01 247 | ((=9¢ C 4R Nz 0356 I 60 g
o | Bk | 157 7L " 43,51% 2350k 17,331 111:86
2 | auiy | 16eS2 | o 56,399 | 0-39 110,99 1z 02 |

Totads § 272 2€0 | . 222,0%¢ It'r%:i( 7

Cost Estimating Relationship{(ER})=

! o
Disesunt Rate . = [O/
. [

Standard Lobour Yourn/yeer = ! , 690
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Iife-Cycle Costins Model:Date Sheet LCC 2

Breakdown Maintenanes.

339

Cost Eetimating Relationzhip(CER)=

Diseount Bate_

Stendard Lebour Hours/year

-4

Plont | Estimated Breakdowa |[Inflation | Breakdown [Discount {ﬁ‘ot&l B.M. i Hanpover
age Breakdown Mairt.Lab, | Factors | Maint.Lab.| Factors { Discounted Reqnts,
Maint.llours | Cost factor Cout . Labour Cost
£/hr . :
I 316 o071 ~ 13i%210908 2522 4 oy
2 1 332 | (02571 4.0 |%,503 10:824) 2%9% | 013
3 %47 I o o 3852 |0 5¢] 2853 4 220
4 | 3ea | qbeb | v o jezz) |006n2) 2983 | o2
5 1 378 | Iz . lg27|0o/62)] 2393 029
-8 1 292 | 1239 " 5,',05“0 9+ 5¢4 ‘2:‘65“3 SRR S
7 Go9 | 13:49 " St |0:5i2| 29304 024
8 (62 - g7 N { oog | 067 %06 0.25
9 4-4o 1497 6 S30 |0tz } 2766 4 0-2¢
| 485 | 1s:€2 | v | T1e7 193861 LI43 § 0.27
| M| 470 | tehol| v | 7708 |03®| 2697 | 023
2 ) 436 [7-22. X 4B£910-319) 2€70 | ©:29 |
Totals| G812 | 65,660 | RZo |
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Iifa « Cycle Costing Model:Data Sheot LGC 3.

Maintenance Materials Costa/Logiatics

, 340

Losts,

Plant | Estimated Discount| Total Discounted| Maintenance| Diacounted| Total Maintenance

age Maintenance Factors | Maintenance Logistica Logistics Eg;izi;lc: gggts.

Materia?.a Costs Materiuls Coata Costas, Costs CD15c aviNg ¢o)

I 210 0:35| Los9 2} I (2 0%

2 39072 0 %26 7262 et 226 | %S

3 ) 6ssy |o-7st| 4552 655 | 495 | S4UuD

4 9,2%¢6 °’ 693 6 342 924 634y 69726

5 1,978 o &2r| 7439 . 743 %1%

6 14,670 Jo S| €273 1467 27 9 /oo

7 | 12,362 |o-siz] 9o6 (23¢_| 90| 9785¢

Sl 208 oo tk7| D34S %o | 936 | 10,30/

? 22,744 | 042t S 64y 2274 | 844 | 0,409

0 |_2543¢ |g9-366 9,813 2543 | 3%i fo,$00

11 20,130 [o. 250 9 S 2313 RR AT (0,829 -

I2 30,922 10,33 3 532 302%2 | 3673 10,515
Totits | |97,192 $%,79777 |19,219 | $377 | 97,650

Cost Estimating Relationship(Chl)=

Discount Rate

Leglstics Costs Estimeting Relationship(CER)= /o"/ of MATERAAC
o -

IOZ

b
)
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14fo - Orclo Costins Model:Data Sheet LGC I,
Proventive lviaintenrmc?.
Plent| Estimnted Frev.taint, Infletion| Prev.Maint.| Discount ' Total Pui. g?-fanpouc-r
1o P}xr'gz;};aint. Co?_:;hiz'xctor Fectors | Lubour Cost Factor:s 'Eig:zingzit]ﬁi"eqmts.
| S61 | 946 9243 | o Seof SU13% [0:87
2 ol lo- 1 oS 11R,20% |0 “?"Zﬂi [0,0%3 °:7
3 7 (o EL- " s .26 o syl LSh ot @h.
A {160 U9 . 18,210 o 638} t2,5/6 Yl 0o
s | 1533 25 « ez o b2y ol |11y
6 | 2176 2:23 g 26 %5300 seq | 15,32 129
T |29 129y 31,30 oSz ¢, 082 | -4z
8 26672 12-53 . 26,176 |o-4e7) 16,894 {157
g 2908 .27 , o450 |orb2¢) 0,576 || 172
19| 3544 145 18 is7ie3ge | 8,202 | 1496
Lol 3 e YR R ML v sz 374 | ool 5,050 || 2-0e
2 | 363y | {652 ' £0,03310. 331 19,650 ll 2S5
Totels [77,5°9 6 4Bty 178 ,%%5 |

Cost Estimating Relationship(CER)=

Discount Rats

Stundard Lobour Hours/year

|lo

/A

. l} 690
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PLanT 3 -
Lifo-Cycle Costine Model:Data Sheet 1ce 2
‘ Breakdown l-Iaintnnnr:'ce.

Plont j Estinated Brepkdowvn: |Inflation B;;‘eal<dou11 Diacount %Totnl B.M. | Manvower

o |ty | Wk | Tostors |edlabe Suctors ihigeonicd, | e
&£/hr :

I | 972 | ooy ~ 179074 10:9091 D066 | ° 44"
G 2 1 1052 | Led [lo))g 1a:%2e) %453 | 0o
3 | 12s¢ | o v 39 jo.951 ) 10,469 | 074
bl orudg | deed | v 1,467 00633 (1929l o %%
5 | o (224 b l2b237|eb i \h s | ey
6 s | ssl v lo5eesl oSt le3eb 1417
7 | 2z26 | 13690 v lzeoo)loSizi iSie | 132
8 | 26¢ e 9 D 434963 [ o) (CDNE )l
9 1270% | &%) n__ o282l 9: 426 (70000 160
0 | 72960 [§-62 v 46,003 o. 364 .|'7,,75’—é Ry
T | 3)97 4o n 1523480304 J§,32) 1+ 3%
2 | 24361 1722 v 159,133(0- 39t 198¢3 1 TL-o3

Tolals | 257,236 | 359,424 169 (63 I

Cost Estimating Relationship(CER}=

o
Discount Rate « Jc /a
' Standg.rd Labour Honzs/vear = |, éS’O .
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PLanTt B
Iife - Cycle Costiag Model:Data Sheet LCC 3.
Maintenanes Materlals Costs/Logistics
Plant | Estimated Diseount] Total Piscounted Maintensnce Dlacounied| Total Faintconance
age | Haintenance Factors Maintenance Logistics Logistics ;fg;z:‘ﬁtz %:gts.
Matorials Costs Materisls Costs Costs, Costs ¢ Dl's('-NNTGﬁ)
x L,3zz |o-908] (656 (T2 (65 132
2 | 3240 lv-%2¢] G%ob Sl | bgo 686
3 1%, %02 |0 95| 1% Juy €30 1574 s
b | 29, z¢q oz | 19,392 | zgee | 1337 21303
5 39, 426 10°62) | 27,562 3ee | 23%¢ | - 267249
¢ | 43, 48 |9 S64} 29 24y hS48 | 275y | B o8]
7 5§.85010-5/31 3o 03¢ 5655 | 3,002 3039
’ 6S (62 |0 tel7| _3],%3] 6816 | i3 | 35 oy
9 1 72 6 lo va| 33357 | 9867 | zng | 6 6o
10 %%, 240 o 386 24253 .3:*8 7¢ 242 EYRSES
U | 5g59¢ 030 ] 36,049 9895 | 3465 | 3B
12 { 0% %bolo. B3 36724 (0,8%¢ | 3673 25(39
Totals | 64K 625 U9, &35 64,5762 1 19,1641 310, %3
Cost Estinating Nelationship(CE)=
. . P
Discount Rate o [o /d

o L
Loglstics Costa Estimating Relationship(CiR)= =2 /o 4 o€ Maawi MATERIALS  CtT,

e e e s e = ew e o s
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1..82,953,

772,23

..‘__Z_E:L)7~729 A AT T

PLant A « PLanT R - N
‘ 544
Tife-Cyclo Costing Model:Data Sheet LCG &
Life-Cycle Operating Costs

Plant | Estimated | Bst.Gag/ Eatimated Egtimated Estimatcd Totala |f

age Electricity | Fuel 0i1 4 Air/Steam Dirvect Lebour| Supcrvisary (Digcounted)

Consumption | Consumpiion | Conmuaption | Reouirement Labour i

Costs Costa i Costs Coslg Costs

1 ] 9,020 — wg,So | 165,33 — 250 763 |

|2 b azel )= 1S | 102530 | — 191557 |

3 | Iso — isiwIz] 132,190 . 92,561

4 S8 | 1561 | 13,30 8 — Wz ba2¢:

5 | %5y |~ 1 S§953] 200, 9¢0] 166 712 |

8 lgen |~ 61,%00 | _2il, 009l — /5%, o

T e Sve |~ €4,998 | 220559 = | 1S1,334]

RSN N T TS S P52 W7 v I W= SWIEIc)

P jtenel q = b S8 rugzes) | 13%, g

LBV dosestl b 9S00 250052 ! - 2.4z

Mo eS| 103eg (2590
12

2,629, %

I, 898 735}




Life - CSrcle Coatiny Fodel:Data Shoet LCC 5

PLoant A .

Lifo-Cycle Cost Su;nmnz'y Sheet.

545

Plant | One—Tize | Totel Discounted | Total Discounted | - Total Life-Cycle
ngo Cost ™ '] Mainienance Cost Operating Cost Cost Impact
Impact Impact Tapact
o Dot 50y . €09,/S o
1 T, (3 200,743
$2 (2,629 191, §52
’ 6,348, 182,867
4 19,865 | 174, 62¢
anh 22,176 166,702 |
6 150, o 2, S 15%,380 |
4 26323 (1, 834 | .
8 27,97¢ | 145120 |
2 eS| L 138356 !
10 i Yo 11 2/, b3 | _
11 2o, 957 125, 31§ |
12 | So, 970 S,476 125- So7)
Totalo| Sug,iSo | V19,437 | 1,$9%, 732 | P 276, STe
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‘Life ~ Oyrele Cogting Model:Data Shoeet 1LLC & -
Jife-Cycle Cost Sumrary Sheet.
Plant | One-Time | Totsl Diceounted Total Discounted Total Iife~Cyele -
age Cost Maintenance Cost Operating Cos® Cost Impact
Inpact Impact Impact -
o 6225 632, S oo
1 (7,325 oo, 763
+2 26, k2.2 (31, s52
> LBy | gz, 967
L W, 6y | 176, 626
5 . S3 . 4ke7 (66, 72
6 1o, 0m 59,240 IS, X80 |_
7 G4, 43 ] 11, S34
8 63,226 | 45, 13
LN DO e T IS-Y7% 200 LT P |
B D 2%, 666 12/, 482 | :
- {
i AR Y 1255 > ¢, .
12 |65, oo 76 2(2 (2o, S| f
Yotalsi T2 Sy 663, 3SY 3,336,531,

[ 389, 739

T W
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