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Introduction.

The purchase of the equipment ie the first stage in the establishment of
an industrial facility and represents a considarable financial committment,
Subsequent to the introduction of the nlant, the problems of operation and sup-
port have to be recognised. These problems are recurring ones, spanning the
life of the equipment or installation.

The problems of operation are wholly within the province of the purchaser
or user. The manufacturer or supplier's responsibility in this aspect is to
design the equipment to minimise the demands on operators in order to meet per-
formance ohjectives.

The maintenance task is essentially dependant on technical resources repre-
sented by the availability of skilled manpower end materisls. It is this lack
of technical resources which is causing the major problem in achieving a satis-
factory rate of industrial progress for the developing nations. A solution to
this problem is to introduce information techniques to improve the assimilation
of technical knowledge and achicve rapid understanding of the equipment function
and operation and is defined as the Man Machine Interface. This will result in
improved maintenance techniques and utilisation of plants. Researches have been
carried out over the past four years to improvec the communication processes

involved and the problems, avtitudes and results are discussed.

The Problom and Management Motivation.

The difficulties of improving the availability of tcchnical resources are
well known, in general, the problems are of technical education and in this respect,
the expansion of education facilities must he regarded as a long-term solution,
However, industrialisation is the most significant area of development in a
oouniry's economy and management must recognise that a solution is required to
meet the problems that exist now and will continue to exist for the next decade.
Management techniques must be introduced to allow all levels of manpower to
operate effectively end ensure the development of skills to the mutual beneofit
of the employer and employee.
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The motivation for the rcalization of thc economic benefits of improved
meintsnance must be the responsibility of menagement in the first instance. Tor
exampla, it is not unusual for an equipment complex to cost in the order of
flmillion, and assuming a life span of 15 ycare and allowing financing charges
of say, 5 , the capitel deprociation will be approximately £100,000 per annum.
To this must be added the cost of running the oquipment and gtaffing it. Main-
tenance, thercfore, is egscntial if onc is to achieve maximum utilisation, any
loss of operational capability due to faults and failures will result in a loss
of income and representis & 1o0ss of use of capital investment. Meintenance can,

therefore, be viewed as insurance against this loss.

Maintenance expenditure falls into two main cotegorics:

(1) Expenditure on material resources C.ge’

Buildings and ‘orkshops
Test TMquipment
3tocks of Spere Parts and Spare Unito
Technical Support Information

(1i) FExpenditurc on human resources, 0.¢.:
Skilled and Semi-skilled Manpower
Treining Facilities
Accomodation and ‘iclfare Pacilitics

Transportation

Exponditure related to the provision of adequatc tools, test equipment and
spare parts can represent a relatively large financial committment. The effect
is that the availability of guch maintenance aids reduces the work load and
decreasos the ''down time" of aquipment but docs not significantly effect the

costs over the equipment life span.

Apart from the initial costs of establishing the maintcnancc organisation
and the running costs related to the spares consumpiion, tho major expensc will
gtem from the number and level.of ekill of pcrsonnel required to stalf the organi-
sation. Any reductions in the staff levels will result in small annual savings
but will be multiplied over the life span, therefore, carcful consideration must
be given by menagement to methods of reducing the maintenance work load or to

increasing the productivity of the staff.




It is interesting to consider the costs of maintenance as these can often
exceed the capital cost of tho equipment. The cost of maintaining any installa-
tion depends on its size, comploxity and loccation, therefore, the numbers and
qualifications of staff requircd cen only be dcalt with by considering the
hypothetical case.

For the purposes of illustration, consider a process installation consisting
of complex mechanical and clectronic equipment costing approximately f£lmillion.
To staff such an installation using conventional maintenance techniques would
require a staff of four first class engincers st a ccst of approximately £5000
per annum, eight first class tcchniciens at a cost of approximately £3750 per
annun and twolve second class (junior) technicians at say, £.250C per annum,
These costs and numbers may he argued, but expericnce shows that they are
reasonablo.

Ignoring the capital and running coste of providing the nocceseary back up,
i.e. Workshops, Tools, Test Equipment, Spares etc., it can be shown that the
cost of providing the meintenance knowledge and abilities for the life span of
15 yeoars will be:

15 [(at n)+(e'ct n)+('c.t n) 7 +¢
1 2 3

Yhero atl otc, = annual cost for grade of technician

n = numher employed in each grade

C = cost of providing meintenance information

Tho initial cost of providing normcl maintonance manuals for such an instal-
lation would be small and would he in.luded ostensibly in the cost of the equip-
ment. The cost in this example in £'000 will therefore be:

15/ (5x4) + (3.75x8) + (2.5x12) 7 +5 =« £1,205,000

That is allowing £5000 for cost of maintenance manuals.

From the above example, it can be secen that meintenance represents a signi-
ficant cost area and management must view objectively all methode of improving

techniques in order to reduce costs.




The hypotheticerl casc described is representative of the problem in most
doveloping netions in thnt the staff referred to nre primarily oxpatriate person-=
nel, thoref-re, nny improvement in tcchnicnl communicatinn will alleviate the
roliance placed on cxprtriate personncl »nd incrense the utilisetion of local

1ahour.

The Solution and Management Apprecintion.

As stated previously, tcchnicel menpower for cquipment and system maintenance
is possibly the most prcssing problem facing ~ny developing nation in its indus-—
trirlisation process. Any maintenance aid thet losscns the demand for ekill in

this arce must be investignted and exploited.

The specirl documentation developed by Planetron Internationnl aspurcs a
greater undorstanding of complux systoms by sulocting the technicnl content to
be applicable to the largest target population. Thc aims of the communication
of instruction process must be stated in performence terms, that is in terms of
aocts which the operator or technician will be able to perform. Such aims in the
past wore commonly doefined in terms af "knowledgu", "attitudo" and "sppreciation”
and represented the approach of n technologicrl socicty. Txperience over the pest
few years has shown thnt this is not precisc cnough. If the rims nf the technical
process cen be restricted to torms such ng "do", "opceratc" nnd "assemble", then
tho instructional technologist can bo surc of succcceding. In ~ther words there
must not be any ambiguity in inatructinns associnted with an operation or main-
tenance task. Proviously it wes sufficient to think in tcrme of oquipment being
supported by the. manufncturer's technicnl monuals and the cxpertise of expatriate
personncl was usually enough to keep the equipment operational. Todny, with the
advent of even more sophisticated equipment and the cmployment of indigenous labour
wes limited technicel experience, it is important to realise that new techniques
must be introduced in order to ensure officiont »peration nand effective maintenance.

The performance parametors of the new techniques should be considered es follows:

1) Teochnical Content.

The object should be to produce opereting and maintennnce monunls
to mout the capabilitics and requiruments of opureators and techni-

cians at the varying levels of performance, thet is the content




must be so designed as to cnsure complote understanding of

the operating or maintcnance task and the dopth of the techni-
cal content will vary in accordance with the logistic policy
adopted to support the equipment. Under normal circumstances
threec levels would be considercd ndequate. They are Primary,
Secondary end Tertiary levels.

2) Access Time,

The object should be to enable an operator or technician to
locate information related to o spoecific situation within a
few minutes. Anything in excess of this will probably be
unsatisfactory in practice and uncconomic in terms of reducing
"down time".

3) Use by Trained but Tnoxperionced Porsonnel.

It is imperative that equipment manuals should be produced to
enable the appropriate grade operator or tochnician who has
no previous experience of the systcm or oquipment to carry out

relatively comprehensive operations or repair tasks.

The tochniques described are appiied by undorstanding the environment in
which the personnel operate and allows the instructor to have a bet+tor intuitive
appreciation of the difficulties of the trainee.

An important aspect of tho technique is the minimal ueo of toxt coupled with
a piotorial approach which has beon cstablished as the bost means of achieving
understanding of complex operations, oquipmont or procoss activitics. The tasks
are arranged sequentially in the orde. in which thuy are critical to succoss,
thereby reducing extensive diagnosis and the level of decision making. To ease
the understanding of complex oporations, simple functional diagrams have heen
developed. In thecse the operation or theory is expleined around a diagram with
leaders going direct from the text to the diagram, also the contonts of the
diagrams and pictures are dictated by their purposc in terms of their level of
details and approach.




On systems or equipment with say less than 200 probable fault conditions a
logical tree fault-finding guido is produced to the level of the technicians
capability (previously established as a parameter of the training pclicy). Fault-
finding is a diagnostic task and, when given the symptoms, the possible causes
can be tehulated as questions, with answers "yes' or "mo", leading to other

qucstions and subsequent remedial action.

Summing up, thcercefore, the Planctron technique is based on sound principles
of instructional technology and takes into account probloms of (a) langunge,
(b) education, (¢) ability, (d) social and working enviromment, (e) specific
equipment/apparatus/process, about which irfurmation is to bc transmitted.

The training ~nd maintenance systems are so designed as to allow for its use
by (a) teacher/instructor/ cxclusively, (b) thc trnince with partial assistance
from the toacher/instructor, (c) traince alone. It is oumphasised that the word
"{rainee” is intended to include trained personnel, who from time to time, must
aocquire additional skills/knowledga in order to adapt to changes in equipment

and processes.

As in every other spherc of oporations, training and maintenance costs arc
stoadily rising, due to the nature of the ¢nvironment. In developing countries
the training efficiency, particularly in relaticn to on-the=job training, is
falling. The roasons for this drop in cfficicncy can largely be accounted for in
manpower. The turnover of cxpatriates, full-timc inetructors and artisans re-
gponsible for on-the-job training is known tc bo very high and will continuec te
be 8o. Replacements, espccially of oxpatriate artisans, arc rccognised as bheing
of a lower standard of manpower, i.c. men who themselves require to he taught
the application of the skills they have aoquired to their new onvironment, men
who cannot impart thuir knowledge and skills, and finally, men who do not want
to teach anybody anything.

Costs.

If we now consider providing spcciclised documentaiion of the type described,
thoreby cnabling less skilled technicians to porform the maintenancc tasks and
ropeir procodures, we are now able to reduce thc numbers and skills of the person-
nel refered to in our hypothotical oxample. Again based on experience gained in




the field it is reasonable to roduce the maintonance staff by dispcnsing with

two engineers. Also due to the introduction of the more rapid fault diagnosis
procedures and casy to follow maintensnce schedulos, we may further rcduce the
staff by two first class and three sccond class iochnicians. In addition,
indigonous personnel would replece expatriates of the technician grades and the
salaries used in the furmula bclow arc represeoniative of comparative levols
betweon local and expatriante lebour. The cost of preparing ~nd providin~ theo
specialized maintonance/training documcntation would he proportional to the come
plexity of tho equipment. In this casc we have aesessed the comt at £50,000.
Therefore the outlay over the life span would be in F'000's.

15 [(5x22)+ (3x6)+(2x9) 7 +5 =~ £740,000

Tho net savings against the provious example of £465,000. In the casc cited
the oporational availability would bc the samo, the differing manpower levels
being compensated by the spociclizod documentation. In practice, of course, the
economies would be greater as no oscalation in woge etructurcs has beon allowed.

_'131_1 Justification.

The specialised documentatjon must be tailored to meot the spocific require-
ments of the user in torms of technical ability, logistic policy, language and
treining requirements. @ven so, considerable savings result from the use of
spocialised documentation, but even more important im that it provides an aid to
assist the dovelopment of local skills and brings into being a "springboard” of
tochnology to enable greator asmimilation by nationals othorwise constrained to
more menial tasks. It provides a golution to the problom of training new staff
to familiarise themselvos with the cquipment in that in place of tho intimate
knowledge of engineering tcchniques noeded with normal documentation, the now
approach allove for the lesser skilled to understand the complexities of the
equipment and functional tasks. Of prime importance is the ability to use the
dooumentation initially during the treining phase and subsequently in tho field
of operations. The lovel of contont is so sclozted to onsure maximum retention
of information and improve the comprehension of the importance of maintenance in
an ipdustrial environment. It is clear that the problems confronting management
and industrial organisations sre formidable. The introduction and implementation
of the Planetron documentation tochniquos would make a substantial contribution
towards a rapid and succesaful solutioa.
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