G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

Distr,
LIMITED

ﬁo//é 5

United Nations Industrial Development Organization 12 June 1970
ORIGINAL: ENGLISH

Symposium on Maintenance and Repair in Developing Countries

Duisburg, Federal Republic of Germany, 10 - 17 November, 1970

THE JMPORTANCE AND OBJECTIVES

OF MAINTENANCE ENGINEERING

|
|

by

D, Parkes
British Council of Maintenance Associations
United Kingdom

Organised in co-operation with the German Foundation for
Developing Countries and the German Association of Nachinery
Manufacturers (VDMA),

The views and opinions expressed in this paper are those of the author and do

not necessarily reflect the views of the secretariat of UNIDO, This document
has been reproduced without formal editing,

id.70-3562



|
E

;
N
|
| |
|
i !
!
&1' i
f Ay
i 3
‘ L1
B
; . ME———— .
; |
We regret that some of the pages in the microfiche ’ i
| . copy of this report may not be up to the proper e
y ; legibility standards, even though the best possible f“
g‘ copy was used for preparing the master fiche. ' i*f
&, g — E ?f; :
i
P




-
~
[ 4

." ™ L} ’ .

TABLE OF CONTENTS

Page
Part I: Introduction )}
Part IT: The Execution of Maintenance 3

Part I111: The Wider /Aspects of Maintenance 12




PART 11 _;N’I’RODUCTIOI_’

Maintenance engineering is that branch of engineering concerned with
the upkeop of plant, machinery and equipment of all kinds and of particular
eignificance in the process and manufacturing industries. But engineering
technology is not solely involved - many of the arguments for better raintenan-e

relate to econonmics, safety or expediency and tiese are matters of 'management'
concern.

For industrial enterprises the most attractive advantage of better
maintenance is that it can save money and lead to greater productivity, This
is the case for all types of enterprise, state-controlled, co-oprrative, or
privately run, It is also equally true for enterprises engaged in ranufactur:-z
Or processing or providing a service (tra.nlport, for example),

(a) Terminology

One of the problems facing an international symrosium on this subject
is that the word 'maintenance’ ras no internationally agreed definition, There
are, however, some national definitions which have become widely accepted. In
the United Kingdom there is indeed an 'official' national €loasary of maintenar:s
terme*, This defines maintenance as "work undertaken in order to keep or res:i: e
every facility, that is every part of a site, building and contents, to an
acoeptable standard", It will be seen that this definition includes preventive
action carried out 'to keep' things in good order and also includes corrective
aotion carried out 'to reetore' things to the selected acceptable standard,
Al though much of thig British Standard has been adopted elsewhere it is felt
within certain of the United Nations agencies that thers is merit in coniinuir.s
the older usage of the two separate words 'repairs' and 'maintenance’,

In some languages the distinction is even more pronounced. For example,
in Polish, the activities comnected with maintenance are ‘konserwacy' vhich
Beans 'upkeep' and 'remont' which means 'repairs’,

® British Standard 3811: 1964 Glossary of general terws used in maintenance
organisatiom,
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In Dutch the word ‘onde-:out' is used very widely as the equivalent of
'maintenance' even though, as : ' Fnglish, there is a separate word ('rop;ratic')
for 'repairs', A Dutch defini:{cr of 'onderhout' is keeping in good condition:
the preservation of a desired .:gree »f working order or readiness for use,

An interesting linquistic side!.gnt is ithat the motto on the Dutch Coat of

Arms for the past 4UC years hau heen 'Je Maintieadrai' or 'I shall preserve!,

The German word 'inctandhalwung', the Frerch word 'entretien', the
Italian word 'manutcnzione' a:- ail bir:-adly equivalent to 'maintenaice’ althougte

each lan e has separate wor's which ..re sometimes used for 'rejairs'.
guag

Within the Socialist bioc Jork has beer going on for some years to
create better urdersiinding at ut ‘he language of maintenance, It was found
that, even within te participating countries of (zechoslavakia, German Democratie
Republic, Hungary anc Poland, tliie were some maintenance terms which had
completely opp site meanirgs. 5o the Polish Association of Engineers and Mechanics
(SIMP) took the initiative in compiiing a five languige dictionary of maintenance
terms with def nitions according tc Pciish specifica*icns. They expreased the
hope that other countries would eventually undertake or cowplete similar work in

preparation for a truly internatirnal standard of terms.

Although some int: . nat.onal progress is being made on maintenance
torminology it is too ea:ly to forecast the outcome of the discussions. One
unilateral development on terminoiogy has come recently from the United Kingdom.
A working party had carefully studied the national maintenance scene and had
found that even in that industrially developed country there were enterprises
which paid insufficient attent.on to the aintenance of their plant and equipmert
It was then suggested that there might be a psychological advantage in the
introduction of a new word to cover tne broad aspects of ma:ntenance which are
being discursed here - but which are apparently not always meant by people
vhen the word maintenance is quotec. The new word was developed from a classical
Greek word 'tereo' which means 'to care for, to watch over'. So the English
language has & new word 'terotechnology' which covers not only the ordinary
aspects of maintenance but also installation, coumnissioning, replacement and
removal of plant and equipment together with feedback from main‘enance to design
“and related subjects and practices”,

For the present symposium there is, perhaps a danger of becoming too
obsessed with the finer points of word meanings., What is important, howvever,
is the recognition that properly planned maintenance must include provision for
preventive work,
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In considering the importance and objectives of mainterance all kinds
of maintenance and repair work will be included, It should be rerer.uered ales
that relative importance of the objectives mentioned will vary with the
circumstances. Throuchout this parer the significance of the local circumstz--eg
will be apparent; because of this no attempt has been mide to set down precise
'rules’, Indeed the intention is to provide gude lines to thinking rather
than ready-made answers to rroblens,

PART I1: TH: LYECUTICY OF MAINTT™ANCS

--n------n-::a:a:-naz-.au::.au-.—.: LRERSas

(a) Prolonzings useful 1ife

One objective of maintenance is to extend the useful 1life of a machine
or piece of equipment., This is rossibly the most widely accepted rezson for
oarrying out maintenance but it is especially inportant where the equipment {s
very expensive or difficult to obtain, It may be particularly significant whese
there is a vhortage of a certain kind of currency. In this special case the
cost of maintaining the equipment might become substantially higher tnap the
cost of replacing it; the maintenance costs can, however, be paid in local
currency.

Although it is often possible to obtain locally-made replacerent parts !t is
unfortunately still true that in some cases these prove to be less than complezely
satisfactory. This was a situation reported from a number of countries when
the UN Centie for Industrial Development held a two-weeks meeting of maintenance
experts in New York towards the end of 1966, The reports indicated that the
shortcomings usually concerned quality, accuracy, durability or slrt‘ace finish,
The reasons for these shortcomings appear to be shortage of appropriate materiaz s
or laok of adequate foundry or heat treatment facilities,

Prolonging the useful life of equipment may therefore be extremely
important. To deal with thig it is necessary to look at the causes of wear
and deterioration. One generalization is possible: keeping the equipzent clea-
can sometimes prove the most effective single factor in reducing the effects o
vear and deterioration., It is not unusuval for the responsibility for the
cleaning of equipment to be placed primarily on the person operating it, but it
mugt remain the concern of the maintenance department that the cleaning has bee:x
carried out, In Any case there will be some aspects of machinery Cleaning whisa
must remain the responsibility of the maintenance staff if only because of poseitle
hazards of which the maintenance staff should be avare. (See later section op
'keeping things safe'),
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Although cleanliness is always important for prolonging useful lifs,
it is obviously rost vital wherr tre contarinant is abrasive (like cerent),
corrosive (lik2 chericals, sugar or fruit juices), or has an explosion hazard
(very fire dusts),

Lubrication is vital for all equiprent with moving parts. The wpplica<is:
of the right quantity of the right lubricant at the right frequency can contriz: e
greatly to the reduction of wear, In cany way. the planning of regular lubrisas::a
is both the simplest and the most reward:rs niintenance activity. It ig thereli:=e

surprising to find trat, in sone countries, it is n't yet carried out effectivelr.

There is a ~reat deal of .nforration available on lubrication practice
and all the international oil companies will provide advice and help toth libe=all~
and freely. .re currect choice of 0il or grease or other lubricant can not crzly
prolong useful life for the equirment but minimize the cost of both lubricant ar:
its application.

Proper training is essential for the maintenance men respongible for t-e
application of the lubricants. This task has sometimes been regarded as one n-t
requiring skill but better maintenance standards demand better trained lubrica<ic:
personnel ,

Cleaning and lubrication alone are not sufficent to prolong useful life.
It is equally important that the equipment should be kept in accurate adjustment.
Unnecessar) wear can rapidly occur when attention is not paid to this,

In attempting to prolony useful 1life rany steps are taken to reduce
the effects of corrosion and wear. Cleaning and lubrication have been specifically
mentioned but attention to these alone is not sufficient., It is important, for
example, that moving parts should be kept in accurate adjustment, It is
equally important in some circumstances that the provisions made by the designer
for the resistance to corrosion and wear continue to be effective, Some
equipment may be make use of an impervious coating to protect vulnerable parts
from attack by corrosive fluids; such a coating needs to be maintained in good
order. Some equipment may have expensive components protected against wear
by the presence of renewable inexpensive 'wearing plates'; clearly it is
essential that these should be replaced before they becorme ineffective.

Much of the work discussed above forms part of a preventive maintenance
programme. There is still room for improvezent despite the progress which
has taken place in some countries within the rast few years, The United KNations
experts reported that only about a quarter of the replies they had received in




their survey disclosed that "either they themselves practised preventive
maintenance, or that it wae a generally accepted procedure in their
oountriesn, The majority of the cnterprises that reported following
Tegular lubrication, cleaning, resharpening etc,, practices were large
industrial enterprises which were either subsidiaries of foreign companies,
or government establishments",

There is still room for improvement despite the progress which has
been apparent in some countries since that report.

(v) Optimizing availability for use

Under the objective of ‘prolonging useful 1life® an attempt has bdeen
made to examine the importance of preserving the value of the equipment,
Even though the equipment may be well preserved, however, it will serve
little useful purpose if it is not available for pProductive use when it jg
80 required,

It is this objective - that of optimizing availability for use -
which underlines the importance of better maintenance management. The
right amount of maintenance has to be carried out at the rirht time on the
right items of equipment, Not all items will demand the same amount of
uttontion;a.nd decision-making, planning and scheduling will need most
careful attention if the objective is to be achieved, It should be noted
that availability is not necessarily being maximized, ‘There is an economio
limit to the availability of equipment.

In the more complex manufacturing or process inducztries the
equipment may require extensive and almost continuous attention and so the
direct costs of maintenance may be high, (The direct costs being maintenance
department labour, materials and overheads). But in industries such as these
there may be substantial monetary losses if the equipment breaks down or is for
some reason not available for produotion. The situation cails for careful
assessment of the right amount of maintenance. Too little will mean heavy
costs of lost production (often referred to as indirect maintenance
costs'); too much maintenance will mean that the direct maintenance costs
becone unnecessarily high.

Cenerally speaking, the higher the degree of availability demanded, the
higher will be the cost of achieving this in terms of preventive maintenance
and the provision of stand-by equipment or replacement units., Suoh increasing
costs must be set against the increasing value of output froe the equipment,
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It is usually possible to eetablish an optimum target of availabdility.
(See figure 1),

There are some special problems concerning equipment availabdbility.
Some production or processing work is seasonal in character, for example,
food canning or sugar beet processing. The objective here would be to
keep the equipment available for long continuous periods at a certain time
of the year and then to carry out necessary - and possibly extensive -
maintenance work when it is not required for use, Similar seasonal
characteristics apply to electrical power generating plant in countries
having a large variation in climatic temperature throughout the year. During
the varmer pericds advantage is taken to overhaul the equipment eo that it can
be operated for long periods durins the winter.

(c) Readiness for use

One of the moet important objectives of main‘enance in some circumstances
may be to keep the equipment in a state of readiness for instant and efficient
use in case of emergency. Exazples include the equipment in a hosrital operasiz
theatre, five fighting appliances, rescus vehicles, etc. In such casee the
question of economics becomes of oonsiderably lees importance. It is common
practice to make use of stand-by equipzent or ancillary services in order to
ensure instant availability of the emergency facilities. For exarple, operati-g
threatres are provided with btattery lighting. There is also widespread use of
regular testing or inspection procedures, as in the case of 'first aid' fire
extinguishers,

(4) ¥ise sxpenditure - To repair or replace?

An essential objective is the wise expenditure of money, tize and efferd,
in other vords the wiee utilization of resources. The time will come with all
oquipment when consideration must be given to the relative merits of repair or
replace.cnt. Deterioration of certain parts of the equipment may te so sdvanced
that repair would serve a very limited purpose and it might be wiser to invest
rather more money in complete or partial replacement, Considerabdle work om
replacement economics has been carried out in the Universities of rany of the
industrially developed countries. A proper understanding of the subject
requires mathematical and statistical knowledge and the application of Operatic:al
Research techniques. It is by no means imposeible, however, to reach
approximately correct economic decisions with a combination of lizited mathemas:s
ability and simple ccmmon sense,
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It 1s euggested that there are thres main maintenance problems requirirg
& repair-or-replace decision:

(1) Wnen parts of a large equipnent fail, When is it worth having spare
parte available to replace the dsfective parts, rather than CAXTY out rera’r
of the parts in sity?

(2) & complete pilece of squipment fails, When is it better to replace it
by new equipment rather than trying to repair it?

(3) Equipment is subject to gradua! detsrioration which incurs increasing
running and maintenance costs. When shoulu it be replaced? (This Teplacerer:
need not necessari ly coincide with a breakdown of the equipment),

It nust be admitted that the decisions are not alvays based simvly on
economics, Expediency may rlay an important role in some ci:curstances, g

situation of limjted availability of currency fcr foreign syeriing has already
! been mentioned. Other factors of expediency may be the desirability ‘o

f provide experience vith certain kinds of work within the country, a1 rational

; desire for self-sufficiency cr the difficulty of obtaining importsd spares
quickly when required.

In considering the advantagee which ari-e frox the repiacement of a
complete fter of squipment attention must te paid to the improved outrut whica
might result from a newer and =re advanced type of equipment. If capital {is
availadle it is momstimss an attractive voroposition to replacs a piece of
oquipment even before 1t strict'y requires replacerent; higher production rates
or better quality products might havs coneiderable influence on the repair-or-
replace decision.

(o) Reducing produotion costs

Good standards of mintsnance vill oftsn reduce the cost of operating
the equipment. Correct ludbrication and adequate cleaning can, for exarple,
make significant reductions in ths pover consumption. Mt 1t is ths indirect
savings vhich are of most significancs; good raintenance can reducs the amouxt
of eub-standard preduction, In precision engineering industries it has been
found poseible to link the quality control of the product vith the standards
of maintenance. If the quality of the product begins to detsriorate, icrediate
attention is paid to the condition of the machine producing it. Similar conte:
can be exercized in the zanufacture of chemicals, foodstuffs papsr, and zany
other materiale the Quality of vhich can be influenced by the stats of the
Squipment, Vith & wniversal demand for both greater productivity and productics




quality, the profitadility of an enterprise may de sudbstantially influemced by
its maintenancs standards.

(f) Avoiding concequential damage

If a plece of equipment breaks down it may oost relatively littls to
repair - it 1s not only ths cost of repairing it which xust be considsred.
The breakdown of a relatively small component may start a chain reaction ths
cost of which could be out of all proportion to the original damage., An air
receiver in which oil is allowed to accumulate may givse rise to explosive
oonditions. If adequate inspection and maintsnance is neglected there may
indeed be an explosion. If that happens the cost of conssquential damage
to an adjacsnt air compressor, for exampls, might be much greatsr than the
cost of replacing the air recsiver,

(g¢) Xesping production safe

In human terms, ths most important objectivs of maintenance - and one
wvhich must be complementary to any of ths othsrs - is that the plant or eguipze::
shall operats safsly. Thsre are many vays in which lack of maintsnance can 1:::
to accidents, injury and loss of life. No sxouse is offered for dsaling in s::-
detail with this obdjectiva,

Maintsnancs and safsty are closely related from two distinct points of
viewv, Firstly it must be accsptsd that the safety of all is oftsn dspendent
on satisfactory standards of maintsnancs of equipment, of servicss, of floore,
of stairs, stc. Secondly, maintsnance psrsonnel, by reason of thsir occupati::.
are more oftsn in hazardous situations than anyons else; there is clearly need
for oareful training of maintsnancs personnel in safsty practices.

The International Labour Organization is at present revising its
Enoyolopasdia of Occupational Health and Safsty and one chapter is devoted te
the maintsnancs of machinery and equipment, The following extrects sexrve te
emphasise the safety/maintenance relationship:

Every production arsa will nsed maintenance treatment developed specifi:=a..y
for its need. It is only possibls to gsneralise on the types of maintenance
aotivity whioh should be considered, Every item of machinery should de examir::
thoroughly from the point of view of safety at least oncs a year., It will be
clear that more frequent examination is needed in many cases,

lubrication of moving parts is essential and the respomeidility for
lubrication should be clearly decided and made kmown., In some cases it will
be convenient and expedient for the operator to apply the lubricant dut im otle:

cases the maintenance department should carry out the task., lack of lwdwricati::
may result in friction, overheating and fire.
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Most machinery becomes less rotentially dangercus if kept clean,
In ad2ition to the general cleanliness of the machine it will be necsssary
to olean intake air filters, oil strainers and cooling water strainers,

Milure to do this may result in overheating and fire, Mal-oreration of
sechanical parts may be caused by wear of surfaces in contact, Proper
ludbrication may in sore cases be sufficient but sometimes it will be

hecessary to measure the acount of vear in components with a view to
replacement before consequential damage can be caused, Many machines are

hov operated through clutch mechanisms and these, unless kept in workirg order,
By transmit motion unexpectedly and so lead to orerator injury, Lubricatica,
oleaning adjustment and checking for wear are all important, A brake {s
often an essential featurs of a machine which works on an intermittent vasis,
It may have to stop the machine ut a specific position and if it faile to do
80 there may be resultant injury. .

One maintenance-caused accident occurred in a zetallurgical shop vhsre
a ladle containing 250 kg of molten zetal overturned because the key holding
the gear wheel had slipped from its keyway., Ths ladle had received a routire
exanination only five days before; it was then lubricated and passed as being
in good vorking order, A more thorough examination would Prodtadly have
Tevealed wear on the key and on the keyway. It should be noted that tetter
design would, in Any case, have prevented the key from leaving its keyvay;
after the accident this vas rectified by fitting a washer to the end of the
shaft, thus cloeing the end of the keyway.

The prevention of accidents to persone operating machinery has, in most
oountries, deen the subject of leg!slation especially in relating to the guariizs
of the machinery. It ie not, of cowse, merely the provision of suitabls guaris
which eneurse the safety of the operators; the guards havs to be maintained in
@%od order, The mal-operation of an interlock guard on a power press can resy <
in very considersble hazarde. In circumstances such as these, vhere accuracy
of adjustment is important, the regular inspection of the guard by a cozpetert
maistenance man is Tecommended. In some countries it is obligatory for an
exaaination of pover prese guards to be made - and recorded - during each shi‘’t,

Regular inspection of all machinery should include checking that fized
euards over drives and other moving parts are securely in position. There is
.myforpchotuohtindmruutobonnndhtbo operator for
Suppesedly detter access to the wvorkpiece. It will be hecessary for the
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maintenance department and productior. supervision to work in close co-operation
to keep this aituation under corntrol,

It 18 most important tha:t the rignt typs and degree of maintenarce
should be agreed @nd that it should then be regularly and efficiently carried
out. If maintenance ia not regularly and carefully done, then can arise a
doubly dangerous situation as the machine operator may be lulled into a false

sense of security.

Moverent nf parts in a machine - whether rotational or reciprocating =
can result in vibtration. In turn this can cause bolts and other threaded

fasteners to bYecome loose and eventually parts of the machine may become
detached, Hazards like this will be mininized if regular maintenance

inspection includes the checking of such items,

Some machines are difficult to guard if they are to be used. Voode
working machinery is possitly the besat known example, The spindle speed of
8 high speed router may te as high as 24,000 rev/min and the teeth of a

circular saw may be moving at a speed of 4,000 metres/min. The higheet

standards of maintenanca of srindles, bearings and cutter mountinge are

essential.

There are alsv special maintenance needs for abrasive wheele used for
grinding, polishing or cutting. Bearings and spindles must be kept in good
condition but, in addition, care must be taken of the abrasive wheel and its
mounting flanges, It is important that flange nuts are not tightened too
much because damage to the wheel may result and it may fracture when running.
It is also essential that a check should be made that the wheel runs true.
There is a particular hazard which may arise with double ended grinders.
These machines have one spindle end with a right hand thread and the other
with a left hand thread; this is so that the wheel locking nuts tend to
tighten in use. If, after dismantling for maintenance, the spindle is

assembled incorrectly it may be found that the nuts elacken instead of
tightening.

Many accidents to maintenance men are reported. Some are caused by
lack of care by the men when working in hazardous eituations. Too often
saintenance men take unnecessary risks in the delief that they are saving
time by inspecting or adjusting machinery in motion. Although this may
sometimes be necessary, the hazardis must be recognized. Training in correct
practice must bde given and appropriate tools and equipment provided,
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Some of the most serious maintenance rersonnel accidents - often fatal -
are oaused by the lack of a safe system of work, Machinery ic starteq with a

maintenance man inside because another maintenance man or an operator is not

aware of the first man's presence. There is pa:ticular danger with large

machines and with machinery like conveyors which are not wnolly in one vart
of a building,

There are tvo ways of ensuring safaty, In the first, a 'permit to
work' is issued by the responsible banager or supervisor after he has checked
that the machinery is stopped, isolated, cleared of noxious fumes, cool and in

all other respects safe to work on, Until the maintenance man returns the
'permit to work' the manager ensures that the machine ie not started. s an
altemative. or sometimes forming rart of the first scheme, the mainterance
man has his own padlock vith one key, The master switch cr control valve has
provision for the attachrent of the padlock to secure it in the safe position.
The maintenance man then keeps the key with him until the task is completed,
Where several men are involved, each wil) have his own lock and key and these
vill be attached to the swvitch or valve 'ip parallel' so that al) locks have
to be removed before the machine can operate,

Other comron typres of maintenance accident include falls from inadequate
&ccess positions, This is doubly dangerous wvhen men are working over moving
machinery, Thought should be €iven to permanent Platforms where frequent
Access is nececsary, and to properly designed and constructed portable equircent
for occasional use, It is important that maintenance equipment ftself should *¢
regularly examined, It is not unknown for this to be badly neglected,

Even vhen correct access equipment ig provided and maintained, accidents
oan be caused by its misuse, Mobile scaffold tovers are commonly used for
Bany maintenance tasks at a height. They are high in comparison with their
base width and they have a high centre of gravity, A man working at the top
of such a tover ig able to exert sufficient horiszontal force to overturn the
tower,. Alternative recommendations are that the top of the tower should be
tied, that the base should be weighted or that outriggers should be fixed to
the base,

One of the most common type of injury to maintenance men is to the
oyes. Goggles or other ye protection s..ould be provided, proper instruction
should be given and adequate supervision should be exercised especially when
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the work involves grinding, welding or cutting, chipping and scaling.

Maintenance men are sometimes inzlined to forget the potential dangers
of electricity, steam, hot or greasy surfacea, toxic fumes, etc. Not only
is initial safety training essential but a constant atmosphere of safety-
awvareness must be created. This is most important for maintenance personnel
because of the varied nature of their work as well as because of its sometime:

unavoidably hazardous character.

(h) Summarizing the objectives

If an attempt is made to produce a concise summary of the objectives of
maintenance it results in the followings

THE OBJECTIVE OF MAINTENANCE IS TC XEEP PLANT (ALSO EQUIPMENT,
SERVICES, BUILDINGS AND ASSOCTATED FACILITIES) IN GOOD ORDER

SO THAT IT MAY BE OPERATED SAFELY, ECONOMICALLY, AND AT THE
APPROPRIATE PFRFORMANCE STANDARDS FOR THE PERIOD IT IS REQUIRED
FOR PRODUCTIVE USE. THE MAINTENANCE RESPONSIBILITY FOR ACBIEVING
THESE ENDS MUST NECESSARILY ALSO EXTEND INTO THE SPECIFICATION,
DESIGN, CONSTRUCTION, INSTALLATION AND COMAISSIONING STAGES.
MAINTENANCE IN.EREST AT THE DESIGN STAGE SHOULD BE DIRECTED TOWARDS
ELIMINATING MAINTENANCE AS FAR AS IS ECONOMICALLY POSSIBLE - AYD
THEN AT FACILITATING THAT WHICH REMAINS.

w ¢ THE WIDER ASPECTS OF MAINTENANCE
1 - =mm s -

(a) Design Considerations
Maintenance and repair are usually considered to be activities carried

out once the plant has been commissioned and is in productive use. In many
vays, however, the economical level of such activities is greatly affected by
decisions made when the plant is designed or specified.

|
|
Indeed the - apparently paradoxical = firet steps to better maintenance 1
management lie in attempts tc eliminate as much maintenance as is economically
possible. The next steps concern making the '‘inescapable' maintenance simpler

by better access, etc., and only after those two sets of steps do improvements

in the execution of maintenance demand attention. It may therefore appear that

the sections which follow should logically have been placed first in this

presentation. Indeed that {s where the author believes they should be but he

is also aware that the arguments for better execution of maintenance are likely

to be those which have most immediate appeal to those relatively unfamiliar wits

the maintenance scene.
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The elimination of unnecessary maintenance should be the aim of not e-y:-
the designer and manufacturer of the plant or equipment, but also of the
enterprise which is to use it, the financial centroller, the production manaLs: s
and maintenance manager, Some of the aspects of better design and 8electicr
will be technical, some will be financial but most will demand a balarce of
technical and economic advantages,

Perhaps the most easily recognized and therefore most widely used
approach to design/maintenance improvement is the spending of additional
money initially for higher standards of quality or reliability, In cozplex
and rather exotic operations such as sending men to the moon the argurents
for reliabiiity are obvicus. They can be meaningfully applied to rore
commercial activities such as under-ocean comrunication cables. In circums=a: :
like these it is not the nere cost of the failed component which must be
congidered - this might be quite insignificant, For example, the failire ¢ :
component costing only a few dollars in part or a transatlantic cable v ice
could conceivebly lead to a rerair cost of 500,000 since it would be necesszx:
to send a cable ship to locate the fault under several miles of ocean tefore
rectifying it and returnin. the cahle to position., Ir aldftion there would -«
a high 1088 of income wnilst the facility was out of rervice,

Ordinary manufacturing or Frocess plant ure perhaps unlikely tu show
quite such differentials between the cost of the corponent and the total
maintenance cost (direct + indirect maintenance costl) consequent upon fajil.re,
Nevertheless it is always worth while considerin.: the advisability of spendi-
money initially to save money - possibly repeatedly - on maintenance. In tre
process industries stainless steels and other materials with corrosion-resis-s-.
properties can in many cases be Justified. Better quality materials for beari---
have reduced maintenance costs in many types of rotating machinery, lMaterials
with wear-resistant properties have successfully reduced maintenance costs ir
equipment where abrasive ingredients or products are handled.

It must not be supposed that the interests of better maintenance
vill always best be served by taking a specific item of equipment and spendir-
time, money and effort in improving its design, A much more fundamental
approach should be adopted which calls for the disciplined thought of the me::: .
study engineer. The question should first be asked ’'Is this the beo* vay -*f
doing the job?', It might be that a completely different piece of equipzer:
would provide a better solution to the prodblem - it might perform better and
require less maintenance. It might cost more money or it might even cost less.
But the overall economic argument can be quantified.
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A warning must also be given against thinking of items in isolation.
Very often a much broader approach to cost effectiveness in design and
maintenance is necessary. Component reliability provides a good example.
Reilability costs money. This is not surprising when it is remembered that
the IEC (International Electrotechnical Commission) definition of reliability
{8 'The characteristic of an item expressed by the probability that it will
perform a required function under stated conditions for a stated period of
time'. Clearly higher reliability calls for closer tolerances in zanufacture

as vell as for closer control of the quality of the materials used,

It is therefore not economically attractive to call for more reliabilisy

than is really necessary. For many types of equipment it is reasonable
to suppose that a component with 96% reliability might cost ten tires

as much as one with 90% reliability. Even if the system design demands
the higher unit reliability the 'broad view' approach could save roney -
two 90% reliable components in tandem will provide rather more than the
required 96% reliability for only twice the cost.

There is a very strong argunent for limiting the number of components
(other thar those in tandem as above) in a piece ol equipment if an acceptable
degree of equipment reliability is to be obtained at a realistic cost. For
example: An ecuipment with one hundred components each with a reliability
of 99% would have an overall equipment reliability of 36%. But an equipment
with four hundred components would have an overall equipment reliadility
of only 3%.

Simplicity is obviously desirable as & design factor leading to detter
maintenance. It is desirable not only because of the cost of reliability but
also because of the additional complexity of fault diagnosis. To some exter:
improvements in diagnostic techniques have kept pace with the growing complexizy
of equipment but the generalization of 'the simpler, the better' is strongly
advocated,

It is clear that design considerations of maintenance do not have to
result in higher initial expenditure. Careful thought may lead to greater
simplicity in design as well as to better selection of standard materials or
components. The adoption of standard widely-available components instead of
specially-produced ones will reduce the cost of the replacement parts and will
also help to avoid the delays in obtaining special parts.
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There should be greater standardization of items in common use such ag
fasteners, driving belts, lubricants, cte, This wil. reduce the number of jte-g

in the maintenance stores and 80 reduce coste, It will also cut 'delay' costs.

Some equipment manufacturers are not as helpful as they could be in
Providing maintenance reconmendations, parts lists, ete, Some are not very
co-opcrative atout supplying replacement parts, There is, however, a growing
realization amongst rmanufacturers that the service they provide in these respec-s
will increasingly influence decisions about placing future orders for their
equipment, Maintenan-e managers should be - and indeed are - concerned as much

with the initial specification of the equipnuent as with its eventual maintenance,

It is fashionalle to blame equipuent designers and manufacturers for the
unnecessary maintenance which results from lack of thought, 1t is right that trey
shou.d accept the main responsibility for such shortcomings. But far too
infrequently 4o ma:ntenance managers do as much as they cculd to improve the
situation., There is, throughout the world, too little feed-back of information
based on practical maintenance experience, An item of equipment jig fourd
difficult to maintain, perhaps because access is awkward. Harely docy ¢+
maintenance manager complain to the manufacturer; it is . “+en argued that the
manufacturer would not be interested. Maintenance manasers would perfore a very
valuahle service and make a significant contribution to design improverent if
they would conscientiously provide such a feed-back of maintenance experience,

It is certain that the more perceptive manufacturers would welcome it.

(b) The importance of design/maintenance co-operation

In coneidering the design/maintenance interface it has seemed right to
concentrate first on the influence which the designer car have on maintenance -
and also on the influence which the maintenance manager can huve on future desigm,
There is, however, a slightly different aspect of the subject which is equally
important. It has been inherent in what has alreacy been said but it deserves
specific mention,

The maintenance manager should adopt the 'critical appraisal' approach,
borrowed from method study, when dealing with an actual maintenance operation.
Indeed, if he does not do this he might well be concentrating his efforts on
carrying out a particular task wore and more efficiently when, in fact, the
task might not be the right one. It might not, in sorne circumstances, be
necessary at all. It has been said that the cheapest maintenance is that wvhich
is not done at all - and that the main objective of the maintenance manager shc.ld
really be to do as little maintenance as possible, consistent with the other




-16-

objective of keeping the plant available for use!

Two examples are drawn from maintenance manangement training seminars <o
illustrate the thought processes in designing out unnecessary maintenance.
(1) At the entrance to a large workshop the doorway is flanked on crne side tr
the foreman's office and on the other by a brick wall which protects a stora e
tank. The mainterance problem is that the wall frequently becomes damaged t:
trucks negotiating the rather narrow ap;roach to the docrway. hat should te
done? In attenpting answers from the basis of good maintenance techriology
suggestions can be made for fixing steel plates to the wall, painting guide
lines on the flcor, providing a raised kerb alongside the wali, ard so on,
But in practise the astute raintenance manager would ask 'What is in the ster:ze
tank?' In the case reported the tank had in fact been out of use for two
years. The wall was protecting an unnecessary tank and an unnecessary
maintenance task was being sugcested as a result.
(2) The maintenance problem is that it takes two hours every weck to re-pack
the glands of a pump. The punp is used to transfer a sugar solution from a
ground-level tank (into which it is delivered by a road tanker) to a high leve:
storage tank before it is used in some food manufacturing process. There is &
great temptation to start with the obvious engineering-based answer - improve
the method of packing the gland. But this should really be the action taken
finally if all other solutions fail., Indeed the first question to be askeéd :s
whether the pump is required at all, Wsuld it not be possible for the road
tanker to deliver the sugar solution direct into the high level tank? If tiis
is not possible the second line of attack on the overall probler is to consiiie
vhether a different type of pump - possibly one without a gland - could prove
economically attractive,.

When such examples are offered it might be expected that the existence
of similarly ‘obvious' cases for eliminating maintenance would be queried,
Yot even very experienced maintenance managers will admit that a deliberate
exercise of this kind could be more profitable than almost any other expenditT.ve
of time. It does not, however, foru part of the daily tasks of many of thes.

The practising maintenance manager should so discipline hirself that a
substantial part of his time is spent on looking objectively at tre situaticz,
He should constantly say to himself 'Can that maintenance task be eliminated?
if not can it be simplified? Only if he ie dcizg
this can the maintenance manager be fulfilling his true function. He will, :¢
course, need to establish proper supervisory control of the mainterance sta’’

.-
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Although this is not usually a problem which should present great difficulties,
it is one for which there is no universal answer.

(¢) The effectiveness of maintenance

The cost of carrying out maintenance work can vary greatly according to
the effectiveness of the organization, management and Supervision of the
maintenance department. It is not unusual to find that the person responsibvle
for an extensive maintenance department is a very experienced engineer with all
the necessary technological qualifications and yet with little or no formal
Ranagement training., Some surveys have revealed that maintenance department
deficiencies have arisen from poor management decisions rather than from any
specific lack of engineering expertise. The developing countries already have
the opportunity of remedying this situation, The Urited Nations (I,L.0)
Management Centre at Turin in Italy offers a course évery year for qualified
engineers who require additional training in maintenance management techniques,
The course lasts for almost three months and requires fluency in English, Frernch
or Spanish. For those who cannot be spared for such a period there ig an
interesting pilot scheme in the United Kingdom; this is for a maintenance
management diploma and it requires attendance at a college for three two-week
periods in the first year and for three six-week periods spread over the next
two years. It ia hoped that other countries might consider similar courses.
(T™he author would be pleased to pass on information to appropriate bodies),

Effectiveness of maintenance is also influenced by the general status
of the maintenance staff. For many years maintenance personnel were considered
%o be less important to the enterprise than those operating the plant., With
greater mechanisation and sutomation the maintenance staff is becoming almost
daily more important. Better educational and training facilities are being
Provided for all grades of maintenance staff,

Once maintenance work is &ccepted as being of importance to a nation's
economy, it achieves social acceptability and its considered to be a worthwhile
Jods  Experience showvs, however, that it is not unusual for production workers,
often in jode requiring a lower level of skills, to receive higher payment thaz
maintenance personnel. In Some countries it has been found necessary to pay
partioular attention to maintenance wage rates in order to attract the calibre

of worker required for a demanding jod,




(d) Why is maintenance neglected?

When the United Mations Centre for Industrial Development set up its
expert group on repairs and maintenance in 1966 an examination was rade of the
maintenance situation in industrially developing nations. It was found trat -
in common with man: of the industrially developed countries - there wac often
management indifference to (or wnawareness of) the benefits of better standaris
of maintenance., It was seen that lack of maintenance often involved develcpir:
countries in high capital expenditure which they could ill afford.

It was found that a shortage of suitably skilled personael rade better
maintenance standards difficult to achieve, There was seen to be ursufficiers
practical training in many of the vocational schools; what training was availa:ie
often took place on equipment which was outdated, Another major obstacle to
better maintenance was the shortage of readily available replacement parts,
Although local industries could frequently produce a substitute part, the
quality, durability, accuracy and surface finish would often fall below the
minimum practical standard. Four years later this situation is improving tut
there are stiii difficulties of providing all the necessary replacecent parts,

Strong views were expressed by the industrially developing countries
that equipment should be of simple robust construcion with as little 'gadgetr'
as possible. Equipment had to withstand overloads imposed by over zealous ;:i
sometimes inexperienced operators. Climatic conditions also tended to produce

problems and equipment generally must be designed to suit the operating condit:i:ns,

No-one will claim that sufficient improvement has been made, The pro:.ez
is made more difficult by the fact that maintenance is, in many ways, not an
exact science. local judgement, often subjective judgement, is involved., It
is certainly possible and highly desirable to apply better scientific princijples
to the art of decision-making in maintenance management but common-cense will
eontinue to be a vital factor. Above all, efforts must be made to tring an
improved sense of maintenance awareness to those responsible for the direction :/
enterprises of all kinds, There is an urgent need for the determination of
incentives at a national level for better standards of maintenance; this is
a largely umexplored field,

It must be emphasized that the subject of 'maintenance and revairs' zea-s
more than just putting things right when they have gone wrong. There is alwa:'s
likely to be a need for purely remedial work, and in some circumstances a large
part of the 'maintenance and repairs' load may properly fall into this area,

In other circumstances it will be right to spend more time and money in
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designing out the need for caintenance and in carrying out preventive
maintenrance. Fo universal answer can exist to the determination ¢f the
correct balance of maintenanoe and rerairs activity - each set of circumstarcss

must be considered on its own nerits,

The significance of maintenance is the service it offers to productior.
The objectives of maintenance arc often mainly guided by econoric facrors,

sometimes by expediency and always by ~onsiderations of safety,

In the industrially developed countries it is wvidely accepted that
industrial productivity must be improved, All countries have different
problems, social, political and economic, but clearly the challenge of a
groving world population and the international desire for peace must lead
us to thoughts of improving industrial productivity on an international
soale. Maintenance has a part to play.



British Standard 3611:1964 'Cloccary of general terms used in |
mainterance organization®,

Knut Sward. Machine tool maintenance. Published by Business Books,
London, 1y66,

Report of experts €roup on maintenance and repair of industrial nq ipment
in developing cou-tries, UN Centre for Industrial
Development, New York, 1966,

B. Truett Newbrough. Effective maintenanceé management. Published
by leGraw-Hill., New York, 1967,

John J. Wilkinson. How to manaze maintenance, Harvard Business Review ,
Hl.rch/April, 1968, Boston, USA, i

P.A. Beys. Repair or replacenent. A paper at the 4th National Maintenamce
Engineering Conference, London 1968,

N.V.M, Stevart. Efficient maintenance management. Published by
Business Books Ltd, London, 1969.

G.0. Corder. Maintenance techniques and outlook. Seminar notes j
published by the British Productivity Council, London, 1669,

Report by the Working Party on Maintenance Engineering. Published by
Her Majesty's Stationery 0ffice, London, 1970

Encyclopaedia of Occupational Health and Safety. Published by Intermationa)
labour Organization, Geneva. (To be re-published shortly).

Jomnis Parkes Bidliographical references.




cour

-2] -

\gmar. PAINTINANCYE COST DIRECT (PREVENTTVE)

MAINTENANCE COST

DIRECT (CURRECTITE) MAINTEMAICT COST
+ TIDIRTCT MAINTENALCT CO3T (LO:S
OF E2(DUCTION)

P} iy

(coerIve)
IATINZNACE
~

cos?

pd o EXIR 1T AVAILABILITY









