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A strategy for introducing systems
of maintenance and repair in
developing countries

by B. N. BHATTASALL® ’

Tur SATURE AND CLASSHICATION ©F MAINTENANCE AND
HEPAIR MERVICES IN THE DEVELOPING COUNTRIES

lu general, most developing covneries have to import
their capital cquipmentplant. machinery, appliances
and aheir sparc parts. Almose all of shem lack capital.
Whatever hquid capital they may be abke 10 mobilize
is not readity convertible uo foreign currencies becase
of thar trade deficns and unfavourable  balance-of-
payinent povition,

e spite of such basie handicaps, the mdustrialization
of devela; ng countries and the modernization of their
agriculture and public unhties obviowsly must proceed.
tn the developed countries the models for maintenance,
repar and replacements are based on gh Libour cnsts.
hn other words, the relanvely Ingh cost of maintenance
awd repair often utakes 1t ccononneally necessary for
mdustrialists in the developed conntries to discard their
cquipment and replace nat o rather carly poine of the
actal physical htenme of the equipment. In the devel-
opmg coumris, where libour costs are relatively low,
such cqupment could be used substantially longer
throngh care m Libour meensive aimenance and
repair. Flis can be propery realized only i satistactory
systents of imaimenance and repar can be organized and
manpower tramed 10 operae them. In this connexion
the systems of the developed comries may be accepred
only av broad yindes, and they have w0 be adapted
magimanvely s ahat dhev wifh ponform to the needs
and ccononne realities of the developing countries.,
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Some of the most prominent features of the mainten-
ance and repair scrvices in most developing countrics
are the following :

fa) Although the nced for naintenanc. and repair
in the developing countries in both quantity and
quality is by far greater than in the developed
countrics, services in this ficld are completely
unorganized.

(b) The workers, supervisors and managers do not
always have the requisite skills to operate and
maintain moder  cquipment properly, with the
result that the machinery breaks down more
frequently,

(¢) Most of the developing countrics import capital
cquipment. They are unzule to keep an adequate
supply of spares pu hand, and this causes serious
ceonomic losses through shutdowns.

fd)  Many developmg countries buy their equipment
in different countries with  different sets of
standards and specifications. It is often ditficult to
provide proper technical facilities and skilled
manpower to cater for the maintenance and
repair of such heterogennus equipment.

fe) The consumption of industrial equipment and
sparcs is limitea. In the absence of the benefits of
cconpmies of scale, it is difficult for the suppliers
to provide facilities for major repairs or after-
sale service, The consumer cannot always make
proper arrangements for major repairs locally,
nor undertake indigenous manufacture of spares
—which means more  dislocation  and  inter-
ruption in production,

All these factors comnbute to a substantial increase

in costs for the industries of the developing countrics.




These costs coakd be redueed by mroducmg and over-
atingappropriate systeims of maintenanee and repair. The
additional costs thereby inenrred wonld be only o smll
traction of the total losses that wonld resuly from nner-
ruptions - production and shindowas.

Mannterance and repair svstems cover a wide vanety
of activities at an enterprise. The: - may be classibied mto
groups '.u‘curditlg to the arcas of COVERIgEe OF typus of
services they provide, For the purposes of this article
they may be divided into the following six broad
CACROLES:

fa) Mantenance of the butldings and grounds;

(b) Maintenance of the plant and equipment;

{¢) Lubrication and inspection of cquipment, inchl-
ing matcrial-handling equipment and transport
vehicles;

(d) Utility generation and  distribution  services
(clectricity, water, samitation and ventilation)

fe)  Ablerations and additions to the existing plan
and cquipment;

(1) Akerations and additions to the existing build-
ings, grounds, utility generation and  distri-
bution scrvices.

In addition to the above categories, other eelated or
supporting activities abo fall under maintenance and
repair scrvices, such as:

{a) Plant protection-fire, sanitation, ventilation,

general safety and noise control;

(b Stockkeeping for maintenance work

(c) Management of maintenance and repair work-
shops and liaison with production departmenn
for manufacture of spares, major overhaubs and
major repairs;

(d) Waste disposal;

fe)  Administrative aud accounting work.

Depending upon the type and size of the enterprise,
it may often be convenient to provide these maintenance

stvices from within its existing structure. Fov example,
maintenance stores could be looked after by the nonnal
stockkeeping  organization. Similarly, the engineering
d-partnents can also provide plant protection, produce
sparcs, undertake major overhanls and waste disposal exc.

Maintenance and repair activities can be classified not
only on the basis of the types of services provaded to the
different arcas of the enterprise, but also on the basis of
their functions. as discussed below.

Preventive waintenance

By preventive maintenance is meant regular inspection
of plant and cquipment to detect adverse operating
conditions or structural or functional deterioration of
machittery, and the taking of timely remedial measures
such as lubricating. adjusting and repairing. Prevennve
maintenance involves observance of sysu‘matic rommes
by the operatives as well as by the servicing departmants,
In some CHEETPrises, Proventive maintenancee ts wsed moa

rather narrow sense: the mamtenatee depatiment con-
fines 1ty activities o mspection, libncanon, adjustmen
and vesmg and wtonns the wser departments of deteas
that thev sbhould correcr. s policy maended o perma
better sehednlmg of preventinve namtenance. e the
hgh[ l"‘ (ik' l'\P&'rl('"(l' ("‘ lh(' \‘\'\'l“l\“ll‘:." avmuies,
however, 1t often desrable 1o entront the mamtenanee
departuient et wah the drecnon and nnpecnon o
repaies and modiicanons,. Whow abwolving the nver
departiients of basic responsibihey tov mamtanmng
thar equipmen. s procedire peennes the mameenance
department t retam a complete picane of the smanon.
This wopie will be cliborated at greater Tengah later,

Opevational mamtcname

Produwcnon w4 tactory mav be mterrapted by
accidents or 4 breakdown ot the cquipnient, power
supply. gas. water. conveyors cte. Operational mamten -
ance staft are prn\‘hl(‘\l to correcr the debects o dhat
production can resmne, Some of the operanomal mam-
tentance stalt are required to function ronad te dock
even though the tactory may be workimg only on
one- or twosshitt bass. Operational mamtenanee 1
mostly  hnked  wah breakdown repairs, o subject
discussed turther Laer on,

er?dif
From a broad perspoctive, repair srvices are really
part of mantenance services, From a nagrower poant of
view, repar can be chaatied as preventive ansd break-
down repair.

Prepentive repair

Particularly i the developmy comtnes, an acraal
breakdown of plant cquipment s often the anmmd uve
resitdt of several mmor breakages, danage, distortons
and maladjustiments. Whereas most adpntinenss can e
made o the spot, breakages, damage and distortrons
may require prompt reparr or replicemen of parts af
more serions shutdowns or braakdowns are o be
a\‘nidvd. Pmpcr s)‘\trin\s uf p!'t'\.'cmlv(' nLatenAnu e,
therefore, have  to be complememed by pre-
ventive  repar e those where wholesale
replaiccment may ot be wecesary. This o
particular importance to the developmy comiries, wheee
matenial is scarce, Fechnseal sttt engaged mprevennve
NEHHICEANG A CAFTY out IInos repars of .uhmnm'ms
on the spot. but where this wonld npset the schedule
tor preventive mamtenance, thowe wpars shonld - be
undertaken separately,
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Breakdown vepair

Breakdown repar must be carned ont when he
cquipment s acniddly taded. haling laaory operations,

fust as the proventive mamtenance department mnedee-

tahes  mmar l‘l’\'\'t'll(l\«‘ repats 1he npvm!n ™
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mentean st caatiend toommor breakdown repan,
When the ot }‘l.l\ln,il‘l\'. the Jdetectn part i
Vopbieccand sent o the tacrory tor repair, it repanable,
i sctappaed ahogether it o Whan spares h.w replace-
avcis are noravalables s otten happens mtactonies
the dovcopmy counties Cmergenes repars iy have
o b underaken, o reduee the penad ot micrrnpion
i bacron AN RIS

Aronarons wnd addinions

Alterations and addineas resale from penodieal
reviews devgned o brmg about the necesary improve-
wenis m ahe operation of the plant equpment. bikdings,
AU RVITRI LD nnlll} genersion and dntrbution (S TR 73 I [N
to cmsure an ummierrnpted How of work. Where exast-
my cquupmiem and faciines are manttestly detecnve
persntenthy tal, cffon are made 1o correct the detiaen-
ctes through dheratons or additions,

I DN N AL ARRANGEFMENTS

Fhe innmnonal arrangements for prevenuve mam-
tenance and repair wevices may be organized at four
fevely: nanonal, mdustry. regional. and enterprise kevels,

Nariowal fevel

Few devdopmyg comines are fully aware of the
vesionne miportance of mauntenance and repar ser-
vices, Nor do the, realize 1o what extem the lack of
thesw services harnn thar ceononies, The Poumary
objective of makmg istitutional artangements ae the
national level 1o senerate o comaomness of the
mportance of repar and mamtenanee throughoat the
comnryamong corporate bodies. the munagemente and
the engmecrmg personnel - varion cnterprises, public
utthnies, mtace, mall evtabhshan e undertakmg wzable
techimeal operanom,

Fhe wencramg of el @ widespread comscionsness can

be achieved mowt effeccnvely when the bencies of

mamtanmg such services - gams throngh cost reduction
and mereased omput of berer quabty —-are explained
clearly to the bustew managers, engmeers and financial
shmmniraon. To make the poution clearer. it is
desirable o explam the annmon in terms of the produc-
vy of the capal deploved for organizing and operat-
e mnenaee and repar services, To be really offeee
tive. pubhiaty marerials on techno-managenal pr'nblm\\
shonld be exprosad mdhe smplost posable Language

and shonkd include an adeqraee number of lastrations,

Apart trom the preparation of publiciey: matenals,
the nationa wsananon man o mitlly collect d

ati,
mdertake

resarch ahrongh work samplng,  and
onganze short s cxpluning the be

4 netis and
the methods of operatme wuch serviees ro top managers,

Once the des gam some foathold among the top

k]

maagens, sestenatie folowaup o cnvire ther o
among the nuddle managers, supervisors and worl,
may be nnnated at the nanonal level, Bue cftine.
divemmate ideas, and what » even more nhport.
w explan the pracucal methods of OrLINZINgG
operating mamtenanee and repair services me vano
enterprnes require the co-operaion of  specialivd
unsttutions and local orgamzations as disenssed below
Fhe mano al msnontien has o basic responsibiliny 10
promote such mistseunons and organizations thronghou
the connery F wamtenance and repair services are 10
be a really cBlecuve vehiele for raing the fevel of
productivity of the developing conneries.

The national institution muy abo provide mformanon
on the latest developments m the ficld of maintenanee
and repair by mamtaiming contacts with sinsifar orgam-
zations m the developed and i other developing coun-
e, e nay promote study tours and exchange of
experience with other countries secking to strengthen
their mantenance and repair services. It may provide
litcrature amd audio-visual aids to various institutions
and orgamzations nterested in the subject, and where
CIFCNNItAtCes. perimt, 1t may promote symposia and
discussions for exchange of technical and methodo-
logical knowledge and experience within the country,

Industry level

Although national institutions have a basic role 10
play m promonng maintenance and repair service,
such services will vary comsiderably in structure
different fnes of production. For example, the rype
of maintenance and repair required in a seeel mill will
difier subsantially  from  that required in factones
producing transistor radios. shoes or optical instruments.

The production processes in the various factories m
4 COMry are far oo numerous to permit a separat
body for carrying on maintenance and repair to b
cstablished for cach. Nevertheless, it is convenient to
clwify all prodaction processes under  appropriae
generic heads for the purpose of establishing mainten-
ance institutions serving entire industrics.  Classifica-
tians of this nature will differ from country to conntny
depending on the type of industrics, state of industrial
develupient, resources, climatic conditions cte. of cach
country, For example, in a medium-sized country. n
may be necessary to have an industry-wide institutional
arrangement on a fairly broad foundation—e. g. the
chemical mndustries providing coverage to refinerics
and perrochemicals, pharmacenticals, fertilizers, rubber
and plastics. In a larger country, institutional support
cn be more specialized.

I view of the special importance of repair and
mamtenance i the developing countries, one might
consider establishing an institation  concerned  solely
with maintenance and repair in industry as a whole,
but in practice this is neither desirable nor practicablec.




To provide cffecave mamtenance and repair servces
roguires the mtmnate relanionship of such activines with
thase of other departments af the enterprise, parncularly
producton and engineermy departments watlin cach
branch. The wechnological base m most developimyg
countries vovery weah, Fhe problems of operatng
such services can seldom be succesfully solved when
dealt: with m solaton from other activines of the
engineering and production departinents. A mnch more
cffective solution will be to st up maintenanee aud
repair cells i tlee professional engineermye imsttutions
functioning m major techmeal areas, 1 stitution
of Mctallurgy, hstitntions of - Chemneal, Electrical,
Civil, Electronic, Ceramic or Acronautical Engmeermy.
Each onc of these could establish ats own cell 10 meet
s own specialized maintenance and repair needs.

As distinet from the general coverage provided by
the national imstitution, the types of services provided
by particular industries are much more claborate and
spectfic in character. These professional  mstinations
coutld conveniently organize short-term traiming courses
for the wnddle managers. supervisors and technicians
o maintenance and repair activiies m thar own
arcas. They could abo assist - publishing manvaks and
guides for such personnel on mantenance and - repair
work i their respective fickds, and at o reasonable
price.

Apart from wrainmg activities.  such specialized
mstitntions could also beconme repositones of more
detailed mfortnation on - contewmporary developments
taking place chewhere, Afer developing o satisfactory
degree of expertise i different production lines, such
institutions could also undertake  consultancy assign-

ments. These would not only provide fickd tests of

such  mfonmation and  knowledge, but would abso
provide valmble feedback and rescarch material for
the national orgamization and  for other nterested
groups.

Regional level

Insticutional support at both the nanonal and the
industry levels for operating repair and mtaintenance
services have a protounced promotional ciaphasis. But
support at the regional level has a serviee emphasis and
is primarily intended o provide, on paynent ot pre-
scribed fees. maintenance and repair services that are
normally beyond dhie capabilities of individual entor-
prises. Thus, regional maintenance and repair establish-
ments are i on a cammercial basis, yet they bave o
soctal purpose as well. Small and medinm-seale imdis-
tries do not always possess the requisite techmeal com-
petence to cope with all their maintenance and repair
prublcllls. As mentioned carlier, in the dc\'clnping
countrics, suppliers of plant and cquipment do not
often provide after-ale service or maimtan work ops
for major overhaul and repair, nor s it always praciie-

able to send ahe cquipment abroad o sach Wby,
overbanl and vepani. Hine means o e the developine
conmnes, mapor everhaal and epans bovond e
techtneal capabibines of the enterpose must be anended
to waithin the conntryand o not oo asam aplace,
it senoms mterrupnion of production s 1o be avonkal
Fhis s precsely ahe pusiticaton tor providing, Brhi
\lk'\'('l\\l‘('d “l‘("‘k'\\ll‘l\.ll SCUVICOS o \lll\ll'll-l‘\(' HLnnten-
ance and repan contracts for diteram enterprses m
differem regions of the comtie, Onang 1o a0tk
common tendeney tor coram mdisties o0 beaomie
concetitrated e certan areas ofilic conmn, s desiable
and conventent e operate romonal serviang nstitaiions
that ,\p\'nnlizc monomtenance and repan work e one
ar two major hnes of producion, such s esnles o
metalworkimg. Indeed. when tis s the cases spphers
of plant ond cqpupment who swelbthese under o gaanamee
may ind e convement to appomt the regromal srviomy,
mstitations s therr anthorized repanens. Many other
nanafacturers may be gte happy 1o apph ahese
mstitutions wath the necesary techmcal intomtion
on nrantenance anad ©opar tooretan the good name ot
thar produces methe market.

Enterprise heel

Maintenanee and repar swrvwes il the chterpise
level shonld be of particuln concern to factory imanagers
m the developmg comtnes. In practice. however,
mamtenance and repan services are atten pertonmed m
4 pertuncory manner, with an overwhelmmg, pre-
ponderance of breahdown wepar camed ot by the
production amd the cngimecnmg depamunents wathon
any systematic plaonmg. nnplemertation or Keepag of
records. Regordless of whether manmenamce concerns
the testmg of httig applances, servioog ot convevans
or cheching oF gazes, wows necessany o dive home e
all level of the comerprine the extenm o Tosses i wonlkd
suffer withont smamtenanee and - repar serviees
how wafety. health and smooth tuncnaamg ae abie
anterprise. would be affeacd it these sarvices were o
carried out properly. Apan from cdncanmy and ianmg
the managers, supervecrs, and worker s to the -
portance of these services throngh Teanres, demonsia-
tians and il shows, the co-operation ot the workers'
arganizations shonkl abo be songhe me i epard
These aspects, however, have been claborated Lier on,
I s suthaent here 1o siress that manntenance and repaa
serviees e enterprises need to be plamed and engamzed
with speaul care.

A STRATILY 10K PROMOLING I CONCTEL ()
MAINTINANGL AND KEFAIR

Mamtenance and repar services bave boeen b
.|l|(| pru\'ldn' in .lllllt'\t .|" SOCECTIes 1 somnae forme or
other from the remotest davs of annguny, Whan s new
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nothar dhey are comidered oday from . soientitic
ponn of view with respect 1 both planiing and orgam-
zanon amd e rerms of rapudly advanemg echmologies,
This article, however. ts ot coneerned with the wehno-
fogical aspect of numtenanee and TOpAIT SeTVIces, but
with the popularizavon and extension of such services,

I most developmg comntries, there are sutheient
published nuteruls available on mamtenance and repair
services, Yer nerest mn this subjeet has ot beein aroused.
Some sort of shock rcatment 10 make people “wake
up” 10 the importance of repar and mimenance nay
be necessary,

The deplorable state of mamtenance and repair in .
Jeveloping coutry could be dramatized i the Finance
Minister. Mimter for Industry or even the leader of
the opposition were to issue a seern warning to the
public that the country 1s losing so many million rupees,
pounds or dollars every year because of failure to
operate proper sysemne of maintenance and - repair,
Data for this could be gathered through work sampling
sl serutiny of past records on interruptions and stopp-
ages of work in a few representative factories.

When the political Teader ereates o public sensation
with his mdignant statement about the losses the country
is saffering through inadequate maintenance and repair.
he should abso be able to present a broad outline of the
solution 10 the problem. He may urge the establishment
of & mational association of managers, engineers and
wicnints to provide the country with the necessary
leadership and gundance in ahe ficld ot maintenance
and repair., It would be desirable if he could announge
A grane for setting up 4 national instimtion or at least
for adding a4 new deparement to an existing national
mstitation i the fickd of engineering or management.
He may abo wish to anmounce that a national conference
or a seminar of top technocrats o study ways to orgamize
maintenance and repair serviees at the industry, regional
med emerprise levels will be convened and that a few
naomal awards will be made annually for contribution
towards the improvement of maintenance and repair
by cugincers. seientists, managers and workers.

When preparations are being made to convene the
national conference, it must be ensured that the partici-
pantsrepresent varions andusries, the geographical
arcas. where sizable engineering and - manufacturing
works are carried out or are to be carried out, various
professions aud occupations (imanagers, scientists, engi-
neers, trade umonnts, muanaticturers or importers of
capital goods and spare parts etel). Such a national
conference should produce some specific plans and
recommendations for setting vp orgamizations at thie
industry, regional and enterprise levels and alse sub-
committees to follow up these recommendations
sstematically, reporimg results 10 the national organi-
aation at periodic imervals, Tt would be very usetul it
this conference should decide to publish a 'qu:\m'rly.

1

if ot 4 monthly, journal on repair and maintenance
mnder the auspices of the national organi-ation that
would disseminate relevant imformation at home and
abroad. publish important contributions by the tecimo-
crars on the subjeet, and report progress on the various
aspects of the movement at the national, industry.
regional aml enterprise levels.

That governmental support is provided tor mainten-
anee and repair services or that some public funds are
wad for this purpose should not be construed to mean
that responsibility for introducing and operating such
services rosts with the Government. Nothing could be
further from the truth, By and large, most of the devel-
oping countries arc emerging from feudal conditions,
Few of them have organizations of technocrats that
could stand on their own feet without government
support. Government support of maintenance and repair
services is therefore not only necessary but also desirable
to ensure smooth functioning and broad acceptance of
maintenance and repair system- at dJifferent levels of
the coantry’s economy.

A STRATEGY 1OR OPERATION

After modern maiutenance and repair services have
been introduced to the enterprises and  engincering
ostablishments hrough the activitics mentioned earlier,
they have to be organized and put into operation, at
least i g tew model plants on a sclective basis to start
with. In applying the principle of selectivity to the
process of organizing and operating such services, the
basic objective should be to gencrate multiplier effects.
To choos: plants suitable i this respect, the following
points should be kept it mind:

fa} The plant shoatd have progressive managers
known for their techno-managerial excellence.

(b) The plant should have & high turnover, and
there should be scope for demonstrating the
effectiveness of muaintenance and repair systems
in terms of financial gains that could impress
and inspirc others,

(¢) The plant should be in 4 major line of production
in the country so that its example and experience
could be readily followed by other firms in

. similar lines of production.

The princip!. of sclectivity can be applied in another
way and onc that is espeadally important in the initial
stages of development, when additional resources for
operating maintenance and repair services, including
trained manpower, are rather meagre. This refers to
selecting crucial arcas of plant operation on which ro
concentrate improved maintenance and repair services
and to giving less wtention to other arcas. The under-
lying principle can be stated simply: the higher the
cost of breakdowns, the greater the attention required.
To determine which arcas are critical, the following
questions may be asked:



(o) Is this a critical item? i tailure will cause a
major shutdown or costly damage or harm to
an employee, maintenance s esential,

(h) s staindby cquipment available in case of tailure?
One can often rent air compressors or package
builers on short notice. If the load or duty can
be casily shified to other equipment, the need
for maintenance is contingent on other factors,
such as the cost of “breakdown” maintenance.

(¢) Docs the cost af mamtenance oxceed the expense
of downtime and the cost of repair or replace-
ment? If so, the value of maintenance is question-
able,

(d) Doces the normal life of the equipment without

maintenance exceed mannfacturing needs? 1f

obsolescence is expected  soaner than decay.
maintenance may be a waste of money.

In the context of the information clicited from the
above scrutiny, aintenance and repair work for the
entire plant may be divided into four categones on
the basis of what may be popularly called o VEIN
analysis:

V -- Vital, E = Essential, | - Important. N Normal.

*

VEIN analysis

Vital aveas

Vital arcas may be defined as arcas where any break-
down would result in very costly repair or replacement
and almost a complete closure of the plant for a con-
siderable period and for which no standby facilities
are ovailable. An example of this is a cupola in a foundry
or a turbine in a theemal plane for which local repair
facilitics may not be available.

issential areas

Essential arcas may b defined as arcas where any
breakdown would result in expensive repairs and re-
placements and cessation of work for a substantial
period in a major arca of the plant for which no standby
facilitics arc available, Such an interruption could be
caused by a failure of the mam power unit in a conveyor
system or the failure of a major heat-treatment furnace
used for softening forged materials before machining
in the direet line of production.

Important arcas

Important arcas are simply major arcas in the opera-
tion of an enterprisc. Although standby or local repair
facilitics may be available, a breakdown in these arcas
would still ‘involve substantial expenditure for repair
ot replacement and a serious interruption in production.

Normal areas

Normal arcas of maintenance operation are those n
which a becakdown will entail nominal expenditure for

rquir or rtpl.m‘mcm O BINOT IRRCTTapion o RS
m pl.un aperanion,

Leonomic uwsn!«‘m!nmx

The VEIN aualyas tanes mio account ahe dwear
coss mvolved i repar or replicement, as wll as the
mdireer costs arsiigg from mterrupuons meplaine opera-
von. In developing 1 model tor clisstymg the mamen-
ance and repair sevices meterms of diear and meirear
costs into forr cacgones as mentional above, a broad
analytical estimate is all that is needed mmally. Such an
analytical estimate will no donbe vary with the enter-
prise and the fachiies, particniarly stores and repae
failities that conkd be mobilized both wabin and
oatside the enterprise.

The operation of mamtenance and repair services
must nltimately be based on cconomie rather than
purcly engineering considerations. It may he possible
for the engineers 10 chminate breakdowns cven of
ordinary items. but it may otten not be cconome to
do so, as it is futile o spend ponids 10 wave peames,
It should be repeated. however, thar the merthod of
determining the ccononue feasibihny of mamtenance
and repar work mmst be the developing coumry's
own and cannot be copied even trom sinular Bctorses
in the Wouern comntries, where Labour conts are Ingh
and replicement costs often less hngh.

Organization of mdintenane work

Although both preventive repar and break iown
repair mmst be carmied ont accorduey 1o approprate
prioritics. whenever replacenment s oot coonomic, o
niay not be practicable to mear ihe need tor provenave
maintenanee for the whole establishment b o onee,
The VEIN analvais applics the prmaple of slecnvaey
m terns of coonomic consderations and it of ahe
physical or funcnonal divisians of the emerproe the
guestion here’ i 1o doernne how maintenance work
should be organized, and how mnch of s work can
be carried ont by the shop mumagen or agervisors of
different work contres.

Normally. mannenance work aran mdustral cmer-
prise covers the followimy areas:

{a} Proces equipment furnaces. he exdungers,
pipm:'. pnmp\. cumpﬂ'smﬁ. M Ors, stlﬁﬁ.
mstrunnents,

(h) Safety cquipment  vacmin e pw\mn-«rvhri
valves, thshback or thaime arresiors, breabing
and emergency reliet cquipmeon

f¢) Uty cqupment  man bolers, elecme rener-
ators, supply. storages dutnbunon systenns for
water, steant, and «‘nmpn-xml-.nr Ia\px'lme'\‘,

(d) Vanks and auxahary cqmpment
prpelines. dikessdramsewaeess measirge
MAruIenty

ey Plant bl hngs Sippimge and - sonaweareas,

storagte l.mk\,
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wranspon cquipment such stk carsnd
1ramster pungs:

(i tare-prowanon cquipmeny - warer sipplyand
pipchnes, pumps. pernem tire-extimgushing
istallinens of foam, fop, gas. sprav, or dry
powder, tirst-ad - exnmgushers, fire tricks,
alarm swstens,

Darmg the cary sages, when mamtenanee staft are
soll bemg mobidizcd and tramed for the gob. ic will be
desirable to crnst “vied™ and Cesential” iems trom
the above b o the contralized mameenanee orgam-
sotion, delegatmg the responsibidiey tor the maintenance
of “mportant” and “normal™ items to the shops. As
experience s gained the division of responsibilities can
be achusted accordimgly

The VEIN nalyss classities maintenance: work in
teris of ccononie factors. This leads w0 the question
of reduemg lowes by adjustng the fregueney and
depth of mspecnon of cquipment, which is a technical
GUOSHON Fequinng systematic engineering atalysis on
the tollowing hnes:

) Age. condition and valie, Older and - poorer
cquipment needs more frequent service, Bue it
the cquipment is ready tor the junkpile or soon
to be obsolete, it may be cheaper o inspeet
on a skeleton basis or not ar all.

th) Soverity of we. More severe applications of
dentical  cquipment  reguire more fregaient
inspections, I a process plint a eritical pump
may need o be mspected every dayy the same
type of pump o a metalworking plmt may
need o be inpected only onee 2 month,

(¢)  Satay reqorements. A wide margin must be
alowed tor safirve For example, one plant
imspects the solencids operating the chitches on
Prossos every two w ceke,

{dr Hours of operation. Many manufacturers sug-
got trequency eveies based onan cight=hour day,
others on wage (nich as mileage).

(e) Sisceptibility o wear How great is the exposire
to dirt, triction, fatige . stress, corrosion? What
is the fe expectaney «

(/) Suseeptibility o damage. B the cquipment
subject to vibration, overloading, abnse?

f¢) Siscepubility 0 maladinstment. How  will
maladimtment or misalignment aftect ie? Where
manufacturing tolerances are tight, a2 shorter
inspection evele i needed.

h the developmg comtries, expenience has shown
that man v itens tha the marufactrer would snggest
replacing atter o detect has appeared <an be rcpaired
satistactordv. A enncal techmed exammanion of 1he
possibiline. for satstictory repar may resule - con-
siderable savmgs tor an enterprise, smee: manutacturers
are otten cager to el e spare pares and may re-
commend replicemenm far too carly,
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Apart from breakdown repairs, it is convenient for
administrative purposes to include preventive and np-
keep repairs under repair services, irrespective of
whether the work mvolved s deristing of  pipes,
painting of buikdings, weldmg. or clectroedeposition
of menal on worn-out parts. One reason why simple
repair work - the developed comntries is often not
undertaken by the maintenauee staft, cven when this
iv well within their technical competence. is that the
laer have to work on highly organized and tight
schedules, B would not be possible for them to adhere
to the predetermined maintenance schedule it they
were to nndertake even simple, rontine repair work,
This is not the case. however, in most developing
coumtries, particrlarly in the initial stages when mainten-
ance programmes have considerable fexibility. What
is most important is to keep alive a spirit of service,
particalarly among the supervisors of the maintenance
teams, fe shonld be impressed upon all maintenance
operatives that shop managers are their clients and chat
maintenance staff shonld make great cfforts to satisfy
them. winnming their goodwill and co-operation in the
process,

Basic additions to and alterations of the existing
plant facilivies shonld nsmally be specially scheduled.
But when the nature of the work involved is such that
these improvements conld be made  without much
distocation of normal work, it wounld be cconomic
for the maintenance and repair departments to imder-
take them. Before aceepting any such additional re-
spomsibility, the top management should wnderstand
the precise technical and cconomic implications of these
mprovements,

Two other basic isnes concerning repair services
deserve special consideration. The first relates to the
organization of repair work and the second to priorities,
f has been suggested carlier that rontine and simple
rej tir works should be undertaken by the maintenance
staff for which a special maintenance workshop should
be provided. Apart from the special facilities a particula
enterprise: may require, the following equipment by
and large wonld satisfy the general requirements of an
average maintenance workshop:

fa)  General-purpose lathe;

(h)  Drilling machine;

f¢) Shaper;

(d} Planer;

{e)  Ponble-ended grindcr :

(f)  Tool post grinder;

f¢) Forge and smithy cquipment;

th) Heat-treatment furnace, cyanide bath and quench-

ing tank;
(1) Gas and clectric welding;
(i) Hand and power hacksaw;
(k) Abrasive cut-off wheels;
() Assorted hand tools and measucing instruments.
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The advantage of having such 1 workshop inder the
moamtenanee departmem wonld be that work conld be
anderaken immediately, depending upon urgeney of
the sioaton,  without  secking  extra=departmental
assistance. Namnrally, o workshop of this nature will
not be able 10 carry out major repairs. For this purpose,
assistance from the regnlar engineering - departments
may have to be obtained, and when such repairs are
beyond the technical competence of such departments,
ontside assistimce may be necessary. This means that
the supervisors in the maintenance shops shoald be
familiar with the technical capabilities of the enterprise
and of outside workshops that may be located in the
vicinity. lrrespective of  whether major repair and
overhauls are undertaken, by the cuterprise or by an
outside shop. an cfective order of priorities for their
exceution has to be established under the authority of
the top management.

it will be appreciated that operation of satisfactory
systems of maintenance and repair are matured and
built up over several years even in the developed
countrics. The published literature and guidelines on
these are vast and complex. In the above paragraphs
attempts have been made only to highlight some of the
major arcas of specific importance to the developing
countrics.

COST CALCULATION AND EVALUATION

Cost calculation is an cssential part of operating and
cvaluating maintenance and repair services, Unless the
cconomics of the different aspects of these services are
properly understood, it is dithenle to operate them on
a scientific basis. Unless monctary parameters are nsed,
it is difficult to cvaluate their cffectiveness. Tt will be
seen. therefore. that without a reasonably satisfactor:
method of calculating costs the effectiveness of mainten-
ance and repair services may be seriowsly handicapped.

In spitc of its basic importance, the caleulation of
costs that are based on so many variables, some of which
are little more than broad approximations if not specula-
tions, can hardly expect to attain the degree of perfection
that is normally expected by the accounting profession.
Yot this limitation has to be accepted and attempts
must be made to make the best of a ditficult sitnation.

The difect fosts of nanmienance and repair are cont-
paranvel v 1o compiie. since they are based o
conts e Wave ocarred mthe past. Bat the mdweat
~osts of shindowns or wterraptions are Tikely 1o vary
widely imlos they are adegnanely spesvised by expene,
nany ease, the VEIN analysis may be nsed s base
for calenlating these costs. I domg o the best answer
wstially is to tramshare the fors of production i erins of
manntactiring costs andaddonthe proportonal
overhead cosis,

In most factories in the developing commtries, records
of time spent for routine breahdown repaies inay o
be available, Butas these rc|mirs are carried out thnmgh-
ont the f-.lcmry f.lirl}' ﬁ‘\‘\pu‘lld}'. lhc)’ could be com-
puted statistically throngh work vampling. As regards
major breakdowns or interruptions i production, re-
cords may well be available, and i these cases the cost
of breakdowns shonld be compneed in terms of money
values as suggested carlier. 1F records are not available,
it should be possible 10 obtan the mformation necessary
for compnting the costs from workers and supervisors,
since they shonld know the freguency amd extent of
such important cvents as major breakdowns. This wonkhl
mean reliance on verbal statements, but 1his i the best
that can be done m the absence of more precise mborm-
don. The importance of keeping systentanwally records
wecessary for cost calenfation, however, has to be
strewed o the management, and perhaps. trom then
on. cost calenlation wall become casier and - mor
accurae,

The cconomic gams generated throngh serengehenmg
mamtenance and repair services ean e compnted m
erms of reduction i mterrptions e production,
reduction i repair and replacements, mchiding aldinon
of proportional overhead costs 10 the figares. 1t s non
necessary to add such proportional overhead costs to
the additional costs for mamtenance and repa,as the
latter i a precise figure of actnal mercmental cose
incurred. which wonld menide clemems o averhead.
if any. that had been spem - the process.

For the purpose of a reasonably satstactory ansl
broad cost calenbation and evaliation, the wicthods
indicated above may be gonerally accepted. I however,
further refinements are required, they can he casily
made on the sane tomdanions.
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