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MAINTENANCE GUIDELINES AT A TENDERING STAGE,

The purpose of this booklet is to give some informations about
the importance of maintenance consideretions at the tendering
stage, as well as somepractical wiewpoints, lLiased on practical
experience from more than 30 years of maintenance enginaering
work.

It is practiocally spealking impossible to find any plant or machine
that does not need maintenance. Yet, according to the authors
experience, ton méany people design, manufacture, sell, buy and

use machines and plants without considering maintenance as its
importance justifies. This fact might depend on inferior know-
ledge about the nature of maintenance, but surely also in many
cagses a conscious suppression of inconyenient informetions.

The lack of knowledge about ithe influence of maintenance on the
total cost for production is to some degree understandable, he=
cause in most cases the maintenance situation is not c¢learly
documentated in the records of an enterprise. To most accountantis
the maintenance cost is an unknown mixture of labour cost, spare
part cost and overhead. The indirect costs are unknown as well,
For decades the accountants were allowed to make their cost re--
cords for accounting purposes only,., First when modern manage-
ment controi systems were introduced the maintenance and pro-
duction managers were ygiven a suitable tool to revesl and con-
trol ths direct and indirect costs of maintaining the equipment,

Many plants and machines have been decided on without the full
and complete knowledge of the future maintenance costs. Complete
factories have heen delivered from industrialised countries
! wvithout spare parts and necessary information about the absolute
ninimum of maintenance activities to keep the factory running
! ot the desired capacity and quality levei., It may not be poasible
; to prove, but surely some investments Lave Leen mate, that would
have been turned down, if the full cost situation had been re-
veald at the tendering stage.

It may sound as if the author looked upon maintenance as the one
i and only technique to be considered at the tendering stage. The
1 true fact is, that it is inmnpossible to have any kind of indust-
rial production without maintenance, but the only justification

for maintenance is ----production,
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A consequence of this fact is, that hoth the production function
and the maintenance function should be involved in all activi-
ties concerning a machine or plant, fron the first discussions
about possible produciion proeegs ana possiblce machine or plant
alternatives. If the chnosen plant or rachine has such quaiities,
ihat much naintonaace is requirced to wooD it running at the de=
gired capacity and gqunliny Tovel, Lo soduciion functlonr undount-

ly will encoanter d.fiiculiies.

it is to soue extent adifiicult to ting evidence irom the pracivi-
cal life, but a gwedish iadustry cal proviide oie. it is a cheni-
cal factory and the exampie involves two identical plants, hougnt
1954 and 1959.

rirst plant. Chief of project: Manager of the purchase department.
The design of the plant was vorked out hy the nanufacturer.
The chief of project exerted a Leavy pressure on che price
of the plant, but no attention was paid te the nainteinance
problerns.
The plant was instalted &nd siarvel. The maintenance cepart-
ment had (o iLake cai? Al o whote lot of nyshlems, Maay mo=
difications were reonired, and &s the nlant net all specl-
fications wien deiivered, the costs were rccorded as nain-
tenance COSu.
1t took more than 12 months to grt the plant up to full
napacity.

Second plan*. Caie® o oomnieets \aintenance nanager.
mhis plant was designed by the plont engineering depard-
ment, in this plant the maintenance panager also was
chief of the plant ensineerinug department. ?o quote the
maintenaince manaser:The design and uanufacturing was
pmade with 'love and sare® and the reliability of the plant
components was considered more iuportant than tihe price."
The sane menufacturey was appointed.
The planl was instailed and started, and alter only 4

months full production was reached.

Both these plants were run cor several years, side by side, The
records showed, that the first plant always had difficulties,

in spite of all modifications done to it. The second plant showed
lower maintenance cost ana lower shut-down iime.

R
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Siown below are two diagraiis, showing the naintenance costs
and the production level.

% o< plant cost

1.
G
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13 23 35
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80
i
7 17 X 36

hionths after start

The initlal cost for plant no 2 was 10 % higiier than for nlant
no 1, However, the difference in initial cost was eliiinated
after the first production year by lower maintenance cost only.
Desides, the production value during the first year was for the
sccond plant about the double amount, compared to »nlant no 1,

e U AR A .

Soue people consider a low initial investrent more inuportant
than future low costs, thereby pushing the future problcus and
difliculties to get a good economy over to other neople. This
must be avoided, because it might mean ruin to an otherwise pro=
{itable idea or hampering a really neceded developuent,




PRODUCTION AMND HAINT DRTRII

Provided therc are 1w “i.its in supply of raw naterial, powey,
worke s ard other 5inl.ar castors, the total annual output from

a pmachire wiil be Acwesmined DY

~

- Lhe Tauld Ll Do)k the wachine at a cortain level of
prodne tich e L aad

- the availabic nuper oi produciion hours per annun.
nhe rated capacity oY b raciine is meinly determined by 1S
size, the proccss juvolv G, PUVCY, Lamstiuction naterial. The
qualicy level of nrctuey il detormined by t.ue accuracy of the
cachine and stabilicy oF shitity to reiedin the nccessary Lecuraly
at the existing work 1000, These are &LL phiysical quaiities,
which to a large cxictu &iC possible T ¢svablish at the cesign

and at the manufaciuris, utage.

The available nubel »L wroduction hours Der anilwn are oi course
related to hours, durinyg wihieh tie achine is in such condition,
that productien at thc -ated capacity and desired product quali-

ty level is possivle.

practically ali Leohiles are subject to wear and coirosion.
17 the wear and COYT. °3 7 Wi 1OV connensatd by maintenance ac-
siwities, the rated capoeity Aas weal of the muchingg ability to
retain the desired Loew ol mrodach quolity will be gradually
reduced, SCLIACY va -oo L ool Tladdt will be reached and
+hie machinc has +0 be stopped, oY +he production econony will

become too lovw and ud s accantadie.

vaintenance neans {that »oth tame aad cost nave to be speat. If
the number of hours o3 maintonance increases too much it will
reduce tho nunmber of hours fox production.

All these factors, voted ~umeeity, possible level of procuct
quality, available producuion howrs, are combined into one ¢X-
pression,

Onerad. o Aval lanilivy.

Ueiiization of tie Operavion Availavility is tae responsihility
of tiae Productior vanagerent, and to keep a precdetesnined ievel
of Operation Availabiliiy is the recponsibility of the rMainte-

- & Y X
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OUTNRAPION AVAILABILITY,

The operation availability is determined by three factors

- the Reliability of machine or nlant

- the Maintainnhility

- the Supply Bifectiveness of Maintenance resources,
The first of these, jel.ubiiily, is deternined by the physiceal
qualities of iii¢ wachine or plant, the design, choice of mate-
rial in dilferent paris, machining accuracy, tie rated load an
the safety fuctors, the realiability and life tire of ¢ npohenis,
aid also by the number of componentis connecied Lo each otller in
circuits,

The second of these, Maintainability, is depending on %hec accesa-
bility for meintenance activities and onerations, facilities Tor
fault localisation and identification, and facilities Tor cou-
tinous follow-up of the service periorwance of the eauipmens.,

The third, Sunply Dflcc.ivencss of ladsiienance Desources, 16 Ge=
pending on the nuidber of skilled people in the liaintoncice Ge-
partmnent, their efficiency, iT prooer ai elfective tools are
available or not, il spare parils und necessary naterial is avai-
labie when nceded, supply of machine insdiuciions, maiutenance
plans, tle maintenance vork shops and their equijnent, planning
and scaeduli:g routine:, sunervision, enci.eering services and
service J{roun mamufactuiers and contractors.,

A high Operation Availability may also be described ia terms of
cost. In a popular way
- Rediability is the cost for a high initial quality of
the cquipment with low requirements of maintenance
- Maintainability is the cosi for reducing the tiue for
meintenance operations when needed
- Supply Effectivencss of lMaintenance lcsources is the
cost for meeting the required quantity of maintendice
operations when needed.
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RELIABILITY,

neliability is usually an expression for tho physical quality

0of a component, but it may also be used as a term, describing

4he safety of operation of a component under preceteriined ope-

reting conditions, Usually the probability of safe anad correcy é
sunction is used as a reasurement for Reliability, |
%
A component with a reliabiiicy of 99,9 % is liliely to give oile
unsafe or incorrect funciioning, teaning failure, in 1,000 ojc- ;
rations, but it does not rean it fails afier 1,000 operations. ;
i
I+ is not so important o kunow tihe reliability oi a conpolen’y, ;
operating single. Usually nmodern theussirial couponents have & ?
rather high roliabiiity. Dul when several conpduents are conicce= i
ted into circuits the reliability oi the circuit itsell becones
important, The reasou is, thai the toteal reliabilivy is a fune- _
tion of the number of components and the reliazbility ol each !
one of the components in the circuit. The diagran below s:10WS
that clearly. i
SIDTRY LLa- | ATRAGE - . S ;
o COIPONTNT RRLIAPTLITY he dotted line indicatos, j
: that a circuit, consisiving !
80 of 30 components, each with i
1 ah avera,e reliability of .
98 7%, is likely w0 Lave a 4
60 total relizbility of orly ’
5 55 5, which is for from “
40 accepeable in most indust-
rial applications,
20 {
aest of the nanufacturers :
X ! :5\\\‘7~\\\‘ | of elecironic conponents, $
o JO 40 60 50 100 electric counonents, pheu=- ’
FIVEE OF GUhPCREITS matic and hydraulic corpo- ;

nents used in industries know very well the rcliability of tueir

products, In nany cases these conponents are rade under an oiffi-

cial specification and the qualities ol tie component stated,

i, o N 5

mne offiecial snecifications are often based on exiensive tesis
ang scientific research work for military and rovernment rescarch
esiohlisiments, Their eppliecation to compoincnts Loy industrial
analieations lhave during tae last decade mean. velry ruch to the
understanding of t¢hae maintenance problems in industry onu {rans-

portation indusiries,
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A bigh reliability means Li;nl ~uality but also 2igh cost,. In
practice the chodco ol viic co ..ent is a couprouise Loitween

N . . 2 [ I N N Ay A, T L) . 3 Al
tie lnltlal cost oir Tlic COL..;)OA..‘“U’ the cost oL o fﬁ.llurc, the
repair cost, the availability oZf mainienance resourccs and the
cost of lost procduction during repair. The highier the total
cost of a failure, the hetier justification for a reliabie bud
high-priced component.

It is, however, sometirces possible to usc components with a lowor
reliability, provided actions are taken in advance to reduce the
losses by shortening the repair. tiia, for instance quiclz switch-
over devices to a spare component,

The cost factors ar. possible to calculate by operation analyses
rnethods, but this is very seldom done in civil indusirial appli-
catious. During the coming period the 0 A iethocs are like=~
ly to becorie more used than hefore, especially for laorger plants
and oigger machines, such as power plants, oil refineries and
other plants of sinilar sizec, working more or less coniinously.,
The experiences collected from OA applications on military wea=-
pon systems, space rocketi programmes and uuclear rcactors wiil
uadoubtly be brought out for industrial applications,

Sven 1f the reliability is not specified according to an official
specification for each component the total realiahility of the
machine or plant should be discussed and, if possible, estinated.

The total rcliability of a machine clanges with age. “uring the
£irst period after a new machine or plant has been started some
failures, usually described as "children deseascs", are likely
v0 come. This fact is one of the reasons for a guarantce period,
during “thich period the manufacturer will replace failing conpo-
nents free of charge,

After this initial period the number of failures is likely to
decrease, DBut after some time certain components are likely to
have reached their close of life and will cease to function, As
tine goes on nore and more comnponents will fail and finally the
oneration availability will become too low.

in nany cases the functioning of the conponents can be tested
and their actual reliability established through measuriig or
testing.




e AT ATIE DTOVIEY RATIOUTS, 17OR
. o d OSSP e A U LR . X
e e e e

T'ean Tine Between Failure:s is an expression foi the probabiliuy
of failures in an cperaving system, i'rom 4 nractical point of

wiew it is wveily useful, bocause it gived @ sructical value for

caleculations oi nasutenalcs activities over & peried ol tinme,

nhe real volue RAY Ou weccailbon wg cutinaled as a part ol ke
initial caleuletion of veliabiiuvy aNd preswace operaving corn-

Gitions. 1has caleuddiivn s 4 pasi of tue uneration Analyses

programie usually applicd on new machinery.

F depends partly on iiv roliabilivy of i system &ld nartly

cin the onerating coaditions. A pachinery, woriing undcer heavy
load, usually is suvjece ) revere sirecses on cortain cone

porents, which nigat reiuce the reliability of these conponents
reans a

o

beocause tihey worl near o. over cneir vebed load, Ghias

as a

greater probabilily for failures, which may oe recorded &

$
§
?
{
i
i

!

shorter .TBF than usuclly is ouserved for thal kind of machine,

The nornal value for LOBE for & ceYtoiin Ldc.lile under nortial cone-

ditions may be calculated by the manurfaciurei, based on his col=-

R VR e Widr = &

lected cxperience from cqual or siuilar nachines.,

L

1

w2 of a machinc

whe value of D is noi coastant during the 1ifetd
The reliability is rot constant, heciuse there arce always some *
conponents, wio will fail durin; tie ruuuing-in period. These

cailures or '"children discascs" give 07 convsc & lower MTBF in

.ae beginning of tae runninn-in period. YWien they are overcone

the wToP value increases, until the general wezr has reached a

certain level. The process is usually Gescribed by the "bath=-tub

curve",

The vertical axis zives the

nunbeir of failures per tine

unit, the lorizontal axis is
the tize of operation,

The curve is & wear curve
and is used in connection
with nany problens in paine-

tenance,
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For machines working under snecified conditions, such as poper

% rills, computers, chemical process equipment, the normal }i"BpF

g can be calculated and the real practical value will not deviate
nmuch from the calculated value, provided the established main-
tenance proceduvres, such as lubrication, adjustuents to conipen=
sate for wear, proticcting agaiust corrosion and replacenent of
worn parts, are followed. In these cases a maintenance progranme
must be followed to tlie lettexr.

In practice the MTBF should be recorded and used to control the
rnaintenance programne. Many maintenance operations, such as in-
spections, lubrication, condition checks, should be performed
wiien needed rather than at established pcints of time. VWhen a
raintenance departmeni controls the MTBF it is possible to time
these operations, reducing the amount spent on maintenance withou:
inoreasing the probabilities for failures., This procedure, how=
ever, is rather difficult and can be done without hazards only

by very experienced maintenance technicians,

it
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MAINTAINABILITY,

The cxpression "Maintainability"™ is used to describe the qualitic.

ol the machimne, related to the performing of maintenance activi-
ties, such as lubrication, inspection, condition checks, fault-
finding and repair, The daintainabilivy nay be ncasured as the
rican tine for preventive and correciive maintenance actions, It
has » great influence on the Operotion Avaiiability and must be
analyzed,

One way to analyze ‘ainiainability may be described as follows:

A, Collect drawings, diagrams, instructions, operators in-
strucctiouns, mainicnance plans, spore part catalogue,

assembly and disassembly instructions and sinilar in-
formation about the proposed maciile or planm,

B, Collect information from own scuites, equipuent recoxds,
statenents of account, budgets, and also, if possible,
from other sources such as other industries, about the
sane, similar or comparabie nachines,

C. Use the collected information to

1, establish neccssary nreventive actions sueh as lube
rication, iaspections, conaition checks and tests

2. estinate possible failures a;id bitcak-downs and es-
tallish necessary oneratious to coirect

3. estinate nccessary operations to replnce worn paris

4. use a aepen’abile tine stancerd 1o czleulate the time
aneeded to perfoim the ornerations under C1 -« C3 and
also calcuiate the cost foi s:are »arts and matevial,

This estimation should cover morc tian one year, a prace

tical recommendation is to calculaie for at least hal?f

of the expected life tine of the eiquiprent, up to 10

years will give a good picture of the econonmic situation.

D. Use ork Siuplification technique and/or Value Analyses
teclhnique to find out, if tl.e proposed nachine or plant
could be chaiged or improved to rive
1. less requiremenis on nnointeua.ice overctions
2, less tiwe to periorir necessary operations of preven-

tive nature

3. less tine for estimated repairs,
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E. Vhen analyzing the maintenance operatiouns do not foi=
get to staite viae demand on the coiipetence of the maine
tenance workers, the mdintenance workshop, spare part
store, special tools and aids, instructions and nain-
tenance plans,

F. Use your findings as ¢« bhase for your requircnents to

the manufacturer at the tendering stase., Remember

= need for training courses and training material for
both maintenance workers and overators

= need for special tools, instruments ang aids,

= need for operators instructions, maintenance plans,
disassembly and ass.:mbly instructions, drawings,
spare parts catalogues

- Need for spare parts and material, if possible for
the next five years, but distributed over this peried,

The figures found under C and D may be used to compare alterna-
tives of design, also to compare plants or machines offered by
different manufracturers.

In this connection should be remenvered, that a survay wes rade
in Germany about 1960, liore than 7.000 nachine tools were analy-
zed and the total maintenance cost during their life time was
stated. Only a very few of those machines had a total maintenance
cost lower than the initial purchase price o7 the same nachine.
This fact is not well l.iowa or regarded by purchasers of machines
but several wmanufacturers have made great efforts to improve the
design of their products in order to reduce both the need for
maintenance activities as well as the necessary time for perfore-
ming these activities.

The Maintainability, however, is not very well known, espeocially
in development countries, and is seldom given regard in compari-
sion to the econonmical consequences,

Vhen the laintainability of a machine or plant is analyzed thea
following might Le used as a suide.

Accessibility for nerformance of mainicnance operations neans
shorter time and sonmetimes less effort in the derformnance ol
preventive maintenance, lubrication, cleaning, inspection, tes-




ting, adjustnent, reniacement axl renair, I{ soiie part shall be
inspeeted, checked or renaired it haprens fer too ofien, that
the designer has placed souie ovher uarts in such a way, Lhat
they must Lo renoved Loelove he aetval wari can be reached., The

o

Gismouniing of these parts nay take a econciderable tine, It

night be so. that the parts con’d have Leen ploeed soniewhere

else oi mounted a 110,707 <.l .. ., LaC OoLly the desisgner thought
atout it,

Another amnnoying desigin Jeature is the lacik oif arilled holes for
pusiiers aud wireaccc hoses Jor reunting pullers for ball hearings,
roller beevings, sculs, J.anges, gears, wvheels, covers ete,

Once tlhie nachineparts are acsenhled it night sonmetines e impos-
aible to weileve such rarcsc without much labour, even destiruction

ol parts nay Lo necessary.

R

Fspecially ii hydraulie systems, but 2lso in pneunatice, electrie
and electrcnic syslens, conaecvion noints for function testing,

nmeasuring oi pressure, Jlov, voltage 2uxl evrrveat are a good help e
for fault-IinTing ond condition cliecking, Ti this conmection the g

nariing o7 cowponents, pipns, tubes, Tfitdings eive and cavles,

—

leads, velays c.c should be meationed, Yhiese navrkings siaould be

in accordance with the maiiingon the cireuit cdiagran, in order

to make fauit-{finuing ensiec:s and quicker.,

sometvimes 1. is vather di7licul even for an e: perienced rainte-

nanece nan to lind out, acw and in whieh order & nachine should

be talien apurt, vhe manulaciurer can give good aid in nroviding

sketelies, c¢iavings or sjecial instructions abous disassembly and

assenbly, sihowiig now and with what means a machine is taken to

piecaes for repair or renlacement of narts,

" ot
v

is rather didsicult vo Improve the Jaintainabiiity of an ale

ready filished nachine, out if the difliculties are recorced

tae decign miy be improved, when a nacliine is taken apart for
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PATED NOWMAL LOAD AND LIFTTINE OF CQUIPL T T

When & designer works on his lay-out of a maciine he calculates
the nornal load on paris i.ie heariags, shafts, fcars, couplings,
motors, stand and carrie:s. 'whe calerlated norual loag COTIes—
poras usually {¢ the load iacse parts will have to carry uncen
norncl conditions and a stiety  actor is used io Zive o ceriain
safetly nargin for overload,

If the safety margin is too wide the narts will bve heavy, strong
and expensive, but the reliability and 1iletine aigh, Such a
riacghine will norually noc ive higin maintenance cost, in snite
of the nore expensive perts, because the lifetinme of these parts
is lenger and replacerient has to be made very seldom. But these

machines are often expensive to buy,

If the safety margin is tos narrow the nachine will be light, weak
and cheap, but rcliability aud livetime low.It will nornaily
work well for a short time, tlen tle Recesisary .aiatenarce will
increase and operation availability will becoile too lov, Such

a machine is often clicap to buy, but expensive to run, Lecause
the naintenance cost is high angd down-tine also high, gziving too

low production per time unit.

e total lifetine o7 a machine is usually considered vhen de-
signing it, Heavy maciaine.y, such as nills, big kilns ang fuir-
naces, turbines and pover gene»"*ors, boilers, crushers, are gi-
ven a longer lifetinme than lighter machinery, such as machine
tools, smaller pumps and blowers,

The physical lifetine of a rtachine should uot be co very ruch
longer than the economical lifetime, Yachine design is inproved
continously, and after sore years & machine is no loager giving
a good economy conpared to a new nachine. The initially invested
capital in the nachine should be spent wien the eind of tie eco-
nonical lifetime is reaciied, A used r..a(":fginn of a snecial cesian
is sometimes very difficuli .o seal at & »rice, Lirher Lhan the
“CI0D valuds In such case all essontial parts of the nachine

ougat to be worn out Just when the machine is talien out of Pro-

cuccion,




16

Sobs types of macihines, egiccinlly machine tools, very often

lay be used for ovher purnoses vinn the original one when they
20 longer love {he Jull and fowa ecocny” in e primaxry apnli-
cation. .in exaupie ¢ould be seern in o motor {actory sore years
&go, wileve an old, buo of course overhauled, pcear cutting machine

was lastalled Petvecu o very modern traasser naciiines, doing
a4 special operaiiuil on e puits processed in she.o very nodern

&nd eflicient naciinas

The quality o mainteuice, both the daily meinienance in the
foru av lubrieatiorn and insieccion periormed by the operators,
ana the riowe gpecic:izoed malitenance, periorimed by siiiied maine—
Lenance worlers, Las fveat insluaence votih on the mysical and

vie economical lilciime ou. a naechine, .. connlete and cidiciently

perioried unainvenince nrosramie has great influence on the lifo-

time and tle econony of au invesiuent.

E
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SUPPLY EFFECTIVEXTSS 0 MAINTIANAT AESGULLRS

ad Aas) w2y

“ue vhird nain factor ir? uencins tie Operation Availability,
supply Effectiveness of Mrirtenance Resources, covers

~ tae wainteicnce nersonnel

- the uaintenancs 1.0k 3i107s

= tiie nachine tooli: and Hther equipnticnt in the naintenance

woikshop

- the recording or instpuetions, arawings and diagrams

- tae supply of spare parts andé naterial

- the naintenance coutrol systen,

THE MAINTENANCE PRRSONNEL,

hen a new machine or . . 'nt is set up and pui into operation,
usually also now tecinicues and mevhods for ihe maintenance Oope=
rations have to bLe inirocuced.

These new methods and techuiques snould be introduced before they
are actually nceded, beccuse training of the personnel does take
time, and when the machine has stopped fcr a break-dovn it is

far too late to start training, In too unaay cases repaics are
perforned by unskilled Jeople, resulting in a poor cuality of
worlmanship and, sonrietiiies, great danaces to tle nachine,

The training of the maintenance personnel nust in nost cases be
done locally. Sometines the manufacturex oi tue cquiwmient ine
vites operators and maintenznce personnel ror trainins and re=-
training in his plant duriang the munuliacturing or testing period,
This way is sometines rather expensive and also only a snall
number of people can be sent for itraining. 17 chis possibility
exists it should be reserved for pecple, wio after returiing

are competent to train people in the plant.

As already mentioned, the training and retraining of both ope-
rators and maintenance personnel should be started as early as
possible, Souetines it wil. be inpossivle to Iinish tiiis traie-
ning period until the nachiiie n&s been insialled and siarted up.
It should also be rerienbered, that both operators and rainteo-
fcice personel nocd trainins also in oid planis, on already

installed and used nacaines, A new nan iv an oid foclory can

sometiues make nistales, resulting in breaik-dovns and detoria-
tion of machines,




Fven a skilles :.alngtenaace C. dnicy ou doreuan needs trainiag
aad retraining Frow t e S0 tine, Eepecially the maintenance
engineer shouvld make il one ol his wost inportont work tasks
to take an active port in LYLINIngG progiranmas 1oy 0is owa pere-
soniiel, The engincer «loait he more counetent to werfoin any
ol the maintennuoc wu  1anle Lhon the craftsnon sheusclives,
so that he con shivw Llen fhe correes, Lobhons ard. teciniques,

also cvalutie their perioruanc s.

(T e ey ey PR
rady SUATIUU NWCL Tonns ]LOL

The maiantewnice vorkslno: cud iy suare cart svores form inpore
R S N wah g, L. RN N A LRI A vk i, ~ -
LLlv PATUE 41 LLiC nadaloensase rasourans., savlouy suitabie mre-
Goeauipnent even tie 1ase sritred ndéincenance ceraftse

A

G oNerYeTs s duvies of

)

man is usable T{iciently,

1

The worksiLons 5003 be o7 andle sive aid Jocaved sreferably
as near as posviole Vo CLosc paris of vie nlaat, oiving the
major paxvi oi the wotal work ioad an thie mainegenance workshon,

By locaiing theh near these parss the tine for walkiny and irans-
portation is wvecduced, resuliinz in increascd ciliciency,
Tle siore rooms Jo. space carts shaonld e couvinned with necesg-
sary conaitioning Tociiitics to prolecs Dtts ron coirrosion
GNnG devoritiuion. Tl GrulrUiness sioula e went well un, s

aat needed nariés can e found quicikly, Thre 515uld he o swnare
part recovd Gaa soneo.e caould be nace responsinle {or ordering
PATTs according wo coanwnl A cneeial Yies, iasuring that the
supply is sufficient. but not uneconciiical.,

I3

The maintenancze oifice slou

'_J

e as ¢lose as nossinle to the
workshop, ot least the [oreme:l office and the planning office,
Yhe pluming office shoulld be biv enoiyth to heuse the records,
instruections, aravings, diagrans, Spere nart cacalorues and
natvericl catalozues, Vhe nost inporiant aud used nayers should
be in duplicate, one sec Jor relerence and onec cet [or daily
use., If nousible he yelerence sat snould Do irance ucent to
aliow local colwinsg, viev nesdoc,

<

(¢ N LT IS T iy T et <o :
LOmeLLTes do dE round Jecsitle 1o Tocaze ihe £1ere nart ciore
.

FOOil 80 ne&r e Uorisaoy, cuad tie peirsonne’ &iso can tale

eare of the vorkshoens toolroor.,
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IS TORMSIIOP EQUIPLENT.

If subcontractors are not aveilable to take care of the larger
nachining jobs the worishop should 1o equipped with suitablae
nachine tools. It sihould be renen bered, however, that the Pro=-
ritability should be cn loulated ~arciully beJore deciding on
the purchase of heavier machine tools such as boring i:ills,
arboring wachines and vertical! turret lathos, These nachines
will usually be very poorly utilized, causing heavy cost for

each machining hour,

Vaen deoiding on the equipment it should be Lorne in mind, that
the machine tools in a maliavonance vorksliop nust be nore aceu-—
rate than usually cousiiered egvessary, It is usually not a

good solution to buy secon. hand machine tools or use nachine
tools from pioduction,

The maintenaiice worik needs good lifting equipnent, such as over-
head cranes or traverses, with anmple lifting capagity, The coa-
trols should be operated from the floor, only very rarely fron

a cabin on the traverse.

“he demana on transportation equipnent should We cousicered.

In this case second hand fork trucks could he used, but equipped
with special arms and hooks, They are handy, becausc they can

be utilized both in the workshop, for transportation to the
different parts of the factory and zor 1lifting on the spot in
the factorv,

For lifting of heavy machine parts in the production departrients
sometimes their lifiing cranes could be used, but it is handy
and feasible to have smaller rnovable cranes, eitiier with mecae
nical hoists or hydraulic lifting arns,

The hand tools are important, They should be of good quality

ard suitable for the Jobs .o be perforrmed., It is always profitabl
to spend noney on good tools, as the cost of tlc workers tiue

anda the stop tinme of the production machinery is nuch higher

than the tool cost,

Fach craftsman should have his own set o stancard hand tools
and a box or trolley for storing and transnortation. Snecizal
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power tools and hand tools 1ike pullers should be stored in the
tool room, A simple and dependable tool control system should

be used. The old system with one numbered set of badgeg for each
man is not very good. A 8ystem using v reccipt in duplicate,

one for the man and ore for the tuol control system, is much
better, because it Kives a much better control of the tools,

THE _MAINTENANCE RECORDS .

All papers concerning one wachine or a certain rort of a plant
should be carefnlly recorded, This machine record should he in
duplicate, one set for refarence and one for daily use. The set
for daily use may bhe borrowed agajnst a receipt and should be
checked bhefore it again is filed in the record file,

The reference set is used ton replace dirty papers in the daily
set and should he travslucent to allow euasy copying,

The daily set should be held in binders, if rossible, and some
blank forms put into it in front of the other papers. These
blank forms are filled out with notes about special tools for
special jobs on the machine, notes about operation seyuence for
repetitive jobs etc.

One file should be reserved for the job orders ¢noncerning the
machine, It is the base for the “aintenance history of the machine
If these job orders are taken g00d care of it has no purpose to
have a special card file for recordiy the history, If some
information is nceded it is easy to colliet it from the record
file, To write the same information twice is a wagste of time

and it does not add anything valuable to the record,

The maintenance records should be easilyaoccesible for the nain-
tenance personnel, especially the personnel for planning and
scheduling of the maintenance work,

If modifications to the machines are done this nust be recorded
and the diagrams brought up-to-date, if not fault~finding and
repair might be hanmperad seriously, causing long end uniecessary
stops,
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SUBCONTRACTORS FOR MAINTENANCE ,

In many plants it is Ioesible to utilize Subcontractors for
some types of maintenance work, such as general repairs, overe
hauls and repairs as a result of mevere break-downsg ,

In industrialiged countries snitable subcontractors usually are
available, A suitanle subcontrac .or should have
- skilled craftismen
= & well equipped workshop (if the work should be brought
to the contractors shop)
= good and snitable wmobile equipment (if the work should
be perforumed at the place)
- 8killed supervisors,

Even if the subcontractor meets the requirements the engarement

§ vill involve an increased work load on the maintenance depart-

ment, The reason is, that the necessary local knowledge of plant
and equipment is found in the maintenance department and that
it will be Necessary to let someone from the own department act

i a8 an information supplier for the subcontractor,

In several development countries such maintenance contractors

{ have been established. If an investment is considered, where

4 such subcontractors for maintenance will bhe involved, the investe
§ ment project group must investigate their possibilities and take
{ the result into the total Picture, If not, the investment nay be
{ based on misstasments, ceusing nmoxpected costs and production

{ aitriculties in the future,
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THE SUPPLY OF SPARE PARTS AND MATERIAL,

The supply of 8pare parts and material for maintenan
very important, especially 1f the factory or pl

far from the supplier. To have big stores of s
naterial means to bind mue

ce jobs is
ant is located

pare parts and
h money and the cost iy Leavy,

Spare parts and naterial nay be Jevided in two groups, depending
on the cause for their use. One group contains parts and mate-

rial for replacing worn parts, the obher Eroup spare parts and
nmaterial for emergency use,

Normally the first group is easy to handle, Once the 1ife time
of the different components is known it is fair
these components in time for
control system can bo used,

ly easy to order
the replacement. A normal stock

The spare parts for encrgency are mostly considered a4s an insu-

rance against too long stops in case of A break-down,
should be ordered is sometimes very difficult to decid
in most cases the manufacturer is able to give advice

If possible inforwation about these parts should be co
from industries,

‘lhich parts
e on, hut
about that,

llected
that already have the same or similar machines,

The normal size of the Spare part stock depends also on the per-

formance of the maintenance Programme and the operators handling
of the machirzs, With a £00d pre\ aontive maintenaace programme
most of the wear of machine parts is revealed in good time, and

parts can be ordered and ghipped from the manufaciurer some tine
before they are needed,

If the operators ar. unskilled, untrained or careless thay will
caugse much trouble for the maintenance department as well as for
the man responsible for ordering spare parts, Some ot the need
of parts nmay be foreseen, but the resgt is impossible to reveal
before something happens. The cure in guch cases ig to train

the operators better and supervise then more closely,
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| sary foreign currency for the purchase
, manufacturer of g plant or machine,
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LOCAL MANUFACTURING OF SPARE PARTS

In many countries it might he impossible (o raise the necege

of spare parts Trom the

Also other circumnstances
night justity a local manufacturing of Share parts,

Manufacturing ot 8pare parts ftor high quality machinery, at
least heat treated parts, partsg macinined tn cloge tolerances,

gears, hydraulic Couponents, pneunatic coniponents, clectrie

and electronic Components , bigrer parts of sieel or cast iron,
hall and roller bearings ana similar mochine or pniant corponents,
will demand higily skilleg eraftsmen and high quality hachine
tools, as well ag supply of suitahle raw material, Anothor 1it—
portant fact is that drawings ang proccess dnscriptions for the
manufacturing is not very often supplied by the manufacturer,

at least in the case the dtscussion about such supply is taken

up with the manufacturer after the original purchase contract

is signed, These informations t¢ the manufacturer reprosents a

high value, often patented or secrey, design and nanufacturing
features,

f§Another fact is, that local manufacturiang of Spare parts in nmany

cases is more expensive than purchase, even it tie manufacturers

usually demand a rather high brice compared to the real many-
jfacturing costs, A manufacturer, “owever, usually isg in a POSi~

Jtion to be able to manufaclure more than one part at a time and

jalso has the necessary special tools, Jigs, fixtures, suitable
{machine toolsg ete,

fully analysed to establish, which Sparc parts are needed, which

dinformations aye needed to facilitate the manufacturing, which

raw material is needed, which machine tools and other machines
and facilities for ‘the manufacturing are needed and how much
the manufacturing procedure will cost in local currency,

The necessary extra purchases and the entire organization of
the local manufacturing must be established and considered as
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for the initial investment is false. If the plant or machine
is bought and installed, the production situation will soon bee-

come impossible, or produetion hampered Liccause the necessary
maintenance can not be performed,

Unfortunately, the situnation is not
lost production at a value of about
impossible to raise some 3,000 UZ §

unusual. A sugar factory
250,000 US & hecause it was
to buy rubber tyreos for the
tractors used to haul cane fron the firlds te the factory., The
oountry has a rubber tyre factory which nade tractor tyres, but
not the same dimension. 1t was aiso impossible to wmodify the
tractor wheels to take the available dimension, because there
was no supply of rims and no possihility to rework the existing
rinmsg,

Another practical situation:
bought for a certain project,

10 big earthmoving machines were

but no spare parts were ordered, !
The maintenance manager proposed that only 9 should be bought
and the rest of the available money used for spare parts.

The
proposal was nol accepted, The result was, that after only a
few months 6 of these expensive machines were idle
some wear parts could not he obtained, ‘"hese parts called for

& big forging press &nd no one such was available in the country,
Relining the parts with welding was possible,
welding material was not available,

y bhecause

but the necessary

With a 1ittle forethought these situations wonld have been avoje

ded and big losses, delayed hurvest, dclayed work prograumes
and a 1ot of human stresses eliminateqd,

The maintonance man should be the one, who knows most about the

need for spare parts, the possibilities to make these parts loe-
cally and how important to the production the su
parts rcally is,

pply of spare

The analysing procedure is sometimes difficult, because the know-
ledge about the nropcsed plant or mochine wirht be insufficient,
An open discussion with the manufacturer, with other buyers and
nsers, even consultant:; witi experience
sometimes be helpful and necessery to clarify the importance of
spare part supply and the possibilities to golve the problems,

3 mainicnance, would
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THE_MAINTENANCE CONTROL SYSTEM,

i

The only way to insure a food supply
§ tezance resources is to have a guitahb
tem, Such & system contains

- machine and plant records

effactiveness 0f the maine
le Maintenance Control Sys-

- maintenance personnel records

= 8pare parts and :atcria; recordg

=~ maintenance cost records

= 8 preventive maintenance pProgramnme
& snitable job order system

rules for ordering maintenance work
priority ruiles

- statistics,

$The purpose of the laintenance Control System is to guide the
‘nanagera, both the general manager, the production manager and
jthe maintenance ménager, in their efrforts to realize the objec=-
ftives set for the enterprise. The MCS is & part of the total in.
- formation system in the enterprise, Lut it ig a special part,

{7t is impossible to use the same control system in a maintenance
Ydepartment as in a production department.

A production department is usually controlled according to the
j"Management by Objectives" philosophy, while a maintenance de-
dpartment is controlled bhoth according to the game philosopiy
{end the "Management by Exception' philosophy, 'me reason is,
that the maintenance department hearly always has very nany

jmaintenance subjects to deal with, while production has only a
few,

JThe collected experince from many industries shows, that ahout
420 % only of the maintenance subjects causc about 80 % of the
jtotal maintenance cost, To locate these 20 % is od essential

ginterrest to the nraintenance manager, and this demands a ape-

gcial control system, where these costs _are revealed as early
g3 possible,

“he application of a complete maintenance contirol system is ale
ways giving good profit..What 18 important in this connection
§is, that the maintenance cost itself is of less importance to
the enterprise than the losses in production,
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An example from a svedish industry may be uased to prove this,
The enterprise is a fairly large industrial engineering COnpany,

The number of mechine tcolg 18 between 1,000 and 1,200, as showi
below.

1989 a complete maintenance programme wag launched, It started
with training of the rinintenance jersomnel and a2 real Preventive
Maintenance brogremme was svarted 1961, At the same tiwme the ge~
neral nmanager stated, that the overhauling of nachine tools was

to be increased from 20 machines to 70 machines annually,

During the years the production rate was inoreased with about
50 %. In spite of that the increase in maintenance manhours is
only fractional, not counting the overhaui manhours,

1,000 manhours

'

) | |

60 ovaanj-Aux.s '

0 | — |
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MAINTENANCE GUIDET, 13 CIELL T

General maintenance cuidelines to Lo nuag at ile tendering stage

in the industrialized countries
in Europs, In Westeri Gernciy Lhose discussions havae resulted in
a serie of 5 booklet:, insuee Dy the dssociation of fierman Fn-
gineers, VDI, in cooperntion 44} the Agunciatio of German
Electrotehhnical Enginee, o, ...

have been discusuco ror NaNy Yooy

The work was donc Ly a Cuihath@ 0L wanuiscturers ol iiaichine toolsg

on the german
industry, During the Latur pare of the Vori & number of specia-
lists in internationa1 uw, sdbional law were taking part,

and a number of welilnc.u uaintenance engineers fy

The final nauwe o0f thoso hootints 1g:
TECHNISCIHE AUSFULTIURGSRICOYLINIEN Pyl WERKZEUGMASCIINEN
UND AIINLICHZ FERTYIGINGOMITITL, in a free translation

Technical Guidelines for Machine tools ang similar
Production equips .n:,

They can be bought ;¢ i in Dieseldors, Germany, and they
have an official mocioar oy oaea part as shown below,

VDI 3227 GEILAL CJruslgris ANL PUMCIIASE PROCEDURES

R TV Goddelines, ofricial

- Askin~ - 4 ia Ty

= The te:in»

- The orc-x

= General tecunscal fuidolines for operating
device ., cufety devices, signs, noise levels,

= Recommencatinne on delivery procedures, trans-
portation and instellations of machinery,

VDI 3228 MECHANICAL COMPONENTS

= Guidoelines for bearings, couplings, clutches,
bolits and chiaing, plain flat surface bearings,
counterweir: ty, limit dnvices, packings and
gaskets, screws, hoses,

- Asgemblg proups of conponents, power packs,
gear boxes, punps and pipes for coolant, tanks
and filters for coolant.

- Lubrication eystens, Lubrication plans,
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VDI 3329 PNEUMATIC COMPONENTS,
= Circuit diagrams, symbols, list of components,
~ Guidelines for compressors, tanks, valves of
different types, motors, cylinders, pipes and

connectors.,

VDI 3230 HYDHRAULIC COMPON INTS,
- Cirenit diagrams, syubols, list of components,
~ Guidelines for pumps, moturs, ¢¥linders, fil-
ters, stroiners, valves of different types,
pipes and connectors.
~ The circuit diagranm,
= Testpointa,

VDI 3331 ELECTRIC COMPONENTS,
- Circuit diagrans, symbols, 1ist of components,.
~ Guide lines for differant components,
(This part is not yet finished hecause an in-
ternational standard is under work,)

These guidelines contain a lot of practical ard useful informa-
tion, both to the maintenance man and to the purchaser of machine
tools, Most of these information is apilicable to other types

of machinery as well, They are based on many vears of practical
experience, mainly from mointenance engineers, who had to take
care of machines of all types. The disadvantages of a certain
design pattern, for examnle the splash lubrication of gears,

was discussed with the desicners in the conuitte, After that
discussicn the guidelines for splash lubrication were established

These guidelines can be used at the tendering stage for

- analyzing the design of a machine to avoid design fea-
tures, which have proved to be unreliable

~ to find design features improving the maintainability

- to set up critical points to be discussed with the many-
facturer before placing the order

= to avoid mistakes in the final Tformulation of the order

= to remind about sll the hundreda or Qetails in the pro-
Ject work, and especially those concerned with mainte-
nance.
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TIE PROJECT WORK,

The base for the future total economy of any plant, machine or
other equipment is laid when the decision ahout design is made.
In most cases errors and mistakes at this early stage are im-
possible to correct later on. That ig the reason for a careful
and thorough consideration of €11 facts about the plant or
machine at the tendering stage.

These considerations should in most cases take place in a team,
consisting of experts from all fields and functions within the
enterprise, financa, marketing, purchase, production, process
planning, plant engineering, maintenance, pcrsomnel and social
wellfare, trade union and sometimes also official authorities.

During the years the collccied experience from industrinl onter-
prises as well as from governnent departments and military
organizations has resulted in a more or less standardizead pro-
cedure, in this booklet referred to as INVESTMENT PROJECT GROUP,

THE INVESTMENT PROJECT GROUP,
In most cases the investment project procedure should be applied
to all investment activities, large or small, This procedure in-
cludes the following activities:
1. The general outline of the project is formulated.
2. Different possible alternatives are caloulated and
analyzed,
3. Requests for tenders are sent out, tenders reoieved
and prepared for decision, Decision taken.
4. Purchase order placed. I'rocedure for delivery and
installation established,
8. Installation and starting-up. Production starts.
6. The running-in period. Modifications and corrections
made, This period ends when full production is reached,

The procedure also contains rules for these different parts or
phases of the project and the frirst activity in each phase is

to make a plan fox the groups work, including a list of people
to be involved in that phase .,




dSomevines aislerent groups are fouaded for different phases of
the projecy, For hirper projects one group takes the first two
nhases, another group phases 3 - 5 and a third group phase 6.
For smaller investments one group could be responsible for all
5 pbuces.

in order to ussure 2 continous Jrocess in itie croups and that
the vstablivbed rules .. Ui y-vject worl sre toldowed, the
rlanning officer or secrelury of the group i8 4 trained project
ran, who follows che project feom start to finish, The pioject
wentger is flvays sppoinled by the reneral manaser, he mircht be
ritlier a specialized projeet won or oue of the oveilinary top or
niddie moanagers of the ~nterprise, OF envrse, 1l the investment
projece 18 small someon: on & lower level Mmarht he appointed as
the piojeet wapager, but the decretary or planning oificer of

the proiect aiwayvz is a apecialized RHTESIN

This procedvre limits ihe number of people, responsible for a
rroject, to at least twn. The procecurn mles, however, also

give established order to the project groups ahout the diffe-
rent considerations and which people should be involved in the

vork, such n3 the maintenance naizorer, the power engineer etc,

Gree sich rnles have veen intreduced ir an enterprise the per-
somncl will zoon pet accustomed to the pProecedures aixi accept them
19 sowetiing natural, 1t nust be remenberod, however, that when

a man is asiced 1o sork with the 'Toun, his ordinary job volume
must be reduced, In mest ecages it is irpossilile L5 have two

Joha &t the come tire, Az a consequence  ihe jproject managey
should talke nctiens to relieve a project mewbel Trom his daily 5
duties for the amount of time the project menber is going to
spend on tha projcct work. It might be a full time Job, Dbut it
may also be part time job., The essential iden is, that the pro-
sect work is just as important as the ordinary daily work, and
that thesoc jobs must not be allowed to interfere,

The maintenanee ftunction of the enterprise is invoived in all
nhases of such projrets, ax the Operntion Mvailability of the
futura plant or wachine is of 2¢sential interrest to know. 1t
tourvts o of the imporinnt biaves for the Juiave ~eonony, and

il tke plant i. iaperied, alse in the future foreign currency

may be needed jex purchase of spare paris, service from cone-
tractors or the monufacturer cte,




ct

be
or
ent

as

31
AN EXAMPLE OF THE WORK OF AN INVESTMENT PROJECT GRroup,

The example comes from a stee] plant, refining raw iron to high
grade steel for ship plates. The capacity should be increaged
trom 400,000 tons per annum to 600,000 tons per annun, and at
the same time the process should be modified., Two new Turnaces
should be added and the buildin- extended to louse a third fur-
nace during the relining work.

Phase 1, The general manager appointed a jrcocess enzinecr as
project manager, The planning engineer was clected,
The project manager appointed a marketing man and
& production enrinmer for this phase,

Studies of existing plants were made, and discussions
started with possible manufacturers of furnaces. Two
alternative design ideas Were analyzed. The maintenance
manager was asked to join the group for 4 weeks.

A market survey was made. The miarketing man in the
group let his own department do this survey., Time
about 2 months,

After 4 months the two alternatives were ready for
the plant engineers. The plant engineering department
made to survey lay-outs and calculated approximate
prices for buildingss with cranes and other transpor-
tation devices needed. The power station was analyzed
ar. found oapabie to deal with the increased load,

After another 2 months the basis for a decisicn by
the board of directors were finished. In this case
the cost for a tender were so high that it would have
been impossible to have alternative tenders, so in-
stead an evaluation of the two possible contractors
was included in the material,

The decision was made in the board meeting, and at
the same meeting the project manager was appointed
for the second phase of the project, The former pro=-
Ject manager was now relieved of that duty and a pro-

duction manager appointed instead.
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The project manager and the planning engineer made
a8 plan for ihe next phases, corresponding to points
3, 4 and 5 of the general procedure. The follovwing
people were appointed as full tiwe members of the
investiment projoct group:

) maintenance engineer, also acting as contact man
to the manulfacture: of the furnaces

engineer from the manufacturer of furnaces

plant engineer, aiso plant lay-oug enzineer
designer for mechanieal aids, such as cranes
electrical designer for the electric equipment
personncl training officer

L T T S TS

production engineer

and as part time members:

1 expert in transportation

1 power engineer

1 export in adminstrative routines.

The work started with a mogification of the chnosen
alternative, Then firom this project lay-out the ob=
Jeotives for each one of the involved departmnents
and the main contractors were formulated. In each
department a subgroup was set up, mostly with part-
time working members.

The major design features were soon established and
the detail work on designing end manufacturing oould
start after only one month,

The maintenance survey was made, and 0s a result the
personnel on the engineers and forcman level were
appointed. The detail work on the maintenance plans
started, during that work close cooperation was es-
tablighed with the contractors and the designers in
the own departments, Reliability ana Maintainahility
of the different parts of the plant was carefully con-
sidered, ‘

The treining of Loth the meinienance personnel and
the production .foremen and irgtructors started,
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Phase 2,
Stage 2,

Phase 3.
Stage 3,

i3

The second part or Phase 2 started when the building
work started. Some of the furnace parts and other
equipment started to arrive Trom the manufacturer,

The installation of the machines started ..s soon as
tho builders had proceedad Tar enough., The first

maochine to be installed was a big overhead orane.

From the start of phase 2 now 6 months had elapsed,

- The maintenance personnel took an active part in the

installation work, but still some time was spent on
trlining.

The preliminary maintenance plans were nads and the
routines for bhoth pProduction and maintenance were
established. Simulation was used to test the routines
and the plans.

The mounting of the furnaces took 3 months,

9 months after start of Phase 2 the testing of the
production equipment oould be started,

The training of the operators started a little before
the aoctual production started up,

During the testing poriod the established maintenance
routines were operative., All experience was carefully
recorded and analyszed. Corrections were made when
found necessary,

The testing period also contained checking of all the
equipment according to established routines. The safe~
Y rules were oarefully checked and corrected.

Stage 3 ended when full Production was reached, it
took only 6 weeks from the start of the furnaces.

The investment project group was now dismissed and a
new group appointed for the lasti phase,
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Phase 3. The produciion was now running well, hut of course
still the "childrea Jiscases? of the plant had to
be overcone,

The maintenante erginesr wasg a4 tnll time member of
this croup, Tle wiroject »andrer was now another pro-
duction engineer, but the senyotary of the group

was s8ti1ll th» sane Lerson 83 dAaring phare 2.,

The rauaing=ia neriod wias established to 12 months,
Duriag this time all wmodilications wore rade and

the necassury cetriinin; of both operators and majin-
tenance craitsmen done,. As & result a special in-
troduction couvrse for cperators was established by

the perscunel denarimont,

At the end of th: rmianing-in period a detalled sur-
vey ana alL analysis of ©he Operation Availability
a8 well as the utilization of the Operation Availabi
11ty was done,

The final result wae excellond., The plant was yrunning smoothly
and the maintenance procodure. well established as a part of the
normal daily routins, T+ (roiuccioa coad was lower than origi-
nally calculated, whica w:o almowladced oy 2 result of the main-
tenance routines In the picnt. The +total sva of investment was
only 1 % above the fivui caloulscc sun,

On the following page i shwwn graphicilly, how this investment
project proceeded. It sbcu’l bo obieived, thabt only the tasks
for the maintenaoce departrent are shown in detail,
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DESIGN CHECKING,

It 18 of course impossible to give detailed and accurate recom-
mendations about what to look at, when checliing the design

of a machine from the maintenance point of wiew. Listed below
are a few points, where the nuthors experinance tells him to be
observent.

Cleaning. The cleaningz is the stari for & good maintenance,
A machine shoud he rasy to clean with flatv surfaces
without any pockets, where dirt can collect, The
designer often trys to make his nachine attractive
to the eye, then someone else adds boxes, pipes,
hoses and other necessary part, thus spoiling the
look, but also hampering the cleaning,

Sometimes protective covers are used, f£.i. on flat
surface bearings of machine tools, This will give
the operator the impression, that the nachine is
protected and does not need cleaning under these
covers, Thes covers have to be removed from time to
time for cleaning under them, and they be rather tim
consuning to digswount andi mount again,

Lubriocation. It isuvery easy rfor s dcsipner to add lubrication
fittinge to & machine, but he saldom thinks on the
time it will take t¢ grease those fittings, There
are nov available in the market very good and depen=
dable lubricators. If such ono is used it is fairly
easy to fill it up with grease or oil, and it is
also easy to adjust the swmount of lubricant for each
lubrication point sepaxriucoly, thus avoiding overlube
rioation,

For gear boxes splash lubrication has heen found to
be less dependable. Force feed lubrication with a
pump is now recommended. The lubrication system
should of coursc have a strainer to prevent foreign
particles to enter the lubrication points,

All lubricaiion ponints must be well marked and easy
to accese.




8 Lifting,
~
4 Pullers.
@ |
Testing.
Corrosion,

“

Heavier machine parts should have facilities for
attaching lifting ropes or hooks, Threaded holes
for the application of eyebolts, hooks or lifting
beams are simple to make, when the manufacturing
is going on, but very diffioult to add aftorwards.

Milling machines ar. often lifted in the table,
which might destroy the machine accuracy entirely.
Holes 1in the stand for entering bars or threaded
holes for hooks should be provided,

Lifting instructions, sketches or similar, should
be delivered with any machine. These instructions
should be placed on the outer surface of the box
or orate and easy to observe, not, as has happened,
inside the crate.

Machine compénents 1like Wwheels, sleeves, gears,
pulleys, covers and bushings, with a tight fit,
should be provided with facilities for removing

them without much labour, Threaded holes for attaching
pullers is a good solution. For covers two or three
equally spaced holes for pushbolts around the oir-
cumference is handy. The thread dimension should
preferably he the same as the fastening holts,

Ball and rolier bearings can be removed with ordi-
nary standard pullers, but they are often destroyed
and may not be used again, Sometimes a milled re~
cess behind the bearing would make puller applioca-
tion easier.

Electrio, pneumatic and hydraulic systems shoulc
be equipped with test outlets, and the components
must be well marked in accordance with the diagrams,

The corrosion protection is too often forgotten,
The climate in a country may be damp and hot, and
in such case even painted steel rusts easily,
Stainless stecel is costly, hut in many cases it is
well worth to spend some money on a hetter material
and avoid future maintenance pProblems, f.,i, spare
parts, '




Bearings.
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In many cases the oil system 18 not cooled enough
to ocarry away the heat from the moving parts, 1f
the lubrication oil is subjected to a high tempera-
ture it will soon loose its ability to lubricate,
also it may crack, forming hard particles, which
will cause wear instead of preventing it.

In systems working at a higher temperature an oil
cooler and a full flow filter is necessary.

Ball and roller bearings are sometimes protected
against water and grit with a seal. 1t should be
a lipseal, not a felt ring, especially if some
pressure or velocity is involved.,

These seals are pressed into & recess and are some-
times very difficult to take out of the recess.
There should be two small drilled holes behind the
seal, so that two steel pins can be used to force
the seal out,

Bearings are very often pressed on a shaft and
resting against & shoulder or another part, &
sleeve or & gear. These bearings are difficult teo
remove without destroying their accuraoy.

Bigger bearings and other parts like couplings
should be fitted with drilled holes and recesses
facilitating the use of high pressure oil for both
d¢smounting and mounting. In such case a bearing
night be used again, if not damaged from use.

Flat surface bearings should always have a high
safety factor for overload, and the hardness of
the matching surfaces must be about the same, If
not the wear will be great and there will be great
hazards for scoring, The lubrication of flat sur-
face bearings is always a problem and should be
checked very carefully,

Plain bearings of greater dimensions should have
pressure lubrication, at least during the start
p.riod.

_



Standard, It is very difficuly 1o glve recommendationyg about
slandard. Standnyg components are interchanginle,
Such parts as valvaes, pipes, switcehes, circuit
breakors snd wuim;iay can he Cind in wainy dimensions
in one machine plant. §¢ mirht be betier to have
one or two ot coeh tyno, because Lhe spare part store
may be decreased apd vei e saloty high,

If several machinesuse the 58ne {ype and size of
components, such ns hvdran(io valves, punns ete,
the safety store of apare parts can he reduged,

If a certain function heed: one cpecial component

it should be analysed, if the sane Tunction can be
obtained with two standardised ¢omponents already

stored,

Generally speaking the maintenance engineer must collect and
raoord experience from his own industry to be able to chack the
design features of mtoposed machines ror nis industry, as some-
times local conditions will influence greatly on what is esson-
tial and what has little value, In developitent countries oven
such normal parts as Serews, nuis, washers, standard hearings,
packing and gasket material, seals, push buttons, lauwps, cables
and pipes, valves, fittin; s, sockets and connectors are not made
locally, When analysing the design he must be open for the need
of spare parte and tha reasibilities to get them,




TINZ INQUIERY,

When the incternal d!scuscions about a propesed plant or naciiine
have resulted in major outlines, preferably as described in the
chapter dealing with Investment Project Broup, inguieries to
manufacturers vr conirictors can be sent out, [l is5 .ecoumended,
that the nuwiber is limited, aspecially 1f the machine or nlant
is special and 'arge, bechuse to prepare a tender will take a
considerable time ami fawour and the cnst has to be covered in

some or otlecr way,

Sonetimes i.ae decision on contractor or manufacturcr 1is made he-~
fore a tender is recieved, just because larger tenders cost 80
much money, that the contractors de not want to wor). without be-
ing sure they will get the order. In such case the decision is
usually based on an Evalvation of contractor.

In order to get the most complete tonder the inguiry should be
rather detailed, giving as much infovuation as possible to the

contractor,

The data about raw material, production, power etc are not often
forgotten, but tha*t happens to such details as
- which national laws, standards nnd rules are applied
on the tender, the design, delivery, installation and
guarranty period,
- the climatic conditions
- supply of power. watevr, stean, gases ctc.
- ground conditions
- availability of local service, machining facilities,
material stock, spare parts, subcontractors for instal-
lation
-~ what is required included in the delivery in the form of
drawings, transparent drawings for copying, operators in~
structions, naintenance plans, spare parts catalogues
- how much training of operators and maintenance craftsmen
is expected, local training and training abroad
- which language should be used in the written instructions,
- the Operation Av ilability of the machine or plant and
how these informat »ns are desired
- that information about spare part supply, cost, need for
special tools and maintenance equipment should be inclu
ded in the tender.
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TIFE TENDER,

vesiment projewvt group,

The maintenance engineer should devote great interrest to those
parts of the tnder, containing information ot intérrest for the
future mainteniuce situation, ile is rProbably the one in the in-
vestment project Eroup, who knows most ahout the essentia} Ope-
ration Availability, Reliability, Maintainability and Supply
Effectiveness of the Maintenance Resources,

Based on the information in the tender and his knowledge of 1o~
cal oonditions, the maintenance engineer should make careful caje
culations on the maintenance situation for the next years, It

&8s the enterprise Probably has to 1live with the plant or machine
for 10 to 30 years, depending on the lifetine og the equipment,

On the other hand, it 1 practically impossible to find data of

sufficient &ccuracy for a longer period than 5 to 7 years,

In a certain investment profitability calculation method, the
american MAPI-method, usually only figures for the next YeArs
naintenance cost is used, This method is not sufficient to give
& clear wiew on the important role of maintenance in the future,
172 this method is used a separate calculation of the Operation
Availability must be made 33 a base for estimation of the total
profitability for the future, at least 5 Years,

At the same time the spare part situation must be analysed and
the necessary money oaloulated. In developing countries the
foreign ourrency situation is sometimes difficult and if the
investnent is done and currency for the spare parts not reserved
it might happen, that the expected production can not be reached
because spare parts are not aviladle,

If information about instructions, maintenance Plans etec i{s not
included in the tender, the contractor should be asked to pro-
vide these before hie tender is considered. Once the order is
definite the contractor does not easily concede to include suoch
things, but at the tendering stage it is in most cases much
easier to convinoce him to include these necessary parts,
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DELIVERY AND_IASTATLATION OF A MACHINE?

The maintenance department ig usually best suit.ed to take care
of a new machine and install it, Even in plants with a special
Plant enginecexiig department the maintenance department has the
neeceenyy ciraftsmen, shop and other iacilities,

Beleie the mocihine Ls w0 bl from the appufacturer it is usually
cieciod and tested, sometimes also run for a short period. Dut
duri.; the traisport it aight Lie doamaged. The very first thing

te ds is to inspoet the erates or boxes, If they have damages

on the outsido the insurance people should bo called immediately,
IT net the insurance people might turn down a complaint, that

iz done later,

The place, where the machine is to be installed, should be pre-
pared in advance, cables for electric power. pipes for cooling
water, for compressed air, ducts for ventilation ete, should be
ready when the machine arrives to the factory. If the machine
needs a concrein base or fsoundatiom the manufacturer usually
nails the drawings well in advance, so that the preparations
can be done, Lut be sure to ask for them, it happens too often
that these informations are kept in the purchase department...

Male sure the lifting facilities are suitable for the machine
installation. Test all beans, hooks, ropes and wires, so that
nothing happens when they aro used,

Before startine the unpacking, read the instructions frbm the

manufacturer, Be careful to apply the lifting hooks, wires or

ropes in such a way, that the machine is not damaged vhen 1if-
ted.

Place the machlne on the place and level it roughly first, Then
start the cleaning. Wash away the coating applied.for protection
during transport. Inspect overything tq insure the machine is
not damaged. Clean the machine carefully,

If the méchine is shipped dismounted, bLe careful to Tfollow the
instructions supplied hy the manufacturer. Instruct the men
carefully and do not let them start to work until quite sure,

that they know what to do, and especially what they must not do,
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Vhen the assembly work is finished the final levelling is done,
Be sure to foliow the instructions,

Before the machine is siaried it stould he checked., 17 the manuy-
facturer has not supplied sueh a checklist, make One and enter
the results of the chaecking, This 1ist showld bhe recorded jin

the machine record,

Sometines an accuracy test is done, according to staadard rules,
This appliea to machine tools, but also to sowe other machinery,

‘“hen the machine is carefully Iubricated ang started, he first
to do is to test 211 the Innetions of the machine, Thiv is rather
a4 part of the machine test and should pe ‘ecorded,

Then the machine is ready for the production department, But
the maintenance department algo should take part in the necessary
and very important training of the operator,

During the first months the nachine Should be checkedq frequently
by the maintenance department, Especially function tests are of
great importance, as these tests will reveal unsafe functioning
of componenis at an early stage, which will Prevent brcakdowns
10 & large extent,

All papers containing information about the machine should be
recorded and tiled in the maintenance department for future re-
Terence and use,




MANUFACTURTRS SERVICE,

Many peop!s belizw shev may rely on vhe manufaciurers service
for maintaining the nachines or the nlant, 1t nay be possible

to do 80 ¢ gsone oxvont ond under cextain circumsatances,

Phe suppliers iuterrest must, of ecourse, ba 40 deliver a plant
or & wachin:z, thav .0 Lovisfy the customer, nol. only a short
time aftes the dotivery uas (nken place, but as long as the
machine or jpecae fe used. o omay insure that by providing:
- a stuitable desigpn of piant or macliine
- good gquiliiy control oi ibe machine or plant at the
manufactuaring ond iastalleacion stope
- aprovriate instrretions for the operation and for the
maintonaaes of tihe plant oy machine
~ asgislance iu training of the opevators, instructors
and bthe nointennpce personnel
"~ o wall dinensioned spare part stock with quick delivery
servioce
- weli tpuinen serviccemen,

Even if the manutfucturer mcéts these requirements it will, in
most cnses., La impessible to rely entvirely on Lhese services,
Especially when the manutfacturer is situated for avay from the
place,the acule eivvations wust be dealt with Ly osn personnel
and with own remsoureas, 'n the lors ruvn the best soaiution will
he to uikllive ihe ronnfaclurers service tor the building—up of
own naintensuer resources to such a level, that they are suffi-
cient for tbh: orvunl anmual requirements,. Oniy such maintenance
tasks, that nay be foreseen and planned, could be hold pending
the manuiacturers or other outside service,

Cne thing must b quite clear to all people responsible for pro-
duction and awnintenance:

If the instructions about operation and meaintonance, delivered
by the manuiacturcer, are not followed by the customers personnel,

no plant or wachine, regardless of design and quality, could he
run properly.
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CIECKLIST AT TIE TENDERI NG STAGE,

rProJeci:"

“Chocked hy: ™ ' [Dﬁfé?"“ zlﬁﬁfbveﬂ by:
"Short description: < - - .. _ e

2,
3.

4.

"PRODUCTION » ACTUAL AND PUT URE
1,

Are there any plany to chinge the
actual product within the next ru-
ture?

How long time js the yroduct actual?

Can the design or material be changad

to elininate the actual operation?
Is 1t possible to increase the capa-
oity or existing machines t¢o cover
the nceded quantity?

Will the pew rachine become a Ley
machine?

How much of jts capacity will be
utilized during the first year?

Is the size choogen big enough

to allow new productg?

Projeéi'ﬁa‘—»

co

. e ———— ———— o — o o

“jDate: T

o --.-L*-..a—--.« D

PROCESS TECIINIQUE

1,

2,

4.

Which 1s the peuk value for produc-
tion per hcur?

How much time ot production is
required to cover the production
programme for the next years?

Is it poswible to increase the pro-
duct quality level? MHow much?
Which are the required production
data and does the machine have
sufficient possibilities to ohgnge
or adjust these data to meet future
demand?

llow long time is needed for setting
up the machine for prodution, or

to change from one product to an-
other?

e e — - ——

o —— e e ot e
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S . ... . ._\Yes No liemarks
6 Is Lhe macnine cesirn and construction T

correct Iron wiow uf wethod study?

' 7, Does the ¢ ien of the machine come
ply with Uit cimolerienl ruies? 1

Ge AYe InTasvic o ohowy the efficiency
of 4, : wachayiy: ne varicus loads avaie-
lable?

9. Dozs b v nn moet the safety rules?

C.l MACHIN. »uln
1. I8 tue wochns: «turdy enough to meet

|
5
|

3

all pr=eilitc Loz situationg? i
2, Doas L~ weenine geed a foundation? ! g
3. Is & sao)pls s2b~up permitted? |
4. Are fipurcs available about the to- k
! tal relizhility o7 the machine? ; ‘
Se Are auch Lisuinn arailable for the ‘
osST irmor: b Gounenuents?
6. Do uhin cooyrurnls ueljly meet the
copany stivvinodn? n
7. Ios the wraoo tion ovuingi corrosion
diri, ste.n, ~eror ete sufficient?
t 8o In the elv ivin anuipment of the

-

righi i~

9, Are piycist oy pment outside the

macnin, vaeoesory? f
;
I U VRO, e ;
. v aem :
D, SeACl, « "I , L OT

1. Ave rocoanery 3ifving and transpor-
vt e o poap. v uaw £ov the installa- |
tion exoilahie?

2. Is il poscible Lo locate an.ev.

| Furdarnniaticon en the most suitable
placa i the fudtory?
3, Does iac wwdiine hwed ventilation?

Arxr cerlbioniar? Fillers? 1
4., Vive prete "Jon%? Lrplosion hazards? | |
&. ;.cez the ool ipe eause vibrations in

the buililing, tnt mry harm otherxr

|
rachinen? g
C. Any veanls on special lighting? ! ; *
i f
]

-
-

!, boes Liv michine in preduction ino- |

reane toa poed o stoving space !

around (hy pact ne? i
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o ——— s e e —————— - ——

—— ) .....;Yos No| Temarks

| 8. Is there a demand for extra space T
' for tools? f ;
Je Joes Lhe vcbiae Heed compressod ; j
Air? e thr SUnply £ond enough? i '
10. Does tha FRiCilite Deed cooling o= !
ter, Atean, carcz? Arve Lhose svaie- f !
lubiey j ; |
11, Is the 1oy AUpply gufficient? | é £
Covier . YOS GG s et cableg? ! fI
New switechganyy? g ’ :
18, How wuci yower is neaded? ! i f
Power ecitiract Yimita? | l
E.| MAINTENANCE ST T -
1. Has tho wichines mnintninability | '
i beoen onelvsedy !

2. Is the fcceoxibality for maintenan-

ce good snouprh? !

3. Are there oxbrz facilities for 1o
cating fanlis? fustruetions on '

faalt~Tivdive procedurcs? '
d. X0 lubricsiion instructions ineclue
ded ia the Aeiivery? Do they mect
our stenda:ds? is il possible to
buy the Iviriennts in our country?

5. Is 4 mainteuence plan delivered?
Does 1% oo 2o standards ?

6. llag the apasce wovy fsunply heen dige

cussed and rlecked? Are Spare parts
ordeve’” "ty huw long time?

7o Are dresings aud circuit diagrams
included? Ia the marking of the come

ponenis Gone?

8. Is our varsonnel competent to perform
preventive waintenance? Repairs?

9. Are special tools or atds for mainte-
nance anl repair neecded? lave these

been supplyed or ore tihey ordered?

10, How is the manufacturers service for
mairtensnce and repair? Contracte?
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. L . 1¥es | io_ | Remarks
F.| DELIVERY AND INSTALLATION ' !
1. Is the machine run for testing be-

é fore delivery from manufaciurer?

2. Arc we going to szeand 2 reprosenta-
tive to waich the iegi ¢

3, Shall the {inal delivery test be
done in the rmanuvaeciurers shajp or
altey the ifustallation in our pre-
miszes’y

4, Are fancticn teats or accuracy tests
arraiuzed? WVhere ond when? Standards?

5., Ate any special produecticn difficul-
ties expected during the installation
period?

6, Ilow is the machine shipped? Knocked-
down ¢y assewbled?

7. Are the internal transports checked?
Apy eoxtra work to be done? itoinforce~-
nent od bridges? Knooking down walls?

8, Shall tho machine ba satored? liow

ghould it be protected during sto-

| rage?

| 9, Vho is espousible for the installa-
+iong

10. low witn coumpelent workers for ine-
stallrtion?

11, “ihich requirements are expressed re-~
gardirgy nadniing and corrominu pro-
tection”

12, Whiel changes in production are neces-
sary vecange of the installation?

13, Doard and lodging for foreign people
needed for the installation?

14, Spceial crafismor fTor the installation?

15, iiow lon; tire {01 the installation?
Is an installation time plan made? |

16. Vho is respnnsible for the final
testing of the machine after instale
lation?




No

Remarks

PURCIIASE .

1. Is the tender correct?

2. Any Conplemeniiry information needed?‘

3, How with guarrorty periody

4. How wiith fiun Tor delayed delivery?

D. Faymernt terns acceptible?

6. Have all meaei tents frop production
heen nat?

7. Have a1y senuivenoents  from naintenance
been met?

8. Are all probiecms wit shipping, sto-
ring, ilistnllation, ctarting, testing
and checking solved?

9. Are all poscilbie couts calculated?
Transporst, sipping, nacking, testing,
insurance, duty?

10. llave all peGple in the company, cone-
cerned with the purchase, had an oy~
portunity to discuss this purchase?

THE DELIVERY SHOULD INCIL.UDE ;

1, Complete installation instructions
Bhould he mailed 4 weeks or nmore be-
fore the uachines isg planned to arrive,
Value of weirht, oxternal neasurewents
of the machine should be incloded,
Instructions ior Lifring and irans—
port. 2 models in scnle 1:50 for
lay-oui purpoyos, Fundament drawing,

3. A complete set of cireuit diagrams
for the electric, hydraulie and pncu-
matic circuits. Assmebly drawings or
special drawings with instructions a-
bout disassembly and assenbly gor re-
pairs,

3. Spare part catulogue and/or spare part
list in 3 copies. It possible a spare
part stock recommendation, based on
our conditions, cocvering ....years.
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Benarks

5.

8.

9.

10,

i1,

possible with the manufacturers own
nunber, alse locul representotives

name should be included, if possible

A detailoed deacrtntien of the machine

and its Tunctioone, giviang techideal
data Tor worei singy. production plan~

ning and desiygn purposes {product,) !

A complels opeirvators instruction,
redigated wccording to the training
systen TWi, incinding setting-up,
checking wvefore, during and after
rimming the nachine, daily tubri-

cation and fTunction tests, 3 copies,

A compleie lubrication plan, in

accordance wilh the rerman standard
DIN 8579, wieh sketehes, lLabricants
must bLe availahle loeally, 3 copies,

A complete gset of indication wnarks

for levers, pushbutions, haundles and
other operiiun devices in our lauguage
or wiin und...oantbbie symbols. 2 cop.

A compicte naiabtonance plan in two
copies .,

Two copies of muachine accuracy record
chart, if applicable, with the measu-
red deviations entered,

A declaration from the manufacturer,
that the machiae meets ail leddl pre-~
geriptions rogarding personliel safe-
ty, electrie rquipment, piressure ves-
sels and pipes, air and water pollu-
tien, electric ¢ictarbances on tele-

vision, telephone, cable connections,

railway signal systems sate,

anlNo
{
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RECOMMENDED BOOKS

MAINTAINADBY LITY, Goldman & lattery, John Yiley & Sans Ltd,
London, Maw York, Sydney

MACHINE 71001, MAINTENANCE, Knut, Swlivd, Pusiness Pabileations Ita,
houdon

MAINTENANCE ENGINEERING HANDBOOK, L ¢ Merrow, LioGraw litsy,
N.e“' T}’('ir!'f

SYSTEMATIC MAINTENANCE, Lecture notes, Interurtional Centre for
Advanced Technical and Voca-

tional Training, PTurin.

RECOMMENDED MONTHSLY PAPERS

FACTORY, The magazine of Manufacturing, MeGraw Hill, New York
MAINTENANCE ENGINEERING , London









