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Imtreqyetjen

The present work 18 a basic and iritis] material interded for the
SY™posium, t0 be rreanienl or the "Prahlgme 6f rennir apd maint -nares
in rrofaess ard Sartalintiona in dawe lopring countrian® 4o take plane

ir. 1970 under the suspices of UMIDD,

It cortaing an irtarpretation ¢ hagie 1etiviting and rencepta
repariing nrodncticn pasia, tiate ersipment, their :ti'imatior,

wear, rTehahilitation rciuding crripigaticn, planed e ant opearatior
oY ropalr workeropr, maintsnarca gronamins nd repuir~ of baaie
eruipmart, The egrantial =art nf the yalume 3a le witn the methodien
and werking procesmms applied 1n tre eaigr.rg 0f vep:ir shopms, 1t
also includes an outline of trainise schemes for ropai s perconnel end

their munlification remiirements,

The volnme 15 1A be ramrdad am the startirg s»d hasic matarisls

novering & wide rangm of problems of repair srd majrtenares work in
enpinearing vroduction Jhavre th~ repair “hepr are mostl  incorporated

in the corparisation nf anginesrirr plarta, The prarnsed mathodg and
procrinres ara braed on Neechral~vak currert uasce ar4 kave hemaq drawn

up scrovding tn 5 preat man. specifie projects worked out b Xovonro iekia,
Aerigring and enginearirg orparimation, Pragus 1, Stenanakn KN,

Ceeanhos]lovrkin,

Yoropro jeita is the larges* Aegigring, enginaecring »rd monaulting
orpanisntion for Ceechoslovak machine duilding indurstr,, After the
neoesnnry research and examian®tion of the particulor cenditions and
remiirements, it can purposefullv appl- the general principles sat
forth in the present volume tn corcrate projects with du~ regard to
the tvpe, extent, organizational 2nd plamanire conditicrs preveiling

in the raspective Aevalapirng countrv,

It is undarstood that ir discusaions Auring the s mposium the




author of this work will be able teo explain in more detatl all the
presticadls metheds and appreashes, as will as the sest comveniont
applications adeuate teo the opocific conditions of the develeping
sountiry oencerned,
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Part 1 - Production Bagis_ard Its Rencvation,

Basic equipment including piant buildings, structures, machines,
appliances and the like, form the core of productive power, thus
being an indispensabls aid in the developmant of national economy,
It is also one of thea mewrn:, which provides for a steady rise of
sooial standard {r the field of living and culture,

Much consideretion should he given to what amount of influence
the basic equipment has hitherto exercised on the evolution of
man, the forms of his work, and its direct beari.ig on the actual
state of gooiety's matsrial and cultural level, lei alone the
development and safsguarding of society's eximtence in general,

In & manner of speaking, the history of basic equipmant is the
Ristory of man, his evolution and his whole existence, It is

this very factor that distinguishes man from other living oreatures
ia that he is capadble of produoing besic equipment, which on the
other hand makes his work easier, mors accurate and multipliable,
thus enadling him to rule Nature., It is the effort of thousands
of man's generations that has brought the verv simple implements of
man’s primeval age up to the basic equipment of today, excelling
in a high technical grade and mechanisation,

Rowever, not onlv dasic equipment but also man has evolved because
in the course of the thousands of years passed by man and his dasiec
equipment have been expusad tu a muiual influence, The evolution
of man, his existence and the forms of his life ~ ali these are
oorrelated with the evolution and forms of his basic lqniﬁont.

1.1 Basic Beuipment (Active, Passive), Its Pattern, Conditiom,
Am_and Reoords

Te own seme basic equipment is not an and in itself, Bvery further
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advancement of society makes it imperative for basic equipment
to be perfectly mastered and utilised,

Keeping a certain kind of production afloat cannot be effective

without the help of basic equipment which meets both the quantity
‘and qualitv remuirements,

It should not be forgzoiten that by taking an immediate part in

the manufacturing process, active bazic equipment, i,e, production
machines and appliances, can impress its properties on the product
and the technology applied and thereb- take its share in the
effectiveness of not onl - the manufacturing process but also its
own utilisation, This does not claim to underestimate the serviocss
rendered b passive basic squipment, namel - buildings and other
structures, which does not contribute directl: to the manufacturing
process, but creates favourable conditions for this purpose,

An inquiry into the fundamental prohlems of the manufacturing
process, results in a conclusion that the age of basic equipment

ie not alwavs of such importance as has been generally aseribed

to it, In addition to the mentioned properties of bagic equipment,
it may also be its quality and long-term high operational ability
that can influence the marufacturing process considerablv, With a
view to the establishment cf such conditions, it is essentia) for
the production basis to be accurstalyv rated, nroperly incorporated
and recorded,

1,2 Utiligation of the Production Basis
The utilisation of basic equipment ig to be interpreted as a

ratio between its capacitv and the amount of work produced within
& time unit, The utilisation of basic emiipnent is of prime

importance for national econom- because such an activity provides,
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without the necegsity of further productive investment, o
considershle increase in the output volume and a relative rise
in the effectiveness of prodnction, The time that would be
required for the acouisition of a new basir eqiipment and the
settivg of same inte operatior ecan he saved and utiliged in the

menafacturing process alore,

The utilimation of basic ranipment should be continuously kept
under review in the form of gtardsvds rated according te the
conditiorns of 5 perticular manufacturing process, Such records
should #ive an accourt of »ot onl +he utilimation of time, (ex-
tensive aapect) but also that of technical parameters (intensive

aspect),

1.3 Deterioration of Pasic Fguipment As One Asvect of Simple
Reproduction

Of all basic equipment, machines and other productive appliances
are sudbject to wear bv operation, Their original properties
deteriorate, their productivitv decreases and the mualit. of their
work hecomes more inferior, If this wearing proceas were given a
free hand, it would cause the machines to break down occasionall
and make them unfit for operatiocn, To prevent this for the sake of
maintaining the production capzecity, it is necessars to restore the

working abilitv of basic equipment,

One of the preferable methods of retarding the process of
deterioration is b~ tsking definite measures of z techniecal and
organigational character, which will maintain the capacit- level

of basic equipment ams long as it is cconomical,
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1.4 Rehabilitation of Bacic Equipment As Other Aspect of Simple
Reproduction

Though the deterioration of basic equipment may be a long time in

coming, it ultimately leads to physical wear, remuiring the

regeneration of the techniea] properties, This problem touches
the other aspect of the reproduction of bagin equipment, namel-
mhabilitation, which depends on the character of bagie equipment,
the conditions of the manmifacturing process, the extent of wear,
and the economic bearing, The method of rehabilit->*ion should be
such as to complv with local conditions, e,g, racapacitating of
basic equipment b maintenance and repaira, or substituting new
basic scuipment for the worn-out units, if the latter alternative
seemg more aconomical,

To make the reproduction process effective, a combination of both
the mentioned methods are usuall - applied until the exhauation of
the equipment, Rehabilitation b maintenance is carried out to be
followed at last b substitution as a means of regenerating the
production capacity,

1.5 Maintenance and Repairs As Partial Rehabilitation of Basio
Equipment

The importance of maintaining and repairing basic equipment as

the bulk of rehabilitation activities lies in the fact that besides

disposing of accidenta] defects, maintenance ard repair workers can

closelv watch the deterioration of bagic equipment and slow it down,
taking advantage of every short break when the equipment is idle,

1.6 The Principle of ¥aintenance - Tts Purpose and Coals

The maintenance of vasic equipment is to be interpreted as an all
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round activitv aiming at the eoconomic aspect to maintain the
quantity and qualitv standard of production, Maintenance is

not mernl. a repair activit -, but a bulk of activities aiming

at the prescrvation of basic equipment, in or out of operation,
It is the responsitilit. of the operator to observe the machine
of which he is in charge, to ascertain the fremuenc of cleaning
and lubrication, Herein included are alsc genera’ repairs,
which should not onl. restore the original technical state but
also raise the basic emuipment to an up-to~date standard,
Maintenance may also include all activities cormnected with the

re jection of worn basic emuipment,

1,7 Development of Maintenance “apacities for Rasic Faquipment
in Proportion to Development of Production Basis

In order to attain the goals assigned to the maintenance of
basic equipment, it is necessary to create favourable conditions
under which this activit- could develop properiy, It is not only
the question of acquiring the recuired wrea, machines and workers
in proportion to the production tasis, but attention should be
glven to the mualit of these capacities in rccecordance with the

production basis,

Where there iz an intention to enrich the production basis with
highl: mechaniged or even automaied machi»es calling for
qualified attendance, competent maintenance crews should be

provided to meet the spacialised reaquirements, The maintenance

capacity for basic ermiipment should develop iv accordance with
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the maintenance standards appliad hr
basic aquipment
field,

the producer of the particular
s OF b~ other organigetions apecinliging in thia
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Part 2 - Classification of Maintenance and Repair Activities
Concerning Basic Fquipment

The organization of labour underpoing o cortimal process of perfection

has indvced industriz] entrepreneurs 4o sccomplish an extensive division

of activities, Consementlv, thers is a quest Tor more economical

methods 80 far as the maintenance of basic equipment is connermed,

1ike in othar fields of indnstrial activit-, even here it is
ponsible to make use of unifirntion, standardigation and gpecinli-
sation wi'h tha maximm opportunitv of assembling oroduction, Thase
lending principles have been exnmined as to their applicabilit to
various conditions,

General experience gained from this field under examination shows
that it is sdvantageous to practise the maintensnce of basic eouip=-
mert not onlv in compliance with the conditions of the user, but
also the conditions created for the sake of econnmising the main-
tenance activitr out of his workshop, Accordirgl -, the maintenance
may be classificd me }/ core to be taken by the mamfacturer, ard

2/ mainterance to be carried ont b the user,

2.1 Obligation of Rasic Fouipment Producers to Users - Servioe,

Spere Parta

Effectively, the growth of repair shop capacitiss for a user's basic
equipment is the extent and modne of sscuring the working abilit: and

service 1ife d its producer,

This care-taking activit  will bring mutusl benafit to the user a#
wall as to the producar, Tt is the purpose of the produocer to




obtain the maximum working abilitv of the basio equipment
supplied b him, 4 technical service should be instituted
to keep the various machines and appliances in tact, As a
matter of fact, it im the producer of basic emipment who -
for commercial reasons - is alwavs ready to perform a purposeful
unification and tvpification of his products and improve their
qualitv and reliability,

The importance of the service supplied b the producer is
augmented b. the resulis obtained from reviewing the behaviour
of machines in the working process under diverse conditions,
the influence of cutting-tools, planned substitution of machine
partn.and the like,

The producerts plant should be located to concentrate on the
production volume of spare parts, enabling maximum consumption
to be easil' traced, The economic contribution of such a
ocentralisation has alreadyv been proven, From an economical
standpoint, this raises maintenance activit: pertiall- to an
industrial level,

Analvees of the frequencies of individual tvpes of machines and
appliances have indicated that approximatel:r 30 to 45 7 of the
total number of ma~hines and appliances used in industrial

estabdblishments are involved, As for the remainder, it mav not
be feasible to be invclved with a small number of miscellanecus
types, to centralise the mentioned services, Such basic equipe
ment will have to be taken care of b- the users themselves,
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2,2 Maintenance of Basic Equipment at Users' Plants

To perform this activity successfully, it is essential for those
concerned to become well acquainted with the whole axtent of this
maintenance problem, Activities aimed at servicing basic equipment

fall into the following thres groups:

-~ service prior to technological operation
-~ service during technological operation
= maintenancc and repairs of stalled equipment

It should be pointed out that neglecting anv of the three sctivities
classified above has a direct bearing on the next to follow,

Service prior to technological operation
This type of service mayv be interpreted as precaution in the

purchase of new basic equipment, Recuirements of this sort should
be covered bv the purchase of such equipment which oan fullv serve
the technological purpose, This eguipment should posaess properties
allowing for a service life of at least the length given b. the
standard and requiring minimum maintenance costs., Those who are
concerned should bear in mind that an extensive miscellanv of tvpes
is a source of trouble for maintenance and repair shops, as well as
production technology, therefore, attention must be directed towards
the unifiocation of the production basis,

Another asction specified in this chapter and calling for the
user's attention is the take-over ¢f a new basic equipment, The

method to be chosen depends on the basic equipment in question,
and also whether the take-—over is to be carried out at the producer's
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or the purchaser!s premises, The take-=over of buildings amd
structures is ruled hy suthorised resulations for approbatiom
and inavpguration, The objects should be built in accordance
with the Arawings and dccuments -greed upon and that the
technological process.. .p.lisd, -omply with the regulations

and standardc in force,

Special attention should te given to eleotric wiring, lighting,

ventilatiorn a»i heating,

The take-over of machines and mechanical appliances may in some
cases prove more effective if carried out at the producer's

premises,

In either case, performance of the smuipmeant should oomply with
the required specifications and should be stated in the ocontract
before purchase,

The acceptance of every basic equipment shall be testified by
a certificate,

Should it be necessars to temporarily store the acoepted machine
or machanical appliance, it ir imperative to make provisions against
any posaible demage due to stori g,

A new machine shall be handed over to the work-ghop, together with
ita technical documentation and its top utility performed on
trial,

The machina shall then be put in charge of an operator who is
properly ingtructed baforehand ac to its funotion, directicms fer
handling and the mles of operation,
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e oporator's mn.dm-of.-‘tmlllh.“
Yoaring on the acoelerntion or deceleration of the madhine®e
longivity,

hn‘ﬂx in opergti-~-

Tis oonsists in supsrvising the operater's care of the

equipment, i.e, his practica of utilising, oleaning amd ludrie
oating the machine 274 to the control of the machine during
overation, Tha use of tools, «s well as the overall orgunisation
of the workins procesa including the feed of material, depesiting
of finished work-pieces in the pre~fixed place, resoval e¢f metal
@ipe or waste in dus intervals and manrer, relief of the sachine
When stalled, timely and rareful exchange of coolant, etc., sheuld
e part of the operatorts know-how s steps in the precervation of
the machine’s l1ife,

™e supervising activity also affects the electrie equipment of
$he machine by way of pre-concerted inapsctions ard overheuls,
Bpecial attention has to be paif to ludbrication and the prineiples
of 488 technicua, Precautions of both organisations]l and techmien)
eharacter should provide for a progressive method te eliminate all
lubrication failures throngh signale, Turthermere, there is a
progressive ludbricant economy whioh may alse de inclwded in
lubrication engineering,

T™e third group of activities ooncerming the maintemanse (in
e proper serse of the word) and repair of desie oquipeent age

the sudject of the following chapters,

2,) Repairs end Their Clagsification

Repairs form a part of servicing activities enlled saintonanse,
oemprising & total of technica) eperations aimed at the olisination
of the wear by way of repair, or sudstitution of the defootive
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part ard the regemeration of the originel technical preperiics
of a dbasic eruipment,

The method of repair should be chosem with regard to the sord
of bragic equipment, tr utilis.’ion of anme, eto, SO @8 to meet
the remiirements of hoth the marmufacturing process ard the
repair,

Al] repairs to be considered in comnaxien with Yasio equipment
may be classified thum;

2,3 Repeirs after failype
Repairs of “his sort onlv scrve to elirminate defeots without
preventing them, Their cocurence is rether frequent in an

oute-moded pie~s-work or small lot productionm, Such a repair
ean be carried cut economicall ' on condition that it does not
Rinder the dutv cycle of the machine in mastion, or if another
similar mrohine is available to contine the work while the

former iz baing repaired,

™e frecquency of machine failures increnses conaiderably towards

the eml of the machine service life or owing to improper handling,
which is especially eavident in periods of a hisher working lomsd,
Ranairs of th.is type should not be apnlied *o machines and mechaniocal
appliance= in continuoua operaticn, Fxcesaive daterioration and
Pelated repairing of such machines considerably shorten their servioce
lives, reduce their output capacities and raise their maintenance
cost,

Post=failure repaire are therefors admissidle only with basio

equipment of less importoncs or ococasional use,

14 ir ofien stated that post-failure repairs are actually the mood
economical of all hecause defective machine parts are fully utilioesd
wntil their destruction, 3uch reasoning is far frew beirng ocerrect




88 the failure of one part usually irwvolves that of others,

According to the thaory of reliability, it is the different
character of w:ar on each irdividual part that makes the ideal
trouble~frea machine orevation v-meal, fg n matter of fact,
failures occur not only with machines in regular use but with

brand new on~1 or repaired ones as well,

It may be the.efore concluled that repairing basic equipment
eftar its failure brings no ecenomical advantage and should be
appreved ornly in the case of o maiintenance capaciiv shortage, or
where preventive repairs weuld turn out ineffective owing to
insufficient technical plarning data,

2,32 Repairs after inspectinn

Periodical inspections, the purpose of which is to ascertain the
overall weuar and accordinglv order specific repairs is 10 be made
in fixed time Yimita, ™his pre=failure atterdance tc basic
ecuipment hrivyre an element of prevention and rough planning into
the maintenanc- activity, Inspestions avc usually made to cover
one year's perind, These are 40 he performed in accordonce with
short—tarm opearativea plan: (e, e, ingspections of buildings and
structuren are plapned for the seagsons of 3pring and autumm),
During a-c ixspretiona, the bar ¢ aquipment is viruallv or
mecheniceil s checked ... r1icr . cupply discloaed defects,
substitute worn parts, as wall as to maks a thorough clesaning

and setting up of machin~g,

The disadvantage of the mertioned servicing is that it only mekes
possidle lons term plans on average feneral values obtained 4n
the preoeding vears,
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Post-inspection repairs may be applied to basic equipment provided
with no repair planning dats, or to basic equipment of general vse,
sarving auxiliary purposes mcinly, because prevention against their

failure mav be coongiderablv reduced,

2,33 Regular repairs

Repairs of thim sort are basel on the following princinles:

«= vepairs are of 2 compulsorv character, to he made repeatedly
at regular time intervals withont regard to the technical state
of the particviar basic equiipment;

~ machine parts listed on schednle aro substitutcd even if goods

- repaira are carried out in accerdance with technological proe
cedure sheets staiing the extent of renairs and all individual

repairirge operations in detail,

Regular repsirs may te applied to machines and mecharical appliances
workine under the same conditions, causing approximately the same
amount of wear, if the recuirement of a trouble-fres operation is

more important +than hirher maintenrnce cost,

The appliecation of the regular repair svatem must be preceded dy a
profound studv of ithe wnarine process of ench particular machine

part concerned,

A combinntion of the regular and planmed repsir system is often used,
Rffectivel . machine parts subject to rapid wear are treated by
remilar repair servicing, while the remaining parts are serviced by
a diffevent method, e,7., thot of oplammed preventive repairs, This

allowa for both short=term and lonec-term planninrg,

2. Plarned preventive repairs

The method of plarned preventive repairs is based on planning
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repairs systematically for the prevention of manufacturing emirment
failures, It is a oomplex of all tachnicel »nd orpanizationsl
preventive weasures, machine attendanoe and tupervision, as wel) ag
all sorts of repairs carried ovt pariodiselly to a definite schednle
for the sake af preventing feiluren,

T™he marmear of repair, the volume ard rmmhar of repair servisey, an
well ng the time-limits for rxecution are determined by » aystem of
prinoiplen, rules, techniosl and enonomic stardarda, marking the
maintenance activity with the followins faaturag:

> Rapairg ‘re Plennad

Por every machine an aneurete fnrTienca of vepair services in pet un
necoring tr the wearing preomss of irdividusl menhire parte 90 on
to spead up the Yarair and cut its oogt down to 2 ninimwm,

- irs tre Preventive
Altrough the working stote of a particulsr machine doer mot oell
Por {mmadiats attention oving tc a rrorresnive cugar pe game of ite
P0rte, n preventivn pan-ir shall mevertholagy by mrde enlv to ensuve
the mrchine againat comnlete frilupe and oonse-mential shut-down,

= Bepaire Are Periodic

Pvary machire or mechaniaal applismces hae {4n own "peneir ryele®,
™is i{n a aupmewr of mecesnive mmoalr sarwicsn marformed nt rem1iap
intevwnle Artamine] by *he fremienay ged pProrress of the =nehine

part wear,

- m ovarall volumn of a repeir emd of rach of itg operations {g
linited by time-standards,

"he complexity and type of wery machine determines the volume rnd
melification crade nf the repair work,

= Bvary plevmed repair shall be carried ot 20_8_to parentes the

workirp »bilitv of the machine 10 1ast unti] tha revt plormed pepeip,
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Por the practical use of +he r}arned preventive repair syetem and as

ar. aid ir maving ont individual eointenance rehedules for basic equinment,
p mratem nf ctardarde Yoo hesn werthed et refarine to:

al  repair crcles

b/ Repair 4iffienity nrita

n/ repair crernticn stoeiavig

A/ time=limits n® wapuir fpevrtions,

a/ Hepaly crelz
A vepair crnle mears 1 succansion of srosd fied repsir services within
the avele pariel extendirg from the installation of 2 new machine to the

firet complotr ov~rhiwl, or from ora crrrlmte overhsul to another,

Tre langth of tne ~oala peried Aepends on the extant of utiiizotior
coammonly erprecsaed hy the mumrer nf wopkine houre, ahifte, or other
frctrra (8,7, toneki i metrea), Thie ~heuld he eqtimrted g0 rc tn
acrporpond with the nracaas of weaw of o nortienlar machine, Among the
fFamtorm inflaencines the lonmthr of o crla period are:  malidy and
ernditior n® <nm banic amiimment, Annlity of crerstcrts ~ttardance,
mrertime work, vwolnme f toackrnntigmied atiltisntian devrived from *he
type of produntion cd the erifd cecfficiont, workins ambients, and
ocutace time A tc ~ny nogaible cooue, Marh ines working under normal
corAiticng detariarate lena ardl +ha Yrpaiv eccele poriod moy therefore
be rolativels lonis,  The mers stre-ei-s the working cenditions, the
shortar period comen irto corsid ramior: intervale betwean ezch two

repair sarvices of the nvrle beccme Tongar,

Yachires of the same t nme working under the same conditions may
preaumatlv giffar the same extent of wear ard consequently be subjiect

€0 the same reprir cycle,

M™e intervsl betwean two reapairs of cne cvela shonld therefore be
Aete=mined with recerd in the nreceas of wear: lomg enoush o mecure
a welishle cneratinn of the machine 21 the lowest possible frequenrcy

of revairs,
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If the repair cycle has been rated corractly, individual successive
repairs are alwave shead of the culminating point of wear, regularly
followed by a rapid decline of the machire condition, Such a timely
repair removes the congequences of wear, stops its further growth,
and anables the machine +n keep its working Ability unchanged for
some time, Rapair gervices perfc »mad in the course of cna cycle are
classified according to the volume and by the number of worn parts to
bs substituted o repaired,

Within ons repair cvecle the following repair services are performed

periodically in anccession of a definite order:

= Preventive periodicel inspections (1)

prevantive periodical small rewairs (3)

= preventive periodieal medium ropaire (N)
= complets overhanls ()

Other repair services, although thev formm an integral part of the
basic emuipment gervice ruled by the planned preventive repair nystem,
are not recoved in the repair cynle,

Bouinment working undar snecdfie comditions may have - with regard to
the aforenaid principles ~ the following rapair oyeles

SeSeMaS =S Ml 80
O-I-I-S-I-I-S-I-I-I-I-I-S-I-T-S-I-I-H-I-I-B-I-I-B-I-I-O
repair ecvycl e length

b/ Repair difficultv urits
A ocomplete overhaul undergone by a particular machine can he sxpressed

as A miltiple of a3 gpecific unit called "repair difficulty unit", 1In
this wav, it is peegible to determina the numerincal proportion of

A ficulty betwenn the comprlete overhaul of a certain machine snd +hat

of the machine chnaen ag ftandard,
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Example; A centree Inthe, dia, 60 mm, turm, lermth 1750 mm has been
chogen for comnarisnn smAd the 13 fFimlty of ita comnlete evarhanl
entimatead ot 10 4iffiaty urits, The ayar:-a time rulad fop a rompl ate
ovarhaul of thie 1athe hag heen formd 10 eminl &AC honra, =0 $hat 1

A ffienltv unid ~f +ve vapnas;! TTyume cmavat e dy BA Lo e

Tha Mrenair W Efiantey unit™ 43 gaed frp the rrelnation of yepafp
freciency for machines hy wre- of eorearivg the complexity of thegp
menhaniamg 10 that of the ~hagen cantrae Irthre, or with the n44 of

standard ceroarigern 4ahlegq,

o/ Repair operatic aticdarda

- m——

Trase atupdards jvidin-+e 3 mpeapal I0aciFirating of repate onerntinrs
2001173 te mrichipes ardam the Alaened Prevantive pap in svrten. fommthay
with the licepivtian o€ ~anp rpematicn,  Mie crovides for marine
tachninn] arranpemarte ir Ldwqnce,  Terh gdandswd Nitlimen 4ha qnhere
ef araratinra tn ba aoraidanpd an $has g renai e mar o714 44y 4-qlk

iedetTy,

&/ Mimemiimite oo mevir nmeeetions

‘Mrae timaclimite rwa cradart s 0f varmiy ALFIr14 - pnien ir woreine
Viomire al1rind 40 madv ppematinas fthis 4ha 1mivid: ]l rensir sarvices
of the rlanred nreyontive panc.p systam, Thev li-k un *¢ {ndevine

mrchiren with von ta 35000 L cien Ay b mrraiye crpmagien adanlavda,

TS BN 20T M in n itar an w 4hedn of bode merfoment,

- - e ABvevas b m o  —— e - cr v 1 e o ons - .

Tha practics of m ird-inmne b otie cncinmpnt {e not RAkaal o LI BES
Opindong of thr cduictiien 4had e (F 4ham me AL P N e s
Aenardi oo 4o v ar b mpe o P .-y\“«--v‘,jrw‘ the caynldd ierm ol
mrarddiatdee Vip S Vicmen b AR d) L rmedyat i - bortml the e Ve At ap
Pratuctior mathode, tos Taynlomanet of comsviw-tien o mannpemeng,

Tneyw alsc che v ir reanect to <va roth of mainteparne rrpacitine,

toth inside ar outzide /i.n. CF At iar ppadiraps )

%n Y'F‘Y‘f_l’ 4’.‘_]"7 AL Y X0 Y no_oinnl' ' anrcnero md O‘L-?r crned r# ., y“".
Arraniend Gerenlame. vt 4 4 sanye crninmant ccanom masn 4 inrerad e

L0 mynlnata, 24 rordaie {otamata Ar tiwe, ke afliniane: (P anthoda

AmETd2A, ard S0 Amntde mre Ava cacrar of thase Foethen dawaloment,
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A atudy of the prefert ajtuaticr reweala that the pretafat)ire methad

of maintairing hogie meecirmant 4y ee arnvnmiap)] . *lirdort,  Myia

maz e annlyaqg Cn1y whera Younee Fomonsht B0t b Poilrag ape odmineinle,
Or whare *h: rpeventice TRV R eratar waalA nrra 1N~N“r‘1.cnt, cwire o

= Tack of teshnieg) riarnive daty,

The advnrtagca of the Gthr» muirtenaree systems and fhedr eviluatien
e demorstratsd satisfactoriYy 44 tpg t:tle heloy by comn: *ing the

AiCfcrant syrtems,

Swmbo) - pI .o ~ftande for the Posi=Ingnaegtinn Rarair Svetmm
Sywbrl =3 o 8t nds for the Peamilar Repair 3 tem

Symbnl - PPR . atandas fop 4he Pl »iied Freve-tive Penmte Cundem

"PN‘Wint S"E‘l‘m “"’]‘Jﬂ“”"
1, Planning ef reraie »T voinme and nevinde A yapiahle
Ravriran .
i R valame sad rariods apoe Aacenrataly figad
lgitd velome ia ~omparative) rrvaricble,
PArioy ars pegyiaw
-—..—....—.—-.c. - - TR et et ettt st s e e It e et S
2, ComorAination of PT CA MOt ta pepey|gn? arhiewn]
reoeirs with
\ P nevfen
produetion plan ’ t
PPP ot and “rtiefnngrn,
Ve Length of outage P1 roneiderahlc Aawing to a lack of efficiency
times with plannet standards
repairs ] congiderghie OWwlrm to comrarativelyw shnry
cYc'ar acq big rerair vol ‘mens
PPR volume and cirles -re ip cptime aconrdance
ViPY merricenlife of rarte
4. Mailarity of oYtme~ PY FAamnry br e vt A

] ™
Yith planned pannirs TRPEITE ave miAc ot preilar Yntemes|e

'®R Tpiire ure mide ot ppeefy yed intewte
« Odmpe 410 4, =Y. v PT irarartnvita rrvene 0 redimete L F pahime

LTSS £ K TR TR eten )nv-).m.'- Mt ca $ime

&

nore

PR R7RL mALIe jrepenticre amd rentirs prorida

“ERi™PY o ilurey
e —. T N b c————— . e - e t——— . - o




Viewpoint System Fvaluation
6. Raatitution of P inacenraciea sre elimated whare rocescasy
propartiss in respact
: . R over2ll high pracision 4 snbinved »-
of tachnienl lavnl of : o P!
. crtragive repaire
mirchinae '
rep wrr L eliminated b complex ropad =
7. Utilization -+ o 1IN0 maximun = pevte cra aphetituted o
serviecs 1ife of paptq after ohvicra waan
M Inferdar niipmpe 4o ponp Trar rerhiad gt by nn
of worvins pnrte
PPR Moct actintetors guing to mubatitntion nf
part= or whoie porterroups havine the «amn
gervicr 1i7e
R, Utilisatior of PT low oving o ecengive Anaemhl-en dirors
r ir workerat .
opn n Aticfartory culne to chorter reruir coelen =
time ramerve ;

axeetgive damard of 1obour

PpR P A e ram - ponaiva correlate with vae
=74 nem ke vrroepeasively orpanized
9, Froromis avilnntion PT low repair ceat, considapahle Toesesg due te
of mystemn Oty
2 hirh remaip rred
pPR ortimim ropair reet sed dolapahie preluction
Yoasan
10, Reliability of PY not very high owing *o Aisperajor of vep.ir
oparation nervice
R high
Ppr very higdh owing 4c eempled roprir perrine

Viewpoirtn offerins ryaluation n® +he avateme to “eap the mairtenance
basic amiipment prorressive is nennaraer, A oavatem that masts the actys?
oorditions v brinece the mavimar hanefi* qhav{Ad ba chosnr, Tt {a of wne
ierortancs vhotlom 217 haafe cmipment o acpyicad b 4 sinele or wape

Sinteme cecording te the aprcifie purnngag of the ecripment,

18 mhovld b+ notad thot the Tepiir av.tems described are of the most

popular, However, there are mite A rumber of various combinations and
asdijustments of thene atardards,
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Por inatance, deapite a shortage of repair ecapocity, the planned

preventive vepair svatem is being apolied 40 all machines in peneral,

hut with diffrpert attention in reapert of the +rehnolominnl imrortaven
attributed to naech machine,

Repairs nrn he goprieg 2t o AYa apot”", in own renair ahonn, ir +hn
rapair shop: of machine mermfacturers, or specinlijand 4 rma, Sometimen,
it 18 necranary to subatitnte the machine nrday repsir which hog been

removed for overhanl with the same tvpe of mochine,

?e4. Choioce of the Vosi, Gniteb[g_ﬁgnairwfxﬁjgg

n/ Buildings - nd gtmurntures

. ——

Thia chonld be mairtained v the poat—incpention repair system offeatad
in the seasons of sprine and autumn, Defect revesled bv irgpectionsg

eive prourd for repaies or improvements to be made thereafter,

b/ Machines ard mechanical appliances

————— . -

For such emuipment +he Planned preventive reralr system ie #vailable,
espacially where » high relirbility in operation, short time ontage

ard reagonable rensir crat are remiired,

Rowaver, the repmiar revair svetem comen into consideratinon when a
econstant top workine Abilitv of +he machines ic remiirad, even At

higher maintenance cost and with more fremuent repairs,

The choice of nost-faijure or post-inspection repsir aratoms mav ba
spplied to diversr mechanical nopliances only in the cage of = shorisage

of repair capacity »nd lossen due to the failures being lower than the
ocont of a different repair avstem,

At typioal engineering works, the application of the mentioned repair
systems should be in the following numerical relation:

Planned preventive repair system: abt, 65 of machinery and ecquipment

(bottloneck, expensive and the other items)

Regular repair system: avt, (bottleneck, unique and special units .

and parts)




t-ingpection re gystem: abt, 10”7 (some supplementary machines
of minor importance, machines in the last stape of service 11fe),

o/ Other kinds nf bamic armuipment
It is useful to applv such repair methods which meat the demanda of

correct maintenanoe and comply with the type of the particular dasic

equipment,
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Part Y - Qpzamjestion of Maintenance A7 Repajring of Mami: Rguipment

™e aim of this chaptar i not to formu ate A type orpamisationai rcheme,
Pt 40 emmerate #CMe circumetinces that PAOMld be duly conside ped in the

oreation of a suitahis and pirnoge £y ) orrinisation,

3ol Apsimpent of Responsj 111ty for the Comd Alion of Pagic Bquisment

Vetween the Maintenance D;E;tmn‘u. Power Tnginesry and Usera
Mis problem atonid be dealt with in orpanisational standarde of every

organisation, Partieylarly coneearned, im the definition of respenaih{lty
for,

e the {~vartory condi+snn of bamic criinment

use of hagic squipment

e servicing and mairtenance

wtilisation

teohnical sondition (mterial and imtangible wear and {ts eontre)
= safety operation of brsic equipment te be commissiored,

™e adovemantionad ranse of reaponmibility carpot be covered by one
department only, 1t 19 remential is geiom Aerartmentia to attend e
aach of the tusks,

™a department Aealing with a paptir lan thrak is remnoraible far the
oorreat fulfilment of 211 Ayties to be Aischaresd within {ta opevrationg)
range, Aven if 1t his to meke aan of the merwicern f othep Aepartmentn,

Por irateance:

s/ the frwantory conition of Brate amitipment (axonrpt powsr ona )
= its usape
- SOFvwicing

= utilization
n8ibin_in the weer of bagic squppeent,
Min rerponmidlits {nerludan 5 rumber of Sutier wmeh ney
T 0oTTRet mRonrt keening of banie smiipment /rordition am ohanpen)y

= ovidence of bamin amiipmant fats versus thoir operation panmeg
= manning of basic eTiipment posts with ~uslified peraonnel

= optimum utilisation of basir equitment

e further tasks,
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W « teshnical comdition of dasic oTaipment
- safety oparation of basic equipment units to he commiesioned,
Responsible is the mairterancs Aanartmert (excapt for besic power

squipment), The regpcnaihilitv imvolves the following Auties;
= %0 grt nerfartl. aemunintsd with all the hamic eipment {tema
within its ~omtr ., hair t-0 rical and fumetiornal 3pects, matarin?
ard irtangihla wear;
= 10 get rcmainted with =11 practicable mairterance and repair
methods, with repard to the specific conditions of use and ntilisation,
to choose tne hacic ~Juipment that performs baet with the Flven
cordi*tionas
= not to a9tick to the nomrenticra]l repair methodm {n eAvme ther pa-
ba furnthan imrroved, brinsiay the ackeduled sutrmt ~s close to
actual remiirements aas possibley
e t0 work out lors and ghort term maintenance and repair achednlas
A" to provida for thei= financial and material falfil=ent:
= t0 Break An - the enhadnlar into workin~ Aervdema nvd to prevride
for their matari~lizatinr »s n' ~4 enanici*ies or hy mesre of
siprliere;
= to chec” and take over the reraira carried ou* by the suppliers
in order to be able to assume all current g arantess towrrds the user,
; Repairs carried out bv the own capacities should be Aone in a mality
as remired;
= 0 demand the atnoppase ~f work, the operation »f +hich imrolvea
hreakdom risks or jeopardi-em the safatv and kealth of emploveany

e to follow 1 the terhniral condi{tion of haginr amiipmert and 40

AR

utilire the rxmeri~ree for trs imprwoemant of m.intenance etivitiesy
e arsure thae oneratin-~ of 1vbriration yratamas

, , = 10 remove fajliuraa - nd hraskdowrs, if arv, ir compliance with the
i?': ' nwera? neads;

e = to commimaion hasic emuipm 7t ir nonformitv with the respective

’ technical »nd mafety standards;

= to disciarge further duties invelved in the apecified ncope of
regponsibility,

¢/ irventory cordition of basic power eomipment

- {tes usare

- servicing and maintenance




= utilisation

= teohnical condition

= the safaty operation of basic power emiipment,

Responsible im the power depariment, becauses it includes the
generation, supply, corisumption and transformation of specific

kinds of power, Tn omer to cover the abovementioned respon=
sidility, the department mist discharges the dutias specified

under point c/ {user) and b/ (matntenance),

3,2 Orgarizational Position of the Banic Bmiipmant Maintenance
Department at Various Levels of Organization

The scope of activities of the maintensncs Aepartment wil) vary with

the orpanizationn] level within the prodnction and economic unit,
Generally speaking, the higher the level, the more methodical activities
and the fewsr exrcutive taske it will perform, and vice varsa,

E.e.

o/ Tryst management

At this level, it will probabl be suitable to concentrate only on the
problems concerning prospective projects of repair systems, The develop=-
ment tendencies of the respective branch, production basis and supply
relations must be taken into consideration, 1n this case, it is
recommended to incorporate the maintenance department into the section
"planning of branch development®,

b/ Pnterprie mana romant

T™is level is remponaible for the condition and development of material

property adniniltration, and the character of basic equipment, That is

Why this level will deal, in conformity with management principles, with

the development of repair methods and provide for;

= subsequent check-ups in the plants

= the required control of demands and necds of the plants concerning basie
equipment by means of evaluation and acceptance proceedings;

= inflicting penalties for incorrect management and running of basie
oqutpont'

= analysis of indices of production basis and its management and running;

= solution of problems of Specialisation and maintenance specialisationg

= Some other activities,




Here, the maintenance department could be incorporated into the seotion
"Production basis development",

¢/ Plant
The plant is the executive agent, responsible for the operational
condition of hasic equipment from t.eir commissioning until liquidation,

This duty includes the observance of correct economic criteria and other

tasks in connexion with nroper maramement,

Mainternence departments ara included either:

a/ in the section of the deputy manager for productiony
b/ in the section of deputy manager (Technical ) or

o/ are directlv subordinited to the plant manager,

Sub a/ This is not usual, As a rula, this scheme tends to result in
the underestimation of maintenance work as against produotion
itself. We should generally accept the principle that it is not
advisable to encumbar and distract the production with problems

conecerning bngic equipment,

Sub b/ This 18 a mitable and moat frecent syatem, The Aaputy manager
(technicwl\, "mont nther thingm, is in charee of the development
of products as well o5 the production basis, “ramuently,
maintenance departments, in ~ddition to their own objectives,
are riven tasgks covrnectad with the mrdernigation of the nroduction
baeir, Therafere  4hn navanstion batwesn the twe components is
elosa, Provided thers are ~o00d working pre-conditions, the
maintenance departments i this orpanizational position cen

produce rood resulte,

Sub o/ The subordiration of the maintenance department to the plant
manager is the least frequent form in spite of the fact that
this organizational arranmement coul? bring ~ rmimber of positive
rasults,

The chief of the mirivtenance Arpartment, heine a2 member of the

plant man~oerent staff, can Airectlv exert irflusnce on such

tendencies that might impair the peneral lavel of basic amuipment,




He in & wellovarsgeq speeislirt wha can ersentially contribute
to solvire iganng conerrnine nneraticral Problems, He {a
therefore ahla te improve the malityv of Aecision-makine im

matters of Orranizaticnag] "rroncamant g,

3e3s Divisior of Work ~rd Tneme ae Co=nperation between the Maintenance

Departmerts ~vd Pouep S -g4am Imnartment -

——— S RS S

T™e diviaion 60f yark and resnonsi®itit e iy Yarpe plants is applied in the
suxiliary shops themsgelves wherever there ape serarate denartmenta for

meintenarce and pourr cystam-

Tn this ecose, the Aepartmente have ceptain Aiffarcnt aanacts whiech npe

to ba respantoed jn chnoaine +ha hrat orrerigatior ATTIncement

Pover avatem Aernrtnent - ig nn+ onl responsible for the condition of

benic powar equipment, but is also the main user of this equipment, 1Its
duty is to provide for servicing and operation, with the aim of obtaining

maximim efficiency,

It prapares lons term naran~ctive nplans of power reTuiremerts, auch aa
~1, current, hest, compraased Airy Vishtine cra, naturs) Faoy producer
rae, acetylene, oxrean, Arinkine and {nAdnetpin) ntar atr, Aa the pime
In eoneumption of thege erarpics vennlle apgndilq AYneneive {reatmand
experditure, the wnriring characgar of the nower ~vctem Aepartmant ) in

this field, ia t0 be braed on lore term nlanning,

The department desle with » medis Faving closae linkage to ntate rrarey
network, both i~ thpe coranumntion (fﬂke—off) 1m4 the eapnl of the plontte
OWn €xceqg: epercr {nte the phlic retwork, For theae reesone, the mphere
of powar s-gtamg ie subiected 45 comparativel strict state standards or
pudlic remlations, varticular’« in respect of genera] supervision,

inspection and ntilization of sources,

Similarly, to obtain uniformity ir plant organigsationa) standards,
the power ayster department ia in a number of cadeg, suborinated te

the maintensnce Aepartmenrt,
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] e Aepartment is generally the only methodiocal agent in
these fields:
=- obtaining basic cquipmant and recorekoeping

technical data records of basic emiipmant itemas

inventory work concerning basic eriipment

handling of basic aquipm 1t items thet ape superfluous, unusable

or temporarilv not revuired

uniform finarcing of miintenance, repnirs, ete,

The main ohirctiva, that 13 the operationil eanability of basic
equipment, is the game in hoth departmenta, Tha functions of the
departments aire therafore to he regarded as an integrated sub ject,

Their activities should he covicertel one with arother,

3.4 Main Crganisational Principles of Basic Fruipment Fconomy

Organisational Arrangement of the maintenance department is dependent

on spacific conditions, Thesge are: production type, plant sisze,

number of baaic eTuipment items in individual clagses, repair intricacy
and specific amount of ATK, ame of baaic emuipmant, reneral schemes of
production attendance and standards of servicing rendered by manufactur-
ers, etc, Tharefore, it is very difficul+ to draw '1p a type organisational
chart of universal applicability, Nevarthelens, we can adopt some general
principles based on practical expariance, The main working purpose of
the maintenance departmert ie +o0 +ake care of bagic equipment, This
involves a very large scope of acti- ities which basically include
measures aimed at ensuring proper care for the most important parts of
tangible property,

T™he organisation will therefores be based on the following;

= activities connected with obtaining (purchasing, etc.) of new or
seocondhand bhasic emuipment

= national ecoromic recomM-keaping of basic equipment and filing of
documents

= Preventive care aimed at Mminimizing repair needs (retardatlon of
wear procesas)

= application of suitable repair methoda which remove wear consemuences
and create optimum conditions for this work (economic relstions to

financial expenditure




(financial repair plans) carried out by the plant working capacities
or by suppliers

Preparation

= modernization of basic emuipment

= restoration of equipment by replacing old one for new units with
regard to an investment construction plan

= handling of superfluous, unussble and temporsrilv not needed bagie
acuipment

- gradual Tiquidation of basie emuipment

= repairing work properl.,

Dve to the amount of apecific Jjoba, the organisational scheme will have
to underso modifications go that ‘some jobs will be performed by cumulated

functions ang others by individual persons or departments.

3.5 Brief Classification of Activities of Basic Fquipment Maintenance

This department covere 4 wide range of duties, 1n addition to & variety
of repairing Jobs, it provides for o mumber Af nonemaintenance activities
(not sovered by the atherp dornrtmnntﬁ), fUch 18 eraction of mrchinery and
#m™ipmant, memifactnpe of PIart irmregtmant "rita, co-operation with the

tachnica) Arvelopmang dnrwrtment, ~ e,

Tts work mav he companiant].- divided ags

a/ Aocording to_type of werk

= maintensnce activities (maintenanca fund )

= NOne=maintenanca "Ctivities (inveatmewt means )

Y4 According o ~xacution method

= realizrtion by intermn) meane 'plang capacities)

= Prerlisation at an external supplier
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o/

d/

r/

- R e

Accoggin‘ 10 axecytion system

= schednled Aytiag

= non=xchrin’erd 4,t{an (failursl)

Accordinz +r v-ivnme

= inanp~ctinyg

= accenr~ey cuecving

= aMdiustnert of fuaeione or geometry

= Temowval of pottr defects

= minor . \jpn

= medium repripe

~ overi.. ule

These intricoie and varied activities can onl’ be performed by o
wollec-panigal der-rtment, in a oomplex way, as indicated inm the
following;

Activitien o1 Mt Proper Mdminietration

= technicnl cpearatiye rrcords of brsic ariipment

filing or technics) Ancnmangatinn

= irvertorr Autien ronerrning bamic a1 pmeant

stotiatioa ~md .

1

= evaluating of aCCynt yrp dats
- evaluatin, af cecromic reaylte

Wetnrﬂytiﬁq nf nhyeiral woap [roceseag

- adjngtmant o ke furations and nperation

~ cleanjin~g a9 Lrrication

~ improvement o* cyrrateral g lifination

= oortiol of effictn *anding ¢ *paed np wear (mechanieal amd
atmosyt wvie ffintq)

= Mhlicit of quver anpa for baric acuipment

= 2AJustre ats or o ranpements Prolonmating servire 1ife of hasic
emuipment,

Development of +ho ‘rchinical copdition of bagie equipment - gupervigion

= checking of cpersto e work

= checking of the techr:-al condition of basic emuipment
= ingpection: remir.4 ' ctandardg

= inspecticns /fire nrevantic hygicna, ete,)

= functicnal and Anaration ‘tents

= evaluation of fiiliirec and breakdrme

- evalnuation of caumesn of exergnive wear
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R otmilar cemplar appioach 1g reqiired frp the fellowing flelds,
= remeval o. phyiinel we:. r coneemuencen
e 1°M0vn. of 1rtrgidie o.p S L LT JE LY S

< PFOP P mwnigv at of VASLC eMmiLpmant tranafere

techniea! ap. SPPLSS L 100L L Mo ong) g aimed ot riging

Gualits of pepajs o e

= planniv~ ung Firancing

" renewil ~f Lagin eruim Apt,

Dependineg » ¢ . conditione in whjemn the maintenance of bagie
oouipment 5 carpja ©it, the claseification ey be medified in
order to comply with :je Faneral olacsification of the organisation
ooncerncd (enterprie: s Plant),

3,6 §pgg].“g ation and Centralis tion o

In detemining the ormanisational met—up of the maintenanee dw.
we should bear in mipg that in every entarprise there are basiec
*Mipment partg that =pe yged by more departments or sections, e. g,

™ Ae, boiler houses, power RYSteams, comminication facilitinl, ete,
1iintenance o gu0h tasic squipment should he ocarpied out eentrally wy
Inacialiets fo: tlie different types,

inis approscn may lasd to the *steblirhment of ocontraliged repair

iep:nrtmentl, takine advantage nt Specialisation and oentralisatien

faeilities such as:

-~ medium renair shops for machine tyole amd shaping machinesg

= Tepair who, 3 for 1i0iry wra Lalliing equipment

= repair shope for electrical *Tuipment and eleovtrical deviees

= repair ghopy ‘op business machines

= fittery workshops

= 8pecialized vorkshops for building maintenance (Jotmerrsy, isting,
Plumbers! rhopa, eto, )

Besidee these specialised centres, the maimtenance department covers
all the administration of bagic *quipment, filing of doe\a.ntaﬂon,
technical breparaiicn -~f repsir, (design, tcohnolog, process sheets,
tasks), 1In addition, handling of Superfluons and unusable basic
emuipment parts, lubrication technifmes, cleaning of machinery, storee
2T machines and spare parts, inspection of machines anpd eTuipment, all

recoMe and economics roncerning peapatir work,
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Correctly established specialigation in maintenance work and itse
oontralised practice will essentially influence its efficiency and
in many caser, will enable its oparation st all,

3.7 Formg ~f Qrzanisatjonal Seteur of Maintenance Departments

The preceding chaptars Sugzamt thit the eetablishment of an organi-
sational scheme for the mainrtepance of bigie emiipment in a production
pPlant im ro easy mattar, pAa , mttar of fact, there are too many
aspecis, often ~onfliction mee, and mu'ti-stage sophisticated
interralations that 1rs ta ha considerad hefore we can reach a

eonelanior. in tnis ~espe~t,

Expart sourcea and our fXparience suggest three dasic organisational
forme;

= oentralizad

= decentral igad

= sombined,

In ordar tn be able to eome vicoassfilly with its tasks, the

maintenance depu=tmant of hogic eminpmant should be orpaniged mo A

to provide forg

= wniform maracemanrt of reproductior proceaeses in conformity with the
Aevelopmant of production bamis

= orgenising of reapair wo-k in compliance with principlen of uniform
methodice

= oencentrrtiorn of repair worky oparative measires eoncerming the
teehnical conditior of basic aquipment

= specialization of melacted activitien

= pre~corditions for svatematic unification and tvpification

= 8imple management

= @o-operation with production shop: influencing the process of weay

= observance of principles indicated in state standards

= sudbsaquent chocks of aconomic results,

In preactioce, i+ will be necessary 1o compare the abovement i oned

organisational arrangements a0 am to decide upon a form whioh weuld
zive the dast results,




Por some organisationg i¢ BAY appear;
o Iadrly edventageous to adopt;

nienance which facilitates oonoentrating repair Jode
and a better utilisation of ladour, Centralised departments make use of
division of work amd thus can rajige repairing productivity and quality,
The Tresponsidility for the condition of bagic equipment {s olearly agsumed
by the maintenance department, Their duty is to provide for adequate
productive capacities for the pProduction section without imolvtng
oompliocated prodblems,

™e people under this system are in Tespect of methodiocs and organisation
directed by the saintenanoce department,

in the organisation of production shops, e exietence of oqui pment
beirg used in common by eeveral workshops is gonerally bound ¢o inpair
2o definition of decentralisation, The assertion that maintenance weshk
sudberdinate to production seotions becomes more operative is not tenadle
1f wvo realise the maintenance ocapacities 1% inevitably entails, Alee,

heir frequent divereion to productive tasks ot the expense of tae preopey
oare of besio oquipment,

Jobe,

v e sxiteble snd scually offiojert 1n seme cesee te iy
mmm:umm eich would cenbine

the advantages of centralisation and denentralisation and elininate thety

drevhacics,

o/ Similer advantages may offer also o

m_m W means of seotienal saintenance depariments, the
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Part 4 - Determinaticn of Canacity of Basic Pquipment Repeir Shope

To maintain basic equipments in duradly goot service corditions, repair
shops ~re built, These may ba constrcted to attend one factory only,

or an nisociation of » number of jdentical factories thus looking after
equipment t-ay ar~ able to follow ¢ ~sely in the mener of the foregoing
chaptern, mcre or lesg, u., ARy won AGL AT it 1ependrt units whioh oarry
out maint nsnc: for a nmumb-or of proprietors of tasic eqiipment, their
planning beinz thus moco difficult, Thst ta why; repair =hops operating
i1 a broader tield of ac’ion in mosi canes are specinlised, For instance,
in electr ¢ roiors, trarsformers, motor cars, agricultural machines and
1ikowise, O the tase of the glvnn agmortment of amiipment under repair,
31 the voluma f repairs, project dsrcumentation would be elaborated for

+the arection of tha shon,

"1 Baric Dot
"he repairinz capreity of tre shop i tha main characterintic feature of
the plavt, Vith the nim of its detarminntion, definite besic Aats am
‘nfomtion~ are tn ba providel ard ~1aborated beforshand, This will

110w 1he deuigmer to calelate the necaesar: ~mber of workers, productien
. vehines »nd emiiy ent, the floor areas for production, administration and
1ocial irst~il-tiung, the cliims for erection aites, miter transpo~t as
vell =z, the mace v rv nrodurticn mrtasials nd erer~, The rood mality of
iRl Farie At gun erenily irflunren the realizaticn of irvestment items,
and abuve 111, their esonnmic affact, In proouring such dasic data, one
mist procec i cmtiously “phing o tieally 111 condi icrs that will
influance *ha foture nlar-, Por *his, 1 thornurh knowledew of techniecal
‘md eonnomic moormstern oo well amoarn objective ryaluation of actual

conditions . inevitnble,

“he fcllowin” cnap.~r3 contain suck claime, as far as basic date are
concerned, tliat are decisive ?or the most part, The enumeration of

these data in not exhavatinz, as it 19 nacensary in mome cases to make
use o indivilial methods, S3n~h a came ocfcurs for instancs if the assord -

ment of parts to be reoeired is rather variatle, the Aemards of the

customers irregular, if very complicated production or teating devices
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aFe nocessary for the execution of repairs, if traffic sitwation and
the poseidilities of precuring produetion and surilliary materiale or
similar condition are difficult., 1In order to make better use of it
eapascity, the repair shop iteelf may produ.e some of the devioces
neoossary for different purposes (especially such devioces that are
wnique), usually according to tech: .cal drawings Celivered by the
oustomer,

4.11 nd_Iepe A \ ,
In ereeting a repair shop, w must know whioh articles, in what quantities
and at Which time periods are to be repaired. Such data may de obtained
mest casily in factoriss having a system of planned, preventive repaise

of baaic squipment, Pvery item of the indsx of sachinery for whieh

the repair shop is bound to take ocare must bdear the data concerning the
mamber of complexity units, the category of repair oycle ard its peried,
In the adsence of such data, it is nevessary to draw up a list of equip-
mont 40 be repaired, specified according to types, (which is poseidle te
4o in speciaiised shops), or representative items, every one of whieh
represenis one group of similar parts from the designer's peint of view,
Brery type of representative item must de accompanied by o number of
Ppieces t¢ de repaired next year, In some cases, this number may e
replaced by the finanoial value of yearly repairs,

+y
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T™e more diversified the assortment of the repaired parte and the sspe
irregular their supply for repairs, the less reliable the ecstimstion of
uiilised capecity would be and the —~eater the predlems in chessing
machinery with respect 1o its reasonabdls utilisatien,

4.12 Tim raserves and working ehifte

In determining the nusbers of productien workere, sashines, oo wll a0
the mamual werking plans, it is necessary te eetadlish the se-called
offostive amwal time reserves beferehand. These imdicate the musbes of
hours in eme year worked by ene werker, one mashine or one mamal werkiang
Place, wnder nermal weorking conditiens,

Teo caloulate this, one muet know:
o/ the mmber of werking days in ome yeer (P)
3 éuretion of ems werking shift im heure (1)
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the mmbor of daily shifte (o)
averaze duration of the pair leave of abeemos in workere, in

days/year (D)

¢/ 1the average losses of working hours in % caused by illmess,

2L

Jestifiel absence and tire losses caused by renair of wasters
ocavsel by the woriers (s)

£/ wwersge 10s8es of Luc #URINE v.wd Of Macnines caused by the
neoesssry mainieiarce, They are astimatad according to loeal
oonditiors 117 of the « srrrall actual a.wmal oapacity (u).

The effective rnnual time remsrvas ara then ralrulated from the
following equations;
T™e effective anmual tim: resarves of - workew
2

Ea «=h(P-D), (1 -T(-E\ hours ir = year
™e effective anmial time rererves of - machine working place

! ,v;‘L ) ]
E. e h,8,P '1 = 100) houre in tha yaar
In manual working places the napacity losses caused by maintenance fall
off (u = 0), 80 that the arnua time reserve cquals to

tr = h,s,P hours yearly,

4,13 Co-oprraticn porsibylitises
T™e economy in oparation of reprir shops deperds >n a good and uniferm

use of machinery, Special ~t.ention "mat Le given to axpensive machines
anl eqiipment . tnsue bainc renerally voluminoms machine tools of heavy
duty mpecinl rachines, [i {3 nececsar to make gure, after analysing
the operation progiam ¢ T~ maac o wang 4f petaibilities exist within
the given ajlere o place an order tn sccomplich such operations in some
®ther faciory romiescing the veccecnry s~uipmant, On the other hand, is
1% poseible *o irmprove the tilizatior of onets nwm rroduction memns by
carrying cut y:..riisl cpearations on tohnif af cyternal intareated parts,
Similarly, ‘t =5 reresacry to 12cide in whirh i'ay ‘ha repiirs of sophistie
oated mersurings, ocntrol ard »utomatior devices are to be secured whioh
neoegsit.te the: usy of vary expensive controlling and messuring devioes,
a8 wel)! »= cypeartn writh high terhniecal dqualification,
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In weing such measures of course, the readiness of the operational

management of the repair shop is rendered more Aifficult, On ths

other hand, improved economic results =pd muality of the axmouted
work improves in forvour of the customers, ®pom - mblicity peint of

view, this im verv =4vantnpecna,

Tn thim vain, it is necemmarv to review the possibilitien of securing
semi-products such as ocastings, forgings and stampings from Aifferent
metala, as well an standardised and spare parts ant implements,

The volume of these operations contrrcted with nther factories reduces

the demands on the capacitv of the repsir shop romcerned, M™is reduces
also the irwestment comts for machinery, operation areas, the manpower
and individual professions,

4.14 Delivery terms for meterial, spare perts and stardam parts and {eelp

Trouble«free production snd reasonable current repsair terme remiire in

addition, a timely supply of production and aurilliarvy meterialas and
acoessories, of spare parts and semi-productas and standardized parts,

as well as of operational tonls., This continuitv must be secured by

means of properlv dimersioned 3tormas, Thair size dependa partl - on

annual usage of individnal sorte and on variety of assortment, Also, on

the terms of delivery necessitated by the suppliers for carrying out the
order, and frequentily on the limits of the oontractor fer minisus
antities of individual -oﬂl: Large stooks are of oourse a good
gearsntes of a oontimnuous ~peration bdut they require mere sxtensive
stering areas, Therefore, being mer~ sxpensive from the investment
Point of view, binding more substantial financial ®eans, With some
seris of articles there is alsc a danger of quality dsterisration ewing
10 a leng lasting stering. In case of low stocks, there is a risk in
the contimnuity of the operation. There may be interruption in case eof
ROR-observance in the time of delivery frem the side of the supplier, o
out of transpert metives, or the prolengation of the contimuews repair

porieds, Kemee, cutage time of the equipment in repair shop and with
the custemer,

These are recsems Wiy it 19 nseessary te pay fue attention ts the time
of delivery of all material asens, When investigating the ecnditions
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neoesesary for building a repair rhop, Canerally, this imvestigation
results in all charecteristic individual types of demands the necessary
saximem weights to be stored are to bde stated directly or the perieds for
vhich individual sorts of mat~-rials must Le stored in case ef regular
armmal consumption without the necasesity to supplement the stored

quantities,

4.15 Technjoal termg for the epecytion cf rer-irs and their tegiing
When repaired psrts leave tie shop, they must comply with technical

conditions, The.e arc s sumary of requirements bused upon the running
qualities of the machi-e, th~ careful azxecution of ropairs and the
external finish of the .achine, Thase conditions either coincide with
nermal conditiona for naw instaliationa or are elaborated separately fer
the repeir shops according to their purpose and importance of the
installations, Among the technical conditions and from a technical
stamdpoint, particularly important are the requirements concerning the
scceptance of testing materials { here and by what means), inadmiseidle
eperations (for instance baking of material, pickling), heat treatment
and surface finish (kinds of coats, number of layers, coloured marking,
insoriptions) and tha list of cherking operations before finishing the

repair,

On the basis of terting and inspection conditions, the claime are
sladorated for implementation in testing rooms, their areas as well e
power inputs, In this raspect, functioning tests, ~utput tests and very
often, ale~ *ha safety tests (pres ire tests of boilers, pressure veesels
and fittings, centrifu, . . av3a vi :vtors) musi be considered, When
imvestigating nonditions needad for the arection of a repair shop, it i»
nooessary to la. down whict tests are posaible or indispsnsable to be
earried out in such a repair shop and which of them will be executed wnder
the swpervision of experts of the repair siop, in the roems of the
oustomers, after the assembl has been m.de,

4.16 Reayirement of the rehabjiljtation of perts.
Rehadilitation of wornout or damaged pieces are made by ccating the plese

with a layer of metal using a convenient methoed), by metal spraying,
electreplating, or any other corwenient method, The pieocs then is being
sschined to original sise, For such repairs, special devices are needed,
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therefere the decision as to hether removetion will be made in the
rogair shep or net, is a mattsr of the original design desis.

Dependent on this decieion are economic questions that ey have a
varied effect in different domains, Generally, it ma, be said thet
conemic gain from renovation will be greater when the material
oemponent of the price ie mure pr dominating, or the more complicated
is the repaired part, Moreover, very important may de the lesses in
eases of machine breakdowns or should ths delivery time of new spare
paris be extremely long.

Cenvenient for rencvation are heavy or ineufficiently machined paris

in metallurgiocal engineering, chemical industry, irdustry ef wuilding
materials or perts from large lots or line production, where the
machining costs are insignificant owing to high mechanisation, so that
prices of the spare parts are prevailingly determined by the prics of
basic materials, It may be advantageous 10 renovate parts destined fer
older typee of productions, for which it is impoesidle to secure spare
parts frea rumning production, The renovated paris are then usually
less expensive than new paris manufactured individually om universal
sashines,

4.17 Climetic copditions

As far as the influence of climatic comditions of the regioen en the
designing of industrial plants is ocomcerned, the greatest impertance

have the annual variatione in temperatures, the relative humidity, as
well as the rate of precipitation., Since these va.ues usually vary
greatly, it ie necessary to consider the past recorde and the registered
absolute saximum and minimum values, On the base of these valwee it is
possidle to make the cheice of the valuse appropriate for the caloulations
in the prejeect,

Partheornere, the predeninant directions of the winds need te be found amd

iR 00me cases oven the anmual development of the atasspheric pressure,
Theoe values are wsed in caloulating the ventilation and the hesting
imstallations, alseo in the design of air-comditioning plants., Deta

oenserning precipitations are necessary feor sewsrage pre jects,
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4.2 Deternination of the Capacit- for Repair of Nechines amd Beuipment,
4 3 4 we

The task to be fulfilled by a repair ehop is usuall: stated in terms of
emmwal production, thus representing ite anmual capacity., Thie capasity
18 expressed in different ways, acoording to the divereity of basie
oQuipment unc.ur re,ai. ..l its character,

4.21 Nachinee pnd Fi: ivgant,
The repairing capacity is gererally given by a mumber of sachines and

equipment or by a finzacial value of the sxecuted repairs, If s syeten
of planned prevantive rspaire is eatablished in the factery, the capasity
of the repair shop 18 characterised aleo by the number of wnits Seing
sorvioced annually by the chop. This number expresses the amewnt of werk
roquired in repair work, Ths anount of work needed ie sxprecsed alee by
the eapoity of the repair suop in man hours werked anmually., This may b
iadieated separately for mechanically and fer mammally eperated working

Plases,

4.22 Nildines 2 piryotur-s

The sapacity needed for buildings and struetures repair, deponds, emsept
for the dasic equiprent, on the quality of materials weed in eeonstrwetien
amd te a large extent, on the climatic ronditions in the region, Leng tesm
foresasts are unreliable a.d1 therefore, the volume of work is determimed
By & rough estimate of annual eupposed costs (expressed in finaneial wite)
for the maintenance of buildings, From this, the number sf hewrs werhed
ammwally can be derived,

4.2) Qther Tyrvs of Paxi: I;uip apts.

In thie greup belor: mainl. the lines (external service 1lines), wter
werks, ships and the like, maintenance of whied is, ascerding ¢ eirewm~
otanees, either maintenanca of technological or structural oquipment,
In & mamber of cases, it is secured by oentracts,

4.3 Salowlstion ef the Dewind for Majpewer, Nachines and Onsraiiss Arsss

T™he main factors in repair shope are the manpower of differesmt sixtille,
predustion machines and acceesory equipment, as well as the werking,
edmindstration and social areas. These facters are in eertain relatien

%0 the preduction taske of the shop, having been derived frem thes
asoording to a met)rod stated in chapters 4.3 amd 4. )3,




4N 2 the Necessars Manpower,

Preduction workers (manual and mechanical), overhead workers, technicians
end engineers, as well as administrative workers, are calculated
separatel -,

Wher. calculating the necessar numhers of pruduction workers, one starts
from the proposed anmual :eed for piecework hours resulting from the
planned ‘agks of the repair shop, Vlorkers having their permanant working
oites in the repair shop and workers whose dut is to carr, out side
repairs, most ‘rejuent! ir piaces where the repaired machiners will be
installad, are considered separatel , or the latter group, no machines
amd no producticn areas within the 3hop are needad, Jince we rel on the
fized times, we must verif the way 1in which these times have been
deternired ‘v, a detailed calculatiorn, on the basis of statistical data,
tArough estimates), According to that, ore determines the go-—called
soefficient of overfu filment of task time etandards (k) indicating the
retioc of the number of task time units (seconds, minutes, hours, necessary
%o carry out a given operation 'Tn) to the number of time units that have
boor spent to execute the actual operation (Ty). Hence, the coefficient
of the overfulfilment of task time standaris ma be expressad o0 a relation

ko —e————

T™is coefficient ma ‘var s1t- operations and depands on the method used
t0 determine the time Tn' ov professional skills of time keapars and on
e conscientiousness of the workers executing the giver operation, When
Wojecting, one usss generall the arerage value Ky which is given b 4¢he
relation

here Tn represents the total of all task time standards in the annual
Nan and T° the total of hours spent annuall %  the workmen carr/ing
out the planned tasks,

™e number of production workers (working on machines or manuall ') must be
olassified according to their individual professions and qualifications,
Bawirg at our disposal the detailed data on standard timee ! from which the
tetal number of standard hours (Tnp) for ever professiorn and every
@alification class ma. be fetermined), the total number of necessar-

workers in each professior and qualification class Dp can be calculated

s




frem the fellewing relation

On the dase of the fundamental data, 1t is not possible to determime
the total number of standardised hours Tnp for every profession and
overy qualification class, one mav ascertain the total number of

production workers Dv M7 F R - edion
Dv - Tn
Y o F
3 d

T™e distridution of production workers into individual professions and
qualification classes ix made 'y neans of calculation ksy dstermined en
the basis of the data obtained either from some similar sxisting or
projected plant, or if need Le, b. ar estimate made b. experts,

The number of overhead workers (storenouse and transport worksrs, teole
iesuing workers, tool grinders, luiricators, upkeepers, supervisors,

ad justers, charwomen, errand-bo 8, eventually of other hands, according

to the character of the working operations) is ralculated in accordance
with the character and extent of tha operations and cn the basis of
practical experiences, The number of stores workers is determined, for
instance, with respect to the annual turnover of materials that are to

be handled b, the gtorshouse, the numbaer of Crane-operctors aceording te
the number of cranes, the numbar of lifting truck-operators according te
the loading capacitr of the .rucks, of their speed and on the basis of
tons/im handled annually, The -umber of tool-issuing workers and grinders
is oalculaced according tn the nus er and kind of machines operated and
the number of manual working places, Gsettars, lubricators and upksepers are
ealoulated according tu the 1umber of machines attended b them and the
mamber of supervisors according to the extant cf the required inspection
operations, and so on, In eome cases, bemides, 1t is possible to entrust
one worker with the execution of more functions simul tanousl v,

Nowevsr, in projecting, we sometimes do no* determine the number of
overhsad workers b using the described method, but estimate them,
aocoording to cur experience, as 1 definite percantsge of the number of
production workers, This percantage depends chiefly or. the sige of the

Tepair shop, on the weight and the dimensions of the repaired object amd
on the technical cutfit and organisation of ths plant,
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The nuwber of techriciar- anl rnginiers as weli ac sdministra:ive
woerkers are calerm're’ according vt *us orgatisation of the sbop in
such a way, that for each group, aceording to the extent and the
cnursctar ol the allntel ts k-, tae romle- anu proressiosnal skill of
the worksrs is delerm no?, Thi= crlaula'iom i3 Lasasd or rractizal
cxperieaces and floet vy A ained in camiiar paaov., “annrally, it

may be a-ii that *hs Lirier ‘s thr love' of orgrnisation of productien,
the higher is the reiciiyv s number ¢f t:iniciara and mgiresrs required,
Even here, it mic* be coroide.ed f mom: of the Panctions could be

combined ani 3axec..ed hyv 0.e sOT.sP,

In proiiminary deev 3y, Wz oawevers of aciriciene and engineers mav be

catimated a3 a pa centug. ¢ iriated fowm bkt wamber of prodwotion

orkers and tue number of adminisirative workers as a reasonabdble |
prarcentage M1om the 4otal workers, )

cesidec the :ntesuri s uf .orkers asncioned above, hich participate
va the preiuction process - taeit individusl skarseg, one ray encounter
+N G0me cecnes such catl.gui.~s ¢f workeru, whose duty ie to take care for
e tecinical trel L 00 tie >orsocrel or thei- pecsunal reeds (for
in@Yance, acsomandation, phit ~mi eultur~, haslth cars and so on), The

/wnber of these emric ses 1., ir all insiancrs, deter-ined individually,

n casee wher empln »ant of w men -, ut he coniidared, it i3 necessarw te
secify thelr vwnher in sach group separstel , ‘o calcula‘e thoroughly the
number and sisze of s3c:i-1, I - -ic .rnd sanitarv installations,

7432 Calcylatine of iichines.
111 machipes in a repair shoy car te divided .nto two groupss

a) Production macnines and eriipment cnaracterigsed by the fact that thay
serve Lo (arry out oreratiors om units te be r:pairnd, each of them having
ur:s Or more workers pemanertiv a.ta:bed, Their worxing taiks are
Letermined b the production t-r. et of the repair, ond therefore, their
Junbers and e2rts ray be fixed by cal-u!“tisr, This number can be
designated s 3 SV.

b} Auxilliar; machires snd o ui,men: serving the p.oduction workers
{mostl, mamial or assembi; workers) to carr; out -ome operations in their

repair activity (for instance, haml presses and shears, bench grinders
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and grills, two-vheel grinders aqd poli-iing machires, filing sachines,
ete,) ard overhead workers in maintensnce And siarpening of teols,

These include other machinas serving to carrv sut rerhead work. Their
tasks cannct ba par-d and tnarefoin, taeir ~umber ia impossible to
determire by rilcuiatics.  The numbe:r of aurillia.v macnines is desi gned

by the s mbdni e

In ealeulsting ‘he nuine; . Producerdn umchines, v .tart from the
dlanned annua! demund for ri.ed sachi-e hLouer, caled’ated o the basis
of the t-=ks ' the rewa,. 'op. e ia seleuliting the number of
Production werkers, ws i ' ‘14 Gepes #re tne valur of the coeificient
of ovarfu' "ilnant Job cime suendards, Tr s coeftioaet is danignated

as k|,
[ L)

The number as el, sa the categiries of Lro’uciior machines must alme be
caloulat~d. f we hase 1t vt disposal the “etailed data concerning
machine time standcrds, the total snnval nwabe) of the rated muchine hours
for each type of smch.n» Pnds can Pe caiculated ard one may detearmine the

namber of indiviius’ tvpa: of maciinea [vem tra rela*ion

Tn meut rases, 83 cal “ulataq nabsr of mecnires - & decimal number,

The attual nurber must “a ~ounded o~f tu the rext higher mumber, or {f
shere ars mer~ tynes :it:'n .he Zooen catugory of mochines (for inetanes,
lathes, millirg machines), we moet rd) the decimal frintior to the numbe:
of machines *hat .ms heun dete, W12d 1r tee 5aMe wa, 90 tha next greatar
type dn tre e gr - w0 i, i aiee bo enlyued by choosi.g
greater [ .rrers .7 ahj "te for .he €iser ryp. thin thome corsitered ir
calculating tle effect, ve 1ime res (v . 5F th mac, ires E.. T™is method
may be chosen particula | s n tha _ase » " gn ~“fp Ay macnine, If we

€t 3 smaller u e than 0,5 a8 = recult o, ‘ne ralruiat.on, we mast
oarefully coreiier ir “he #1:8n 19chani~il opereticons cen be substituted

¥y ethers (pusmib] usirg apeasial fixturec’, or iv it is possible teo er: -a
swoh operations bv extairns . Sc-opar2tiva,  Afte. having detarmined the
specifications of ine MACILI03Ty, e check the average utilisa‘ion for eacn
ETOup separatel . (mechine tonls, sheping mrchinss, Reat treatment furnaces;,
The degree cof utilisatier e eXpressed b/ a coeflicient 'e' that can be
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ocalonlated from the relation

e - ""Ifl——' here

8
T.“ e« the total r.umber of work~d hours on all types of machines
in the given gouuy
3 ® the total aumdr= 50 ;- c:tel machires in the given group

l' « srmal tine recervas an e ihines,

The wvalue of the roc ficient shimld rot bs prrmitted to drop under 0,65,
aw the -mall degree of vi1lira‘ier of me. 1anical capacit: of machinery
could decreass the w«rcrpai - s.fe tiverness o the ‘epair shoy,

It is impossibie t) “mtermive the total weber of the standardised machine
hours for ever; tvpe o1 mac!iery Tndn on tha busis of the 1nitial data,
The total rumber of production mechines S rust then be calculated from
the relation

3 - ‘: oy where
[ |
‘l'- e tetal amwmal rnumber of standard machine hours necessary to
falfil «]l planne! tasxs
l. e the avarage coefficiant of ovarfulfilment of time standade
E. ® the of "ertive anrull tine remerves on machines
v & the avarigy coeffi ient 9°° annua! utilication of working time
on production machirery,
“1e mumder of machines in 1ividual groups { 1athes, mliing machines,
et..) is dateimined b, means o a saleuia‘ion e, fround from the already
existing or proimc.ec Blat~, » * =r agtimate made by a specialist, The
Aeterminaticn of .h» tyres of machirae in individual groups is made by
unalysing the sise f ccnanny of parte that would b machined,

4.33 Caleculaviun of Aress

The areas are calcaiated sesirately acoerding to the fellowing ocheme;
a) preduction areas for machines

b} producticn arear fn. menual amd sesembl operations

¢) suriliar; areas

4) administrative areas

e) wsecial areas

In erder to det:mine the apprezimate preduetion aress for ssehines, wo
must start “rom tie mmmder of preduction maehines and oquipnont ascertained

-~

-






W

I o°p Mg ol ol o

= ap NN - —
== =N

CEFE

w_mm_w....-t




. ) o
A isopeinetats

i e

Boacm, b
- A

by & capecity calculation and from the 80-called specific area, which
is the ares in 8quare mcters alloted to ong macaine. This specific
aroa includes, besides e Place ocoupiec by the machine itsslf (or the
equipmsnt), aiso the arna necaasary for the 3torage of the machined
naterial, (ool calinets, operatiorn Ar-ay a2 well as the necessary space
between the wachinee, waila, colomme op r2asnres, The absolute value of
the specific area deperds on the si;e of the machine or the equipment,
If designated by symbol fr’ the total prodvetion area of machine F'. can

i

be calculateu trom “he reltion

Po *  f..5 lina?)
In projecting at iarse we cheex o deteriined produstion area for machines
by drewing in 211 .he machiines ard acuipment to the proposei plan of the
‘ori.shop, while reapeating the safely regylations concerning space betwean
machines, wallk, columns and Passages (at eventuai consideration of moving
oF pull-out parts of the machinas ),

He proceed gimilarl. in uoinrmining the sise of production areas for mamusl
1asembl operaticns, vhere wa substitute the number of machines by the
‘mmber of manual vovi ng rloces R, and aralogging the specific mechanical
arxa by the snceific aron fer menual operations f‘r (this being in mz)
sorresporiing in average v ope marual working place, 1tp absolute value
is dependint on 4,4 dimeusions nf +he unite to be repaired (mainl,y
irfluenced by claims laid upon “he ussembl and dismantling operations as
W3ll as the extent ot e rfoce finiehing requiremente), The sige of the
manual production area P‘r is culculatgd from the equation

Fooom £ 00 Unw®)
The examinatiun of ,r. f Vaublidoa uI0& iB necessary only in specialised
repair shops where lins acgsembly igs made,

The total ianual eng «echanical production area

E + F. . P
8 r v

reprogenis the total producticn aren., Thie area influences to o sreat

axtent, ihe output of the shop and represents therefore, an essentiasl
part of the total floor Space,

T s T e T e W )
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The dimensions of the auxilliary areas are determined considering the

following:

a) 3torshouses for asic and augiliiary materials {metal lurgical materials,
semiinished products, spare rarts, atardardizeq partz, subcontractor's
iuppliea, raterial for maintenance of the répal - shop),

b) Spaces for accepting parte 10 he raprired and nxpaditing of repaired
units,

c) Storehouses for parts destined for 19paire and ‘or intarmediate depots,

d) Tool-issuing rooms.

e) Tool grinderies,

) Main passages.

In some cases, it ix fAeoczsary 1o ensure the mpace for storage of other
materials, such as fuels, Jiquid combustioles, compressed &ases, models,
wastes (to be recoverad Or not) materials for construction service,
eventually other substances according to local conditions.

In caloulating storage areas, we start from the maximum numbers of items
that are to be stored at “be 2ame tims to mecurs the continuity of
vroduction, Thege items are divided irts characteristic groups in
accoidance with the method of their desposition { for instance, in heaps
on the floor, on *re~shared tool atands, shelves, on pallets) and then
the average weight of the stock vard an tona/m3 for each kind is determined
= dyqe Acoording to this value and the permitted loading of the floor (the
loading capacity) n in tom/m3 we caloulate the allowed storing height
vq from the relation

Vd -~ n in a,

%

In some cases, when the loading capacity of the storehouse is linited in
advance, as for instance in stores on floors or on the ground floor, om a
ground with s low loading capacity, we choose the storing height and
prescribe the load of the floor of the storehouse.

) § ¢ Qd indicates the weight of the material in tons, to be placed in the
storehouse, then the necessary useful storing area for this weight ie

rd ® E in n2

%°va
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In some cases, it is posaidble to calculata the necessary useful storing
area from their cubic capacity, 3¢ it is, for instanca, in ocases where

units are supplied iond stored 1n crates of krown sises,

After having ~alcuiated in thir wey the useful sioring wreas for all
groups of units cowiiag inlo ¢ il .raliva snd summeng them, we get the
total useful areax ® in ma. fo ti.r, the pasaage nroa (which depend on
the handling equipm;m't used und the layoat 0of tvhe ctorehouse) the floor
SpaOe necsssal’;y 100 “ie acceptance nf miterials @which depends on the
maximum daily rupply and diversity o scsortment) wnd the area for
issuing materials (. hica i3 lependent un the maximom Anil- issue and the
diversiiy of assortmeni) iust be adderd, Alter having added these areas
together, wo get the total operating storing erea F‘o in mz. The total
operation area of the storehou~e is then

Fc - Fu S F‘o

The relction

P - kv
Fc

im callel ihc ooefficient of utilisation of the atoring area, 1In the
sure wiy as the inlex of utilization of the storing ares, we also caloul :te
the average load of one m2 of the total storing area

" - Qd___ in t/ 0’
‘Fl
c
By means of this irdex it iz almc possible to determine provisorily the
sine of the oparation avea of the mtorshouse dy estimating it on the
basis of evperience, Thc luc t‘c ~ay bs calculated from the preceding

formula,

The area necessary for acceptancs of equiprent for repair is determined in
aooordance to the floor space of this. equipment and the frequency of
repeirs. Considering the importance of the shortest possible delay of
repairs, it is necessary to secure the concimuii- of repairs by organisa-
tory means, so that the luast number of pieces prepared for repair is
aoourulated in the acceptance area.

Similarly, the importance ¢ the delivery area is mainl- in expediting
repaired equipment, This arca may eventually be used for the mounting of
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acceigosies to the romaired Couipreal, Inp repair shops uning exchange

method, a sulf ciers nr-e fo- vapeired m-oliner deetined to be replaced

by othe: mechineg brongiit for rapeir mus; he srovidsd, ‘The aizn of

this area dependr, “irg: of al "o On tha spoca digatien degrew of the
20p (the smaller warbar ol tas reraraed 2ypae, the araller the store)
ent the possioilit: ot stopian Ve omrctoln, (ilerwise, the repaired
maciine rus. miediateiv bhe eapoliec to tha user, instelled and put {nto
oparation,

Prria destinaed fou revail. ducing dlr~sntling mast he rultudbly stored
antil the termiraticr. of in-~ pepereiney and placiing opsrations ( that
are necenaery "t the ri:c .ticy of {ibe :'.spaj,r} In order 20 calculate
v neuessary viorirg arew, o sl dri s mine (estim.te) the average
gt of tuesy porys Fortedriag to ore macline 4y in tons, the time
necer.ary to serry out renosraioery cperationa 1o the repiir of the

n:y of naria for on uacniv %, L days and the umbser of machines
clemantled in (na Any Sd. 'xi,qvﬁ,otal vaight of pasrte that sunt be stored
hafore the repair o

X 3 t 1
), n g - e “a 10 tona,

bt v suel o Ao POEilility of jirregulie: talooff vor production, th-
w3ignt ealoulatz? by this method rust be inor.aeed accordingly, By usin~
‘e method aentionsd i1 the copne of ry terind sioragz, the necogsary are.

natt Lo calouleted from ile “11ghts ot the partc used,

su Tae imediate stere nyo Macid parts iuat, during the dismantling

oparations, wers yveund as ot raqui—ed for repcirs and the repaired paris

as well 88 13Ulv maindiog vasou par.., ouoch paris musi ‘s stored in the .
irterradiate nioi vtil they can be supplied in complete gets to the

wwscably shoo,

. e

To determine the cepacity of tha iste medintc store, we must lnow before-
hend he following data:

= the average weight of dicwartled [urts {rce from defects in t/machine.

L )
2

~ average iime neceasary to compl :te the se.s, in days,
= average weignt of repeired parts for one machine, in tons,

verage weight of freshly manmufaciured parts for one machine, in tons,

37 ¢ 5
!

iv'
E
¥
;
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Hence, the weight of perts placed in the intermediate store Q‘ is to
be calculated approximatel - from the following equation:
( 4y + @
W oo. ?qu s A 5 "g .. S in tons.

Prom thic valus is then caloulated the area of tihe intermediate store
by using the abvovementionad method,

In order to calculate thers areas, a number of values must be determined

befureiid, this being of course pousible with a sufficient acouracy only
in specialised shops, Ir shops having a broad assortment, such a method

would not provide nore accurate results than those achieved by estimating
by a speoialiit,

The floor ares of the tool isauing room i3 chosen accoring to the number
of machines to be atiended, the number of manual workers (taking into
acoount the equipment of the piant, special Lools and fixtures), the nusber
of shiftes and the sime of the piant,

The area of the iocl grirder; is determined with reference to the number

of machines, ~imilerl as in the case of production machines,

All floor areas mentiuned sbove are independent cof the floor space of the
building «nd can e determined without kncwing its shape. On the other
hand, the areas of main prasages nre dependent on the torm of the ground
floor and muat be calculated beforehand as a percentage of the total

- operation area ¥, which can be calc lated from the equation

! + F , 2
t, F = v p in m
ﬁ»i

vhere P' =~ production area in rn2
P‘p = total of all auxilliary are;o with the exception of the
passag? area, likewise in m
k - the estimated arerage share of the area of passages in the
total operation araa,
this being depondent on the width of transport passages, their langth and
the number as well as the span of the factory hall, Provisionnally, 1%
ocan be calculated from the relation

¥
K - _100__};_;‘_ 1n%

where r - width of the passage in m
R - span of the hall in m,
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The area of the passagen ia Pu - -i-ao— ne.
The administrative Arean are projected with refarence to the nuaber of
officials, in accordance with the requirements of individual groups and

the operation areas (managers, super:‘.ntendents, deaigneu, tochniciam,
clerks).

In sdminintsre;ive arcas t* re must 30 Le included auxilliary rooms,

such as archives, duplicating rooms, libraries, conference and meeting
rooms anl the like,

In proposing tho dimensions of cloukrooms, we start from the total number
of workers, rezardless of the nimber of daily shiftg and, unlike when
dimenuioning the lavatories and hvgianic inlta.ﬂatiorm, we take into
consideration on] - the number of workers participating in the largest
chift, In bvoth cases, we must calculate separately the areas for men

and women, The areas and the eqaipment must be adapted to local
conditions,

4.4 Calculation of Energy Needs

For the oparation of A repair shop, it is necessery to secure, in addition
to the production equipment, sufficient energy. For this purpose, we

riust first determine the necessary et'fective power inputs, according to
#hich the power sourcer are projected .nd the annual consumption which is
important for economic calculations, The procedure involving different
+dnde of energy is described in the following chapters,

4.41 g!c‘tzioal energy

Blectrical energy in repai. shops 1g used to drive machines and transport
equipment, to heat electric furnaces, in electroplating and lighting,

In order to determine the effective power input which is necessary for
uninterrupted operation, we must calculate first of all, the so-called
insialled input Hi' This is determired by totalling all inputs of
individual installations &iven on rating plates (the so-called plate
input) and the input necesmary for electric lighting, The aotual necessary
input l. never reaches the value Hi out of the following reasons;

a) all appliances are never in operation at the same time,
b) all appliances are never switohed on their plate input simultaneously,




Tais ciroumstance is taken into consideration in suoh a way that we
ohcose the so~called simultanevu. coeffiocient g, which is expressed by
the relation of maximum load mengured on low voltage connectors of the
tranaformer station to the total installed capacities of all electric
appliances switched on .heae connectors

wmax
g€ = v
The value of this coefficient is egmaller tian )| and varies within s
very wide range (0,08 ~ ©,9) accordine tu tha utilisation of the

appliancer,

With respect to the great variabilitiy of the simul*aneocus coefficient,
wo must, when calculating the maximum load of the shop, divide all
eleotric appliances into groups, approximatel. in accordance with equal
+imultaneous coefficients (machine tools, fans and pumps, cranes and
cquipment with repecated loads of short durction, electric furnaces,
lighting) and determine for each group the total of all installed
capacities and then, » multipl ing b the simultaneous coefficient

chosen for this groun, culculiut: the maximum input for the group

max o« oy, wi
Su-aing the partial values for individual groaps of electric apvliances
determined in Liis vy, w. get the total meximur power input of the shop,
According to this, we caoose thie siser of transformers and the dimensions

of the distribution network,

In such cusor wher: the de‘=ila of “he preduction machinery sre not yet
known, so thal instullcd inputic cannot be ascertained by calculation, we
estimate the installed power inputs in “nédividnal groups with respect to
the roughly fired number of machines end appliances and according to the
estimated average value of th: instailed input for one unit,

With the aim of determining the installed input for electric lighting, we
start from the sire of the floor area in separate workshops and the
estimated average consumption in wattq/m?. This value may be chosen with

respect to the lighting intensiiy in luxes within the individual work shops,




Al semae other time, for -iwil crientetion concerning ths nocessary
maximum power input, wa at.r, irom ..e siv> of the “loor ares Ly
determing the ua» imum For-er irput Tor moto - drivesn ar.d “urnaces and

. : 4
from the chogen "verase input [or dne a°,

The yeurly recuirecen. of the clectric srarg: dupindn prrtly on the
magimim irprt of the shog wmx, Dest iy o tha time atliisat.ion of the
maximum value during i Coe 4 bt pAIVLT O Uie pmosi of hours during
which merarute applinrees ure :n oparwticn in iae cousme of the ,jxeai'.

A8 machines wi.d epplicanc: arn Coniarned, e mi: aven uge the time
regerses Ezg fow thir puspi 2, 1o Lignting, fuim peried ie dependent on
the geographicai potition ol ew cepuir Bhop Atd the muuber of shifts,
The full yoartg reguiremant of elastric energy is datermined from the
relatior

O '~ v W 1
* g * “irax

in kW/h,

4.42 Theimal Frergy

Thermal energy is nreced in vepair shops according to climetie conditione
“or haating mesulfacturing adminintrative rocms, for heating of water
in lavatories and couetimor nlsc for 4eshnol ogical purpusss (heating of
“lceciroplating baths, washing anu the like),
e need of thesral saery s for terting purpoccs deperds on elimatic
sendivicas of tlhe eglen, ou the sige of the structure to be heated, its
songtruction and buildiu > imaterials, on the kind of the operation (oloa.n,
drty, dust producirg, ii™ hrad sngd hapmyl vapours davelopment), on the
®ind of woul. (havd, eacv). the rumb r of emplo . ees in the conaidered shop,
"n the length of their stay in the room, on the qualities of the deposited
substances ard raterials, cvertuali alss or other conditions given b
local situation,

The decinive feuvor in caleculating the nacessary heat to0 be used for heating
and ventilaticn purpo3ce, it the early development of outdoor temperature
ased on long term obscrvntions. On the bania of this, the outdoor
temperature is dete:mined, which repriosents the basis for the caloulation
of thermzl lomases and the L'y 7 the heating period.

The indoor tempereture in the separate rooms is chosen in accordance with

the phyeioal efferts workiien muat eyercice ir. the given space (the greater
the effort, the lower teumperature must be chosen), We must also see about
the production of heat for technological processes in the shop, as well as
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to the formation of water stean,

In determing the capacit, of the nource of thermal energy the hourly
heat oconsumption is calculated from the condition that, at the outdoor
temperature 'tv, it is possible to acnicve the required temperature t.
in the srop, 1In the construction drawings of the 8hop, the sise of the
cooled surfaces Fn in m2 according *o their differvent heat conductivity
is determined, 80 wv iy coeifacaents op ligal passage kn in kt::al/-2
with respect to their position (the four cardina) points), the direction
of predominant :rind: znd the Leight of tue building. The hourly heat
quantity necessary for heating Qt is tlLen detormined from the following
relation

Q - (tm - tv) . ko ¥ in kcal/h,

‘rﬂlon:culoulating the nourly heal quartity necessar: for ventilation, we
oaloulate firsgt the hourly quantity of fresh cold air that must be supplied
into the space and hoated up to the required temrarature to guarantes the
hygienically best environmenti, Thiu air quantity V in m3 depends on the
quantity of harm®ul yiuffy produced in the space., The hourly quantity of
heat necessarv for herting ta. ventilating air Qv ie determined from the
squation

s - 1 -
<, ¢, e Vo o, (1, t) in keal/h,

whore 0, = Mean value oi 3paeific heal of the air within the temperature

range t -t in kcal/ke°C

V - average specific weight of the air within the same temperature

range in kg/mB.
Henoe, the totul consumption of air ‘op heating and ventilation per hour
equals

QR = 9 + OV in keal/n,

The ocsaloulation of heat rongunp.ior made by the described method is tedions
and the accuracy of the result derande mainly on the correct choioe of the

necessary constants, the choian of vhich calls for &reat experience on the
part of the designer,

To detemmine approximately the heat consumption, a simplified method is
used in practice, where on tho bage of experience, average heat losses
are ohosen for 1 m° of the walled-in space, first to ool q, in koal/n3/%/n
and to ventilate q, the same units. The total cubic volume of the building
being V and the tamperaturs difference tm - tv’ the tctal heat conswmption
for heating and ventilation cquals

Q = V.(qt+qv).(tm._tv) in kcal/n,
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When deternining the overal] yearly consumotion of heati for heating
and ventilation purpose:, we atar* fron the len+ir of the heating
period in days (per vear) iy the waber of worked “ours in the shop
in c¢ne working day n, and the wvevigs outdoor temperature in the
course of tie haating pe:io? b 5 b2 total yecrly consumption of

a

hzat iw then caloulet ed from th> relation

Qcal i "J,.(qt +q, ("’m - 1»‘;‘;) . e in keal/ year,
lhe heat vequir-d fo-~ te. rno. '¥1cal purpores roculte from the hourly
ioputs of elaciric wpfiiancas irstalled wocerdingly to the data supplied
oy the mamafoctarer:,  ivoa | e 1y LE neceguerr to Lnke into account
simltancous power 4-Keea o and 14, andfermi E. with respact to the
erking cyel: of the ep tiance, Wity reserd ‘o the heat consumption at
“he time othar than the aeatine nericd. tais ir enaurad, according to

;ircumstmces, 2y individua, -ower gnurce (alectric kiating elements, gan),

iae econsumpticm of nat fop reprration of hot water in lavatories Q“. is
calculated froa th» equalion
Qu = T .07, b in kcel/yvar
aere N - muter L.oarking Gays i the year
H ~ quantity of oot ater 1or one e'ployee and one day in litres
Z - total )uulyz of euployc an
t

average diftercuce of tempsraiurcs of the water for working
Purpose s and “h o water in pipinge in 0C. fiven this consumption
of vater J2 ¢ uved requently by a senarate source of power
(electricol 10 ~an 4rokn fam ot water),

.43 Compresrad iir
‘n repair shopa, counrecicl ain up “o 7 atmosphares gauge is used for

pnovmatic clamping, pneratir ~nisiere, manual pneumatic chisels, hammers,
1rills and grirda.rs ag well ar for blowing off impurities,

‘"¢ tolal congumation of corpresse? wir gien in m3 of freely sucked in

air per hour (scretiras this value i3 s(s0 given in n3 per minute) is

caloulated on che basis st tie following datas

a) ocomsumption of !ndividunl ar;:lisnces being uninterruptadly operated
qJ in u3 per hour

b) number of appliances having the rame hourly consumption of compressed
air N J

©) simultaneous ccofficient of work of all appliances with identicsal
hourly oconsumption k 3

i oo,
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Hence, the hourly congunption of cospressed air within the same growp
will be

2
in m~/h,

Q - k

3 30 9y Uy

The total mean hourly consumption of the wnole shop Qd will be the
*otal of all hourly consumptiv.e of irdividual appiiances

G - Qj - k. . Ty . NJ in m}/h.
Caloulating the output of the comprarany, we must raise the value
acquired in this 'ray vy 1.z the losues ar:ain, trom leakage in
pipings and rittings; Tartier, by losses ciused by srogressive wear
of devicra driven by compresced air s tae coapreused air needed by
rmall devices (not cons.depad ir cklculition, these increase for a
certain pericd, the maxirum values wnexpeetedly). The increase must
e estimated ay 2 percentige o the value obtained by calculation,
Under certain ronditionz, atiaos, heric presaure mue., aiso be considered

as well as the altera‘ion o/ temperatures and the relative. humidity,

a8 yearly conswnpiion of nCapresied airp ch-l is determined approximately
on the buvin of tne weon denriy pLeed ol lhe snop Qd" the yearly effective
time resciwes of tho machines 353 ari the coefficient kr' by means of
waich the irregalar air consum, tion during the year is expressed by the
rollowing equstiun T
Qer " e Q. E, in ls/yeur.
de44  fgetylens and Cxypan
These groes c.oe uc-1 i~ . - sh, ot weld cnd cut metals and somtines
1180 t0 hoat materials Le‘ore procesein: ther hy sone other method
(ltraightening of sheets and ataeluc. o, Lending of tubes and profile
materiala, fac. hardeniig and m .tel coating). The calculation of acetylene
consunption ie very difriculv bring cependent not only on the rumber of
orking places, tut to a great extent 2ven on the thickness of the
nroceesed material, Tn .00t c-nes the consumption of acetylene may be
only roughly eatimated acecording to the existing analogous operstions,
It is useful to choosc a ganter cecusumplrion of acetylene with regard to
the chezp price of the equipm.nl in compariscn to others,

Oxygen iz needed in oxygen entting cr ecetylens ocutting, 1Its oconsunption
can be delermined in the way already mentioned for acetylens, 4As a rule,
thir estimate L4 rnde only by tha experts,
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4.45 Consumption of Water

A sufficient quantiiy of wats: for individaal uge of employees and
for operation purposen, must be provided in the repair shops,
Aecording to the requirement leid apon tie uality and other features
of water, thc foliowing kunds of wat.r are used,

&) Drinking water, wiich et b tacierlolegically harmless, tasty
and colu, it i: uned for drirk ns and preperation of mrals,

b) Supply waicr needs to be bactericlosically harmless, It is used
in lavatories and .pn placer whern the health of workers could be
endangered by vorings into contuct with o bacteri.ologj.cally impure
water,

¢) Water which i: uncj rop trchnolesical purposes, 11 must be frea
from wecharical impurities and #Cuetimes, othor requirements ape
specified (for instance hardness, chemical compoeition, content of
gasos, etc,),

In cases of sufficient 3upply of wetex of superior rquality, this may be
uwsed instead of the water ¢t inferior quality., This aimplifies the
«upply system,

"8 caantities of water ihud -3t be. provided for personal use is
-alculated witih regard 1o the 1otel number of employees and the average
1aily consumption per employee, separately for drinking and service,

This daily quentity is detormined by the kind of service (clean, dirty,
dustry or hot) and scmetimer it is fized by hygienic regulations, Other-

vise, it must U2 cstimateq aceor’ing to analogous operations within the
region,

"Le quaniitics of water Geed2d Tor oclaislogicel Furposes are calculated
faon the output of individual appliances, The quantity of water needed
‘or maintenance of roads, ccurtyards and green areas depends on the areas
ard on the climatic conditione of thr region, The quantity of water for
fire purposes ij givan by tL1 degrae of fire danger which itself is
determined by the zire ang place of the repair shop, the construction
naterials used, the space betwcen buildings and the like, It is
determined accordirg to experience,

On the basiaz of enalrsia of vater consumption, a daily balance for esch
individual kind of weter is elaborated, This is the basis for the

caloulation of average consumption per second, which again is essential
for securing the nource and for the calculation of the peak oconsumption
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per second, According *o thic, the pipings a. well as eventual
equalizing tank: for water, ave dimensioned, In neody regions, as

far as water ig concerned, it in often necessiry Lo arrange a multiple
utilization of watey agftas 113 eventual wuilable breaiment (recirou-
lation),

4.46 Vastie Water

Tha following sorte of wator wigt he drained fror the territory of

the plant, nemely:

a) Waste waters “vou the werg “hov can be o'ther harmleas (cooling
watsr), or pollutald lelivirs waver op nurle wacnad before dismantling),
water fron ungresuln- bethe oo "rem pickling ard clectiroplating
baths,

) Sewage uater { From byrleain ingialla . lous, kitchens and dining
rooms),

c) Rain wate: coring 2607 all the tercitory o1 ihe plant,

All thece.iaters must b oo 12d 4o the public sewerage syatem, If the
cewerage syst:m consiantiy h-s qufid ciernt quanii y of water to mix with
rolluted w.oter -l tlay: FTeelloally Gevoriorating its quzlity, the waste
wvaters muy be dischery:.d dicelly ihout teirg nreviously purified,
“harulsc, irLare woiter at be rutdified e fore leavinz the plant, This
8 dore acoonding to 4. ind of “mpuriticy “hroush sedimentation,
TWETALination mnd oy e nad 13 throagh biolngieal metheds,  When projecting
such installation: (waich b2leng 4o rpoci Ll hydrographice tasks), we must
cetermir. the muantity ara Lo woaporrison of wante waters according to

their kirds (ocharianlte - 15 uos ham o e water, basic water, oyano-
" Jenie aver, scunpe),  The quoniity of industrial sente water is determined
! Mmotus Las2 of leads of tilividial L ~loailegicad installations; for deter-

wination of the quantitise ¢f genne waters, the nuwsber of employees is

P p—

leeisive, the quants Ly of rain weter iz ealculaied according to the fore

'-; ' qation of the grouad ard +hs rracisifntions caiculated irom the long term
3 statistics within the region,

| 4¢5 Tccknical and_décoromical Indiccs

s After haviny completed the calculation of ssacities, we set up the main
. characteristic datu inte o 8;maptisal table, cr the bagis of which we can

make identical concluaion. nboit vhe acunomy of the plant in comparison with

Axprasscd in sbeolute units (ihe fo=calle? tas‘c data) on the one hand and by

?, other similar shops and the techoical level of the project, These data are
g ihe relatiovn of geviral basic daiy havinr a lefinite connection between each

other on the other hand, In re air shoyg, the rost froquent of these woulad be:
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A/ Basic data;

&/ Volume of anmmal production in finanoial units;

. wight of consumed saterials in tons/year;

o/ weight of purchased finished products and products sup-
Plied by subcontractors in tons/year;

4/ number of worked hours necessary to fulfil the yearly
Plan in h/year;

¢/ number of shifts;

£/ total number of production workers, the number of those
working in the main enift etated separately;

&/ total number of pverhead workers, the number of those
working in the main shift 8tated eeparately;

h/ number of engineers and techniciansg;

i/ number of edministratiye suployees ;

J/ number of production machines;

k/ number of manual working places;

1/ production area for machines in nz;

w/ production ares for manual work in 12;

n/ auxilliary area in n‘z;

o/ ope.ation area in total in ‘Z;A

P/ area for offices and social installetions in uz.

B/ Derived data:

a/ Percentage ratis of the numbers of production and over-
haad workers;

b/ number of workers appertaining to one technicil or engina-.
ering worker;

¢/ number of workers appertaining to one clerk;

a/ percentage ratio of production area to auxilliary area;

e/ floor space of the machines in relation to one produer‘io:
machine in m2/machine;

2/ production area for mamual operators in relation to cne
manual site, in mz/worker;

8/ production area appertaining to one worker of the main
shift in nz/worker;

h/ operution area appertaining to one worker of the main
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i/
3/
k/

1/

shift in m2/worker;

volume of ycarly production in financial units,
ning to one Squdre meter of the operation area;
voluuwe of yearly production in financial units,
to one worker;

volume of yearly production in financial units,
ning to one employee;

worked hours appertaining to one unit of yearly
time utilization of procuction machines in .

appertai-

appertaining

appertai-

produetion;
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Part 5 - GQenersl Ideas for Design of Basic Equipment Repair Shops,

The organisational structure and location being in rather close connection
are very important in eatablishing a renair shop, Preliminarily, the

whole region with future customers must he taken into congideration as

far as their local distribution, communication means, procurement of
labour, conneution witly <ivie) Bouress wnd vhe possibility of acquiring
& suitable erection siite are concerned, The ‘undiunertal demands, as far

88 workers, land a.i energy .ro concerad, are giver in chapters 4,3 and

4.4, Furthermore, it iy necessary to shape these demands into a concrete
conception of the iutur- plani, which ;s the main objective of the pro ject

designing activity. 'The mun principles to be observed are introduced in
the following chapters.

5¢1 Layout of the Building

The repair shop may bo situated either in an independent building or

in a convenient common building, It is necessary to pay attention to the
fact that several plantes placed in one building, unfavourable interfere
with each other, tor instanoe through noise, impacts, dust and the like,
An important criterion is the floor space of the building, its organisa-
tional structure {independent repair shop, 2 shop affiliated with an
industrial enterprise) and the possibilities arising from its location,
With the excepticn of Bpecialised repair shops for parts o¢ fine mechaniocs,
electronics and dimilar, in which case & multi-storeyed building may be
used ulva.ntageously, we choose for the repair shops a ground floor building
with one or more bays,

The chosen shape of the groundplan must, if possible, be very simple and
mostly rectangular, Advantageous is a good utilisation of the building
Plot, & very simple design and the building may be easily extended, In
regions where the rooms must be heated in winter, the relative thermal
losses can be decreased, Only in apecial csses, a groundplan constructed

gl
from rectangles in the form of block letters L, U, T, E ie chosen,

The ground dimensions are being chosen according to the total need for
operation area, determined by a capacity calculation, First of all, we
ohoose the width of the bay (span) R in m, with respect tc the sise of
®machines to be installed in the bay and according to the sise of the items g
40 be repaired, This width generally is not unplanned; it is differencisted ,
gradually in definite series within the individual regions that must be |
kevt, above all with respect to the span of the overhead travelling cranes, "'
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Af such cranes are to be installed, The length of one bay hall having
& required operation area F m2 would be

L - %‘ in meters

If this caloulated length surpasses the necessary length for the
technological sequence of operations, we choose a hall with several

bays, while the length of tho building must be also accordingly selected,
Even such a dimension iz not irbitrary, bat must represent a whole
multiple of the chogen spacing of colamngs, for which also definite
gradings are determined, A hail with sevaral bays must be chosen
sometimes even with respect to the Fiven size of the building site. In

& hall with more bays, the width of the bays need not be the same, and
sometimes, it can be more advaniageous for the location of several lighter
operations to choose a smaller width, Offices and social areas are
located in buildings that are either ad jacent to the main building or are
a small distunce away, Tn such buildings, & transformer station may also
be located,

Energy producting equipment (boiler house, compressor station and sometimes
even transformer station) is installed in the independent building, 1In
cage of need and for safety reasons (fire), even acetylene stations and
depote for combustibles and storehouses for compresscs gasea are being
projected in independent buildings, The size of thege buildings is given
by the sise of the given installations and by the quantity of the stored
suppliesn,

The height of the bays depends on the height of the installed machinery,
on the sise of the parte to be repaired, on the means of transport and
hoisting devices, on the development of harmful substances and on climatioc
situation, The minimum height is given by the requirement concerning the
lateral natural lighting and, in some cases, even by reaching the definite
minimum ocubature per worker,

In buildings with more bays, the height of all bays need not be the same,
It is not recommended, however, to chooge a greater number of different
heights, if they are not distinguished clearly from each other, as the
design of the structure may be complicated and the economies achieved of
the investment costs use to be insignificant in such cases,
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In choosing the type of the tuilding, it is important to know, if in all
Places a natural lighting is required or if artificial illumination isg
needed too. If natural illumination 18 required, the halls with several]
bays cannot manage without skylights, Their design must offer a
sufficiently high luminous imensity in al! giteg and secure its greatest
uniformity upon the whole Frourd plan, *vother demind concurring the

natural light is thal ihe direct sun rays do not penetrate i1nside ag ii

oould cause a dangerous dazzle to the workers, Besirden, the natural light

must facilitate the naturs) ventilation ¢of production rooms,

In regions with long henting periods, & baiiding with no windowa and no
natural light‘may appear to be economically adviuntageous s 11 hag smaller

thermal losses caused by the cooling off the wails =nd therefore, a little

oonsumption of heat, The annual economy encompassing heat and rleaning
costs as well as maintenunce of glared surfaces mar, in some cases, out-
weigh the increased costs for a greater consumption of electrical energy

in case of a permanent artificial lighting and the increased requirements
of airconditioning,

5.11 Groundplan of Areas for Productjion and Auxilliary Purposes.

After having chosen the shape of the ground floor and the Bize of the

building, we can proceed to the elaboration of a project for a layout of

imdividual production and wuxilliary areas, without solving for the present

in detail the layout of the michines., As a starting point, we use the gisme

of floor spaces of individual eites found by means of a4 capacity calcu-

lation while obgerving the following principles:

t) Keep the shortest possitle flow of materia’s and parts through
production lines, beginning from the supply ot items to be repaired
and materiale into the shop, until their final asgembly and expedition,
The flow of materials should hereby cross the l~ast frequently passages
used by people and in case of o greater number of employees, they should
not oross them at all,

%) Shops in which hamful subatances develop, as well as thoge with a
danger of fire or explosion (varnishing shops, impregnatimstations,
hardening shops ard the like) should be located rear external walls

to facilitate a good ventilation, and in case of an emergency, a direct
esoape into the free space ror the employees, The coherent succeesion
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of the production fiow should be, to the extent possible, preserved,

¢) To separate the operations according to weights and sizes of the items
to be repaired, to baiter utilize the lifting capacity of the cranes
in plants with severs) bays, Also, to concentrate operations that do
not require cranes,

d) To concentrate operiat:ioms that masi be ceparated from cach other by
using partitions for tire ard Salety reurons,

e) To place tool isouing ruoms neal the rentire of consumption and, as
far as possible. out of the wrea eerviced py oranes,

f) To secure ihe access to 1ll operation are.s directly from the main
passage,

An example of a projected layoutl of the operation areas in the building is
given in this text. Iu the attached figure are drawn in the main tranasport
roads and transport equipmert connected with the design of the building,
such as overhead travelling cranes, overhead railways, roller conveyors

and transporters,

5.12 Location of the Building,

The general principle ror the location of the building for a repair shop is
to have it connected with the outer communication means, The condition of
connection with the rrilway syrtem muai be mey only in the case of repair
shops for ruil vehiclea, Alao. in cther cases, this may be advantageous,
for instance for thie transport of heavy equipment, When situating the
building, we must censider the four cardinal points and we should always
try to leave ipe- space vor the eventual future expansion, This expansion
is drawn inte the w10, o0 ape e ~r Y wtilized temporarily as a stocke

yard for materiala.

If it is necessary to erect firther smaller buildings (boiler house,
compreseor and acetylene atation, stores for combustibles and compressed
gases), these may be situated in one row which is parallel to the longer
side of the building ot the plant, while observing the fire and safety
regulitions, Thie row of buildings can be situated in the direction of the
prevailing winds, so thai harmful Rubstances developed during the production
could be carried away :utside the rtant, The grounds not taken by buildings,
storehouses and communications, can be arranged ag parks to achieve better
appearance and to lower dust development, In the case of en indepandent

repair shop, we proposec a fencing ot the whole area of the plant,
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5:13 Selection of Construction Elements,

In buildings, we distinguish foundations, supporting structures (columns,

beams, lintels, roof trusaes and the like), floorings, peripheral covering,
roofing and indoor partrtions,

The foundations are mude wostly i'rom simpie concrete, exceptionally they
are lined with quarry stones or hard buyrnt bricks,

The elamants of tha supporting structire can be made of wocd, steel or
reinforced concrete, Ite colunng of smulier and les: [oaded buildings
mav be made aven from brickwork or atone mascnry,  The wood is used for
supporting structuren only in piaces where wood 18 very cheap, its great
disadvantage heing 1rflammablility and short darzbkility, The mont conven—
ient material for industriail bulldingsg e fleel, as it facrilitates eagy
reconstructior,, frequently necessitated by changes in production
programmes or technological prceess, A combined construction is very

often chosen, for instance columns of reinforced concrete and roof trusses
of steel or wood,

The most convenient fleoringe in shops, where no work with fire or liquids
is done, are those made from blockr ran into asphalt on concrete plates or
from mastic asphalt, The advantage of such floorings is a dust free
operation and, in cold meRlons, their low coefficient of thermal conduct-
ivity. If such materials are not at our disposal, we pr¢ject concrete
floorings with surface resistant to abrasion, Hor surfaces exposed to
heat, either concrete or paving atones are chosen, In departments in which
the workers .ue Causiscey he most converieni materislg are ceramic tiles,
Besides the abovementioned materials, there are otlers used for particular

purposes - rubber, Linoleum, xylelith, boarda und the like,

The peripheral covering is either lined with brickwork or shaped bricks,

or is made from ceramic or metallic panels having different surface finish,

In regions where no effects of thermal insulation by means of peripheral
coverings are necessary, the corrugated sheet or eternite, aventually other
materials accoraing te loeal conditions, are used, In the peripheral

coverings, windows play an important role, Windows #ith steel frames and

simple or double glasing are used in most cases in accordance with climatic
oonditions,
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Roof is an important and also a very delicate element of a building
(cspecially that with savera) bays where skylights and gutters must be
used), The choice of materials depends on the demands for roofing, such
as tightreas, carrying capacity (load caused by snow), thermal

insulating capacity and non—inflammability, as well as or local conditions,
Usually, combinations of wood, tar, tar cardboard, slate, eternite or
cement tiles, roof panels with Aifferent characteristics and design,

sheets from different air resisting metals, eventually other materials,
aocording to locai conditions are uged,

Material for the manufzoture or i1ndoor vartitions and their thickness is

| chosen in accordance with the purpose of partitions. The moat important
are fire partitions that migt be made of tiles or other fireproof materials
of sufficient thickress, They have theip own base and must be lead out
until over the roof, It the necesnary holes are already provided, they

must be covered by solid steel doors in fireprocf door frames,

If a purtition is to fulfil a function of sound protection, special sound
absorbing panels are used, When partitions are used only to separate
several operaticns or rooms from cach other, wood is used, eventually in
combination with glus:., Lightened wills of di“ferent materials and of

different dasigns and in shore, mostly wire natting is also used,

Tn chooring the typs of structural elemants and their materials, we must
Always start from locs) conditions, habite and sources of raw materials,
The price of building Fuibérials being jow irn relation to the price of
machinery, it is recrannm 4 cortider Yraveport charges to the erection
site, which sometimes may be rather important,

13' 5.14 Energy Supply.

The most advantageous for the operation of the repair shop is the

possibility of consumption of 11] kinds of energy being covered from
g) foreign sources, The motives are that the energy required is not great,
the proper sources would have small outputs ard the proper production
price for a unit of energy would be considerably higher than that caloulated
by a power plant, Besides, the construction of proper energy source requires
relatively great financial means, Proper energy sources are built, therefore,
only in such cases where another solution is not possible or where the
price of a service line would be very high (or the price of purchased energy
too high). Such ocases are known especially when the foreign source is
remote or where the investment costs for a proper source are low, Such 1is

s g e e

the case of compressed air, acetylene and sometimes even heat, The production
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of oxygen is expensive and of the hecessary equipment, is not taken
into consideration in repair shops,

It will prodbably be always posnible to sscure the supply of electrical
Snergy from the public elantrin network, but orly the smallest plants

will be able to be conuected 1 the low voltage netaork, In rreater
plants, it wi.! pe , . teoou w0 COUNL With a connecticn to the high

voltage netuwork through & trinsformer Station of the plant, In caseg

of wsudde. interruption of supply of electiin curr:rt from the network,

it would be necessary to secure at inast an eMRrEency ernergy source for
the factory, so that the empioyees could leave the plant sufely, The
omergency lighting is muatly provided vy «« sturage hattery, exceptionally
by a combustion pPover uniti, vhich starts automatically in the case of a
voltage drop in the network, Only occasionally, the emergency gset must
have a greater output to also secure gome of the other appliances from
sudden stops which could Causge damage, The maximum output for such
omergency power source must be taken inte account when one congiders ite
low utilisation with respect to its use, The water supply is important,
In a repair shop which 15 part of an industrial plant, water from the
factory Piping mav be gsufficient, 1f i1 ig independent, the simplent
solution is to connect the shop to the public water piping, If such a
®solution is impossible, it ig necessary to install a proper water piping and
the intaking and treating equipment, In the rage of underground waters,
intaking devices are unils ¢r A system of wells, whercas in the case of
surface waters, the intakirg devicrg are natural or artificial basins, in
wRich water must reach the depth neceasary for takeoff and the purpose of
Which is to make up for irregularities of inflow and takeoff, The aim of
the treatment device ia to grant the necessary qualities to water, depending
on its use, The water Piping may be either #ravity piping or delivery
Piping. In the latter case, it is necessary to erect a pumping plant and
8180 a water reservoir, which are relatively expensive devices, Therefore,
dwe attention should te pPaid to the problem of water supply of the plant,
whioh may influence the choice of the building ground,

3.15 Qutajde Communiostions.

T™he network of communications of the repair shop is not complicated, with
the exoeption of shops for railroad repairs, In most cases, highways are
sufficient and work sidings are built only when the connections with the
reilway system are very favouradble, the condition of a sufficient turnover
of the railway cars being met, Highways are projected as twoway roads,
whereas the secondary rarely used roads serve as oneway communication roads,

The surface of roadways should be sutfree and ma’e either from asphalt,
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oonorete or paving stones, The loading capacity of the racdways should
correspond with the weipght of the heaviest fully loaded vehicle,

5¢2 Principles “or the Layout of Production and Power F.quipment,

Machire tools are most frequently situated in {roups, according to the
kinds of machines, such as lathes, milling machinea, ate, We also

consider the sime ot these mucnies and in larger repair shops, groups
of heavy and light machines are b -ing establisned, which in halls with

several bays, are separated into the individuusl bays,

These are then equipped with ccrresponding transport and hoisting devices,
Similarly, we concentrate presses for cold shaping, eveantually for hot
shaping ard if large quantities of sheets are being worked, a specialised
plate shop and a welding shop are installed, fceording to the character
of the work, special deparitments are projected, such as for piping system,
electrical appliances and so ony equipped with necessary machines which
are laid out 8o that the flow of materials would be uninterrupted,

without unnecessary returns, Precision machines are placed at a sufficient
distance from the machines producing impacts (planning machines, slotting

or shaping machines, presses and power hammers),

In specialized repair shops, at least some of the equipment should be
Placed according to the sequence of regularly repesated operations, whereas
the intermediate transports between individual opsrations are secured by
conveyors,

During the elaboration of the layout of machines, we pay attention to a
satisfactory utilisation of floor space and an easy transport of materials

to indivdual sites, In order to facilitate the work, we make use of templets
of individual machines printed upon translucent foils. For the same purpose,
three dimensional models are rarely used,

S5¢3 e Waste Materia

Prodyoction Waste),
In repair shops, metalic waste is created (damaged parts and in the form of
vaste from machine tools and shaping machines). This waste should de
regularly carried away from the shop. One should, however, consider the
possibilities for its further use and the financial implications, 1If
great interest in the region exists in the metalic waste, sorting by
individual metals, when necessary even according to chemiocal oomposition,




-1 -

should be made on the spot, for depositing waste materials, special
stockyards are establigheAd ac~ording tc the Mantities ard the kingd of
waste. 1In the case of larg: muantities of coiled motalie turnings
within the plant, me <iould in-gal) o Crucher cr a baline press, If
there i5 nr <ntarast in Waste mwoterials, the uoete st ‘e put away
unsorted ar’ depeiited .o 4 prodete dined spot rear tp- shop and
occasionnlly irassport., | | Lo b e e suagas s Causide 16 factory,

5.4 EstiiﬁLﬁ el lroasiment Co o

.y

The total imvestmmi conts are important for securing financial means,

on the one herd, and for tie parpose of cconomic considerations on the

other hani, "™at i wity it in neecessary, when clabvorating the estimate

of investmar,: cortey Lo take inio connidoration #l1l ceats connected with

the future realization of the miilding, They may be divided into the

following groups:

a) Costs for ths pur-shase of the #greand,  There depand on local conditions
and are influenced by the quality of noil fap agrioultural purposes
and its location with respect to public roada and civil eettlements,

b) Costs for Irvestigation u-a Projcet work including peclogical
investigation, aeasuring i building fFround, 1s well as elaboration of
Project documertation, "he total costs arae determined on the hasis of
tariffs or quotaticns m-d- by individus) orgarisations,

e) Building cotta, ineluding 2Xpeases for surfacing the rround, for
buildings, roadn, uiiter Bl oing and geverag, fencine, eventually heat
and gas 4 ~redy 0 e i e G e nd tooliminarily with
respect ¢ reugh dimmeions, +h “verage of which as been calculated
for the ;-iven recion ol de i Lyy "recrdirg to the detniled schedule
of building voperationg,

4) Costs or eguipment such g working machines, iransport and handling
equipment, pover Plarts nod diatribution equipnent, equipment for storee
houses, trct vroan arg lavoratories, the initial eTuipment and tools and
other ausilliary applia-ces necessary to put the repair shop into
operation, These are datarmired acerrding to the price liste or
quotations from suppliers, 1t je necessary to take into consideration
even the costs of trunsportation and installation of machines (includinc
foundatious),

e) Other costs Caccurding to lorn) conditiorns) sieh as erection of
temporary tuildings, con*ribtutaicns to differeant vrganigations, bank
imterests, insur.rce ~ngts of building assembly supervision, ste, It

is recommended to include 4 dnfin-tn sum for unforeceen expenditures

especially if pricing documents krown i the peried of alaberation of




|

estimates are not obligatory, or if there are other uncertainties
present in the documents,
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Park 6 - Operaticn of Repair Shope

When oonsidering extensive repairs as a factor of oare in the mintenance
of dasio oquipment, it should be noted that maintenancs of basic squip-
ment does not represent the bulk of work in large repair workshops,

Complste overhauls are the largeet and most expeneive repairs performed,

mostly to remedy the effects of long term wear and to renew the qualities
of the machine in question,

The task of repair work conocerning basic equipment items is very important
and this importance §TOWS ever more under certain oiroumstances, Thie is
‘rue above all because these shops ars a very efficient factor of rehad-
ilitation whils oomplying adequately with the needs of produotion, where
they can contridute to a large extent to ths rationalisation of the
samafacturing proocess, An advantage of complete ovsrhaule of procese
oquipment can also be seen in that they enmable - owing to their umisually
small requirements of both meterials and energy - a sudstantially quicker
development of ths mamafacturing process,

Considering the kind of basic equipment items, their sise, their character
(medern or outmoded types), one should dscide which kinds and types would
% repaired sxternally by othsr organisations and which of them in omm or

other specialised repalr workshops, When carrying out such repair work, 44

is recommendadle to adhere to the following principlss.

61 asing Machi...; fo

T™e repai: plan is prepared acoording to the genersl planning methed, A
Sasio oondition of this activity is the preliminary co-ordination of the
Tepair temm plan with the mamfacturing schedule of the enterprise and

with corresponding partial memufacturing plans of individual workshops frem

which the mechines are taken for repair, Suoh co-ordination should de

performed with suffioient time reserve to allow the production and planaing
departaents of the enterprise suffioient time for organisation and planning

end for preventing any interference in fulfilling the production scheme,
An oven flow of machines into the repeir workshop sust de secured vitheus
eny treudles in repeir plamaing,

T
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Special care should be taken of the unique and bottle neck machines

when preparing the repair plan, It is necessary to take all the
precautions that the repair is really perfectly done on all machines,
Many factories fail to overcome the troubles and ensure proper conditions
for releasing machines for repair, This i3 sometimes postponed until a
serious damage vccurs on the machine, Such accidents carnot onlwy diatrud
the operation of the enterprise, but lead directly to the damage of

capital inveatment assets,

6.2 Technical Preparations of the Repair work

Before removing a machine for repair, technical preparations for the
Tepair operation should be made, i,e, preparation of technical documents,
spare parts, materials and work planning, The technical preparation
should assure a continuous and trouble free repair pProcess after the

machine has been taken for repair,

A systematic performance of planned preventive maintenance and repair
should follow a timetable that allows all repair work to be done well in
advance with a considerable time reserve which helps to obtain a smooth
course of all repair work,

During all repair work, i,e, inspections, current repair, checks,
preceding a major repair work, the atteantion is already drawn to the
Approximate volume of the larger repair work to come, to the specification
of spare parts, bearings, V-telts, castings, forgings, specialised toels

or services required from external manufacturers,

A mpecification of required parts, drawings for delivery of forgings,
castings or spare parts having a long delivery term is drawn at that time.
A preliminary order for the delivery of parts, semi-finished products,
materials, specialised tools or external services is prepared so as to
assure their timely delivery,

As far as the repair of machines that are not included into the PPR system
(Planned Preventive Repair) is concerned, machines in question must be
submitted to a preliminary inspection in order to ascertain the main parts,
forgings or castings needed, for which an advanced order must be drawn,
This is mostly an inspection requiring no difficult dismantling work, ‘The
preliminary preparative work may vary in the way it is prepared and in
volume; it should, however, be performed as early as possible so that the
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machine is not switohed off the scheduled work except during the planned
maintenance operations,

Por unique or bottle neck maohines and for machinas working in a highly
oxposed place ir the production line, this Preparatory action munt be
performed with extreme care and systematicslly, In such cages, extra~
ordinary measures sccording to an accurate time scheduie are taken, If
necessary, a gradual almosnt complete dismantling of irdividual machanieme

is purforwed and drawings of spare parts are prepared, When performing

this inspection, the work should be planrcd ro tha.t the time of interruptiors

of vork should be first utiiised without switohing the machine off from
regular service,

6. 3 Taking Over the Machine for Hepair,

The meohine i: taken over for repair only after tpo Frepar:tory work is
comploted ane spere geeis ¢ Oride-Pinished producte and naterials represerting
the neterial huse of the ropalr work are supplied,

A note ar *ransmitting and taking over of the machine for repair is
writter. Thin ia performed by foremen from the dspartment sending the
msohine for repair, by the maintenanoe programmer who planned the
proventative and repair work on the machine, a representativc . f the
technical ingpection service from the meint.rwnce and repair department
and Ly the forcmau of th. repaic workshop entrusted with the repair vork,

The mentioned note should containg

= 8 desoription of conditiong of the muciine and itg defectq,

= ¢ specificetior of scoeescriec transmitted simultaneously fer pepair,

= &pucial resuirements of the userts workehop for aodernisation or changes
in Minetion or “imarnions of the machine op other miior chanpges or
adjustments (s,:. change o+ feading speed, inoreasing or redueing of
rotatinua) specd, adnstment of 810p3, measurcs preventing lenkage of
lubricant, eic, ).

= date of tranwmitting to and from repair (aw planned),

A certificate of precision tests and certificates from preceding
inspections illustrating the technical conditions of the machine (an

ingpection of precision acoording to dehleininger standards) =ro compeped
and the deviatione revealed and entered onto the certifiocate on the




é
!

- 176 -

eondition of the machine, Thege documents giva the firgt impression

on the general character and volume of repair work, The machine should

be taken over for repair, as far as poscible, during the operation of

the machine, in order 4o test the function of the machine under true

service conditions and 1o ¢ather valuanle intormation by interviewing

the operatcr,

6.

4 Genern; Saquence arnc Repair Werk Schedule,

For the repair proceus, a type 8equence and a timetable should be written

and adhered to, Immediuinalr after taxing over the machine for repair, a

process time sachedule 0© the repuir is drawn, where terms of individual

operations are outlined so that thev frliow corractly each other, Partial

operations tu e accumplished before the rapair specification should be

outlined, After completing the inepectior apd repair specification, all

remaining processes and operationas are outlired in accurate terms,

An example of a type sequerce of repair work can be thus outlined;

taking over of the machine for mijor overhaul,

complete dismantiing and cleaning of machine parts,

preparing for ;eneral inspection and specification of complete overhaul,
performing gen-ral invpection and specifying all repair operations,
procese preparing ! procass, tusk times, ~alenlation, drawings, orders or
repair of «xisting partly damagec parta},

manufacturirng nev parts apd repairing ex'sting parts on machine tools,
hand work of repair fittiers and sssemblvy workers,

checking for precision and test running of the marhine,

coating of machine,

delivery of mactine for cperation,

To the sequence of work listed, partial operations that are highly

important for the repair and can exert a serious influence, e,g. grinding

of seat by external service, rewinding of electric motor, grinding of
oompressor cylirder, tc., ara included, Following the detailed analysis
of the character of individual items of type sequence amd considering their

mutual relations, u detailed schedule of work, i,e, process schedule of the

repair work, is drawn,

6.

5 Process Time of the Repair Work,

The process time of the repair is a time period during which the machine is
switched out from resular service, i.e, the time period necessary for the

repair work, It is expressed by & number of working days, The process




repair time is calculated Srom the momenrt the machine stope, to the time
it is delivered for operation purposee,

An adeasuate duration of rerair process time has = considersble irfluence on
the quulity of repiair, on itz cest, o~ 4he productior capacity o! the
factory and also or, the production cupacity of the repair workshop, The
repair procens time should ve as short as poasirie, Tt ig irfhienced,
however, by the stardard o+ +pe techrology and Tty the organigntion of

work in the repair workshop,

Bfforts to achieve maxioum reducticn of cepair procclo time
noglecting the irue standard of technology and organization of
production can exert an adverse influence on the quality and cost
of repair. They lead to hasty and rash operations without due
technical propnratlon, to iuprovisations injuring mostly the ba-
sic rules of quality and economy. Also an excessive repair pro-
c2es time has an adverse influence on the quality and cost of
razair work.,

s long repair process time suggests that the repair work is not
coatinuous, that consileruble tize waste arises, that work is
frequantly interrupted. This involves the loss of continuity in
individual operations, considerable tiue losses, lack of quality
€24 increased cost. Wh:n proceeding to a repair it is necessary
to assure above all that, once thn wor: is assux2d, it is no more
interrupted, that individual ope-uiions follow continuously
ifter each ather without time losses.

the eccnoric meaning of the repair process time is, however, not
iinited to the repiir economy proper owing ot its substantial
influence on the procuction capacity of works. B, - .itching off
indivicurl machines for rep.ir :achine time losses occur, troubdle:
srise in production planning and production capacity of factorics
dro-e.

The capacity plonning provides for the necee#sary tiae for re- |
-air work in reserving a part of tha overall opesration time W
of m2xchines for their repair cycles. The useful tize fund of
& procuction departu:nt characterizing the tot.l cupacity of
the anterprise is calculated with the ragard to th2 tipe ne-
¢rssary for tha repair of uwachin:rv. e

i

1
In reducing the repair process time not only the losses of 1
production capacities >re reduced, but moreover the releasing
of furti2r machincs for repair is made cusiar.
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6.6 Nuuber of Repair bien Working Simultaneously on the repair
of 1 machine is prescribed rngarding tho manpower requirement
of the rachine under repair and advantage of combining manpower
in the work of a ~iven degree of difficulty. For the repair of

smaller wachiines involving a relatively minor volume of repair
work & smaller nuamber of sialtinenusly woring ritters is used
ten for larger machines,

An ilmproved orguanization of repair workshops, a sophisticated
techinicsl preparation of the repalr process and application of
a higher repair mechaniz.ation enables °mploying a larger number
of simultaneously wor¥king fittars by wirich the repsair can be
finishzd in a shorter tiw:. In cuse of a less perfect organiza-
tion of repair work it may prove better to employ a smaller
nuaber of fitters working simultaneously at the repair.

Overfilling of performcnce stundards dep>nds on the technical
prep-r:tion of work, on the standard of repair mechanization
and orgunization, on th» competence of repair nen, etc,

6.51 Nuwber or working shifts of repair fitters

“ell orgianized repair workshops having a pood technical preparae

tion of repairs ors-onize the rork ol repcir mer in shifts. Two |
or threc shifts of rwpulsr wen work on the repair of the same |
wachine, thus reducing the rzpair oo ocess time by one half or

two thirds. In case of i.perfect orymization of work this working
metnod cin be assurcd in rare cases only. Undg the eonditions

of 1 poor ocganiz tion o, repair work considerable time losses
arise from tre work in chicts, costs are incrcased and the qua-
lity of work suffers. Those tine losses cannot be outweighed by
the advantage of p .rtiul seiuction of overall raonair process
tize. In large factories the twe-shift oprration should be the
tirget and all necessary tec'.nical and organization conditions
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therelors should pe systematically provided.

6.7 Lost Time

Only a part of the repair process time is utilized for the ropair
work proper. Another part of tne repair process time is used

up for preparatory ork, by waiting for spare parts, i'or ccmple-
ting of preceding oper.tions, etc. - i. ¢, lost time. The 1npth
of lost time can be deteramined by an analysis of ths true re-
p2ir process time. The repair process time is ;iven by the num-
bar of working days during which the wachine has been in repaeir.
T!iis number of working d-ys rapresents a certain working time.
If e. g. the process time of repair awounts tc9 working days,
then the total length of or.-ing time available in a two-shift
oprration will amount to 9 x 16 = 144 working hours. Only 40
working hours of fitters are however, euwployed. If two {itters
wort simultaneously at the repair, the true dur-tion of repair
work proper is 40 : 2 = 20 hours.

From 144 working hours spent by the machine Jor repair purposes
only 20 hours were utilized for the repair work praper, the rest
being lest time.

The utilization of repair process time = I%g « 100 = 14 %
A reduction of rep:ir piocess time c¢n be achieved in the fo)}r
lowing way:

- reducing the .umber of fitters standard working hours by the
mechanization of repoir operations or reduction of physical
wear of machines, thus reducing the material volume of repair;

- increasing the aumber of repair won working simultannously

- overfilling of perforuance standards above all by an improved
tachnical outfit available for rejpeir men

i
f
;.
}
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- increasing th: snift fuctor of repair uen

« redueing lest tir-,

It is a piessing tisk in OTyailzing the repair wor to reduce
the repair srocess work to the nec ssury minimum by gradually
pioviding Tor still bettor tectnic L anl erganization efficiency.

5.8 Mcthod of Per oiisng u Compl :te Overhaul

600 Total Yisganti.n, Ol _sachine cor co.olete oOvirheul
—_— (3 RS L ARSI L SR AR & .

a8 tuz Jitst phase ol 4 Complete averhaul o total discantling
0l Lhe Lacnine te iorlividuol PArts is made 30 48 to enable a
thorouph eleansing i inniv, al 1 retion of every part. The
disn ntling shoule pe pertfor aed Ltumedl thely after tho dellvery
Lt wachine for cenerp ) repadoe Dismsntiing of priveted and
firmly coessed-together picees ang Joints is .iade only after
sprCind decision reqached driag ir,cetien,

Gotid Sener.l cinanain O L ke
L

——— .

A thorough cleansing of the ac it vl of all 1ts parts is per-
formed. The cleaning i an ilnevit:his condition for a 8004 re-
Pir. Tt 1o best to beil i1 AdPt8 vt - it possible - alao {e

bed of the Lachine in a bat, Or esner contalning o solvent op
dorreasine apent. Tt Lgen MO ol sshing is not feasibdble, a
taorsurth eleansing wily conventionnl watecinls sheould be pertormed.
Be sure that all ¢ .se8, chauhers, chinnels ape quite completely

nd reliably cl-rined, The cleaning operation should be performed
iomediatoly afterp Bswaniling of e machirne,

6.83 Preparing the nacnine {op

—

insgection nad repaip

specification

To assure a good ard reliabi - inspection of machine and speci-




fic tion of the repair it ;5 necessary that the .achine - or its
irdividual functional ussemblies .are synopticolly displayed or
tightly assembled to it3 initi.l condition betore tiae inspection
is started. Only sc the correl . tion of individuil parts and
t::>lr cooperition c..n he corrcctly corsider d.

[t 12 theeasiore best acbor Lue ¢l daplrng oper tien to asgemble

i wmaetine by werely grocpiug the puits in their initial po-
sition. No tightening and no cresaing 1s required, the assemblies
au3t en~ole toking thew apart 2owsily by hond daring Lagyection,

Froiiminary asseubling fo1 ingpection ic neeassary above all if J
the machine proper is net well kncwn, Tho asa-ubiing should be ok

done ianediately oftor ite cle2anias. The dicwant ! ng, cleaning i
and reassembling operation should follow immediately after each
other.

G.ob4 1Inapection of the muchin: and repnir specificition

A good inspretion, correct ¢onsider.tion ol function and of the
porinciple of cooper . tion af th? parte nd o correct docision

as to what adgustments or exchaince of parts shoul? he parformed
are the basic conditions fo. v onprect complete overhaul.

The 1nspecticn wust be dont syste atically wnd carefully. do
202t tust bhe omitted. Each part auat be earafully examined,
coupetently considered a8 to ita wear, the necessary degree of
precision, its function in the oper tion of the machine or equip-
w2nt and load to which t12 part 1s expes:d. Expensive and
functionally i:.pori:int parts st be woasured and their play

wid clearances considered., Also frtipu~ factor .zt be tuken
into account. wutual raliation of clearances and play in enga-
ging parts or superposed parts should :1so be consicered, It

.8 r2coummendable to kezep in mind the rasult of the preceding
inspection of the wmachine and the content of the rote with wihich




the machine has been suomitted to complote overhiul.

The irspection 18 wmade stop by gtep on 1niividual subassemblies
s1d thi record is compos~d uccoiding to the aain assemblies of
the wnerine, One proceeds normilly +long the direction of acting
force to which the wetoubly &+720 18 7Zposed or from the hasie
part. Individual itews of the racerd are marhed with or inal
numbers. It is recommended to mark the same orlinal numbers on
the parts relating to the written item.

Waen making th2 record the muterinl, its dimensions and numbers
of drawings :nd other required data should be recorded.

It is accessary to keep in wmind tne reccnstructions required, th:
@wodernization and further us~ful lwprovemcnts of the wachine,
adjustment of the machina for the ocganization of lubricating
gervice and improving the security of operation.

The reecord should nlways be writtan down hy a good specialist
avallable together with the foreman of the team entrusted with
the repair of the machine. If necessary, a design- - and a task
setter are askzd for assistance.

'6.85 Preparing the work

Docuacnis necsssary for a quilified technical preparation of
work in coiplete ovortyul services are: the note on submitting
the machine for complete overhnul with enclosed note on the
preliminary inspection and idvanced orders, with inspection cer-
tificate, further a spocific.tion of all necessary operations as
written down during the general inspection of the machine.

Inmediately aftep having writtan down the specification all ne-
cessary documents should to issued, i. e. material issue slipse
ind opevation order slips, drawings of spare parts, process




slips, th'n the materi.l required should e issuad and a plan
of repair operaticns statad,

The preparation must be made in a very ahort time so that the
work on the couplete overhaul may start immediately and proceocd
without any interruption,

In th~ {actories it is highly recowsendable that the most part
of th technicul prrparation o work is veriormed in advance to
m e the prepar -tory ope.iliong LWiing th? repair work proper
a8 quick as possible anl to assure high quality of greparatory
wvorl.,

The wori.ing documunta for the [irst 17ys” work must be issued
inmediately so that the work may start immedintely after the
insprction. The rest of working documents nd other preparatory
work must be periormcd so that the continuity o1 repair once
3tarted is fully assured.

5.86 Periormance of ceuplete overhaul

gepairing - i. e. above all mrasuring and checking. Therefore,
hofore any work is st rted, tha method of working, measuring
'nd chcecking amust be completel, clear.

“hen scraping slides or any guide surches,';very partial opera-
tion must be individually - 8ured and checked. Especially all
shaits and spindles nmus. be tirasured, even if no wear nor defor-
mation is apparent on tucm. Alsc tho inspretion of their quality
is purposeful. In this way a lot of unusziul work is saved, as

in opposite case mucli repeated reasscuwbling may be inevitable.
o part which has not been duly checked, inspected and, if neces-
sary, repaired, must be .ounted into the machine.

Hich qu..lity of general repair dep2nds largely on the careful-
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ness of all those laking part in th- rep.ir work. Therefore the
factories wust select 1of such uctivity only workers who have
proved th.ir curefulness and proicssional reliability. Such
worliers must be 8yStouitically brief~d and th ir qualilication
and scope of ciperience slinul. he continuously irmproved.

6.87 Test running and inspection or machine aftep complete
ovarhaul

Every workshop pertoruing conplcte overhaul is obliged to test-run

and inspect the repéired machine befors its returning into ope-

ration. Testad are the effici.ney and reliability of all funeticns

of the wachinz, pull of clu.ches, noisclees oper tion, correct

function of recirculating lubrication System, correct gear con-

trol system Opc.ation, function of ond switch stops, electric

controls, coolin; system, all goars of rotationul speed, all

{e2eds in< easiness of ¢ ntrol. Fo. this PUrposc i test bench or

8 possibility of engcxing the drive o. ths tiachine pioper should

be givon.

Th inspection of th- machin: is maye according to corresponding
standards. The inspector nust moke sure that all speed and metal
cutting labele of the wachine coincide with actual situation. He
must checl: the pParimeters of the uechipe according to the teche
nical docum ntatiopn and cater 111 deviations revealed or missing
notes. The lespretion Jepart,, At Lranseits all w.nufactured
8p.re parts tc the Spare part store,

4ll old parts not used for asdsembling of tho anchine are checked
and sorted thnus:
~/ duxilliary reserve ir tno Store of spare parts

b/ material for further use

¢/ sciap
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conplete ovarhaul end all Paris that have not been used for tha
assembling of the repaired machine shruld be rewunved and trans-
mitted to corresponding pluces according to their charucter,

6.88 Return of the mach.ne [iom the complete overhaul into the
Rlant_for operition

Transmitting of the Ricuine hick to tis plant ¢ . be wnde with

& record. Aftezr 8ttting of tiuc machine on its site the machine

19 demonstrated in operit-on to the [oreman of the user a depart-
w2nt, to the attendant workerp ind to the maintenance fitter. A1l
adustments and chinges are cxplained and a record on the inspec-
tion of the wmachine is present~d. Volune and character of rcpair
Work prriovued is expl-ined in det.il. If no test equipmont lor
load testing ot the machine is available a test p2riod can be

8tated during which the Oper .tor records all possiblo concealed

defects for their consequent remedy. Rep.ir shops pive n guaranty

Jor th? transmitted criplrte overhiul to theip OWIL cost3 Lor a
rvasonable tiue - mostly up to 6 wonths.

It should be - principle thit all materini left after the finished

P N




Part 7 - Training of Workors
Industrial plants are wostly provided to a8 high degree with ba=
sic equipment. A qQualisied administration of this valuable,
coplicated and heterogznous Froperty, th2 care of its mainte-
nancz, perfectioning end rehshilitation of these assets is a vew
ry important and technically Cracting activity. Considerable
acounts of mon~y ara SPrnt .t many workers are employed in the
waintenance and repair o basic ey dpuent, The metitioned facts
“lone require that the quality of Bun ping nd the technical
care of these assats are as efficient as poseible ip order to
488urc reliable ¢ nlitions ior Lugre Ovensnt of utilizution effi=-
ciency of basic equipment and econoiy of its operation,

7.1 Qualilication Requireusnts top Ewployees Working in Mainte-
nance and Rep.ir oi Basic Equipment

A nuaber of varicus bianches .anA professions, various technical
Mm=ans .nd processes take PATY in th- miintenance of basic equip-
20t 1n every factory. High requirecents are laid on th~ quali-
fication of fanagement and of operators o' maintenance service,
These workers must naster the malnten .nce problems proper and
»i80 the technic.l agang of the tactory. Apart from basic pro-
feasion.1 educution these workers must have special knowledge
from sowe ¢thep Orenches of econony. Cnly then can they fulfi)
duly their toaks,

7.2 School Educaticn of the Specialists in Publie Schools

In a number of countries having ., ligh 12vel of education and
highly developed pedagogy such deep Specialization is not cove=
red by public schools, The school 8ySten leaves this specialized
2duc..ion cither ¢ 5.2¢ialized institutes with single-purpose
orientation or to i18titutes upheld by enterprises or industrial
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£POUPS. We eeusider tiis o. ient :tion os highly purposeful also
v 01 the re.son that Both theoretic ! and praciical training is
tolisprneabie for g speciatized training program of a omber

i profussions. Anyway, it ls dectusary L. onravide b, uny sthor
Henea8 Lo such troining that s net ohjject of the eJducation
progran of pubite shools and thst 1s nevertheless very ureent

Tor iaprovewsrt of prefecsivn 1ogqualiticat. o,

7.3 Specialized Bducational Progric ior Basie waintarcnce Pro-

fessiong in tre Cure of & eciogised fwalntenance Factories

UMY

md Other Sindlur Drgnnd adtions

—

]2 0ding tas racts wontionsd above Lne Jurther redairoments (or
4 wultipurpose training o! ganpewer and improvencent of qualifi-
C.tien it scems te be purpes2ful Lo orpanize a specialized traine

ing poograi. for wunacearnt of e e jul puent service,

il should be the tisk of this educutionnal and tralning program

R

Lo ravide above 1ll the higher staff in the branch of b .sic
2ul cent maragonent with soecialized Fnowledyes necessary for
masteriag of ihie Jiificull servier and, last bat nnt least, to
laprove their konwledse in Lue sphire of managezim-nt, public re-
Litions snd consiituting a pgonod weorcing envirorment. The training
Prv_oCanscar o contrizate eoficiently to the priwmotion of teochnical
development and devolom.opt ~f piticnalization of basie ejuip-
nent manapcoment,

In crder to assure that the educ-.tiocnal and training program may
comprise L1l recent progressive sState-of =the-art, 1t seems to
be us:ful that the educationul p:ogras, its orfuiizatior, metho-
¢ics and matter to be studied is groepared by a tean of best spe-
cialists of the branch undar pirofrssional bacling by so-called
"Dirzeting Commission" cowposzd of best specinliste from select-

2d enterprises, industrial group managenents, aniversities,




research institutes, ministry, etc,

It will be suitable to ors.nize ti. education program in the
fcrm of foup-semesteor rewotnly stucdied eycle practised in three-
day weetings convocate: Py Ton't except eacaticna.

Th> astaodice of tie 3tucy will be b.sed on PX19ting ganecal
przctice ir Lrainiag and edicat or ot Ttultsg,

ks the .orm of remote Study is adcpred, the training unit will
be 4 M"Consulting Lesson", 1. e, diresting and controlling the
1nleperniont sStudying activity of participants, » "Consulting
Lesson” will CO.Prise:

- Explanatiorn of topie (liwited to anbstantial .and highly dif-
ficult parts of the topie)

- Exaaination (control of independent work of participants)

= Instructinn (metholical instructicn to the study),

The Consulting Lessons will L2 completed by e rich program of
training (under this iuplilied notisn there shculd be under-
Stoed all scminaries, Co=papers of purtiripants, discuasions,
technical excursicns, demsnstrations AL similar activating
meihods),

During the studies the knowlelges of participants are continuously
controlled by written of oral exaninations. The topics or their
parts (according to the educ.ition pian) are concluded by an oral
examination. To the end of the whole program a topie for a writ-
téen technical paer 1s | escriLed Y0 11l purticipants aftep an
asreeuwcint with their euwplorer, This Puper 13 presented in writ-
ten Yorm in a prescrihed term and i discusscd with a test penel
during final examination,

Ths studying program requires - a. . preliminary condition - a
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k1cwlcdge corresponding to o complate high-school industrial
education. Further conditions are the rnowledge of theoraticnal
snd practic .l mancgo.ent of basic ejulpmont service at leuast
corraesaonding to the nuijct matter volume of the Hosic somindary

course of “Bagic Equipment adiiiast ation’,

Th~ ~ppliconts wust suonmit ar zpplicatoon torm in a du> term.
Applizants haviag submitted 1n tirme their applicaiisn foras are
i1vited Lo an introducter, ex wdn=tion. During tiils dlscusaion
t¥~ aposlicznts are informed ore 1n detiil also on the 2iw of

the educ:tional prosraw, 2. the plan of subjeota and an tae orga-
nilzatinn of the studlea.

At .he examinationn ot applicints and determination of their order
of iazorperation into indiwvidual courses the commission alsn con-
siders ieascns of public interest, profession.l backgreund,
function and qu.liiication of tne applicint and specific nced of
1is studies in favour of his employer factory.

For . piacticsl training, th teaciing center Las a possibility
to r2serve a ceort-in number of hours for passing in & plant of the
royulred character.

7.4 Professinone

To xive a more concrete picture on the distribution of studied
subjrcts and on the volume of all the watter to be studied a
plan of specialized educ:tiony! prosram titled "wmonagqment of

basic »quiprnert service" - intendad for a futuve chicf of the

depactment "Machinery and equipment" - i3 given ags un example
in the follnwing table,
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Ord. - . Total Hours per semestre
No, S UP3cct . LS SR ¢ Qo ¢ e 4

. 9, Organization and cconouy X ;
iof wmaintenance service '

and repair of basic : :
'equipment And principles, : |
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}3. Pxesenf tlon of technical paper Final examination

Llotice: 4ll subjects are c¢oncluied by examinations; the number
of hours written beiow the bruke are intenlded for final
consuiting lessons.,

7.5 Bstablishing tiic wuJlification Crode for the reriormance of

tne Function

Regarding the specialized knowledge needed f{or the performance
of the functicn of chiefs in the meirntenance sorvice it ilo pur-

poseful to include an adaitionsl requirnsent "Complementary spe-

cializad training i man:gewent oi basic equipment service' 1in
addition Lo the requirecaents “iracaation” and the corresponding
vears of practical buackground into tihe System of evaluition of

technical and economic officiuls in comuercial organizations.

Al eXawple:
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2711 Chief of ba- 7 LI 12 13 Grad, *' B Comple-

‘ 8ie equip- . | YesIrs  uo:ntary
ment mainte- ; ‘ ‘ ? gpeciali-
nance service . | zed train-
- f ' ing in wa-
: ; _ | nag-oment,

: : ' ! ! rof basic
| ' ; : I ‘equipment
; : , ' dervice

“Rate class in the Catepory of org.nizations”

- —

For the classificution of the employee into a salary rating
class the funetioni] Fouition ocecupind by him is of docieive
liportance,

The clussification of the organization 1ito categories is made
in Cz-croslovalkia According to:

= the technolosicai difficulty ang complexity of production

= trne technienl diffic. ity ana corplexity of assortuwent

= volume of inport an: eiport tasks

= volume of investaent 4880ts

= char:cter and velyy. o resvarceh ang development activitiea

= volume of gross incon:, volume of buasic equipment,
factor of ejuiprent of workers by -.achine tools ete,

= magnitude ol the Orluazation (nusber of enployees)

For the classification o | ¢hinsf of departmont "Machinery and
equipmnant’ e, se th: volun: npg Coi.plexity of basie equlpmant

under h@s administoaticn jg o priaordis; lLLpo.tance, Thus, the
classit'ication or an offici«l of the Gepartment "lachinery and




equipment” into a4 pauy class J2pends, in the vertical sense, on
thiz Tunctional positicn occupied by the official and 1n hori-
zontil sense on the voluwe and complexity of b:sic aquipnnt he
takes care of.

Explan~tion of symbols used in the column "Qualification reqgui-
red" in the preceding tabiaz:

Grad. - gradnated spoecialist (university, teennical university,
economic facultly, pedagesyy of arts), having passed all
prescribed {inal St.te Exawinations.

For functions mariced i this wa, a successfully finished
educational pro.r-m 2t 1 institute directed by an indus-
trial group o by a branch orpanization of enterprises and
covering the spucialilzotion in question, or a successfully
passed specialized tecqiinicsl nnd econcuic course comnpris-
ing at la2ast four couestres and orpgunized at o Juilversity
can - for a certiln tin = be accepted as fuaifille-nt of
the required .niversity grduation. This "certain tine®
should be unierstood as the period during which the offi-
cial performs successfully the junction for which the
University gr:duaticn has been prescribed,

In the column "Otuer requirem nts” as a "“Couplementary
specialized trainiug” iun the branch of "M~ niagement of
basic equipmert service"is quoted.

For officials over 45 ycars »f age, whers the appointed
man did not pass University graduation snd where it is no
more econcuic to undertair thesz studies, the speciali-
zation training program m:ntioned above can be accepted
as “+",

If the basic salary depends on the fulfillment of qualificition
requirenants, it is necessary to detecirwine the extent to which




equipment” intg 4 Pay class dz2pends, in the vertical senso, op
tre functional Position occupied by the officinl and in hori-
zZontal senss on the volume and complexity of bsusic eqQuipi>nt he
takes care of,

Explanation of symbols  sed i the column "Qualification requi-
red” in the preceding tibjo:

Grad, - graduated specialigt (university, tecinicay university,
economic faculty,\peddgcgy of arts), having passed all
preacribed 1jpay Stute Exilnations,

+ = For functions maAred in thps Wiy oa successfully finished
educationa] Proyram at gy LhStltate directeq by an induge
trial group or by a branch organization of enterprises ang
covering the Specializution ip question, or g Successfully
Passed specialiged techniec 1 npg econoiiic courge conprige-
ing at lcast four scaegtpag and organizaed at g University
can - for Certioin tine - pe accepted ag fulfilir-nt of
the required «niversity graduation, This "certain time"
should be unierstood as the period dvring which the offi-
¢ial performs Successiully the function fap which the
Lniversity 8r duaticn has beoj pPreacribed,

In the column "Otap reqairen; ntg" a3 a ”Complementary
8pecializeqd training” iy the branch of "Managenant pf
basic equlpment 3ervice®jq guoted,

For officiauls ovep 45 yrara np Ag¢, where the appointeqd
Ban did not pass Univers ity gl'aduation and whepe it is no
more econonic to anlertalc thege Studies, the Spaciali-
2ation tralning JIOL IO W ntiored above can be accepted
ag "+,

If the basie 811ary depends on the fulfillment of qualification
requiclenants, it js necessary to “eteriina the éxtent to which




the specialized education will tuke part in the determination of
the bisic salary.

7.6 Determining of Titles ror Officisls Having Passed the Specia-
1ized Education Progran

Apart frou thc establishment of qualification grade as mentioned

in the preceding paragruph it is required thut those who passed

all examinations prescribed and defended their technical paper

are entitled to use a lower technical graduation (e. g. title:

graduated maintenance engineer etc.). i

The qualification grade and a lower technical graduation title
will motivate the maintenance officials to pass the educational
program along with the performance of their job to render their
task easier and to contribute by a competent performing of their
function to an imp.oved management of basic equipment within

thair employer’s enterprise as well as in fsvour of the national
eccnomy.




Part 8 - Conclusion - Brief EBvaluation

The problems of improvement of th: care of basic equipment are
highly important in the current economy of industrial and com=-
marcial organizations ... repltewent a topie of continuous inte-
rest. This is true not only for the problems of a better aeconomy
in maintenance and repair service, but in the [irst place for
those of a higher efficiency of this service in favour of perfect
condition of basic equipment with the aim of safepuarding their
maximum operating efficiency. These pioblems are still more pres-
8ing to keep abreiat with the technicil development, with the
introduction of new =nd highly efficient machinery and also with
the intensification and improvement of the productivity of the .
whola of manuiacturing process.

8.1 Estublishing and Evaluating of Conditions for a Proportional

Development of the Basic Equipment Maintenance and Repair
Service

Th: development of Lhe repair and maintenance activities is fre-
quently hamprred by o lack of repair facilities duc to an imper-
fect organization and concept of repair service,

Requirements for repair facilities are stepped up also by imper-
fect design of machinery, by a ¢ low renewal rate and late scrap-
ping of outdated investuant assets,

The expunsica of facilities of maintenance departments under con-

8truction is elways retarded in relation to the requirenents to
their service,

Anothar 1limitation haupering the development of wsintenunce ser-
vice can be sean in a high diversity of types of machine tools
and equipment owing to which the repair activities cannot assunme
an industrial character and 8 purposeful and efficient stoirage
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service is mode iupossidble.

The development of repair services is further blocked by an in-
efficient and poorly equippeé research base solving maintenance
probloms ané repair topics. Insufficient attention is paid to
everyday servicing of machines, especially to the lubrication
service, which exerts a gerious iniluence on the wear process.
Jnder various circumstances 2 disproportional development of wain-
tenance can bring about many Turther adverse effects. To find a
remedy it is necessary 1o roveal these adverse phenomena, to ana=
lyse thiem and to Find a wa,; of tl-ir rewoval. This is t!.2 only

way of srcuring favourable eonditions {or iuprovement ol thc state.

8.2 Bconomica ot the Basic Bquipucnt Maintenance and Repair
Activities

The efficiency of the maintenance activities proper depends on
- the production base

-~ the geasures taken to slow down the wear process

- the spsacialization and centralization of work

- suitaible maintenince metiods.

a noewly built und well equipped production base will surely pre-
sont smaller requiremn~nts to the mai.tenance service than an old
production base where thc renewal has not been sufficiently per-
form2d and -vhere also the maintenance service did not suit the
weuar process.

By properly servicing the w.chines and equipment, correct clean-
ing and lubrication the wear process can be slowed down mostly by
as wuch as 25 %. Reduced wear involves a reduction of cost of
remady of wear.




A suitable couposition of machinery .nd equipment comprising
large numbers of identical types ennbles to organize an efficient
aetivity of speci lized whintensance teams ind to produce and
8tore economically the spare parts, to pertform repair using an
industrial or esven a new~for-old system of rehabilitition.

a substantial isorovement of tioo efiiciency of the maintecnance
activity osroper cuan he holped by a suitable maintenunce process
method and its ditffer ntiaticn according to the operational con-
ditions of the prolduction bisn.

For the purpose of an sccount .ng ~viluation of the efficiency
oS proper walntenance activities it i3 necessary to keep re-
ccrds on ali data necessary foc analysing of the activity, to
reveal adverse int'luences and to suggest measures for their re-
medy.

8.3 Bconc.ic Bffect of Basic Equipument Rupair and maintenance
on the Main Manuf.cturing Process of the Or.anization

Should the *basic equipacnt maint nance” be derinad as a1l acti-
vities iising at an’ weting to tre ryintaining of basic equipnent
in such condition th it th~ preluction ability of the organization
or company are olwuys kept at a constant production efficiency
and precision withocut hampering the production, then tho main
factor of efficiency of this tctivity wust be seen exactly in
how nuch this aim has been satisfied.

Outage tiuwe of wachinery an: equipment,eSpecially if in production
lines, in case o1 unplunned sto.pageywill bring about much more
serious losses thin cost of a maintenance opzration intended to
return the machin= into operating condition, E. g. an unplanned
outage time in an automated production plant of a wotor car fac-
tory caa, depending on the Size, cause losses that are ten thou-
sands times higher as the cost of th- waintenance operation na-

Emmern, e




cessary for remedy of the defect. It is therefore clear that all
activities of the maintenance service must be subordinated to
this main criterion. The degree of attention and volume of maine
tenance service are differentiated according to the impo.tance
of individual machines in the jroduction process.

6.4 Bxtended Life of Basic Equipment and Safeguarding of their
Serviceability - Main merit of Maintenance Activities

Right or wrong maintenance of basic equipment exerts a serious
influence not only on overhead costs, production losses owing
t+0 outoage tiwe necessary for waintenance operations, but it can
substantially influence also the life period of the equipment
unit es a whola.

This fact is most important above all where obsoletences of the
production equipment cannot substantially influence the results
of the production process and where such equipment can be effici-
ently utilized also in th? case of its trensfer from main produc-
tion linee into auxilliary workshops.

A propar maintenance of basic equipment can extend the service
1ife approxiastely by <5 - 30 ». Regarding extremely high cost
of basic equipment this represents considerable savings that oan
be giined by a thorough maintenanca.

fain efficiency of maintenance activities should therefore not
be eeen in its internal economy and efficiency, but in the outer
efficiency, represonting maximum reduction of outage time of
production equipment and extending of its service life.

Though the impiovoment of productivity of the waintenance activi-
ties proper is frequently subject to considerable efforte of tech-
nic-1 staff, it aust not be solved at the coet of overall affi-
ciency of the maintenance service which becomes only evident
outside of this activity.
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Note
The proposed conception of repairing and w.intenance of basic
equipm:nt refers to th: machin~ry anc equipment in well=organized
engincering corpositions .nd plants. The prineiplcs set forth in
he preceding chopters uay be conveniently applied or introduced
gr.tually, as mentioncd below,

The principles of waintenance and repairing of basic equipment

in developing countries are to be interpreted as prospective cri-
teria ol the targets specified {or every pdarticular progject. They
should be Aeterwined with such progressive approach as to remain
effective after being irntroduced for ps actic.l application.

The materialization of projeccts in the field of maintenance and
repairing of basic equiprent is u couplex p. oblew taking a very
long time to complete; it is reccmuended to carry it out in sta=-
ge8. RBach stage is to be correctly linked up with the other so
a8 to achicve a couplex fulfilment of the targets 1aid down in
the project.

It is therefore essential to base th: work on the prasent condi-
tions in production basis, production processes and their orga-
nization; on the pl.nning of developm:nt of these fields; on the
principle to proceed in a differenti ted wly according to the
conditions in which the procuction takes place.

Por instance, the {irst stage should be focussed on the realisa-
tion oi busic meisures detaeraiined by an analysis o: the existing
conditions in production basis, production organization and the
standarde (level) of the maintenance of basiec equipment as car-
ried out in specific conditions.

Siaultaneously the general aim of the project should be kept in
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view 80 that the first stage can also creote pre-requisites for
the subsequnt stage.

The second stage should include measures simed at specialization
and the resulting rise in maintenance and repairing efficiency,
which 2 .ain lcads to the required grouth of pioduction b 818
1avel, iaprovement of its oper.tional ability and rise 1in the
Quality of maintenunce work itself.

Thz third stage is intended to iinulize the project in the en-
visaged foru.

he presant voluwe does not apply to the repiiring of autoimobi-
1es 4né consumer goods, such as wireless 3scis, TV sets, refrige-
rotors, vacuum cleaners etc. which are subject to specific con-
ditions both in productiun process and the maintenance practice
as well.

kovoprojekta with its long past experience, however, cin render
conculting services even in these branches, Or it can work out
studies and tecr.nical reports for a1l other types of maintenance
and servicing.
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