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REPAIR AND MAINTENANCE OF MACHINE TOOLS IN DEVELOPING COUNTRIES

1. Int roguct ion

Machine tools, together with welding equipment, occupy a special position
{n relation to other machinery, such as ihat used in the textile industry,
transport, light industiry, printing and so on. Machine tools are used to produce
parts of other maohines, {.e. to manufacture new machines and instruments and

repair existing ones.

) oountry's stock of machine tools - ite technical level, structure and
ocondition - to a considerable extent detarmines the national productive capacity
and ability to solve technicel and economic problems independently.

The structure and growth of the machine tool stock are closely connected with
a oountry's level of industrializatiorn. As the country develops, it continues t~
use general purpose machine tools of normel accuracy, but it makes increasingly
extensive use also of precision tools, automatic toole and lines, specialized
tools for specific branches of mechanical engineering, and heavy tools for parts
of large machines.

Given a stock of machine tools, the problem arises of how to use them most
effioiently and extend their useful life-time as long as possible. This can be
achieved only through the organization of a special repair and mainienanoe system.

This ie a very serious problem, for mouern machine tools are highly complicated
machines which include precision devices, hydreulic and electrical systems, high~

speed and power treansmission systems and automatic and control devices,

The functioning of a mechine tool's units and mechanisms depends to a
considersble extent on the methods used of operating, meintaining and servicing it.




Tf insufficient thought is given to these methods, great waste of resources
and, most impcrtant, of foreign exchange can result. Such waste is due to two
factors which arise when individual units and mechanisms are taken out of eervice
prematurely.

Firet, there is an increase in the amount and, accordingly, the cost of repair
work., Often the repairs may entail importing spare parts.

When the failure occurs in a complicated precision part, such a8 a precision
lead screw, *he bushings of a jig borer, a reading mechanism ~r the like, it is
not always possible to repeir and recondition it locally. This may be avoided by
adequate methods of operation and servicing.

Secondly, wear and breakdowns increase jdle time in repair and reduce the
tool's use coefficient. Consequently, extra machine tools have to be acquired
to do the same amomt of work, and shop space has to be ‘ncreased correspondingly.

Furthermore, improperly repaired end maintained machine tools may fuil to
meet their technical specifications, particularly as regards accuracy.

Thus it is important not merely to acquire a stock of machine tools but also
to meintain it in efficient condition, which can be done by applying a repair and
maintenance system and developing methods of increasing the reliability and
durability of equipment.

It is important to train national personnel armed with moderr technical ideas
in this field.

2. Economio aageg of the maintenance Ed reggir

of machine too's

Expenditure on the repair and maintenarce of equipment accountis for a

oonsiderable proportion of produotion costa.




A

Research has shown that every yeer approximately 10 per cent of the stocic of
<echnical equipment undergces mujor overhavl, 20-25 per cent interucdiate overhaul
and 90-1C0 per cent minor overhaul.

The loss of time and resgources on keeping the astock of machine tecols in gcod
order is substeniial, depending to & prect extent on methods of operating and
servicing the machines and the technology and orgenizetion of raintenance. Voo
example, in an aversge-sizcd or +~rll enterrrise the cost of mejor overhaul alone
is normally up to F0 per cent of Lhe cost of & rew mechine in the case of medium-
3ized turning lathes, up to 4O per zent in the ceze of universal milling machineg
and up to 75 per cent in the cace of capcten lathes. It must ulso be remembered
tha. before the major overhaul s macnine tcol untergoes Lwo {1termediste overhauls,
each of which takes gbout helf as much labour ac & major overhauwl, end six minor
overhauls, cach of which tekes about & qunrter as mich labo ir ns a major overhaul.

In addition, machine tools are periodicclly cheched f'or sccuracy, lubriceted
and given preventive treatment.

Thus, the coct of meintaining &nd servicing & mechine tocl during one
maintenance cycle (i.e. up to mud including the major overrail) is greater taan
the cost of & ney machine, and if meintenence and repair is badly organized can
‘¢ seversl times greater. .

A fector of no less importence in evalueting “he econcmics of maintenance is
the idle time lost by equipment during the verious kinds of overhaul.

ﬁn an example, let us consider the perlods of forced idleness for maintenance
work on screw-cutting lathes and cylinder-and-core grinding mnchinee ¢of average °
size and complexity of design.” Thesé dete arw teken from the rtanderds for machire
tool meintenance epplied in the Soviet Unigﬁi under wiich mainterarce of all
equipment is carried out in accordance with a special pystem known s the "planned
preventive meintenance system”.

The figures given in table ] are for meintenance teums vorking & siugle
shift, and indicate how many deys a machine tool must remain idle for tre given

type of maintenance.




Teble 1

. i+

Type of Maintenance lathe Cylinder joinding oucring
Major overhaul 11 18

Intermediate ove rhaul .5 11

Minor overhaul ) b5

Accuracy checks 1 L5

A: wee steted avove, under the present maintentrice syster A rochine tool
undergoes tuo intermedinte and si» minor overnanls before itn mejor oversnal.
Accordingly, the aurber of days vhich a serev-rutting lathe, for cvarplo, will
1nse for wzintenance from the time it is put into operetion until) ts aejor

overheul is completed (i.e. over tte period of the neintenance cyele) vill e
12 +6.5 X2+ 2.715% 6 = 40 days

A machire's opereting life before mejor overhaul, and similarly belveen
intermediate .erhaule, deperds to e large cxtent on ta® netnecds of operation.
For example, & screv-cutting lethe versing sirgle shifts at a series preduction
factory and turning out steel perts to o rormal degree of eccurpcy will have
e working life before major overhaul of four to nine years.

If the machine tool runs for eight years btefore nmajor overhaul, it follows
tnet the tize lost for maintenance will amo.nt to an everape of Tive daye 8 sear.
If the shop hns sixty machines with the seme wverage p-intenance couplexity as
a screw-cutting lathc, the totnl 1dle time will ve 00 davs, i.e. tne meintenance
crew will have to vwork steadily s&ll year sc.d on pointaining tie machines (not.
elloving for lutrication end proeventive cnd other measures) .

If, becauce of insufticient attention to operating methods, ine nzintenance
cycle is four yerrs, the relative volume, of mairtenance work vill te tuwice as
greet.

These figurc: show that great nttention muet be given Lo neiheds of
maihtaining and operating eguipment. Ue have to know the reasons vhy & mnchire
tool loses its efriciency, and the methods by which its reliability and Qurability
can be increased; and in meintaining equipment up-to-date technclogical processes

end methods mur: e applied. In eddition, the equipment maintenence o stem must

e
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be Bo urpnnized a8 o act in advance Lo reduce Lhe propracalve wear of equlpment,
hring waintenance costs Lo a mintmum, @d encare Lthe proper preparation and

planning of maintenance work and tne efficlent use of equipnent.

3. Causes of loss of cfficiercy ‘n mee ine tools

b s —————

In approaching machines and mechanical systems, the claseien]l scliences ruch as
nechanics attempted to idegiize the conditions in which they fuic tioned.  The
errors and ineccuracies crused in the ectual performantz of a machine by component
vear, temperature deformation, defective meterials, technologicszl factors ete.
vere viewed es sberretfons frcom the performance cf the perfecct machine and as
undesi reble and fortuitous phencmena.

Modern science, particulerly cyternetics, tekes a different view of the
errors in a given system. FErrors and lneccuracics in & machire's execution of
an essigned programre (e.g. & technnlop!cal procecs) are reparded ¢s a netural
Teature of any real system., The need thus arises .o investigate the sources and
causes of adverse influences acting on machines and to ztudy the machines'
reactions to them.

" A machine cannot be completeiy isolated from the effecis of its environment,
nor can it be isolated from the influence of the processes going on within itself
a8 it functions.

The units and wvworking parts of a machine tool in =n industrial shop ere
subject to the influence of energy in all its forms, which affect itec Lechnieal
»erformance.

Mechanical energy is not only transmitted through the various working perts

of the machine as it performs the given technologlical procezs but alsc acts on
the machine as a whole in the forin of vibrations transmitted by other equipment
running in the shop, vibrations generated st the machine i. fed materiel, and
80 on, ,

The forcee at work in the machine are the product both of the technologicel
process and of such forces as those arising from friction in kinemetic cquplea
or inertia in moving parts., These forces cannot be strictly defined since the

very nature of their occurrence is hound up with complex physical phenomena,




It im, indecd, thie Arprec of 4l Joitone Gl th b
gives rise to the criors nnd Inacy o v 5 the caw emtie . g .

Purthermore, .van n constant foree  polaoes weny  ded ooy,
i.¢. causes a component s paramcter:s o o e with e

Lh';}l‘ﬁ]:.__g_'_“_ﬁ&\{ rffects mechine parte ne a rexult nt 00 o Lane 1 e
termperature, the operetion of dri foy gery o v 2cotrfos ) e g oy
generated during the cutting procer:-,

There phancnent, too, afrect the operation of Loth i Huid ) vork Lop
and the entire nauchine. Studic. nave : wown, for inetance, the! ag 1t e A
twvo hours' exposure to the sus (&t meun lotftuder) C% the ‘mee ¢ K 1 jar.and.
core grinding ma nine produces a shift in the e lc puitesn. A 5 one trw o le ¢
deviate 45 microns from true l{reer displuacereat, Purlor spre var e acf fee e
even more ly the heat .enerated in elrctri gt o, beaAri.p:, ar-toxees, hyega i
systens, ctc, Thxxi, oll heating in the hydronulic system: ol poeer neads .
standerd-unit machine tools can increase oi) loc >+ and decrease feei. A, r. peacy
the duration of the working cycle iu ihe nechire or automaltic wichie Lioe
spontaneously increaces and productivity talls. It lg pracifcslly taasitle v
make accurate allowance for thermal effects.

Chemiceal energy elso has en effect or machine perfurmence. Alr co-itarnde,
moisture and aggressive elements can cnuBe ~Orrosic. in -Arinus machine 113,
Bnulsion used to ccol & tocl may Arip on ‘c esientisl achine party, cipeciall
the electrical system, causing premiture failures.

Electromagnetic energy in the form of radio wever /«le ‘1 =arnetic

ot(;:illations) permeates the space around & maciine, and ma, etfe ” tne perforrarce
of the electronic apparatus which is be. . increasingly empioyed 1 ade 1 aAchkine
tools.

Thus, all forms of energy atteck the machine and fte workin: parts, initiating
& great many undesirable processes amd creating conditionr vaking fov lee nically
inferior performance,

Bafore dealing with the methods by which there haiatal inil eqce . e, ve
combate’, let us briefly examine the processes tlal cause : ruchiue tn lore . te
vorking efficiency.




Sore procesces occurring in o mackine and affecting its performance &re
reversitie, since they glter the parmeters 0of narte, ueiss £ad the entire system
vittis piven Moilto, winout tending ' coure o ooprensive dererieretion,

Tre oot fyrfes) e pte of o oreworoivle proccue i3 the deto cuion of

- -

mechine pards ans units ohicn crouss wnde e influence of exie-roal or internal

torcez. o e touarces of deforanti v in machine teols ipclude not only deformation

Al tre poar'  hewscives out elno 4 cvealion alosurface gunetions, o Jlidewnys,

Leerings ent other linsagcs, Defcowaicn of parts and jonctions elters the relative

nwositionis of mredne it inclucic, tre reefldleon of tre tocl und tie vork-plece.
& . g -

T-e recult is n lose of precision, -~ne woclone's ment imporiont technicel feature,
Vhen the Torces caunze, $O GCeT Lo doimre Lo, <8 vhen the siress is removed

elagric recovery tokes plece mad tho wachire porte retuarn to thelr original
positions, Tt 1g for (ais resson Lnet b JorT rion mocess 12 regerded as
yeverrible,

If edreumstarces orise i voiah tae Lorcee chenpge reriedically and very
{reciuently, vibrvaticr of the muchire wlts acears, i.o. rapid defcrmation changes
‘of miror ragiitoce. Vibratia. also ne lcusly zifects the auedily of wurk. Ib
ugually results ‘n inferior curface il .q.

fnctaer cxerple of & reverritle processs 1s the tempercture deforration

cf machine parte and units. '

Hect productic: 10 ine cutting zine or in friction couplings and ~mtient
tearatire variation:s 1e-nd te terperature defornations vhich niter the original
;ositions of rackiie vnits wnd vonsrguently reduce precisicn.,  Thus observation -
of the poition of & “aune opindl. nas thorn tnet riter some Luurs of operation
{Lhiee to seven hoi cu) odhe zpindle Fooaad . ily Javplaced oving to the heating-up
of the heedctock fece. Tne dirplacemc:® reeches 20 te 172 wicrons and tnen
stups, a cerwein degree or heat exciuige ellg cstevlicied., Afier the machine
naz Yeen switeled of € the epindle sraduelly returns to its {ormaer position.

Machine teols con sonetimes te ad justed 1o reduce inccouracies fue to
teuperature deforvation, out this mrkec tpeir cperation more édirricalt.

Accurscy o' wvork ir puriicularly eftoetea iy texperature deforaution in

precision unitc and framevork mermers.




Whereas reverzible processcs occwarinag in ¢ vreie feal lever Do oellicaency
as comparcd wvith 1ts potertiel perfonsance jnothe B eoner o drvore-ton.

tenperature effects and the like, irrever-iujo mrgoeines res i)t oin e prosrrorive

deterioration of the machine's verformence with tinre.

The nost typicel irrevercibie provesses in mechincs

wre vear, corrorion,
the gradual redistribution of internal stresses and creep (tra slow ouiléirs-up
of deformations).

The nost important cause of loss cf efficlency in machine tcols 16 wesr of
machine perts. '

Wear ic the result of e process of rrzdunl change in the dimensicns of rachine
part surfaces under the influence of fricticen,

The process of weear arises out of numerons ccrplex physical phenomene
occurring on the friction surfaces of machine parts.

Ac the surfeces interact they deteriorate end give off minute particlen. At
various points of contact th. temperature risen, chenges occwr in the stru ture of
the surface layers anéd trere develcp chemical processes .8 processes cormected
with the molecular attraction of the coriiguous meterials.

The most comzon types of wear met witn in machine toole arie the follavrini.

Ar-agive wear, in which atrasive perticles fourd on friction surfaces attock

the surfaces by cutting or scratchiig end produce ti~wv chips. The narticles
usually enter the lubricating fluid from the outsise and truvel with it to the
friction surface, tut they can also be preduced Dy wen~r ir. tne couple itself, or
they 2y be nard structurel ccmponents at ore of the abutting perte. In muly
cases, therefore, abrasive particles cannot e ccipletely eiimineted 1Tem the
friction surfaces of machine parts. Even with efficient nil filtration and the
{soletion of friction surfaces, conditions for atracive veer continuc to ve
present.2

Fatigue in surface layers renifests itselt in tne scaling of ninute particles

of metal from the contact surfaces of machine perts. f1he cppearance of foticue
in the surface leyers does not meen the ccmplete vrecxdovn of the part, but thers
is usually a speeding up of the destructive process (gradual chipping).

Plastic deformetion (warping) of surface layers is usuelly menifested in &

displacement of the metal beyond tne contact surfece. It occurs as e friction,




acompenying the process of vear, and in the absence of relative sliding rotioa.
This type of failure is typical of raterials having plastic propertier.

In practice, the various kindés of rurfpcé deterioration develop concurrently,
rearely occurring in pure form. To each type of frictic: surrace 'rere currespouds
a bagic form of Qeterioration, determined - the renhanicel! vroperties of the
ne.terial, the lubricant, the magnitude of the stresses applied, the cpereting
speed and other faciors.

ALl processes occurring in & machine, whetlher reversibie or irrevercsiole,
affect 1ts performence, causing errors, reduc rg the quelity of iue technoiogical

process, and necessitating periodic overheul.

4, Princlpsl meth. s o lncreasing tre durotili“y
' and relistility < machine tcols

A machine tool's reliability arc Jwnbtility are the indicators of ite
" performance as A function of time: thet 1s to say, they detine the uagnitude and
nature of the changes in its main characteristics vhich teke pluce in the course
“of ito operation.

A pachine tool must have higr initiel qualitative and quartitative indicators;
but that alone is not enough to meke it en efficient wmachine. Those indicators
must be meintained in the course of its operstion,

The durability of & machine “ool is its ability to carry out ite cperational

fungtione with mininmum expenditure for the replecemert of worn perts, readjustment,
repairs and servicing. The smellier the to*zl money and tine spent on matntaininé
the efficiency of the mschine tool througl.out its period’ of ice, “he greater its
durability.’

As the indicetor of a mechine tool's duradility, we nay use the coefficient
of durability‘nn, vhich equals the ratio of the operating time to the sum of the
operating time and the time the machise 18 out of action f'or repair:

Te - 1
To + T2 r
\ 1+ % 1




vhere Th is the operating time of the machirne¢ tool,
> 18 the time the machine tool is out of action for repsir,
'1‘i 18 the service life of the L part or anit cf the machine tool,

1. is the +ime (amount of work) re~uired to repair the .t pert or unit,

ircluding dismentling, reessewll, ard adjusiment,

Ed

n is the number of repaireble parts of the machine tcol.

The ~oefficlent of durrbiiity mey vary trrom O to . The nigher its value,
the more Gurahle the machine tocl.

The time the machine tool is cut of ectiorn depends on the service 1ife or its
component parts a4 units end the arount of work reg:ired to repair them.

Stoppages of the machine tcol vhich lower its ccerfficient ¢f durability may
have the followink causes: breakdown of individual perts, loss of effici~ncy of
trives and mechanisms, changes in the initiel service charccteristics ot the
machine tool (precision, freedom from vihraticn), and so rorth.

The coefficient of durszbility should be calculated on the basis of the
machine's entire pericd of operation, or, at least, of a pericd equivalent to the
length of itz meintenance cycle {the iength of tiue betore e major overhaul
becomes necessery).

The reliability of & mechine tool is the indicator of its ability to carr, out

{+s functions continuously for & given period of time.

Uninterrupted operation is an important requiremenrt for precent-dey industrial
squipment, Flow-line methods of production, where the work it transferred {rom
wachine to ruchize, and autcmatic produc“ior. lines make it essentizl for every
unit to operate without interruption.

The relisbility of & machine tool is determined or the Lbesis of indices of
probability. It may be defined as the probebility (p) that the machine will
operate without breakdown for a given length of time under normz]l operating
conditions. If the probability that & mechine tocl will uperaete for cne year
without dbreskdown is p = (.95, for example, this meane that out of & largs number
of machine tools of the model in question an average of 5 per cent will lose ite
efficiency in less than one year of operation.




whet does "loss of effi ciency™ or, o5 it is called in velisnility oheory,

npailure” mean 1n velation to macnine taels? Dovs a "raflure cecur, for crple,

when it beccses necenuory to chaunge o drive bell or odiurt a cliateh?
The meaning of "{nilure” nust be definci fn thae Tiat of apelycis of oo

operating and sevvicing metheds cged for wachine tools of the piven type.

Ui nterventions™ Ly the operabor in tne wwork process and the adjustment ol

mechine tooly wher provid:d for ir the o1 vicing instructicns end re. Liiing frem

the relative imper+ection of “he nechine tcol 1teelf, scould not we apcluaded oder

the heeding of "fmilures" (breexdown).

Thus,'i‘or exomple, the edjui-trent and replacement ¢f & tool, the edjustment
of individugl mechanicrms and preventive reintenance are inciudeg i the stordard |
rurring adjustments and betusen-overime) gervicing of many present-day maching .
tcols,

The more hignly perfected m mmehine toel is, tne frver such "legitimate” |
-atoppeges it will have end the more s table it will be for continuous operation.

Thus, irn crder to assess the relliability of & muchine tool we have to take
4nto account a1l interruptions of 1ts cpevation (stopprges) which ure uvot provided
for in the servicing plan. '

The most con-enient period of time to select for tlhe cperation of the mechine
tool with £ given degree cf relietility is the pericd between two scheduled
overhauwls. The bhigher the puarantec: probuzility of operation without failure,

P; is, the more relisble the machine teol,

'Of greet importance for machine tools 1s reliability from the peint of view-
of output quelity, i.e. from the point o viev of ersuripg the lesired precision
of mechining &nd quality of surface {irish.

The production relisvility of a machine tool, which is an index of its

capacity to continue to satisfy the que itative requiremert. of the production
process for a given lergth of time, can also be evaluated from the probability
that the machine tcol will satisfy those requirements ttroughcut the pericd
betveen overnauls or for the period btefore intermediate overhnul, =t which any .
loss of precision by the uzchine tool is mede gocd.

The relinbility =ud durability arc the characteristics wvhich detine A machine
tool's capecity tc reelize its technical polentiel iu actunl operation, its

serviceability and 1its degree of porfection.




To improve the reliability and Suvabili‘y of machine tocl:, v have Lo coren
the harriful influence: vhioa vo~ 0t in loce of etvleiceray.

The designer, the wechplceinn ana the cnoretor alviys have 2t el alnne )
& number of ways of achiewvir~ hisgh indices ¢l oajabillty aid dquratility.

First of el’ the machine- rnust cave 1igoi resistance o external influenes o,

The units cnd MeclaDiBms WOLéd want b wp Gt L oLe culficlelto sturdy, was: oo
built on the frame principle, must teve the spalles? poss!t le pumber of reobers,
etc,, 30 that they will withstand leadz., weseo7o the least possible deturration
and be as free ar possible from vibreticn. Wear-resistant anti-irietion aaiesizl
mrt e used for friction couples, vhile nll pointe of frictlon mut re protec e
erom dirt and thoroughly lulricatec. Qhsecvance of these ruden Joya the
foundetione for gocd wear-resistance.

The causes of possible failure must Le borue in wind in Lk uuéign 0 T
entire machine tool and its units, end precisicamochonioms nust te protecien
from shocks and other influencec.

The correct placement of driving gecr, syraetry of decien. and tne o
raterials with low coefficients of linenr exponsion heip Lo .uprove & raching
tool's resistence to temperature deformations.

Corrosion is combated hy protecting the machinery w.th epecial coatings and
raints anéd by the use of edditives in oilc and ccclentc,

The above and cther similar mensures vill result in the nredeetion o highly
perfected machine tools of edvanced technical performerce.

The latest edvences in vechenicel engineering, materisls end cheristry
(luhriceants and plastics) sre cortinually teins brought into use ir up-to-date
machine construc.ion.

The poseibilities of combating hermful processes are not uniimited, hovever,
There are no ccmpletely wear-resistant materials, it 1s presticelly impeossible to
exclude all but liquid friction im cll decnnnjsms,‘and “here are no nuteriels
wvhich do not suffer deformeticn end 30 not chong: *heir Ajver nfons witn
temperature fluctustions.

whea 1t is aluc verne in mind that the sourres ot interna) =nd externzl
{nfluences on the machine tocl remajn and that increasingly cxactlng demands are

being made &s regards cutput guelity, it 111 be seern thet the avove metheds of
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combating harmful influences, while essentinl, mre inedequate, beiug Jimited by
the level of development of one or unother Tield of technology - for example by
the possivilities of producting wear-resistait muterials,

The second way to increene the relic! !iity and durability of machine tool:s
i@ to use the most hirhly rationzilzed meinoda of creratiny erd meintsning

egui HEM..

The method of operation of & machine tool to a great extent determines its

rate of wear and the rate of developmert of other proceszrces recul*ing in losse of
efficiency.

Systematic supervision of the functionirg ot the machine tool and of the
Jubrication of its moving perts, prompt aljustment of its varlous mechani sms,
reguler care znd protection from accldentel *lows and damaze rre rll esrential
conditions if the wachine 18 to nave the durability for which it was desigred.

The system of planned preveniive mairterance in cperation in Soviet factories
embraces not only overhaul operstionc proper, but also a cemplex of prevertive
operations which form part of the inter-overhaul scrvicing syctem,

Both the machire tocl operstor and the members of the muintenence staff
(ritters, greasers, belt-drive servicemen and electricians) take pert in the
inter-overhaul servicing operations.

Inter-overheul servicing includes checks to ensure that tne cquipment is in
gopd condition, that it is being operated correctly, that nececsnry adjustments
ere being made end ainor feulte corrected, end that proper lubrication is
mcintéined.

In eddition, the services included i1 the pericdicnl overhauls, such es

. cleening, changing the oil arnd flusting thc lubricaticon syste.s, and checking the

equipment for precision and rigidity, 2180 help to create proper conditions for
correct operation.

In the opereiion of equipment, the protection of friction surfaces from dirt
is of great importance. ‘

The protection of frictior surfaces frem atmospheric dust, atrasives, and
chips from the work material considerebly atfects their wear-rciistance.

It is particulerly important to protect the surfeces it the surrounding

atmosphere hes a high abrasive content. For example, whern polishing machines are




in operation abrasive particles frcm the poliching disce accumulate in great
quantities in the air and on the surfaces of th. machine:.

In such working conditions therefore, retional cperating procedures nare
extremely important, i.e. cnanging and filtering cr lubricants, protection of
mechanisms from a.rasfves, removel of dus from the working nrea, removal of the
prcducts of grinding and pdlianing, e.g. by mugnetic seperatvion, etc.5

The nature of the material bheing worked is an important factor in the fouling
of the machine surface.

When cast iron is vorked on lathes, milling rachines or other machine tcole,
demage 18 ceused by scele or particles of grit t2lling onto the mechenisms; in the
case of aluminium alloys, the harmful elements ere rard sluwiinium oxides. Thue
the rate of wear of lathe slides in light machining operztioru, even with shiclds
{which only partielly protect the slideg), 18 three to four times higher in the
machining of aluminiym alloys than in that of 3teel or csst-irorn parts.

This demonstretes the need for more effective ways of protecting the slides
in the machining of aluminjium.

In some factories machine tools mey be secn operating without slide shields,
the slides being protected only by felt padding. Measurements have shoun that In
such cases slide vear is two to three times greater.

In machine-tool operation, theretore, careful attention should be given to
the use of verious protective devices to prevent fouling of key parig.

It is of great importance when operating mechine tcols to ensure tLat the
lubrication system functions without interruption.

Defects in the lubrication syctcm may caurne accelersted wear ard the breakdowr.
of key parts of the machire. For example, if the flow of oil to the spindle of &
polishing machine is cut off, not only are the sleeve bearings damaged but the
spindle 1s often hected to the point where heet cracke appear on its surface end
1t breaks down. While working with mechire tools, operators have noticed that
abrasive and other dusts in a state of suspension in the air settle on the bed
guides and combine with the oil to form an aeblrasi ve mixture.

This accelerates the process of wear, especially if tlie pachine with oiled
slides has been idle for a time. The extent of vear may increamse by 30 per cent.
For this reason experienced workers clean the slides thoroughly at the bveginning of
their shifts, perticularly after non-working daye.
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Wiear depends on the hardness of the abrasives fellinz into the lubricant.

In ascending order of abraéive capacity these particles may be rated as
follows: steel and cast-iron filings, scale, grit, and cutting particles from
.polishing discs.

It is also dcsirsble when operating rachine tools to chieck the wear of their
ey parts, particularly the ali des. This may be dare with special wcar gruges developed
1 the USSR (7; 3), which measure precisely the amount of wear of the slides
i1 industriel operation. The extent to vhich deterioration can te corrected
jepends on the methods snd technological processes employed in machine-tcol
paintenance. In wear-resistance, accuracy and other characteristics, reconditioned
parts or units should te as goor as new ones. ‘

The syster. of maintenance should be 80 organized thet the restoration of the
efficiency of egquipment requires & minimun expenditure of time end resources.

A third way of improving and meitaining the technical characteristics of &
hechine tool is to icolate the machine from harmful external influences. This

method is particularly applicable in the cage of precision machines which are
Yequired to turn out e high-quelity product.

Thus, in order to reduce temperature deformation, precision machines are
placed in special tempereture-controlled rooms or shops equipped with special
devices to maintain the desired temperature, usually 20%.

For example, co-ordinated boring mechines, which are required to be
excep'tionally accurate in performence, are generally operated in temperature-
controlled rooms; where that is not possible, each machine is placed in a separate
room, vhere it can be better isoleted from temperature changes, dust in the
atmosphere and the vibrations of other machines.

Insulating machines frcm vibretions is also one of the methods of increeasing
their precision. Many machine tcols and other machines and equipment opereting
in any part of & factory subject the Led on which they rest to periudic stresses.
The resulting vibrations are transmitted to other machine tools and it they reach
a certain degree of intensity and frequency they can lower the quality of performance
of the letter substantially.

The usual method of insulating machine tools from vibrations is to s~t them on
{ndividual beds, 2-3 metres deep in the case of mediwn-eize precision machines and
up to 5-6 metres deep in the case of some heavy and special-purpose machines.




Althougn plscing the mcchine tool on an inc!vidunl ted conciderndbl, improves
ite resiastance to vi.uration, the process 1: ~ latortous one end ~nekes v difficult
to wove the equlpwent stout ip the chep,

To an irncreasing extent machine toclo are Yeing placed on zreciad resylient
supperts or vibratlion dampers. The resilient campone:t zonsigts of rterl o ring.s
or yrids, piestic packlng, rubter, cork, wto, I they are given he propere degrce
c oripgldtty, they dovp vibretiors trenrvidted from other maciires ona equlpiant.

Devices for romoving durt from tne alv end mtrict atmospheric durt cerntrul
are ot.uer widely used meens or improving the eccureacy of performanc: ol ~uctine
tocis. In scme ceres standards are ne* speritying the permisngille guantity ef
dust perticlez per cuble centimetre of eir. 7This precedure not only is ersenticl
in counexion wvitn ‘ne manufectu{e and essermbling of certnin key nartes of
inztrumerts but else welps Lo wainteln tre o:ficlens of tre muchine ool
vremcelver, cinee it consideratly reducer tne guuntity of alrsacicoo . vhion can

11 on their friction surfeces.
Jucleting the maztine tcol from tenpereture changes, vitratjons, duczt ard

ouher extrinel influenies inoreeses its eficlency bhut tnis method tce hng its

Mretly, internal ecnuses of error renain, such ez the remt renerated by tne

of wechunism of the machine tcol, abrasive particles produce?d by wvear of the
mhehisc!s parcs, end vitratione produced by cutting end bv the operation of the
sechenisms of the rmachine ftself.

Secondly, ccunlete isolation is ditficult to achieve beeruse externel
iafliuvences nre verisble end *to & certair extent indetermicete in nature. Thus
the inten:zity and craracter of external vivrations affectirg the tool depend on
+“he operation of other machines and vary guite widely, while insulation from
vibration is most effective only for viLretions of certain frequencies,

Thirdly, and lastly, the very priaciple of icrolation rrom external irfluences
stemc from an ¢1d non-cybernetic vievw of mecranicnd error az cemething which con
be eliminated.

For these reasons there has been & grovir; tendency in recent years to use a
fourth meens of improving the efticlency of today's complicated muchine teols,

nemely the use of gpecinl meclenisme wnich autcmatically repuiete the paraneters

cf the pachine. The uee of these mecheniusas mekes it pucsille to muintain the




fundmrental characteristice of the macn:i€ OVeET & long pericd of use, through
{nter-zction with the enviromnént, tihvengl the aatomatic reaction of the machine
to chenges in 1ts operaiing conditions,

Like a living orgsnisi, & complicater manhine chould possens the functicon of
automaticelly recovering its lost eificiery.

Such mechanisms are already veing used on wicidne tcols, ranging fran the
simplest devices which automatianlly elimi: ot gepe preduced by woar, Lreak the
renematic circuit in case or overleciing and cusure vattommity of clresces
within the mechenism, to syatenc whicn rczhore seouracy of performance. replact
wvorn-out teols, react to the effects of tempersture, ete.

For example, the following ere ocuing irte ucne  autemetic roguistion of the
kinematic pre-ision of the rolling chain in sear-cutting coochinge, sutcratiz
regulation of the thickacus of the ¢il laver in the sildse o wvertical toring and
turning mechines. active control and notonntie minor wljuninente in polfshing
‘machines, eutcmetric eliminotion of vibration snd imtolonce in lethes, sutomatic
compensation for weaer in the tavles of certain tywes ol wacrnine teolz, and cther
‘self-regulalion f:,n,'sst‘.m-m'.'.,'j "hese rotomaiic rerulation systoms are opening vp
broad prospectic Tor the devclopment o reiinple and long-losting wachines, but
they require that cwven closer atteriion te paid to the mathede of ainteining «nd
operatirg them, The more ccmplicated the equipment ured nud the better 145
quality, the more important the corrert rrganizetion of macrine-toci srorvicing end

meintenance hecomes.

5. Jrecanizational prirciples {ov inmonine- tool
meintercnce and servicing systens

In order to keep equipment permenc:tly in vorking oréer with tne minimum
expenditure of time tnd resources, it 15 necessery to institute & maintenance
system with sirict rules concerning the banie messures to ve iaken for this
purpose. '

In the Soviet Union, & undforw planred nreventi ve-maintoronee oyste fare heen
apecielly worked out for aud is applind 1u &l] breacnes of indusizcy.

Now thirty years old and steadily improved, this syctem has shoun ils greet

possibilities and the correctness of the underlying orpanizationel principles.
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The basic principles of the planned preventive-maintenance system wie us
follows:

1. All operaticns necessury tou keep equipment in working order are diviied
into two groups:

(a) Servieing in the intervals between overhsuls, which ircludes regular
checking of the equipment and correction of faults, preventive measures, ed!istmert
of mechanisms, and soxetimes replacement. of quick-change parts;

(b) Periodic overhauls, which are carried cut in accordance with a plan ieid
down in advance and represent the Lulk cf mainternance ~perations.

2. Periodic overbsuls in accordance with the plan are sub-divided intc
various types depending on the scale of the operations. There are usually three
types of overhaul: '

minor (type I)

intermediate (type II)

major (type III)

A machine tool which has undergonc major overhaul must be asble to meet all the
basic demands placed upon & new tool.

3. All cverhauls of a particular mcdel of machine tocl under tre plan are
carried cut at regular intervels, the intervening periods teing called "intervals
between overhauls". The length of the interval is onc of the main cheracteristics of
the maintenance system and depends on the type of machine tool and its ojcrating
conditions.

_ b, The maintenance system also fixes the pattern ¢f the maintenanc: cycle,
i.e. the mmber of planned overhsuls and the crder in which they are carried cut.
Most machine tools ncw have a cycle of nine plaonned overhauls, in the following
order: I-I-II-I-I-IT-I-I-III.

Thie pettern is the same for all types and mcdels of metal-cutting lathes and
all operating conditions. The period of time over whick it is completed, i.e. the
pericd from one major cverhaul to the next, is known as th: maintenance cycle.

5. The expenditure of labour for a given type of overhaul is indicated by
the mumber of mechine-hours and men-kours allocated for it under the plan.

The rolatior;cw.p between the volumes of major, intermediate and minor overhaul
vork 1s the same for all machine tools.

.
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h. Muchine tocls are broke: Ao Toto Sferert eote rorics acoorling te thetr
degrce cf complexity.  FRach ecotopovy fooae lgnad corvert tone Y cen S T edont ubhieh
corpaic5 the lebour conearsd by ooracctie et b that enbope oy vith tho wn cunt
consured by a standesd tcol. The Lo 7 tadew S Lt ot ety ccreral-pupene
turring-lathe of avere o o 0l xity, ob Yoy ooy cotien g dniteated by a
cemplexity cucefficient R-10.

T Tre standard ve tucs Tor the velame ol overhaul werk asc average figures
erd are used to plan the totel voiuwe T <verhaul work in s wesl.whop or enterprise.
Deviaticr.s arc allcved for, dercendirg on the aetual state of a rachine tocl when
overhauled.

The bésic jdee Lehind these vrinciplos wderlyvirg the medntonuce gyster is
that by -otubliching - printersnes eyel vith o porrinent potlorn, proserving wvernge
ratios Letween the volaos o work fnvelvel o the differcent Lyrc.-s'oi‘ cverhoul and

copperis, Aifferent tyo.s of egpeiprert by rleeing cach in 6 pairtonanee ccuplexity

¥
cutegor.s. it 45 poselille to plun cotntenance 1n alvance wid te calzulate the labour,

equipment and time required.

’ Cn the sther haid, the syotem allcus for the veriety of . puifzent and working
corditions to te fuund in irdustry. Tt provides for different intervals betweern
coverhauls, allows for deviations frov the avorsge values for labeur consumption ard
lays down & wlole complex of provertive measures to prevert sudden breakdowns and
cumulative weur,

_Stardard rates hLav: Yeon werked cut in dhe Scviet tnion for deternining the
expenditurce of lalour in mainteranee of technolosionl equj}tm‘:r.t‘..] Frem the sterdard
rates it 18 poesible to calculetv in wdvance the puriediciiy of mairterance, the
amount cf time srd rescurces tc re experded on it, the wrount of labaor end
equiprent required, the coct of rairtenunce operations, the quantity of sparc parts
and cther recessary data.

The sterdard rates are drewr p in sach a vey thal the laetour conswsption in
the overhaul of cach wiii of cemplexity 18 determined: t1is value is Lher corverted
for the tcol in questicn. Thus, uccording to the 1402 rates, the time te be spont
per mainterunce unit should rct exceed th: figure shown in lab.e 2,




Takle 2

Overhauls end preventive mainteuance operslions clurter of honrs
Mechanics, ete, Meoendre roals
Cleaning 0.3
Checking accuracy Coki -
Minor overheul (I) .75 G20
/ h ~ ~ 0
2 R ,'-L faw
Intemgd&ate overhaul (II) A k 16.5 7
Majcr overhaul (III) 26 10.1

Thus, the latour consumption ratic for planred cverhauls is:

I:ITITI = 6.1:23.9:36.1,. 01 approxirot o y it
Tnese stardard time rates are interded for nlanripg ond caloulating ‘the lebour
force required. In order to detcruwire vom them the muber of heurs seguired ter
maintenance of a given mcdel of machine tccl, the figurce given must Lo zultipli d
oy the cumplexity ccefficient for the machine tool concerned.

For example, in the case of a thread-grinding mechine with complexity
scefficirnt K = 17, 17.(26+10.1) = €135 tour: ke pe plaried 000 mujor
cverhaul, 4CC hours for intermediate overheul, and co or. The standards glve
examples of how t- meke the calculations and tables of ccmplexity ~cetficients for
jifferent types and models of machine tools.

Table 3 gives the mcst characteristic complexity ccefficients for certain
types of machine tools,

bls 3
Type of machine tcol Compiexity cceffgrient
1. Lathes, medium size 9-13
2. Heavy lathes 17-13
3. Vertical drilling machinee 3-8
h. Redisl arilling mwachincs 6-12
5. Open-sidc jig borers 20-35
€. Horizontal borers (mv:dium) 16-18
7. Cylinder-grinding machines 1G-15
8. Qear-cutting machines, wmedium size 10-12
- 9. General-purpose horizontal milling-machines ' 8-1k

- 10. Planing machine:, medium sire 12-15




Tre length of the maintenance cycle in hours s calenlated trom rormulae in which
the operating conditicns of tne tool are expressed by empirieal cocltinlents.

For metal-cutting lathes the value oY T can be culenlated from the formula:

T = 2h,000 Bl ﬁ:& ‘:‘5 bh hours
where ﬂl {s the ccefficient for the type cof pruducticm, with valu~zs Bi = 1 for
rass ard large-series prcduetior, Bl - 1.% for series pruduction' anrd ﬁl = 1.5 for
small-series ard unit production. The coelficient (32 relates to the type of
seterial worked on the machire teol, with values B, Lior structurel cteel,
,82 = C.7 for high-strength oteel, pe = ¢.(Y for aiuminium allcys ard ;3:,, = (,,9 for
cast iron and bronze. The cefficient ﬁ5 relates tc operating conditions, vith
values ;33 - 1 for nerma. operating conditions, {53 . 0.7=0.8 for dusty and humid
conditions, ﬁi « 1.1-1.7 for high-precieion tools in nachire-shop conaitions and
ﬁ3 = 1.3-1.b for tocis housed eeparately. The cocfficient 514 relates to the size
of the machine tool, with values §) = 1 for ligrt end medium-sized tools,
;314 = 1.3% for heavy toels ard ;3!& - 1.7 Tor easpecially teavy ard special-purpore
tools.

ire formula for the interval between overhauls t, with nine planned overhauls
fer cycle, is t . g hours.

When equipwent, is worked on a sirgle-ghift tesie, itc rated apnual working time
is 2,CC0 hours.
' The inter-overheul pericd can Le deternined roughly frcm these functional
relationships and then corrected in accordance witk the apecilic operating
~ondi*ions and nethods.

Suppese, for example, that it 15 necessary to deternine the duration of the
maintenance cycle for a heavy turning lethe (complexity coefficicnt R = 17,
B, = L. 35) workirg two shifts in small-series production conditions (gl = 1.5).
The tool processes mainly high-strength steel ard cast iron (52 = 0.7 + 0.9 = 0.8)
and humidity in the workshop is very high (ﬁ5 = 0.7).

T « 24,00 x 1.5 x C.B x 0.7 x 1.35 = 27,000 bours, or

-T-?,OOO, z T years
x 2,000

t = 9.5 months - the inter-overhaul period.




On the basis of these data, the machine'ts maintenance schedule can be drawn up
and the latour concumed and thkc time spert 1dly in meintenonce cun be determined
a8 above.

There are three main systems of mainterance et industrial enterorises -
centralized, deccntralized end mixzd.

Under e centralized meintenance system, all mointenance work §s carrieg out
at the factory with the labcur and resources of a chief mechurical ergineer's
section ard its maintenance machine shop. This kind of organizaticr 18 typical
for plants with = small amount o~f cquipment.

Under a decentralized maintenance system, all kinds of maintenance cperetions -
inter-overhaul servicing aud periodic overhauls, including major overrauls - arc
carried out unde. the directic'm of shop mechanics by Bo-called "sh;,‘p maintenance
units", wiuich are general maintensnce squads. The naintenance muchine shop under
the ~ticr mechanical ernginecr carries cut only major ¢verhaul of complex units.

In additicn, it manufactures and reconditions cquipment paris for the shop
mainterance units when this requires srecial technclegy.

Urder 8 mixed maintepance system, sll kirds of muintenence, except major
overhauls, are cerried out ty shop maintenance units and major overhauls (ana
scmetimes intermediate overhauls of large assemblies) by the malntenance mechine
shop.

6. Scope of cach type of overhaul and deterrination of
the service life of mechine-tcol parts

The scope of the planned pericdic overhauls depcrds orn the deegign of the
machine tool and the conditicns under which it is operated.

A mincr overhaul entaile the replacement or reconditioning cf a small number
of worn parts, the adjistment of the mechinery, end cheocke that the machine teol

is in staisfactory cordition ard that its lubricatior system is Minctioning
properly.

An intermediate overhsul entails s grester umount of maintenaice wotk,
including the partial truing-up of the machine tcol urd the restoraticn ol any
precision whick has been lcst. It is carried out without removirg the machine
tcol trom its ted.
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Table 4, for exumple, gives lists o figurey caleulated by the mubhor vhick
show', for various degrees of machincry procisiorn, the maximum wear of luth. slides
(mcasurcd at the point of greatest wear) which will permlit these preefsion
recui rements to 12 satisfied. The figuris in the table shes only the rcduetiorn
in precigion due to wear of the slides, eid do not take into account tle influence
of cther factors {such as the rigidity of the slide rest, the spindle ard othev
parts and wear of the cutting tool).

Teble 4
Maximum Class of Maxiowum permissible wear of slides, in wx, when
permissible precision turuing workpieces with lengths cf up to:
variation in at - '
diameter of d=50~-8Crm
workpiece, in '
microns 25mm 5Cum 1CCum 2CCnm 3CCrm L4CCmar:
13 i 0.16 0.CA 0. O n, 02 0.013 0.01
20 2 0.24 0.12 0. C6 ¢.03% 0,02 0. 015
30 s o.40 0,20 0.10 0. 0% 0.035  C.025
€0 3 - 0. 40 0,20 Q.10 0. 07 0. 05
120 3a - - n. ko 0. 20 .13 2.1C
2C0 N - - 0.65 C. 30 0.71 C. 16
400 5 - - - 0. €5 0,43 G, 32

This table shows that there 1s a direct connexion vetween the permissible
wear of the slides on the one hand and tlie desired precision of mechining ard
the dimensions (length) of the workpieces on the other hand.

When the workpleces are slhort ard a large allowance is made for variations in
their diemeter the permissible wear may be very considerablc. However, operational
and overhaul consideraticns and the need"c.o aveld vibretion of the alide rest make
it inadvisable to allow the wear tc exceed 0.2rr.

In meny cases, the maximum permissible wear of key parts of eacn el of
machine tool can te eptellished on the basis of practical overhaul and operating
experience,
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Tn order to determine the service life (T) of & part, 1% is necussary o kr.ow
the nature of the wear process ir the pars as & functior of time and tie maximum
permissible value of weexr U . As, in tle majority nt coses, nermial vear takes
place 2t a constant rate ¥ = coush., then cor keown values of ¥ oand Umay the service

3
1ife of a pert will be: U

ome,
T - =55 (2)

The value of the rate of weer 7 18 Jetormined cither on the basie of
measurements or from exrueriencs of operaticn of machin trola of Lhe type in
question.

Formula (2} for determining the scrvice 1ife of zachine tcol parts is applicsble
to parts which are replaced only Jhen they Leeome unscrviceable, i.e., when thelr
yeay has reached the value Umax'

Zvick-charge parts which are veploced wht the maching tnol 1e serviced
between overhaunls fall into thi: celegury.

In the case of parte which are recorditioned or reniaced during the pericdic
planned ove-hauls, the acceptable vainer 07 wear !}O wili te equal te or less than
t,he' nedd.munm pengissibiu valaen wa, ae the partz must nct hecome wunacrviceahle 1n
the interval before the next cverhaul. Ir the iriter-cvertaul period, i.e., the
pericd betwecn two plsnned cverbally, 15 TI" tren over that pericd of tire the
vear of the part will increase by an grount )"T'l. "he mex mum ccceptable apcunt
of weer 'IC, after wbich it 1 essentiel to replece OT recordition a pert at the

current pericdie overhaul, wili therefore “e:

UO x Umax "VOTl (5)
Bearing in mind that ¥ - Y_g_ (whore T 1= the service lfe of the part tefore overhaul)
we have: T
g . T
Us = Vnax ~ g,r»]:, ()
vkence
U
U, = bax (5)
1+ ’I‘l




1T a given pericdic cverhaul iz the hth since the last cverhaul of the pori,

then ithe service life of the purt will e T - KTI and the formula Tor coleulati-
the acceptablc weer will take the form:

7 =K '6)

¢ X + 1 UIBF.‘X )

For example, @ part has a cesc-baraened tayer O.%pm in depth ard the ruxicu:
permissible wear is Un.a.x = 0.65m (0 per cent of the dopth of the casc~hir dered
leyer). Should the part be re - MEL ned - £, vhor measured at the third pericdic
overhaul, its wear is found to anount to O.5%mm?

Let us celculate " according te forwula (A):
!_'o = 9065 3 + Jﬂ ) \/.hm

The part must therefore te reconditioned, Aas aitrougl {ts wewr 18 lesF than Uzmc
1t will not lest until the next pericdic cverhaul.

I{ the maximun permissible apcunts of wear ard the service lives of the nudn
parts of the muchine tool axe known, the gcore of the varicus typee of ¢verhavis rar
be defined more accurutely, the durabiiity of the macnine tool incresred and the
cost of meintaining it reduced,

7. Thcoretical beses for esinblishing Lhe uedr. parazcters
»f e meintepwnce system

The meir paremeterg of s vaintenance cyster are a naintennnce-cycle ittern
applicable to all machine tcols and an 1rter-cverhaul pericd woich takes into
cccount the £recisl features of the egairment and the way it io nperated.

The maintenance cycle pattern epa the interval betwzen overhaula gust e such
that through fuiler utilizetion of the . exrvice livee o1 1 2 machinc tcol parts wrd
assemblics, other things being equal, tke equipment 48 idlc for overhau} for the
shortest possible time and expenditure on its vver naul is kert to the miniTus.

In oider to sclect the best values Tor these paramehoers, 1L is neccssary to
determinc buw their values influence “he durability of the mechine tocl - the
coefficient Ny (see formula (1)).
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When using formula (1) in councyion with pericdic o vvieuls it nust be borne
in mind that:

(1) The pcrindieity of owcrhauls will L. Ce¥im

L

Ly tin sduirun service 140 Ty
A

nf the parts sui/ect to prriodfs cverhaui

L0 wil) ewnpdre opefore Jhe next

«
.-
]
-

() At cact overhaul, el rocts oo 0TI

overheul must Ve ropiaced.

-

Trn order to analy o thre il ianci-creie it aliopen piue-tond vaa s wiliceh
ar> mbject w0 periolls cwerkoad act Gt A ivte proops senrdlivg tC Lotk of

service 1ife,

Y

Bach group scmprises rarts wrnors sorivas: Yife, T., 24 wittia the rerpe

N, .'PI o7, <(n+ Y, 7, wnre n is the Rt & Tae uwer 0 tme proay 3l parts o in
! A -
quactior ani I. !tz the miulgerr = Pvde Dote, or delernmine - tne periodicity of
1
LAY
overhtuls. Por the = =roip of perke, 77T AL RSO <1} u'?"L. . part: of tie
first proup will Co cverton widoattr TI Leoe, arte oi tro econd gronn Liter T,

-

mours, &nd 5o forh., The ooThoo S oeyiogs utovurts L svernect @ a2 the perinclc
T

C"‘ P » . . ]
ovectanle iz & .termined from 4Y. rolatiet - T sers v lo tre service live
T,’ RSN

of tne most curanlc part.
It the mintcmmce—cwole patt rrs weed 1o 2relyend tvor tnie moint of view,
more advantageous varisnts than ~he nirc-; cried vattopr uey oo Tound.
It 1. & fac: :hat alt™ough trhe pattern shows £l flyov rue parliodic overisuls
as Leing of the same Lype (minor overtiule?, whie iooac dobonoonly of *heir everage
scone. o reality, the:e two overbr s w:ll oc A{ fprint fprom cach ~tpboe, an elfter

the pf:’riud Tl {the perfod bietesr Jvert sy, the first-scoun peetr osiil e
overhauled, while afier the rpericd u’?‘l wets e Firghegront o8 NEe sresnd-JUaap
part: will be cv.rtauled. Tv e coowd o overkaul Wik caryiod wut o the seeond
occkeion will congequontiy be ety B thoue.. Doth sre clescd ted ne pinor

overhauls a;d the time and resonrces ailocat2¢ tur then are flontical,

b

It car similerly ©. shevr fiat Uheovohuan of Crebn L work Tovelved an Lhe
first and secornd intercedinte overrau!: in Lo cyelo will ce Airvercnt in saeh Cfce,
1r. the intereats of mose accurete pianting of caiptencsos AL ig Lhersiore

desireble tlat there should b, not thrie, but four type: =t gvertaunl the fourth

type being termed . compicts cverbaul).
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Ae the euttor's cuiculatians show L5 omore sdvarie cons foon e
peint of view of reducing cquipnent 1dle time £& nec 4 -period patiern vith o
1-IT-IT1I-TI-I-TV cycle and o ratio of volwmes At overhaul worn ol
TTI4IT:TV = 1:2tbites

The change: tc a cycl: pattorn witk fr r types of overlavl requlies & rdaier
level of mainternnce orgepization and wiil coastitute a further developmont ot
tle maintenance gysten.

Attempts arc now being cade ir the Sovict Union to intreduce crtimum
sainterance-cycle patterng which take {14y arcourt v work whicl o oseen donhe in
this field.

The exjsztirg meirtenance syoten, whilch nas teen of preat ceonomis vulue to
.ndustry, will thus be Turtaer developed and porfocted,

The lencth of the period berween oV crranle (1, ' Qv thet basic pobarcter of fhe
. aintenance system which refliccts vhe special fwatures of tie equinieernt in questior
and the nature erd fnteasivy of ite cperation.

The length of the period betveer oerhanl L must he de=texm'n S 2lier th
weintenance-cycle pattern has been sclocted: it is tlms thr sccond task irn
eatablishing the basic peremcters ot tre meinterance ayatenm.

The aim 1 determining the J~unth of the peviusd beween overraule ot the
ma!nterance-cycle pettern must be Lo achirre the hiprnegt poriblr durebility or the
eguirment. The optimum prerind will ne thet whicr, otrner *hirps belrny FquAl, pives

the highest coefficient of durability (or the miuimas lose of =achi.. tine on

overhauls, which amounts to the seme thing).

The maiu consideration in selcouving tie cptiram perio’ bt averhauis
(TI = Topt) tg to cstablist such n ratio hotween the amount of woerk cArried out |
at the periodic overtauls and the ament carricd out in the course ot servicing
between overhauls &8 will make possibie th. mininum exps nditure of lutour on
overhauls in the given conditims,.

Wher. the length of the inter-overhaul prricd 13 entendod, o targos nurler of

parce will be replaced in the course of *he servicing brtwewr overhulo, The re ult
of this i¢ that while the durability of individual parts iz more fuliy utilized
Juring the servicing interval, the amount of 2esembly #nd disapermbly iz incrcaeed.




On the bacis of Lhege conniderat fong, the author provoses the following formla

for ceteulatirg the opviiun leierval boetween overhaule:

T T.% ., k B ,"-,}'1’. oo
where opt - o (;; R DAFEHENN & B (7)

T is th: leegth of lhe astusl I rval Lo een cverhauls coteblished in practice;
K 1s the nunber of overbauls in the cvele (K= € ¢r ¥ = )

" 18 Lne aztusl tle regaired Tor o conplote ovrrhaal (in tours) fox e length of
ryele KeT,

Ty is the acuoal emount of time requircé for o plncr averkaul (in hours);
A1 is a conffizient which indicstes the fnercase in the wmount of time rpent on
the overhaul of machine-tool parts ~od asaerblies in the ccuaree of inter-overhsul
servicing Yeceise of ireoreas.] ascordly asd dizase b vnorlk,

A Le aormally betveen LS and 2. s Peegnle permity the enlculation of
the value of x = f;ﬁﬁ, whicn de ar inder of Lhne adviivility of lengthening or
ghortening the pnrioé botween overiinule in the glven operating conditions: i.e.,
It make: possible more ascurate covrection of Lthe value ot T established from the
nLorms,

The cceffieient j} ereatly t.flacnces the valus of T

) 3¢

s SRS

If the time spent on esterbly and dizassembly vork can be redvced by using
quick-chanpe parts and introducing wear-compensation adjuctments, the interval
betweern, overheuls can advantag. cusly be lengihened.

' 1f changes are wadc Ir the gverhay! ard operaling ecrditions of the equigment,
the iht&r-OVﬂrhaul period should also be adjusted aceordingly. .

Improvements ir sverhaul methods, in the durabili~y of the {ndividual pArts,
and in the design of machine tnols will be Tully effeetive in increasing the
durability of +the enuipnent providsd that the main paramcters of the maintenance
systcm - particulerly the maintenance~cycle pattern and the length of the jinter-
overhaul perfiod -~ arec correctly selcoted.

8. Orpanization of maintenance services at the nlant

The organization of nainternance work at the plant must provide for the
execution of all technolngical proecesses neeessary for maintensaer operetions,

veceipt of spare jarts from the rachine-tool factory and overkauvl of individual

assemblies or machine-tools at spreinl masntensnce centres.




The organization of maintenarce, er clcwn abave, | Bends upon Lhe types oo
number of machine-tools at the plent.

The plant's maintenance nachine shop usL .11y crrprites the *yllows: £ 5 tlgne
or units: (1) a machin -tocl eection (01 a it ing shop: (3) & wldi- ghoy
In large maintenance machine shons ther 2 ig a {urther cepuriment for restoring
and increasiug the wear resistence of parte, with & jor= fo- menlle: tion, chreme
plating, cementing, heat treatoment, eto. '

The machine shop iz hended by & superintendsnt, cupo'inare tn 4, fortory'a
chief mechanical engineer, aad ‘he various - :tisn. of urite ace biaded ty nrener,

under the shop superintendent. 4lso under the latter's nutiority are n

technologicel office, = rlaming office and sther adminict »otive unils,

Shop mairtenance units, as h}m glrcedy heen shown, Toiw vart of p.rodn:rﬂon
sho s. Their purpore is to cerry out in'er-overhnul cervi - enr to rerform
ir.ividual repair work on all the various tyjes of cquijment fnstelicd <. each
worksnop. The scale of operetion of a shop raintenc..ce unitt lepencs on the system
of maintenance followed at the plant,

Under & centralized systesn of meirtenance, in which wore ic carried out
exclusively with the labour ard resources 0. the epproprirte workshops ~f the
chief mechanical engineer's section, the shop neirtenance unit is responsiblie only
for inter-overhaul servicing. Where the workshceps of the chief rechan:ical engincer's
section have insufficient work, they are also rede vecporsible for inter-overhaul
servicing.

Under a decentralized gyster, the shop mairtcrnance unit: carry out inter-
overhaul servi~ing of mechanical equirtent and all typcs of overhauls, except major
overhauls of Lhe mest cobpies units,  ikey s zlso respo.sible for inter-overhaul
servicing and minor and intermedieste overhails of electriecal and diesel equipment.

Under a mixed maintenance system, major overhauls of productiou-shop cquipment
are carried out by mechanicsal and electric;l repair shops.

The Model Regulatione recommend the establishuent of shop maintunance unitg in
workshops where the totael number of maintenance and vepair vperations rrs to
upverds of 600-7C0. In small workshope indeperdent maintenance units are not set,
up. Such shops are served by go0-called central district upits (one unit. for

gseveral shops), headed by district mechanical engineers, who ere sulordirate to
the chief mechanical engineer.




Tentral clistrict units arc staffed by cquadc of fitters, attached to production
secdlons, bays or shops. The size of eacl squa? is ecteblished according to the
tabour requirenente for the projerted meintenance cperations according <o nn annual
schedule and for carrying out the inter-o.zrhaul cervicing of the equipment assigned
To the sgad.

n ochoosing tie partiailor eystem of raintenance fov the factorv as e whole,
awceount. is taken o1 fte effect on the structure of trne central naintensnce-service
rpraratus - the chief rechanical enginecr's section. Witk a decentrali-ed syster
o. aaintenonce, when the bulk of the work {s urdertaker by the shop meintenanne
units, it is wivisable to augment the lattrris planning ard acecunting staff and
correrrondingly T chiplify the structure o7 the ecentrel maintencncoe-servier
apraratus, making e latter vesponsitis oriy for “he methodiecal direc* ion and
surervision of the shop mainterance units' work.

The structure of painterance services in the cnief mechanical engineer's
rection alzo dspends on vhethor thers ic ar indepsnient chizf mechanic~l engineer's

-

section at thr plant. there is such a scelinn, nne of its functions is to
ercure the 2orrect wee and plooned maintenance of 211 pover equipment.

Lo independent chiiel power enzinecr's secthion Is uonally set up at large
plant s which tave a laree amoust of cgquiprent and ugze substantial guantities of
power. In factorics using small ezmounts of electricity and having zmall power
installations, & coenbined chict mechenical ergincer's and power cugineer's cection
is Pormed, which includes a power-engincering office and {s rcsponsible for the
ol vhe electricel and diecel shops.

In plurts with lerge mudiers of wrohine-teols of the sarme kind and in mass-
prcduction factories, it 15 advioable, *n order to cut down machire idle time during
repoir, to carry owt repairs Ly the anit syecem.

The ¢esence of the unit system of repair is the removel of wachire-tool units
reguiring repalr and thelir replacement with spare units, either previcuzly repeired,
re-built or nevly purchtsed.  In metal-cutting wmachires, such interchorngceble units
include the %icwdstock, the apron and the corriege caddle, the drive mechuzniem, the
spindle~rasing, the prinding —nd turrct heads, ote. The rarge of interchengeable

units and interchappeeble parts miot be made nore nnd wore comprcheusive, ane the

rebuilding (revair) of trese units and narts nuct be centralized.
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In addition to tic unit system, there is the successive-unit system of
repair and overhaul, in which the units of the assembly are overhauled in a
yarticular sequence during normal breaks in the operation of the equipment.
During meal-breeks and on rest-deys and non-working shifts, different units
requiring overhaul are dismantled and their worn-out parts replaced.

The succe 3sive-unit system is pas slcularly well sui‘ed for the repair of
stendard-unit machine-tools and other tools where the variovs sub-assemblies are
individually designed.9

The more equipment is standardized and the mére its individual units and
assemblies are unified, the eimpler will the organization of maintenance services
become.

It 1s expedient, therefore, in equipping any given factory, to use the
minimum number of machine-tool contractors.

In the Soviet Union, efforts ere now being made on a broad front to produce
machine tools in varicma technological versions and types on a single base, to
standardize regular machine parts and assemblies, and to unify construction.

These measures not only reduce the cost wnd ircreage the quality of machine-
tool production but also simplify th:ir repzir and maintenance substantially.

9. Technicel prchlers of machine tcol rainterance

In the maintenance of machine tools and other 2aquipment, corrcct choice of
the technical processes to be used Lo restore the impaired efficiency of the
various units and parts is important.

This 1s & samewhat complex problem, because, firstly, the range of repairable
parts is extremely wide; secordly, th parameters of the parts have to be fully
restored in repair, and in meny cases increaseu wear resistance and toughness
are called for; and, thirdly, expenditure on repairs and idle time during repair
must be kept to a minimum. )

In eddition to the ordinary methods of mechenical machi ning, extensive uge

is made of electroplating, metal improvement procegses, pulverization and other
technical processes to restore the dimensions of the wern parts (1C).

Processes to harden the surface of parts and increase their wear resistance
and fatigue strength are also used.




[ ¥

These include heat and thermo-cherlical treatment, electric spark surface
toughening, and surface toughenini by rolling and shot-praening‘,

In repairing equipment, it may also becume nececs8ry to modernize indiviaual
units, replace some muateriais by otucrs, and econnmize in the use of nou-ferrous
metals., Tn some cases. therefore, bhimetallie parts have to we made - e.g. clider
bearings, worm wheels and lead screw nutes uzlng bronze for the fraction surface
and steel or cast iron for the nein body of the part.

Metallon-ceremic parts are also used - for rexamuple iron-graphite bushings
and plastic parts.ll‘ All this calls tor spzacial equipment and skilied labour.

I: the repsir of machire tools, particular ettention nas to be given to the
technical processes for reconditioning or repuiring certain parts, since their
quality determines the precision of tle machine tool.

Norially, the most lubouv-consuming opsratior is tho repair of rachine-tcol
slider, since these determire the nrecision of movement of the hasic unite of
the machine and the accuracy of their reiative positincnus.

The techrical processes fur repairing worn slides are varied, and, depending
on the circumstances, may be carried out by machinlig at the lathe, by the uce of
suitedble aprliances or by hand.

The machining of &lides by planing, milling or grinding is the most exact
and productive method of reconditioning worn silides. Hewever, Lte use iz not
infrequently limited by the factor;'s lack of machine tools of suiteble size and
adequate precision.

The repair nf hed glides with the help of suitible appliances neccssitates no
speciel equipment; the appliances us2d tor the purpose are of simple constru:iion
and can be made at any machine-building plant, But the drawback of this method
is itg high labour consumption as compered with mechine work, cince treatmeut
with appliances norwally takes place at & lower tempo, 4nd usuelly necessitates
a certain amount of manual labour In preparing the setting basers and come rather
lelour-conguming work in ingtallicg and seiting up the appliarce. Nevertheles:s,
it is often preferunle, becruse 1t can be curricd out at the site of the mnchine
tool, so that the bed does not have to be dierantled and regcoentleq, ard tice 1is

saved on trahsportirg 4t %o the repalr shown and back. This method iz best ruit=d

to the repair of particularly large bed slidesz.




The repair of slides by hand (powdering, seraping, ete.) is the most labour-
consuming and cutdatcAd method, and is permisoible today only in one of the
following cases: (1) wien the wear on the slides g o slight Lhat hand
reconditioning requircs less time ther mechanical nethods; (2) when the e quipment
for mechanical treatment {machine toole and gipliancer} has not yet been obtained
or made.

The Soviet I'nion haa developed yostanle appliarces for Prinding and clean
rlaning machsie-tool slices ir the process of repair, mechanixcsd scraping tools
and technical yreeesces and fletnoas for machinirg slides wilh the use of machine
tools.lo MoC:X techinical brocesses huve also been developed for . pairing
spindles, lesq SCTEWE, Trecision worm couples and other key machine-tool parts.

The overhaul . the hydraulia equipment of machine - alg preserts speclal
features of itg own, including resimiesl brocesaes churacterined vy the use of
precision and Finishing work ir thre rcpair of hydraulic cylinders ( honing) and
hydraulic pump parts ( grindirg), ani ry ctecking Lo ensure precige cleere nces and
relative positions {ir. recondition2d parts returned to use,

Units are uscemhled with the Lelp of univerga; and special appliances ensuring
correct and efficient assembly.

In order to neke sure nf Accurate fscembly we have to &pply the iheory of
'S Sinec the tethod used to restore

dimension sequences ang compensators
Precision can then be selected on ratiornel grouni:, €-g. we can regulate or adjust
the part, use trial and error or {1t a comrensator in ome of the zembers of the
eub-acsembly.

Great importance for high-quality as.embly attacheec to the checking and
testing of the machine tool afte: ap overhaul.

Besides the familar tests for geomctrical precision, efficiency, machining
preciéion and surfece quality cttained, methods of checking to determine the
quality of scparate sub-asscnblics are also being introduced into the practice
of machine tool overhaul .

We may x‘n‘ention Tirast the rigidity standards and nethods of checking the
rigidity of machine tools worked out in the Soviet Union, 12 Por example, in
the case of lathes & 1oad is applied to the spindle and tailstock into which the
mandrels are inserted. Force ic created with tho help of & special dynamcmeter,
vhich exerts pressure on the mandrel at an angle of €0° from the horizontal (in




~he direction of total cutting thrust). Under the standards applied for normal
arecision lathes, the permissible displacemcnts of the slide rest in relation to

‘he uanc-el are 25 follows (teble %).

Table 5
: 1 ;

Mexirum machining diameter

of rachine tool (mm.) 100 | 2CO | kOO| £CO0 | 1,600

Force sapplied (ke.) 70 | 200 | 5h0{1,600 ! u,500
Max lmuri displacenent spindle 0.04 [€.10 {0.21] G.4T | 1.05

rclative to randrel ,

(rm.) i

| tailstock 0.05 13.1% | 0.27) 0.61 | 1.40

. ! i i

By means of rigidity testing we can ensure & high repair quality and detect any
couplings requiring more careful adjustment.

‘In the casc of gear-milline, thread-grindirg and other rrecision machives, it
1s alsc desiratle to check the tinematic accuracy of the mechanisms linking the
rotetion of the blank to the moverent of the tool. For this purpose universal and
specielly developed tools ere used. '

The use of techrically advanced repair and testing proceeses 1s essential to

echicve high efficiency and «conory in the overhaul of machine tools.









