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ORGANIZATION OF FACILITIES FOR REPAIR AND MAINTENANCE
OF INDUSTRIAL MACHINERY AND EQUIPMENT

M. O. Yakobson, Experimental and Research Institute of Metal-cutting Machines. Moscow,
Union of Sovier Socialist Republics

INTRODUCHION

Technical progress in machine building and metal-
working can be said 10 be characterized by a considerable
Increase in the speeds and tlemperatures of working
processes and an increase in variable loads and com-
plexity of design, in order to ensure added accuracy of
manufacture and faultless operation of machines.

The last 1en years have brought an increase of from
two to two-and-a-half times in the accuracy of mech-
anical treatment. Turning and grinding of medium-size
parts to 10 and | microns, respectively. are common, and,
in some cases, grinding accuracy of up to a fraction of g
micron has also been reached.

Since the accuracy of manufacture of parts depends,
to a great extent. upon the finish of the operating
surfaces, increased requirements have been put upon the
surface finish of (he manufacturing machine. At the
current time, an accuracy of up to 2-3 microinches
should be ensured in many cases.

Any further development necessarily calls for a further
increase of accuracy of mechanical treatment and
finishing of parts” surfaces. At the current rate ol
development, it is expected that in the coming ten years
there would be a twofold or threefold reduction in these
allowances.

The particular problem is being solved by the per-
fection of the methods of parts treatment by cutting
with tools of new materials and with new precision
machines, as well as through the employment of maxi-
mum automation and mechanization.

To satisfy the demands made of mechanical engineers,
machine building engineers are incessantly improving the
designs of metalworking machines along the following
lines: an increase of static and dynamic rigidity; accuracy
of working and part-adjusting motions; automation,
mechanization and control during machining; reliability
and service life, parts fitness for repair; and improvement
of the technological process.

The second trend is the extension of technological
possibilities of the machine.

Decper drilling, broaching or milling is now being
effected by the provision of multiple-position turrets,
additional upper carriages and other arrangements on
automatic lathes of the single-spindle type. In addition,
multiple-spindle turret facilities make it possible to
process parts from both sides during the same operation,

Al the current time, six- and cight-spindle double-
indexing automatic lathes are widely used, the double
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index giving the advimtage of simultancons muchinig of
two ditferent parts on the same Lathe.

While designing, njor consideration s gnen o the
reduction of the auntliary time. This problem beg
solved by increaning the speeds of adie displacemens
utilizing mechanized means of ckimping and tiving or
blank~: the introdnction o multiple-position  tool-
holders : and using auromatic loading arrangements and
resetting tacilities, i well s by nsing other arcangements
intended for active control of the parts” dimensions. s
envisaged  that the aeeuraey ol the parts’ wachined
surtiuces would be checked by various built-in measuring
instruments. Besides controthng the process ol machhning,
these instruments would also be used v discarding
machined parts as required.

Constant attention is also being paid to design un-
provements in progressive, high-production, multple-tool
and multiple-position machines. Parucular atention 18
being given to multipurpose, abrasive, broaching, tnrret
and vertical cutting fathes semi-autonntic and fully
automatic machines ol all the groups and purposes;
specialized and unit machines: and heavy-duty it
precision machines for new kinds of machimng. The shure
of the muchines of the above-mentioned Kinds and pur-
poses in machine-building has been signiticantly increased.

Automation and mechanization of nuchines are being
elfected in the following two basic directions. All high-
production muchines used for mass and large-scale
production are so designed and manufactured that they
they can be easily installed as “built-in™ components of
automatic lines. These machines are cquipped with
arrangements for a pre-selective speed-change system,
variable speeds and feed control, and automatic changing
of cutting tools.

Automatic lines of rescting  automated nachines,
equipped with normalized transport faclities, foading,
control and metering devices, have found i wide apph-
cation in mass and large-scale production.

On the other hand, in small-scale and piece production,
there is a tendency towards the use of machinery equipped
with arrangements facilitating  dual control, by pro-
gramme and by automatic cycles.

Programmed control over mctalworking machines i
becoming one of the most effective means of automation
of small-scale and serial production, as 1t permits the
solution of control problems by the position of the ool
in relation to the part under processing and to the cycle
of the machine operation,
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Some of the most important adyantages of machines
with the programmed control are:

ta) Rapid reserting for processing another part:

thy Reduction w the evele of technologieal preparation

() Simplitication of technological riggmg and redne-
Hon in operitional costs:

ted) tnerease o machming productivity at the expense
of reduction of auabiney and main time for machinmg:

(¢) Reduction m the number of rejects as i resnlt ol
possible mistithes of operators.

Since machines with programmed  control have o
higher degree of automation, as compared with midu-
prrpose machines, it stands 1o reason that - higher
degree of acenracy and rigidity be given to these machines.

The sphere of apphication of machines with pro-
grammed control is rather extensive. The particnlar type
ol equipment makes the machine universal and fexible,
when mastering new production units under conditions
of smull-scale and serial production. Processing of paris
on machines ith a programme control is churacterized
by a high degree of concentration of operations, and
automatic lines consisting of machines witha programmed
control will find wide application in the near luture.

The up-to-date  technological  equipment ol the
mechanical-cogineering and  metalworking enterprises
requires @ more qualificd maintenance.  Both the
operation and repair of such equipment have become
highly complicated.

The perspectives of the development of metalworking
and expansion of the spheres of application o' new
processes and new equipment require that parimount
attention be given to the improvement of the equipment

wilization rate and, consequently. to the problem of

organization of equipment operation and its repuir.
Technical  progress in - mechanical  engineering is

constantly presenting new problems of the personnel of

various repair agencics, the said problems having a final
goal of maintaining, with minimum expenditure, the
equipment in a serviccable state.

Thus. the exceptional role of repair agencies in modern
mechanical engineering is explained by the introduction
of extremely complicated equipment, the intensification
of machining modes and the increased level o' mech-
anization and automation of production processes, as
well as by the considerable expenditure allocated Tor
maintaining the equipment in a serviceable condition,

. CONCEPT OF RELIARILITY, SERVICE LILE AND
REPAIRABILITY OF EQUIPMENT

Much attention is given to repairability of parts in the
mechanical engineering and metalworking industries.

The problems of reliability, service lile and repairability
may be equally refated to the designing, technological,
operational and economic aspects.

The reliability, service lile and repairability of machines
are taken into comsideration while working out the
designs, are ensured i the course of equipment manulie-
ture and are miaintaied during operation.

ML O. Yakobsoen

t. Reliabiliuy

Reliability v g property of the machime and tt has a
probable chatacter. Relability o probability of the fact
that under certun conditions of operation the machine
will function satstactordy for o satticiently Tong period
of tme for its use 1o become elfective. Relurbility s
characterized by regubinly appearing taults and s con-
sidered 1o he one of the most mportant guantiatie
characteristivs of machme qualiy.,

faultless operation of the machine withm rie pre-
seribed period of time niny be regarded as o quanutative
estimate of reliabihity of a general-purpose metal-cutung
machine. In tie above-stited case. the numerical value of
reliability is determined from the time intersal during
which the machine is likely o function satisfactorily. ip,
and from the total time of machine idling. mp. owing o
preventive mainteniances, emergency repairs and addi-
ional setting-up of the machine. Besides, the numerical
value is also characterized by the coeflicient of readiness:

iy

ip - tnp (Equation {)

Yy

It is also imporiant to optimize the degree of machines’
relinbility. The higher the technical standard of the
equipment designing and manulacture, the higher will
be the degree of its reliability and. accordingly, the
greater will be the expenditure of means and the labour
consumption, which will, alter ull, determine its high
production cost.

Since the increase of reliability will require certain
material expenses, it cannot be obtained for nothing. At
the same time, the increase of the degree of machine
reliability will, evidently, bring down the repair and
operational expenditures.

The minimum of curve x (see fig. 1) summing up total
cxpenses. including purchase of the machine. and its
repairs and operation, C,. determines the degree of
reliability which is likely to be the optimum from the
point of view ol the customer.

)

Cy

E

C2

Standard of relisbility
Figure |
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Equipment reliability is assuming an ever-greater im-
portance i antomatic lines where synchronously cperat-
g machines are combined by means of a transport
facility. The prebabitity of faultless operation for auto-
mate lines and complicated equipment is of paramount
mportince. Tnthis case, the service lite of the cquipmient
s pushed tothe bachground.

B. Service life

Service hfe is characterized by the duration of &
michine’s operation under certain operating conditions
until the serviceability of the machine is completely ex-
hausted and the machine is ready to be sent for over-
haul or to be scrapped.

Towl operation of the equipment thronghout s
operational period (unul it is damaged or requires an
overhaul - *s considered to be u quantitative characteristic
of the cquipment’s service life.

Metal-cutting machines should be related 1o the cate-
gory of multiple-action and recoverable systems which
are periodically repaired in order to restore their opera-
tional characteristics. After repair, the systems become
serviceable again. However, no machine can be recon-
ditioned perpetually. The time will come when further
operation of the machine will turn out to be uneconomic
and its replacement will be urgently necessitated.

For determination of the optimum service life of the
equipment until the approximate date of its replacement,
in addition 1o the expenses on the equiment purchase,
and its repair and maintenance, there should necessarily
be taken into account the factor of technological obso-
lescence of the equipment, that is to say, when the
operated equipment can no longer be compiured to
other equipment which is similar in purpose, but which
has far betier working indexes. numely. in its efficiency,
reliability and service life.

Prior to replacement of the cquipment. it i- necessiary
to compare the specific production cost per unit during
the period under review, of both the equipment which is
to be replaced and that equipment which is to replace it.

Here, the original cost of the machinc should be taken
into account along with the current operating expenses
(monthly wages of workers, repairs, electric-power con-
sumed and the tools used).

The following equation can be used for the particular
comparison :

Jer - X 3pi - X 3ei
3 SRR

0 (Equation 2)
o |

where: 3¢ - specific expenses per unit of production
3t = purchase price of the machine and cost of
its mounting;
L3 pi - repair and maintenance expenses:
L Yei - wages of workers and cost of electric-power
consumed and the tool used;
= total quantity of articles manufactured
during the period under consideration.

XQi

The solution of the problem s a matier of some il
cublty, sinee the vadues mclided in the aboyve Cqinttion
vary i bme. Thus, figiee 2 shows the vanianon of spevti
time wastes relating to oue repair it required tor repanr
and anterrepair mamtenanee of the unnersal machme,
depending upon s service hife,
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C. Repairabiliny

Repairability characterizes fitness o the machine for
any repair and technical maimtenance. Time reguired tor
reconditioning of the machine is considered 1o be the
hasic criterion of repairability .

The estimate of reparrability may be carried ont by
the following characteristios: convenience 1 monnting
and dismounting of mnits: convenient aceess for tech-
nical inspection with the objective of preventing, detecting
and correcting the malfunciions; and possibility of rapud
replacement of the parts which are most subjected 10
weur.

Reliability, service life and repanrability are considered
to be the main criteria for determination of the technical
state of the m: chine.

T FUNDAMENTALS OF PLANNED PREVENFIVE MAIN 1ENANC
DE FQUIPMENA

In the course of operation, machines lose their working
capacity mainly because of wearing and des*ruction of
separate parts or of their surface Liyers, as a resalt of
which the equipment becomies less accurite, in addit:on
to the decrease in the machines” power and efliciency.
Restoration of these most important operational charac-
teristics of the equipment can be achieved by repairing
the machine. The replacement and reparr of worn-om
parts, as well as the udjustment of meclanisms, should
also be carried out in the course of tire machine repair.

The experience of the Union of Soviet Socialist
Republics over the years, which has been transferred to
other countries, has proved that it is preferable 1o carry
out the maintenance of equipment on a planuing and
preventive basis. Planned and preventive munntenuance
is carried out in accordance with i definile systen
adopted by industry in the USSR 1n 1932,
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Rational organization o’ equipment repair in the
Soviet Union goes as far back as forty years. The first
rescrches for improvement of equipment maintenance
began in 1923 in the Oka mountain district (the Urals)
and were conducted by AL G Popov, In that same year,
the plannig principle in maintenance was adopted in
the Soviet Union,

In 1931, A, G. Popoy published ns work, Rationaliza-
tion of Maintenance in the Plant, m which he gencralized
the resnits of the rescirch works he had carried out at
vartons plants. In his work, A. G. Popov set forth three
busic and very valuable  principles relating 10 the
organization of repair works:

{er) Repair should be carried out so that the equipment
cian be kept serviceable for a continuous period of time;

{h) Repair should be preventive by its nature and should
be planned deliberately.

(¢) During equipment repair, replucement of  parts
should be effected. proceeding from the deliberately
determined hie of the parts.

Within approximately one year, that is to say, in 1932,
the planned maintenance of equipment became popular
in all the machine-building plants of the Soviet Union,
The planned maintenance is carried out on the basis of
an elaborated after-inspection maintenance system. The
particulur system implices the following principle: Instead
of equipment maintenance, inspections are planned to
determine the technical state of the equipment, upon
which this or that type of maintenance of equipment,
including the time required for its accomplishment, is
planned. depending upon the inspection results.

Organization of planned maintenance of equipment on
the basis of the after-inspection system is comparatively
simple and has two basic advantages: (¢) it ensures the
possibility of orgunization of preparation lor Tulfilment
of muintenance works: and (h) it ensures timely main-
tenance of the equipment, thus preventing the machine
parts and units from disastrous wear as a result of con-
tintious operation of the equipment.

In the meantime. the practice of employing after-
mspection nanntenance systems in the machine-building
industry has revealed a number of major short-comings,
¢.g.. the estimate of inspection results is of i subjective
character. Determination of the type of maintenance
and the time reguired for its fullilment, proceeding from
the inspection results, is accompanied by the introduc-
tion of essential ameindments into the dehiberately elab-
orated monthly and annual plans of maintenance works.

In 1940, 0 more improved method of organization of
maintenance works was elaborated in the USSR-- 4
system ol planned and preventise maintenance.

On the basis of generalization of the experience of
industry and rescirch works, the system of plinned and
preventive muintenance has been constuntly improved
and specitied.

In 1955, o sastem of ninntenance and rational opera-
tion of technological equipment, common for all the
machine-building enterprises of the Soviet Union, was
finally formulated and approved. This svstem embraces
the basic varicties  of cquipment used in machine-

M. 0. Yakobson

building enterprises: metal-cutting, woodworking, press-
forging. foundry, hifting and transport (including
hydraulic and clectrical parts).

The work, Comtmmon System of Planned and Preventive
Maimenance and  Rational Operation of Technological
Fquipment of Machine-building Eriterprises, wus tirst pub-
tished in 1955, 1n 1964, the fifth edition of the book was
published: 120,000 copics of it have been printed and
circulated.

At the current time, the basic stutements of this system
are thoroughly checked and are pructised well enough in
the industry.

The system of the planned and preventive maintenance
has also Tound wide application in Czechoslovakia,
Eastern Germany, the Federal Republic of Germany,
Poland and some other countries.

This system implies @ combination of organizational
and technical measures concerning the maintenance and
repair of equipment, carried out in conformity with a
deliberately elaborated plan having the objective of en-
suring faultless operation of the equipment. The system
of the planned and preventive maintenance envisages the
execution of routine inspections and planned renairs
(minor, medium and overhaul) alter each unit has worked
out the prescribed hours of operation.

The repairs and the maintenance works envisaged in
the system are preventive by their nature. Thus, the basic
tasks of the planned and preventive maintenance of the
equipment can be formulated as follows:

(@) Maintaining the equipment in a serviceable state
throughout its service life.

(h) Ensuring the rational operation and maintenance
of the equipment ;

(¢) Increase of service life of parts and mechanisms in
order to cut down the expenditure for spare parts and to
reduce the number of planned maintenance operations;

() Reduction of tasks of a labour-consuming nature
and the decrcuse of total repair costs, along with the
increase of their quality.

The machines may possess a high reliability and may
be operated for a continuous period of time, provided
the system of the planned and preventive maintenance is
properly orgamized in the enterprises.

Planned und preventive maintenance of technological
equipment includes its maintenance also.

Maintenance includes the operations to be done during
interrepair maintenance, inspections, checking for geo-
metrical accuracy. washing and changing of oils in the
equipment housings.

A. Maintenance

Interrepair maintenance includes control over fulfil-
ment of the equipment operating instructions listed in
the technical manuals of the manufacturing plants,
miinly those relating to the control mechanisms, guards
and lubricating tacilities. It includes also the timely elimi-
mation of minor faults and the adjustment of mechanisms,
Interrepair maintenance s carried out during the

stretches of tiime when the unit is inactive so as to avoid
disturbing the production process. Such maintenance is
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carried out by the workers servicing the units und, in
some cases, by the personnel of the shop repair agency
on duty (mechunics, electricians, lubricators ete.),

Interrepair maintenance of automatic lines is curried
out either daily or less frequemly. depending upon the
purpose of the line. If the line is operated during two shifis,
maintenance will be curried out during the non-working
shift:und it the line is operated during three shifts, then
the maintenance will be performed in the space of time
between the two shifts. Maintenance of automatic lines
is carried out by the personnel und operutors who are
responsible for setting up the machine.

Inspection is carried out for the purpose of checking
the state of the equipment, eliminating minor Taults and
determining the scope of preparatory works to be ful-
filled during the nearest planned muintenance.

Inspections between the planned maintenances of thie
equipment are carried out by “locksmiths™ with the par-
ticipation ol the personnel servicing the particular equip-
ment.

Checking for geometrical accuracy is carried out at
regular intervals alter the planned maintenance and in
accordance with a special schedule established for pre-
cision and finishing equipment,

All types of the equipment which operate in dirty condi-
tions should be washed.

The list ol units and assemblies to be washed is de-
termined by the department of the chief mechanic of the
enterprise, in accordance with the requirements set forth
it the manufacturing plant manuals and with the account
ol conditions under which the equipment is going to
be operated.

Washing is performed by “locksmiths” during tech-
nological pauses in the operation of the unit, non-
working shifts and days off so as not to avoid disturbing
the production process.

Oil change is performed in accordance with a special
schedule for all equipment with centralized and housing
systems,

B. Repairs

The system of the planned and preventive maintenance
cnvisages three basic repairs, namely, minor, medium and
overhaul,

The scope of cach of these repairs makes it possible
(o compensate for the wear of separate  parts and
mechanisms which have been operating throughout 1he
interrepair period.

Minor repair is a kind of planned maintenance during
which the worn-out parts are cither replaced or recon-
ditioned, or the mechanisms are adjusted. thus ensuring
normal functioning of the unit until the forthcoming
planned maintenunce.

Medium repair is a kind of pliunned maintenance
dealing with the partial disassembly of units. the over-
hawl of separate units, the repliacement and recondition-
ing of a considerable number of worn-out parts and the
assembly. adjustment und testing of the equipment under
load.

Overhaul is o kind of plunned maintenance during
which the unit is completely disassembled, worn-out

parts and unis are replaced. base and other parts and
units are repaired and (he cquEpment s assembled,
adjusted and tested under load.

In the course of medinm and overhanl repais by -
justment of co-ordinates., the geometncal accaracy of the
cquipment and the power and ctlicieney shonld - be
restored for the period il ihe planned  repair
medium or overhiul.

The comparative Lubonr consimpuion nature dorimg
the overhaul and medium and minor repins s charage-
terized by the ratio 1 : 0.6 : 0,16, The Kibonr constmnpuion
nature of “locksmith™ operations s 2.3 35 times higher
than that of machining OPerIhons,

The interrepair cycleisacombination of repanrandront-
ine operations perlo; med during machine operation in
the period from dute of commissiomng nntil the over-
haul. or in the period between the two SHCCCSS VG OveT-
hauls. The structure of the interrepair ovele s deter-
mined by the sequence of the repair and routine oper.-
tions. us well us by the priority of ther Fultilment,

Thus. the structure aceepted  for universal metad-
cutting machines consists of two medim reparrs (),
Six minor repairs (M) and nine ispections (O). he
particular structure may be lettered and put down i the
following way: HOM OM O C 0O MOMOC
O0-M-O-M O K, where H  new machme and K
overhaul,

The strocture of interrepair cyole envisages twenty -
seven inspections for complex and automatic Ime eqmip-
ment since the probability of fuultless operations with
these equipments is of ntmost importange.

Other types of equipment have dilferent structures of
repair cycles. Thus, two medium repairs, three minoy
repairs and twelve inspections are envisiaged Tor the
forging hammer.

The interrepair period is the period ol nichine oper-
tion between the two successive repinrs,

The duration of both the interrepair cycle and the inter-
repair periods can be determined., depending upon the
type of equipment and the conditions under which the
equipment is being operated. The durations of 1he inter-
repair cycle and interrepair periods are given an the
hours actually worked out. However. said duration mary
also be determined from the number of calendar shifts
(by introducing u correction Factor for the cquIpent s
it stands idling) or by using any other value ndicatimg
the number of working cycles of the cquipment (number
of machined parts).

The duration of 1he interrepanr evele is determimed by
the service hite of the location and e most mportint
parts which can be repaired or replaced dmn mng coniplety
disassembly of the niachime in the conrse of its overhanl.

The duration ol the interrepair period depends upin
the service lile of the basie, mostly loaded, parts of the
mechanisms (gear-wheels, splined shabis ¢te). The m-
crease ol the duration o mterrepanr pertods mereises
the degree of unlization of the cgqupment and rednces
the repanr expenses Gsee g, 3 tn the memtme, widv
interrepair period may brimg about ainergency machime
idlings. as. i this Gise, the linnt of wear of several RETID
may take place before the nearest plnned repi
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VARIATION OF AVERAGE ANNUAL REPAIR AND MAINTENANCE
EXPENSES PER REPAIR UNIT

The shorier the interrepair period is, the more fre-
quently will the repair operations alter and the greater
will be the possibilities for repair or timely replacement
of the defective parts (to ensure the full use of parts’
service lives up up to the ultimate permissible values).
However, the possibility of fulfilment of various repair
works is connected with the equipment idlings, whereas
frequent assembly and disassembly ol the mechanisms,
without a sufticient reason, adversely affect the operation
of mated parts in the mechuanisms.

To reduce idlings of machines when under repair, it
is necessary o have a sutlicient stock of spare parts in
depots. The spares include those parts which are used Tor
replacement during the interrepair maiatenance and the
planned repairs (minor, medium and overhaul).

Knowledge of the nomencliature of wearing pirts and
their service lives will permit the imely purchase or manu-
lacture of the required spire parts, so as to have them in
depats at all times.

The duration of the interrepair cycle (T) in actual
hours is determined from the following equettion:

T anau ay acm A (Equation 3)

where

an, an, ar, acnr coetlicients characterizing the con-

ditions of operation

A constint. For metal-cutting machines, it is ac-
cepted to be 24.000.

Changing of the conditions under which the equipment
is being operated should correspondingly involveachange
in the duration of the interrepair cycle. A number of
coeflicients are introduced for taking into account the
influence of the various conditions under which the
equipment is operated upon the duration of the repair
cvele.

In serial production, the equipment is operated more

M. O. Yakobson

intensively than in the casc of piece production: and in
mass production, the equipment operates more strenu-
ously than it does with serial production.

Coefficient an takes into account the influence of the
character of production. With the machine being
operated in mass and multiple production, the value of
an is accepted to be 1.0; in series production, it is 1.3;
and in piece production, 1.5.

When machining stecl and non-ferrous metals, the
bed guides, lead screws and other parts and mechanisms
of the machine are less contaminated than when machin-
ing cast-iron, whose disintegrated chip is known to
contain a large quantity of abrasive particles. Coelfi-
cient au is introduced to take into account the influence
of the material under machining. For the machining of
cast-iron and bronze materials, the value of i is accepted
to be 0.8 and for structural steel. 1.0.

The influence of the application of abrasive tools for
processing machine parts, as well as the general dustiness
of the production premises, is taken into account by
common coefficiert ay. The value of ay for equipment
operated under 1ormal conditions in the mechanical
shop equals av - 1.0: and ay for the cquipment installed
in a separate building protected from soiling is 1.3.

Since the share of the machine time (when operating
heavy-duty and precision maciiines) which falls to the
ume of total unit operation is less than when operating
normal machines, another coefficient, act, is introduced
to take into account the conditions of operation of
heavy-duty and precision machines. For multipurpose
machines having a weight of about 10tons, act - 1.0; for
heavier and larger machines, act 1.4,

Table | gives the approximate durations of interrepair
cycles for metal-cutting machines used for two-shift
processing of ferrous metals,

The degree of complication ol the unit repair and its
repair peculiarities are estimated by the categories of
repair complicacy.

The category of equipment repair complicacy depends
upon the design and technologicual pecuharities of the
equipment. As initial data for establishing the category
ol equipment repair complicacy, one should tuke the
technical characteristics tabulated in the machine logs
(accuracy. weight, degree ol automation, complicacy of
mechanisms ete.).

The more complex the machine is and the greater its
over-all dimensions and weight, the higher will be the
accuracy obtained on the machine and the higher will
be its category of repair complicacy.,

Thus, for instance, a screw-cutting michine with a
maximum working diameter of 400 mm and 4 maximum
take between the centres of 1,000 mm, is relerred to
repair complicacy category 11, The labour consumption
required for its overhaul constitutes 250 hours for the
“locksmith™ operations and 110 hours for the machining
operations.

A boring machine with a boring bar 85 mm in diameter
is referred to the category 18 of repair complicacy. The
singlc-frame  jig-boring machine whose over-all table
dimensions are 320 - 450 is referred to the category 22
of repair complicacy. The labour-consuming nature of
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Table |
DURATION OF MACHNG: OPERATION 1P 10 OVERIfAT |

Tepe or Muachines Weeiht chara torivtic s of wache, Iharation o ma b,
production SPCTALON WY 1 fa g
o rhared
1 2 t 4
Mass and muhiple Light and medium, having o weigh $.5.0.8
Normal aceuracy of about 10 10ns . .
4 Large and heavy, having a weght of 7.8 Ru
10100 10ns
Light and medium, weighing up 1o 7.0 8.Q
Serial 19 tons
Large and heavy, waighing 10 100 2.0 Iy
tons
Mass and multiple Light and medium, weighmg abou 6 7.8
High accuracy 10 10ns
Large and heavy, weighing 10 100 LA L3N]
tons
Light and medium, weighing abou 8.0 9.0
Serial 10 tons
Large and heavy, weighing 10 100 10,0 12.0
tons

its overhaul is 500 hours for “locksmith™" operations and
220 hours for machining operations.

HI. OrRGANIZATION OF REPAIR WORKS

Fulfilment of repair works in a brief space of time
and with the minimum expenditure of means can be
obtained if such works are organized in the most rational
way and ensure:

(@) The technical preparation of product;on of works
on technical maintenance and repair;

(h) The planning of all kinds of works to be curried
out during technical maintenance and repair;

(¢) The application of progressive technology of repair
and mechanization of handwork ;

(d) The availability of the necessary spare parts and
units before the repair works have begun,

As a production base for fulfilling operations on the
' maintenance and repair of the equipment, there should
. be a repair and mechanical shop, as well as repair bases
;i the production shops of the industrial enterprises
¢ operating the equipment.

The repair and mechanical shop manufactures those
spare parts which cannot be purchased or whose purchase

is inexpedient from the point of view of cconomy, In
1 addition, the overhaul and medium repairs of equipment,
as well as its modernization, can be curried out in a
centralized way in the repair and mechanical shop.

To perform these works, the repair and mechanical
shop should be outfitted with the necessary repair facili-
ties. Tuble 2 describes an approximate set of the minimum
cquipment to be found in the repair and mechanical
$shop.,

p repair bases also perform the medium

#nd overhaul repairs,

A repair team of “locksmiths™ is nsually entrusted
with the task of fullilling repair works in the shop
repair bases. The whole equipment of the production
area or shop is appointed to this repair team, which
is also responsible fur the repair and maimtenance of
machines of varions models, Thus, dlings of the eqip-
ment will be reduced, due to the general personal interes
of the whole repair team. Furthermore, the repair works
are carried out without removal of the machines from
the bed plates and, thus, the duration of machine
idling, while under repair, is shortened. However, this
particular form of orgamizing the luabour of the repiir
men has significant disadvantages, since there s no
specialization and this influences the labour praductivity
and the quality of repuir.

Tahle 2

Lisy o FQUIPMENT OF REPAIR AND MECHANICAL spop
OF MACHINE-BEILDING 1) ANT

Discription of Vot Heivre dat
v e nt
! ' i

Swing over hed . 00 mm

Fakes between centres: 710 1000
14D mm

Nuniber of spindle speads: M

Runge of spindie speeds. 12,5 2000
rpin

Number of cross-fecds: 42

Range of cross-leeds. 0,07 406 num
pm

Power of main clectric motor 10 kW

Weight of muching: 2,100 2 300
2,400 kg

163 Swing over bed : 630

lakes between contres |40 2 %0
mm

Number of spindle sneeds . 24 n 22

Range of spincle spoeds 101,250 s

Range of speeds: longnadinal feed-,
700 mm rpm; cross-feeds, 250 nim
rpin

Screw-culting K62
engine lathe 1G620




a2

Tuble 2

Peooniptoa oo
B p

Sorew-catting
engine fathe

1 onversal nuthing
acune

Vertical milling 6MI2N

wichine with a
swivel head

Haonzontal
shaping
nuichine

Stotting 1 achine

continued

YT

'

163

6MR2

™36

“A0

Havie data

R

Power of main clectnie motor: 14 AW
Waight of machine: 4350 and 4,90 kg

W orking dimensions of the table (over-
all wadth  oser-all length): 320
1,250 mm

Mavamuam travet o table : Tongitudinad,
OO0 mm; cross, 250 mm: vertical, 130
mm

Range ol distances from the avis of
spindie 1o the table surface: 3 310
num

Manimnm angle of table turmn: - 48
degrees

Number of spindic speeds: 18

Range of spindle revolutions per
minute: 3.5 1600

Range of tablke feads: longitudinal, 2§
1.250 mm min; ¢ross, 25 1,250 mim
min; vertical, 8 400 mm min

Power of main clectric motor: 7 hW

Weight of machines: 2,800 hg

Working dimensions of 1able (over-all
widih  over-all lengch): 320
1,280 mm

Maxinum travel of table: longitudinal.
700 mm; lateral, 260 mm; vertical,
420 mm

Range of distances of vertical guides up
1o 1he middie of the table: 210170
mm

Angle of swivel-head turn rightwards
and leftwards: < 45 degrees

Number of spindle speeds: 18

Range of pindie revolutions: 3
1.600 minutes

Range of table feeds: longitudinal, 25
1,250 min nun: cross, 25 1,280 nim
mm: vertical. 8 400 mm min

Power of main eleetric motor: 7 kW

Weight of machine: YUK hg

Manaimum and minimum shide mosve-
ment: 180 700 mim

Maximim distinee Ffrom the cutter-
support surface 1o the machine
Gspindie trived): 840 mm

W orking dunensions of table surlace
toser-alb width and over-all fengthy:
450 700 nm

Manmmum table movement: horizontal.
700 mme: veriwal, 320 mim

Masimunm sertead travel of the
cutting head: 200 nun

Range of table cross-teads per double
movement 025 S mm

AN cight of machine: 3,200 kg

Marvmunm e elolslottag ram: 40 mm

Diameter of table operatimg surface:
SO0 mm

Maamun table movement: jongitud-
wal, GO mm; cross, 4000 mm.
curcubitr, 360 degrees

Mamum angle of catting-acad trasel:
9 degrees

Sumbwer of double movements of
~lotung ram per minute: 400 64 102

Deription of Maodof

¢ qlarpenent
] K
Slotting machme 74420
Verucal drilhing - 2HI2:
machine
Radial drilling  2HSS
machine

Surface-grinding  367IM

machine

Cyhindrical IAl6l
gninder
Gear-mithng SK32A

nutchine

M. . Yakobhson

Buaste data

K

Itanges of longitudinal and cross-table
feeds per double movement of slot-
tng ram: 0.8 1.2 mm

Power of electric motor: 2.8 KW

Weight of maching: 2,100 kg

Manimum diameter of dridling: 28 mm
Mavimum spindie movement: 178 mm
Working dimensions of table:
IS0 IS0 mm
Spindle travel: 260 mm
Range of spindle speeds: 1652300
mpm
Range of spindle feeds: 0.104-0 837
mm rpm
Power of main electric motor: 2.2
28 kW
Weight of machine: 600 kg

Maximun diameter of drilling: 50 mm

Maximum spindle movement: 350 mm
(spindle travel): 1,600 mm

Range of spindle speeds: 30- 1,700 rpm

Range of spindle feeds: 0.05-2.2 mm
s

Power of main cleciric mator: 4.0 kW

Weight of machine; 4,100 kg

Maximum dimensions of the ground
articles: 630 - 200 - 320 mm

Cross movement of 1able: 235 mm

Range of longitudinal movement of
table: 70 1O mm

Opcrating dimensions ol table (over-all
length - over-all width): 630 - 200
mm

Range al cross automatic feed of table
per movement: 0.2 4.0 mm

Dimensions of grinding-wheel: 250 -
75 - A5 mm

Power of main electric motor: 3.4 kKW

Weight of machine: 1,900 kg

Maximum dimensions of the work to
be set np on machine: diameter, 2.80
mm: length, 700 mm

Power of main electric motor: 7 kW

Weight of machine: 3,800 kg

Navimum outer diameter of wheels cut
by machine: 300 mm

Masimum modulus of eth of wheels
cut by the machine: for steel, 1) mm:
‘or ¢ast-iron: 12 mm

Power of nuin eleetric motor: 7.5 kW

W eight of machine: 7,000 kg

IV, SPECIALIZATION AND CENTRALIZATION OF REPAIR

WORKS

The technical standards and organization of meta’- |
cutting equipment repair i the industrial enterpriscs
operating the equipment are subject 1o the conditions « !
piece production and the use of the means and forces of
these enterprises and. as a rule, fall below the siandarc.
for manufucturing the equipment at the plants. :
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Figure 4 shows the dynamics of alteration of labour
contumption required for manulacturing a4 new serew-
cutting engine lathe and that required tor its overhaul.

3200

g §

!
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Labour consumption (hours)

o885 8

"

1815 1926 1938 1945
1920 1930 1940

Figure 4
VARIATION OF LABOUR CONSUMPTION REQUIRED FOR MAN] -
TACTURING AND FOR OVERHAUL OF SCRFW-( TTTING FNGINE
LATHE WITH 200-MILLIMETRE SWING OVER BFD AND |, 000)-
MILLIMETRE TAKFS BETWEEN CENTRES

1955

1985
1950 1960

Repair technology sharply differs from the technology
which is accepted at the manufacturing plant. Wide
nomenclature of the equipment under repair and rare
repetition of the models make the application of special
technological rigging ineflective : manual works pre-
dominate in the course of repair works; and, therefore,
many of the technological processes used in the mann-
- Lacturing plant turn out to be unprolitable and practically
: Iniceeptable under repair conditions. This particular
“ictor adversely affects the fullilment of repair works.

The complicacy of preliminary technical preparation
iring fulfilment of a single repair work may bring about

nsiderable idlings of the equipment as it i being re-
ured. In the course of a single performance of repair

ks, the equipment of the repair and mechanical shop

*proved to be insufficiently wiilized. In connexion with

*. 1t becomes reasonable to change the organization of

«ir works in the industrial enterprises.

*pecialization and centralization are considered two

he most progressive trends in the organization of

repanr works n the mdustry Both centiabzanon amd
speciahzation create finvonrabhe conditions for - pro.
gressive technological processes, s well tatronnl
orgamzation of the production.

AL the current e, speaithzation td centralizanon
are being widely apphicd and may he carvied on enher
within the enterprise which cpenttes the eqapient
tnside-planty or outside 1t

Specrhzation and centrahization Of Fepair warks on
anenterprise lesel may be carned ont by wan of

Ay Loy

(@) Concentration of works o be performed e the
repiir and mechanical shop during the overhant and
medium repairs of the cquipment and o making np
special teams for the TFEPIT of common-ty pe cqipient.

For instance. teams nmay be orgamized for the repair of

grinding machines. turret lathes. semi-antontc and
fully automauc lathes e, :

(M) Making up tcams with a himited sphere of repan
duties (repair of hydraulic ssstems, repar of comvevors
ete.);

(e) Organization of centralized perforniance of nachn-
ing operations in the repanr and mechamcal shop.

Concentration of the overhaul and mediam repar
works for the common 1ypes of equpment presents an
opportunity for properly cquipping the repanr team with
universal and special appliances and for mastermg the
repair technology.

With centralization inside the plant itis reasonable 1o
ensure  the concentration  of  several commonplace
machines, as fiar as the repair tme s concerned Por this
purpose, it sometimes becomes necessary Lo shift some-
what the time-terms of the FEPUIT Works,

Organization of repair during which all kinds of works
are carried out by the personnel operitig the eqnipinent
of the industrial enterprise s not yet the optunum plan,
Itis more effective to carry out the overhungl and niedinm
repairs of the equipment in a centrahized way aither
equipment-manufacturing plants or i specuthzed repan
plants.

For outside-plant centralization and spectalization o
repair works, there can be effected two bisie forns of
organization of repiir worhs, namely

la) Orgamization of repaar works ensuting fultiliment
of the overhaul and medinm repairs in the eqmipment-
manufacturing plant. m which case the technieal nn-
tenance and mimor reparrs will e performed by the re-
pair and mechanical shop and shop repane bases of the
industrial enterprise which operites the cqurpment;;

(M Organization of repanr works cnsunng concentra-
tion ol the overhaul works i the shops and enterprises
which are especrally designed for fultilment ot repan
works.

The following are the reparr works which it s ads isaible
o carry outin spectalized repair enterprises or speecnhized
repair shops -

() Overhaul and medium repairs of the widely distrr-

Futed models of universal metib-cutung wmachimes
(h) Manufacture of spare parts (which cannot be re-
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cenved from the manufacturing plant) for all kinds of
repinir worhs:

(e} Repair o precision and heavy-duty  nuchines
with departure to the enterprise’s consumers.

Orgamization ol the centratized repair of precision ind
heavy-duty machimes is explained by the fuct that trns-
portation of precision machines is not advisable from the
pomt of view of cconomy. since it will require i farge
expenditure of means and i waste of time for its asembiy
In the meantime. heavy-duty neichines are practicalty
non-transportable,

turthermore. daring 1he centralized repair of complex
and preenion equipmenrt, every favourable condition s
created for the repair works to be performed on a tugh
techmicat stundard and  with the wide wihzation of
vanous micins and methods, ensuring both ahe mech-
amzation of the repanr works and obtaiming high aceura-
CIOS.

tor centrihized repane, 11 s advisable that the common
1ypes of machines be concentrated for repatr during those
detinne calendar periods which creaie fus ourable condi-
tons for the technical preparation of the repair works
and. more pariicularly, for the manufacture of spare parts.

The following advantages can be obtained through
the centralization of repair works:

(@) Reduction of Libour consumption required for
repanring machines and manafacturing spare parts and
Uty

thy Reduction of cost price of parts and units for
repaar. at option of increasing labour productivity and
decreasing the normis of metal expenditure.

te) hcreawe of tabour productivity while performing
repair works:

() Reduction of the number of machines engaged in
the repair of basic wechnological equipment

() Ixtenson of the mterrepair eyele at oprion of
imwreasing the gquality of repair und reduction of machine
wdhings because of infenior quality of repairs.

During the cenirahized repair of the equipment, special
shops may be organized for the reconditioning of worn-
cut metal and labonr-consuming parts.

Specialization and centralizanon of repair works may
reduce the expense of equipment repair by 25 30 per
cent, whike equipment idhngs while in repair may be
reduced five or six tumes. They may, ir. addition, ensure
the provision to the industrial enterprises of the spare
parts required for all kinds of repair works and will,
therefore. assistin the increased quality of repairs.

When repairing the equipment in a specialized cnter-
prise. 1t is advisable to combine the repair of the equip-
ment with s modernization. It is advisable to effect
modermizanon of the equipment simultaneously with
the overhaul of medium repairs. Combination of the
overhanl with modernization brings down the expenses,
suwe the volume of “locksmith™  disassembly  and
assembly operations is considerably reduced., as is the
ume of equipment 1dlings.

Maodernization. depending upon the technical trend,
s known 1o be of two Kinds;

M. O, Yakobson

fa) General rechnical modernization ensuring  the
execution of a complen of measures dmed at 1he ierease
of technicat statis of the operated equipment by way of
approvmating s echmical and operationat character-
ISHOS To up-to-date nuichmes used tor dhe same purposes

(hy Technologicat (target) modernization cosuring the
cquipping ol the machines with various arrangements
and mechanisms, as welt as modification of thoir designs
i order 1o sobve certam technologicat production prob-
fems. itroduce advanced technologicat processes, auto-
mate the equipment and etfect automatic progressive
assembly and mechanized fines wsing the modernized
muachines.

Maodernization of equipment may be effected onlv f
1oy of cconomic value, An estimate of the  ecconomic
cifectiveness of the equipment modernizanion should be
carried out by way of comparing the cost of the moderni-
sation of the muchine and its subsequent operation with
these of the purchase and operation of a new machine
having an improved design. 1t would be wrong to
estimate modernization by way of comparison of these
cxpenses before the equipment modernization and after
i

An exchange fund should be provided in the enterprises
for centralized repair of equipment. In this case, the
machine accepted for repair would be replaced with the
one already repaired and, thus, the equipment idling
would be reduced to two or three days. The number of
machines which would be required for the exchange fund
cin be determined from the following ratio:

\T' Equati 4
A 300 (Equation 4)

n

where:

n number of machines in the exchange fund:
m  number of machines annually accepted for repair;
t duration ol machine repair (days);
A coeflicient accounting for irregularity of machines’
acceptance for repair.

Enterprises for the centralized repair of equipment
may also have a narrow specialization in the types of
machines to be repaired. as well as in organization of
speciahized enterprises for the centralized repair of the
group of engine lathes, the group of milling and drilling
machines, the group of grinding machines and the group
of gear- and spline-milling machines.

In specialized enterprises, it is advisable 1o carry out
the repair of equipment on the basis of the line production
system.

In the mechanical shops of specialized repair enter-
prises, it is advisable to organize individual manufacture
of separate parts and units. The mechanical shops of
specialized repair enterprises may be provided with high-
efficiency equipment.

The “locksmith™ and assembly sections should be
equipped with various assembly and disassembly appli-
ances and with stands for stationary testing and running-
in of the equipment units.
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A. Recommendations for organization of ceniralized repai
With the centralized repair of equipment. the guality
of repair can be substantially increased. The technieal
standard of repair is determined by the operational
characteristics of the equipment after being repaired and
the ability to preserse these characteristics in operation
and lor a continuous period of time. In the course of ful-
filling the centralized repair of the machine. the following
recommendations should be taken into account in - negi-
ialized enterprises:
I. While repairing the machine. do not effect any design
modifications that might adversely affect their tech-
nical characteristics (power. efficiency or the facior

(of economy) as compared with the characteristics of

the manufacturing plant.

. Itis advisable to combine the overhaul and medium
repairs with the modernization of the equpiment. How-
cver, the problem of eguipment modernization
should. in each particular case. be thoroughly con-
sidered from the economic point of view and should
be co-ordinated with the customer;

3. The machine which has been accepted for repair
should undergo inspection and testing for accuracy.
The inspection results will be entered on the accept-
ance certiticate.

When disassembling a machine under repair, the
parts and units should be assorted as follows:

(a) Serviceable parts, which have no defects that
might adversely affect their operation while the
machine is active and which have maintained their
dimensions or have insignificant wear;

(h) Parts which are worn and have defects that can
be eliminated by various reconditioning methods,
including subsequent mechanical treatment of the
Taulty parts;

(¢) Parts to be replaced. i.e. those which are worn
and have defects whose elimination is either impos-
sible or economically impractical ;

4. The materials for parts to be manufactured during
the repair of machines should conform to the tech-
nological charts of the machine-building plants:

5. Manufacture of new parts to replace those which are
worn out should be performed in a strict con-
formity with the dimensions, allowances and other
instructions given in the charts;

o

6. Assembly of the muachmes under repanr ~hould en-
sure the faubtless operation of alt the mechanisms
and should be performed m accorduance with the
requirements hsted in the assembly charis

7. The lubrication and cooling svstems oi the nachine
handed over 1o the using orgamzation aiter being
repaired should ensire normal feed ot oil and
coolunt;

K. The scope of work  on the machmes” overhant
(medium repairy inclides repair of the entire electrical
equipment mounted on the machine or n sepvarate
cabinets, in addition 1o the repair of the machine's
clectric wiring ;

9. The machine which has already been repinred should
be subjected 0 ontside finishing, panting aad
ornamental finishing of all the nmachined surlices of
parts:

10. After being repaired. cach niachine should be pro-
vided with a name-plate indicating the plant which
repaired the machine and the date of its outpii;

Il Each machine, after being repaired and handed over
to the using organization, should be subjected o an
acceptance test, the fatter being carried out m the
following order  visual inspection, idle-run  test,
testing under load and i operation, testing for
aceuracy and testing for rigidity.,

B. Testing

When testing at idle run, both the quality of repair and
the correct interaction of machine parts and units are
checked, for testing of the main motion mechanisms
should be carried out in all the spindie speeds and that
of the feed mechanisms, at all the feed values.

Testing under load has an object of checking for the
correct functioning and interaction of all the umits nnder
normal conditions of operation, as well as for the fault-
less operation of all the mechanisms (electrical and hy-
draulic apparatus systems of lubrication and cooling)

After machine running-in at idle run and under load
testing. its geometrical accuracy should be checked, n
addition to checking the accuracy of the parts 1o be
treated on the machine.

The results of testing should not be lower than those
envisaged in the standards or techmical specifications of
the manufacturing plant.
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