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REPAIR AND MAINTENANCE OF MACHINE TOO! S IN 

DEVELOPING COUNTRIES 

4, S. Promkor, Profesor of Mechanical E^iaeerìm and Rector, Moscón Institute of Aircraft Technology 

Machine  too,,  A*, equipmcnl,      meZist^^ "" 

A country's «tuck ,,fm„.K¡n„ ,, o      ......     , F,rst' ,here ,s an mcrca!,c '» ••»«? amount and, accord- 

«^»¡^^^¡3^     Cirt,nUeS t0 r       •* aVoidcd  b*  adct»ua,c •,h'^ '"   'WaiK.li  and general-purpose machine tools of normal accuracy, but      servicing 

ïuS5KlÎ aî2ïrriWU*.'^rf^riM ,00,S' ScCOndly- WCar and ^cakdowns .„crease .die time ... 
J?? ,f •L       T   ' spec,allzed too,s for specie       repair and reduce the u,ol\ use coellicient. Consequently 

Alassien8,neer,ng and hcavy tooh for   ex,ra machmc ,ools havc "'•* a^-d ««' d"K- 
Thu,tah,e.shows,henumberoftyPeSofmachine,oo,s      ~ nlr^' "* *» "°* *** '° * ~' 

K^.nce^Sih^em oÏÏ donT," **f* *! F-<h«   -Propcr.y  repa.red  and  ma.nta.ned 
industry TheïSlîSïîîf     I   demesne machine-tool       machine tools may fail to meet their technical specilka- 
industn. These figures indicate how the need for machine       tions. particularly as regards accuracy. 

Tahle I 

NlMBEROF TYPESO»   MACHINE TOOLS IN SERIES PRODI c I ION l\ IMI  USSR 

('•wm^Mte^Mn,,        /M-       ""'       /w"      '«'      """      '»"       /»" /«« 

^recision  4 7 9 41 \m        IM IHO 
Automatic and semi-automatic..       7        42        87        40      ||5       •>«»      195       ,,€,, 
?£f'',IZed        6 39 54 47       141        Í46       ',70        620 
"^l,        3 5 29 12        90       247       |K0        4^ 
Total, all types      47       190       320       150      384       7X8      m     |.ïi! 

tools has grown in the Soviet Union as its industry hps 
developed. 

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

This is a very serious problem, for modern machine 
tools are highly complicated machines which include 
precision devices, hydraulic and electrical systems, high- 
speed and power transmission systems and automatic 
and control devices. 

The functioning of a machine tool's units and mech- 

Thus, it is important not merely to acquire a sttick ot 
machine tools, but also to maintain it in efficient condi- 
tion, which can be done by applying a repair and main- 
tenance system and by developing methods of increasing 
the reliability and durability of equipment. 

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

I. ECONOMIC ASPECT 01 THE MAINTENANCE AND HI HAIR 01 
MACHINE IIKILS 

Expenditure on the repair and maintenance of equip- 
ment accounts for a considerable proportion of produc- 
tion costs. 
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Research has shown that every year approximately 
10 per cent of the Mock of technical equipment under- 
goes a major overhaul; 20 25 percent, an intermediate 
overhaul; and 90 100 per cent, a minor overhaul. 

The loss of time and resources involved in keeping the 
slock of machine tools in good order is substantial, 
depending to a great extent upon the methods of operat- 
ing and servicing the machines and the technology and 
organization of maintenance, h or example, in an average- 
si, e or small enterprise, the cost of major overhaul alone 
is normally up to 60 per cent of the cost of a new machine 
in the case of medium-si/e turning lathes, up to 40 per 
cent in the case of universal milling machines and up to 
75 per cent in the case of capstan lathes. It must also be 
remembered that prior to the major overhaul, a machine 
tool undergoes two intermediate overhauls, each if 
which takes about half as much labou. as a major over- 
haul, and six minor overhauls, each of which takes about 
one-i¡uarter as much labour as a major overhaul. 

In addition, machine tools are periodically checked for 
accuracy, lubricated and given preventive treatment. 

Thus, the cost of maintaining and servicing a machine 
tool during one maintenance cycle (i.e. up to and in:lud- 
ing the major overhaul) is greater than the cost of a new 
machine, and if maintenance and repair are badly 
organized, it can be several times greater. 

A factor of no less importance in evaluating the eco- 
nomics of maintenance is the idle time lost by equipment 
during the various kinds of overhaul. 

As an example, one may consider the periods of forced 
idleness for maintenance work on screw-cutting lathes 
and cylinder-and-core grinding machines of average size 
and complexity of design. These data are taken from the 
standards for machine-tool maintenance applied in the 
Soviet Union (I Kunder which maintenance of all equip- 
ment is carried out in accordance with a special system 
known as the "planned preventive maintenance system". 

The ligures given in table 2 are for maintenance teams 
working a single shift and indicate how many days a 
machine tool must remain idle for the given type of 
maintenance. 

Table 2 
lOll   TIMI   Ol   MACHINI   IOOL 1)1 RIN(.   VARIOt S TYPES Ol 

MAINTFNANt I,  WITH  MAINTENANCE  TUM WORKINCi  ONE 

SHU I 

 yDays)  

' muí mm' 

Major overhaul  " "* 
Intel nielliate overhaul  h- " 
Minor overhaul  -7* \- 
Accuracy cheeks  '  '"  

As was stated above, under the current maintenance 
system a machine tool undergoes two intermediate and 
six minor overhauls before its major overhaul. Accord- 
ingly, the number o( days which a screw-cutting lathe. 
for example, will lose for maintenance from the time it 
is put into operation until its major overhaul is com- 
pleted (i.e. over the period of the maintenance cycle) 
will he: 

A. S. Pronikov 

II      6.5     2     2.75     6     40 days 

A machine's operating life before major overhaul, and 
similarly between intermediate overhauls, depends, to 
a large extent, upon the methods of operation. For 
example, a screw-cutting lathe working single shifts at a 
series production factory and turning out steel parts to 
a normal degree of accuracy will have a working life of 
four to nine years before major overhaul. 

If the machine tool runs for eight years before major 
overhaul, it follows that the time lost for maintenance 
will amount to an average of five days a year. If the shop 
has sixty machines with the same average maintenance 
complexity as a screw-cutting lathe, the total idle time 
will be 300 days, i.e., the maintenance crew will have to 
work steadily all year round on maintaining the machines 
(not allowing for lubrication and preventive and other 
measures). 

[f, because of insufficient attention to operating 
methods, the maintenance cycle is four years, the relative 
volume of maintenance work will be twice as great. 

These figures show that great attention must be given 
to methods of maintaining and operating equipment. It 
is necessary to know why a machine tool loses its effici- 
ency, as well as the methods by which ils reliability and 
durability can be increased; in maintaining equipment, 
up-to-date technological processes and methods must be 
applied. In addition, the equipment maintenance system 
must be so organized as to act in advance to reduce the 
progressive wear of equipment, bring maintenance costs 
to a minimum, and ensure the proper preparation and 
planning of maintenance work and the efficient use of 
equipment. 

11. CM SES Ol toss OF EFFICIENCY IN MACHINE TOOLS 

In approaching machines and mechanical systems, the 
classical sciences, such as mechanics, attempted to ideal- 
ize the conditions in which they functioned. The errors 
and inaccuracies caused in the actual performance of a 
machine by component wear, temperature deformation, 
defective materials, technological factors etc. were 
v. iewed as aberrations from the performance of the perfect 
machine and as undesirable and fortuitous phenomena. 

Modern science, particularly cybernetics, takes a dif- 
ferent view of the errors in a given system. Errors and 
inaccuracies in a machine's execution of an assigned 
programme (e.g., a technological process) are regarded as 
a natural feature of any real system. The need thus arises 
to investigate the sources and causes of adverse influences 
acting on machines and to study the machines' reactions 
to them. 

A machine cannot be completely isolated from the 
effects of its environment, nor can it be isolated from the 
influence of the processes going on within itself as it 
functions. 

A. Influence of energy 
The units and working parts of a machine tool in an 

industrial shop are subject to the influence of energy in 
all its forms, which affect its technical performance. 

Mechanical energy is not only transmitted through the 
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various working parts of the machine as it performs the 
given technological process, but also acts on the machine 
as a whole, in the form of vibrations transmitted by other 
equipment running in the shop, vibrations generated as 
the machine is fed material and so on. 

The forces at work in the machine are the product of 
both the technological process and such forces as those 
arising from friction in kinematic couples or inertia in 
mo-ing parts. These forces cannot be strictly defined 
since the very nature of their occurrence is bound up with 
complex physical phenomena. 

It is, indeed, this degree of indefinitcness of the in- 
fluences at work that gives rise to the errors and inac- 
curacies in the operation of mechanical systems. Further- 
more, 'ven a constant force produces wear, deformation 
and faugue, i.e. causes a component's parameters to 
change with time. 

Thermal energy affects machine parts as a result of 
fluctuations in shop temperature, the operation of driving 
gear or electrical equipment, or heat generated during the 
cutting process. 

These phenomena also affect the operation of both indi- 
vidual working units and the entire machine. Studies 
have shown, for instance, that as little as two hours' 
exposure to the sun (at mean latitudes) of the face of a 
cylinder-and-core grinding machine produces a shift in 
the table guides, causing the table to deviate 45 microns 
from true linear displacement. Performance can be 
affected even more by the heat generated in electric 
motors, bearings, gear-boxes, hydraulic systems etc. 
Thus, oil heating in the hydraulic systems of power heads 
in standard-unit machine tools can increase oil losses 
and decrease feed. As a result, the duration of the working 
cycle in the machine or automatic machine line sponta- 
neously increases and productivity falls. It is practically 
impossible to make accurate allowance for thermal 
effects. 

Chemical energy also has an effect on machine per- 
formance. Air containing moisture and aggressive ele- 
ments can cause corrosion in various machine parts. 
Emulsion used to cool a tool may drip onto essential 
machine parts, especially the electrical system, causing 
premature failures. 

Electromagnetic energy in the form of radio waves 
electromagnetic oscillations) permeates the space around 
a machine and may affect the performance of the elec- 
tronic apparatus, which is being increasingly employed 
in modern machine tools. 

Thus, all forms of energy attack the machine and its 
working parts, initiating a great many undesirable pro- 
cesses and creating conditions making for technically 
inferior performance. 

B. Reversible processes affecting efficiency 

Before dealing with the methods by which these harm- 
ful influences may be combated, it is appropriate to 
examine briefly the processes that cause a machine to 
lose its working efficiency. 

Some processes occurring in a machine and affecting 
its performance are reversible, since they alter the para 

so>> 

meters of parts, unit- and the entire swem within given 

'•«"its. without tending to cause progressive deterioration. 
The most typical example of a reversible process is 

the deformation of machine parts and units which occurs 
under the influence of external or internal forces I he 
sources of deformation in machine tools includo not onlv 
deformation of the parts themselves, but also deforma- 
tion at surface junctions, e.g.. slidewavs. hearings and 
other linkages. Deformation of parts and junctions 
alters the relative positions of machine units, including 
the position of the tool and the work piece. I he result 
is a loss of precision, the machine's most important 
technical feature. When the forces change, so does the 
deformation; and when the stress is removed, elastic 
recovery takes place and the machine parts return to thou 
original positions. It is for this reason that the deforma- 
tion process is regarded as reversible. 

If circumstances arise in which the forces change 
periodically and very frequently, vibration of the machine 
units occurs, i.e. rapid deformation changes of minor 
magnitude. Vibration also seriouslv affects the qualitv <>l 
work. It usually results in inferior surface finish. 

Another example of a reversible process is the tempera- 
ture deformation of machine parts and units. 

Heat production in the culling /one or in friction 
couplings and ambient temperature variations lead lo 
temperature deformations which alter the original posi- 
tions of machine units and consequently reduce precision. 
Thus, observation of the position of a lathe spindle has 
shown that after some hours of operation (three to seven 
hours) the spindle is gradually displaced, owing to the 
heating-up of the hcadslock lace. I he displacement 
reaches 20 to 120 microns and then stops, a certain 
degree of heat exchange being established After the 
machine has been switched off. the spindle gradually 
returns to its former position. 

Machine tools can sometimes be adjusted to reduce 
inaccuracies due to temperature deformation, but this 
makes their operation more difficult 

Accuracy of work is particularly affected by tempera- 
ture deformation in precision units and framework 
members. 

('. Irreversible processes affeclinf; efficiency 

Whereas reversible processes occurring in a machine 
tool lower its efficiency, as compared with its potential 
performance in the absence of deformation, tempera Mire 
effects and the like, irreversible processes result in the 
progressive deterioration of the machine's performance 
with time. 

The most typical irreversible processes in machines 
are wear, corrosion, the gradual redistribution ofinicrn.il 
stressesand creep (the slow building up ol defoi mations). 

The most important cause ol loss i>| efficiency in 
machine tools is wear of machine parts Wear is the 
result of a process ol gradual change in the dimensions 
ol the surfaces ol machine parts under the influence ol 
friction. The process of wear arises out of numerous 
complex physical phenomena occlining on the friction 
surfaces of machine parts. 
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As the surfaces interact, the / deteriorate and give off 
minute particles. At various points of contact, the 
temperature rises, changes occur in the structure of the 
surface layers and there develop chemical processes and 
processes connected with the molecular attraction of the 
contiguous materials. 

The most common types of wear met with in machine 
t'--)ls are the following. 

Abrasive wear, in which abrasive particles found on 
friction surfaces attack the surfaces by cutting or scratch- 
ing and produce tiny chips. The particles usually enter 
the lubricating fluid from the outside and travel with it 
to the friction surface, but they can .".No be produced 
by wear in the couple itself, or they may be hard structural 
components at one of the abutting parts. In many cases, 
therefore, abrasive particles cannot be completely elimi- 
nated from the friction surfaces of machine parts. 1:ven 
with efficient oil filtration and the isolation of friction 
surfaces, conditions for abrasive wear continue to be 
present (2). 

fatigue in surface layers manifests itself in the scaling 
of minute particles of metal from the contact surfaces 
of machine parts. The appearance of fatigue in the 
surface layers does not mean the complete breakdown 
of the part, but there is usually a speeding-up of the 
destructive process (gradual chipping). 

Plastic deformation (warping) of surface layers is 
usually manifested in a displacement of the metal beyond 
the contact surface. It occurs as a friction, accompanying 
the process of wear, and in the absence of relative sliding 
motion. This type of failure is typical of materials having 
plastic properties. 

In practice, the various kinds of surface deterioration 
develop concurrently, rarely occurring in pure form. To 
each type of friction surface there corresponds a basic- 
form of deterioration, determined by the mechanical 
properties of the material, the lubricant, the magnitude 
of the stresses applied, the operating speed and other 
factors. 

All processes occurring in a machine, whether rever- 
sible or irreversible, affect its performance, causing errors, 
reducing the quality of the technological process and 
necessitating periodic overhaul. 

111. PRINCIPAL MI I HODS OI INCREASING MU DURABILITY 
AND RII.lARIt.ilY OF MA( MINI   TOOLS 

A machine tool's reliability and durability are the indi- 
cators of its performance as a function of time: that is to 
say. they define the magnitude and nature of the changes 
in its main characteristics which take place in the course 
of its operation. A machine tool must have high initial 
qualitative and quantitative indicators, but that alone is 
not enough to make it an efficient machine. Those indi- 
cators must be maintained in the course of its operation. 

A. Durability 
The durability of a machine tool is its ability to carry 

out its operational functions with minimum expenditure 
for the replacement of worn parts, readjustment, repairs 
and servicing. The smaller the total money and time spent 

on maintaining the efficiency of the machine tool through- 
out its period of use. the greater its durability (31. 

As the indicator of a machine tool's durability, one 
may use the coefficient of durability nlt. which equals the 
ratio of the operating time to the sum of the operating 
time and the time the machine is out of action for repair: 

To | 
Tf»     T2 " (Equation I) 

I   • 1 jr, 
'     ' T,- 

where: 
1» is the operating time of the machine tool; 
7'> is the time the machine tool is out of action for 
repair; 
li is the service life of thenlh part or unit of the machine 
tool; 
T, is the time (amount of work) required to repair the 
/ith part or unit, including dismantling, reassembly and 
adjustment ; 
n is the number of repairable parts of the machine tool. 
The coefficient of durability may vary from 0 to I. The 

higher its value, the more durable the machine tool. 
The time the machine tool is out of action depends 

upon the service life of its component parts and units 
and the amount of work required to repair them. 

Stoppages of the machine tool which lower its coeffi- 
cient of durability may have the following causes: break- 
down of individual parts, loss of efficiency of drives and 
mechanisms, changes in the initial service characteristics 
of the machine tool (precision, freedom from vibration), 
and so forth. 

The coefficient of durability should be calculated on 
the basis of the machine's entire period of operation, or. 
at least, of a period equivalent to the length of its main- 
tenance cycle (the length of time before a major overhaul 
becomes necessary). 

B. Reliability 
The reliability of a machine tool is the indicator of its 

ability to carry out its functions continuously for a given 
period of time. 

Uninterrupted operation is an important requirement 
for modern industrial equipment. Flow-line methods 
of production, where the work is transferred frommachine 
to machine, and automatic production lines make it 
essential for every unit to operate without interruption. 

The reliability of a machine tool is determined on the 
basis of indexes of probability. It may be denned as the 
probability (/>i that the machine will operate without 
breakdown for a given length of time under normal 
operating conditions. If the probability that a machine 
tool will operate for one year without breakdown is 
r 0.95, for example, this means that out of a large 
number of machine tools of the model in question an 
average of 5 per cent will lose its efficiency in less than 
one year of operation. 

What does "loss of efficiency" or, as it is called in 
reliability theory, -failure" mean in relation to machine 
tools? Does a "failure" occur, for example, when it 
becomes necessary to change a drive belt or adjust a 
clutch ? 
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I he meaning of "failure" musi be defined in ihe light 
of analysis of ihe operating and servicing methods used 
lor machine tools of the given type. Brief "interventions" 
by the operator in the work process and the adjustment 
ol the machine tool, when provided for in the servicing 
instructions and resulting from the relative imperfection 
ol the machine tool itself, should not be included under 
the heading of "failures'* (breakdown). 

Thus, for example, the adjustment and replacement of 
.1 tool, the adjustment of individual mechanism«, and 
preventive maintenance are included in the standard 
running adjustments and hetwecn-overhaul servicing of 
many modern machine tools. 

The more highly perfected a machine tool is, the fewer 
such "legitimate" stoppages it will have and the more 
suitable it will be for continuous operation. Thus, in 
order to assess the reliability of a machine tool one must 
take into account all interruptions of its operation (stop- 
pages) which are not provided for in the servicing plan. 

The most convenient period of time to select for the 
operation of the machine tool with a given degree of 
reliability is Ihe period between two scheduled overhauls. 
The higher the guaranteed probability of operation with- 
out failure, (/>) is, the more reliable the machine tool. 

Of great importance for machine tools is reliability 
from the point of view of output quality, i.e., from the 
point of view of ensuring the desired precision of machin- 
ing and quality of surface finish. 

The production reliability of a machine tool, which is 
an index of its capacity to continue lo satisfy the qualita- 
tive requirements of the production process for a given 
length of time, can also be evaluated from the probability 
that the machine tool will satisfy those requirements 
throughout the period between overhauls or for the period 
before intermediate overhaul, at which any loss of pre- 
cision by the machine lool is made good. 

The reliability and durability are the characteristics 
which define a machine tool's capacity to realize its 
technical potential in actual operation, its serviceability 
and its degree of perfection. 

C. Methods of combating harmful influences 

To improve the reliability and durability of machine 
tools, it is necessary to combat the harmful influences 
which result in loss of efficiency. 

The designer, the technician and the operator always 
have at their disposal a number of ways of achieving high 
indexes of reliability and durability. 

First of all, the machine must have high resistance to 
external influences. The units and mechanisms which 
make it up must be sufficiently sturdy, must be built on 
the frame principle, must have the smallest possible 
number of members etc.. so that they will withstand 
loads, undergo the least possible deformation and be as 
tree as possible from vibration. Wear-resistant anti- 
friction materials must be used for friction couples, while 
all points of friction must be protected from dirt and 
thoroughly lubricated. Observance of these rules lays 
the foundations for good wear-resistance. 

The causes of possible failure must be borne in mind 

m the design of the cntnv machine tool and its un:ts and 
precision mechanisms must he protected from shocks 
and other influences (4). 

Ihe correct placement of driving gear, svmmelry of 
design and the use of materials «uh low coelliciciits of 
¡mear expansion help to improve a machine tool's 
resistance to temperature deformations. 

Corrosion is combated b> proleelinu the machinery 
with special coalings and paints and In the use of addi- 
tives in oils and coolants. 

The above-mentioned and other similar measures will 
result m the production of highly perfected machine 
tools ol advanced technical performance. 

The latest advances m mechanical engineering 
materials and chemistry (lubricants and plastics» are con- 
tinually being brought into use in up-to-date machine 
construction. 

The possibilities of combating harmful processes are 
not unlimited, however. There are no completely »ear- 
resistant materials, it is practically impossible to exclude 
all but liquid friction in all mechanisms and there are no 
materials which do not suffer deformation and do not 
change their dimensions with temperature fluctuations 

When it is also borne in mind that the sources of in- 
ternal and external influences on the machine tool re- 
main and that increasingly exacting demands are being 
made as regards output quality. H will be seen thai the 
above-mentioned methods of combating harmful in- 
fluences, while essential, are inadequate, being limited by 
Ihe level of development of one or another held of 
technology for example, by the possibilities of produc- 
ing wear-resistant materials. 

The second way to increase the reliabiliiv and durability 
of machine tools is to use the most highly rationalized 
methods of operating and maintaining equipment. 

The method of operation of a machine tool determines, 
to a great extent, its rate of wear and Ihe rale of develop- 
ment of other processes resulting m los^ of efficiency. 

Systematic supervision of the functioning of the 
machine tool and of the lubrication of its moving parts, 
prompt adjustment of its various mechanisms, regular 
care and protection from accidental blows and damage 
are all essential conditions if the machine is to have the 
durability for which it was designed. 

The system of planned preventive maintenance in 
operation in Soviet factories embraces not only overhaul 
operations proper, but also a complex of preventive 
operations which form par; of the interoverhaul servicing 
system. 

Both the machine-tool operator and Ihe members of 
the maintenance staff (fitters, greasers, belt-drive service- 
men and electricians) take part in ihe interoverhaul 
servicing operations. 

Interoverhaul servicing includes checks to ensure that 
the equipment is in good condition, that it is being 
operated correctly, that necessary adjustments are being 
made and minor faults corrected, and that proper 
lubrication is maintained. 

In addition, the services included in the periodic over- 
hauls, such as cleaning, cha.iging the oil and flushing 
the lubrication system, and checking the equipment for 
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'precision and rigidity  also help !<> create proper condi- 
tions lor correct operation. 

In the operation of equipment, the protection of 
friction surfaces from ihrt is of great importance. The 
protection of friction surfaces from atmospheric dust, 
abrasives and chips from the work material consider- 
ably affects their wear-resistance. It is particularly 
important to protect the surfaces if the surrounding 
atmosphere has a high abrasive content, for example, 
when polishing machines are in operation, abrasive 
particles from the polishing discs accumulate in great 
quantities in the air and on the surfaces of the 
machines. 

In such working conditions, therefore, rational opera- 
ting procedures are extremely important, i.e.. changing 
and filtering of lubricants, protection of mechanisms 
from abrasives, removal of dust from the working area, 
removal of the products of grinding and polishing, e.g.. 
by magnetic separation, etc. (5). 

The nature of the material being worked is an impor- 
tant factor in the fouling of the machine surface. When 
cast-iron is worked on lathes, milling machines or other 
machine tools, damage is caused by scali: or particles of 
grit falling onto the mechanisms: in the case of alumin- 
ium alloys, the harmful elements are hard aluminium 
oxides. Thus, the rate of wear of lathe slides in light 
machining operations, even with shields (which only 
partially protect the slides), is three to four times higher 
in the machining o\" aluminium alloys than in that of 
steel or cast-iron parts. 

This demonstrates the need for more effective ways of 
protecting the slides in the machining of aluminium. 

In some factories, machine tools may be seen operating 
without slide shields, the slides being protected only by 
fell padding. Measurements have shown that in such cases 
slide wear is two to three times greater. 

In machine-tool operation, therefore, careful attention 
should be given to the use of various protective devices 
to prevent the fouling of key parts (6>. 

It is of great importance when operating machine 
tools lo ensure that the lubrication system functions 
without interruption. 

IX-fects in the lubrication system may cause acceler- 
ated wear and the breakdown of key parts of the machine. 
I or example, if the How of oil to the spindle of a polish- 
ing machine is cut off. not only are the sleeve bearings 
damaged, but the spindle is ».lien heated to the point 
where heal cracks appear mi its surface and it breaks 
down. While working with machine tools, operators have 
noticed that abrasive and other dusts in a state of sus- 
pension in lhe air settle on the bed guides and combine 
with the oil to form an abrasive mixture. 

This accelerates the process of wear, especially if the 
machine with oiled slides has been idle for a time. The 
extent of wear may increase bv 30 per cent. For this 
reason, experienced workers clean the slides thoroughly 
at the beginning of their shifts, particularly after non- 
working days, 

Wear depends upon the hardness o( the abrasives fall- 
ing into the lubricant. In ascending order of abrasive 
capacity, these particles may be rated as follows: steel 

and cast-iron filings: scale: grit; and cutting particles 
from polishing discs. 

It is also desirable when operating machine tools to 
check the wear of their key parts, particularly the slides. 
This may be done with special wear gauges developed in 
the USSR (3. 7). which measure precisely the amount of 
wear of the slides in industrial operation. The extent to 
which deterioration can be corrected depends upon the 
methods and technological processes employed in 
machine-tool maintenance. In wear-resistance, accuracy 
and other characteristics, reconditioned parts or units 
should be as good as new ones. 

The system of maintenance should be so organized that 
the restoration of the erliciency of equipment requires a 
minimum expenditure of time and resources. 

A third way of improving and maintaining the tech- 
nical characteristics of a machine tool is to isolate the 
machine from harmful external influences. This method 
is particularly applicable in the case of precision machines 
which are required lo turn out a high-quaüly produci. 

Thus, in order to i educe temperature deformation, pre- 
cision machines are placed in special temperature- 
controlled rooms or shops equipped with special devices 
to maintain the desired temperature, usually 20 C. For 
example, co-ordinated boring machines, which are re- 
quired to be exceptionally accurate in performance, are 
generally operated in temperature-controlled rooms; 
where that is not possible, each machine is placed in a 
separate room, where it can be better isolated from 
temperature changes, dust in the atmosphere and the 
vibrations of other machines. 

Insulating machines from vibrations is also one of the 
methods of increasing their precision. Many machine 
tools and other machines and equipment operating in any 
part of a factory subject the bed on which they rest to 
periodic stres.es. The resulting vibrations are trans- 
mitted to other machine tools and if they reach a certain 
degree of intensity and frequency, they can lower the 
quality of performance of the latter substantially. The 
usual method of insulating machine tools from vibrations 
is to sel them on individual beds. 2 3 metres deep in the 
case of medium-sized precision machines and up to 5-6 
metres deep in the case of some heavy and special-purpose 
machines. 

Although placing the machine tool on an individual 
bed considerably improves its resistance to vibration, the 
process is a laborious one and makes it difficult to move 
the equipment about in the shop. To an increasing extent, 
therefore, machine tools are being placed on special 
resilient supports or vibration dampers. The resilient 
component consists of steel springs or grids, plastic 
packing, rubber, cork etc. If they are given the proper 
degree of rigidity, they damp vibrations transmitted from 
other machines and equipment. 

Devices for removing dust from the air and strict 
atmospheric-dust control are other widely used means of 
improving the accuracy of performance of machine tools. 
In some cases, there are standards which specify the 
permissible quantity of dust particles per cubic centimetre 
of air. This procedure not only is essential in connexion 
with the manufacture and assembling of certain key parts 
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of instruments, but also helps to maintain the efficiency 
of the machine tools themselves, since it considerably 
reduces the quantity of abrasives which can fall on their 
friction surfaces. 

Isolating the machine tool from temperature changes, 
vibrations, dust and other external influences increases its 
efficiency, but this method has its limitations also. 

First, internal causes of error remain, for example, 
the heat generated by the working mechanism of thè 
machine tool, abrasive particles produced by wear of the 
machine's parts and vibrations produced by cutting 
and by the operation of the mechanisms of the machine 
itself. 

Secondly, complete isolation is difficult to achieve 
because external influences are variable and. to a certain 
extent, indeterminate in nature. Thus, the intensity and 
character of external vibrations affecting the tool depend 
upon the operation of other machines and vary quite 
widely, while insulation from vibrat.on is most effective 
only for vibrations of certain frequencies. 

Thirdly, the very principle of isolation from external 
influences stems from an old non-cybernetic view 
of mechanical error as something which can be elimin- 
ated. 

For these reasons, there has been a growing tendency in 
recent years to use a fourth means of improving the 
efficiency of today's complicated machine tools, namely, 
the use gf special mechanisms which automatically 
regulate the parameters of the machine. The use of these 
mechanisms makes it possible lo maintain the funda- 
mental characteristics of the machine over a long period 
of use, through interaction with the environment, through 
the automatic reaction of the machine to changes in its 
operating conditions. A complicated machine should 
possess the function—similar to that of a living organism 
—of automatically recovering its lost efficiency. 

Such mechanisms are already being used on machine 
tools, ranging from the simplest devices which auto- 
matically eliminate gaps produced by wear, break the 
kinematic circuit in case of overloading and ensure uni- 
formity of stresses within the mechanisms, to systems 
which restore accuracy of performance, replace worn-out 
tools, react to the effects of temperature etc. For ex- 
ample, the following controls are coming into use : auto- 
matic regulation of the kinematic precision of the rolling 
chain in gear-cutting machines; automatic regulation of 
the thickness of the oil layer in the slides in vertical bor- 
ing and turning machines; active control and automatic 
minor adjustments in polishing machines; automatic 
elimination of vibration and imbalance in lathes; auto- 
matic compensation for wear in the tables of certain 
types of machine tools; and other self-regulation 
systems (8). 

These automatic regulation systems are opening up 
broad prospects for the development of reliable and long- 
lasting machines, but they require that even closer 
attention be given to the methods of maintaining and 
operating them. The more complicated the equipment 
used and the better its quality, the more important the 
correct organization of machine-tool servicing and 
maintenance becomes. 

Ml 
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The indexes of dependability and communs of ..mice 
of a machine tool are the most important characteristics 
of its quality. They determine the duration and stability 
of the tool's retention of ¡is initial parameters (precisimi, 
output, ease o\ maintenance, efficiency etc ). its adapta- 
bility to different operating conditions and the continuity 
of service of separale mechanisms 

Insufficient dependability and continuity of service in- 
volves a considerable increase in expenditure lo, the 
maintenance and repair of machine tools, especially under 
intensive use of the equipment and in unfavourable 
operating conditions. In quite a number of developing 
countries, comparatively strained conditions of exploita- 
tion of technological equipment prevail Stub condi- 
tions are accounted for by ¡he high humidity and tem- 
perature, fewer opportunities for the production and 
acquisition of spare parls and for the repair of machine 
tools, the more frequent employment of less well-qualilied 
workers and the absence of production within the 
country of the types of machine tools being used 

In the case of the developing countries, therefore, it is 
especially important to give consideration lo all the 
major aspects of the problem of the dependability and 
continuity of service of machines and machine tools, as 
this is the only way 'o minimize ihc expenditure of 
lime and means involved in breaks m the non aal 
operation of machines. 

In the Soviet Union, this problem is given serious 
attention. There are planning and large-scale imple- 
mentation of measures aimed at raising the dependability 
and continuity of service of machines of différent types. 
The development of vcicnlific-rcscarch works in this 
field, the theoretical elaboration of the problem and the 
analysis and summing up of data on the exploitation of 
machines permit the formulation of sound means and 
the use of different methods to ¡ncr use the operating 
capacity of machines. 

A. Special methods of a-câlins l'istini> units 
When designing and modernizing machine tools, as 

well as when assessing their working capacity, it is 
essential to take into account all the major possibilities of 
improving the dependability and continuity of service of 
their various uni's and parts. There are well-known 
methods for prolonging ihc life of parts for example, 
the use of wear-resistant materials, increased precision 
in the machining of separate parts, the lubrication of 
surfaces and prevention of their soiling. 

Nevertheless, in order to improve the wear-resistance 
and to prolong I he life of different parts and mechanisms, 
it is essential also to employ special principles of design- 
ing and calculation, which are briefly described below. 

I. Principle of minimum influence uf wear on working, 
capacity of mechanism 

In order to design lasting machines and machine tools, 
it is essential to select for a  mechanism that design 
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scheme   in   which   the   wear   of  interconnexions   only 
minimally affects ils normal operation  1 he value ••! inter 
connexion wear does not vet. in itseli. ..haiaclen/c the 
degree of break in the normal operation of a mechanism 
that is. with the same wear, mechanisms ol the same kind 
may. in one case, cease to operate normally, while, in 
another case, they may continue to operate tor a long time 

In the Soviet lmon. the principle outlined above is 
taken   into account  in  the development  ol   new  ma- 
chine tool designs; when arranging the main units ot a 
machine tool and analysing the acting forces, eg. m 
multiple-tool semi-automatics, internal-grinding machines 

etc. 

2. Principle of uniform wear 
A break in the normal operating ol mechanisms which 

is brought about by wear often depends nut so much 
upon the extent ot wear as on the non-uniformity of its 
distribution on the surface of friction, I or exampie, non- 
uniform wear along guide screws results m a decrease in 
the accuracy of movement of rests or beds; non-uniform 
wear among the contour of the cam gear distorts the 
character of conveyed movement; non-uniform wear of 
straight-line motion guides adversely affects the accuracy 
and vibration resistance of machines. When designing the 
main machine elements which are subject to friction, the 
designer must strive to reduce the non-uniformity of wear 
and thus to create conditions under which the mechan- 
ism will retail its working characteristics for a longer 
perii»d of timi 

Wear, temperature deformations, violations ot the 
lubrication regime etc. lead It» the deterioration of the 
original parameters ol a machine tool The usual methods 
of combating these phenomena, e.g.. compensation of 
wear and removal ol gaps, only partially correct the 
indexes ol a machine lool. 

The most progressive method is one which involves the 
creation of speual mechanisms to restore automatically 
the characteristics lost and to remove possible distur- 
bances. In the Soviet I num. the work is eond'icted 
along these lines. As a result, mechanisms have been 
developed loi the ani.»malic correctional setting-up ol 
machine tools in case of tool wear, rise of cutting force, 
disturbance i.i the smoothness ol motion of rests and 
beds, wear ot guides etc 

"I he equipment and machines incorporating the 
principles dcsciihed above will, other conditions being 
equal, work longer and require less expenditure lor their 
repair and maintenance 

VI     llsllM.OI    II. HSOKK.I»   M   Utl'tsnVHIIllV   Ol 
M V! HIM    M'OIS 

In order to assess (he dependability o! a machine .im\ 
the probable continuity ol its service, special tests should 
he conducted l«> ohtam .111 objective evaluation ol the 
machine's qualitative indexes In the case of machine 
tools, such tests should, tirsi ,>l all. aim at assessing the 
precision ol their work throughout the period ol their 
use In the I SSR methods ol testing the technological 
dependability of mei.il v uirng lathes are being developed. 

Vhe technologii.il   u ¡v:n<ability of a machine tool is 

\. S. Prodèào» 

Us capacity io retain the qualitative indexes of the 
technological process (precision of machining and 
quality of surface) during a given period of time. When a 
machine tool is exploited, its qualitative indexes, which 
are ancclcd by different processes, gradually change 

It is essential that a new machine tool should not only 
give the required precision in machining, but also that it 
should retain it within the specified limits during the 
mierrcpair period To attain this precision, technological- 
dependability tests >hould be conducted These tests are 
designed. lirst, to assess the reserve in the precision of 
machining possessed by a given machine tool and. 
secondly, to give some prognosis as to the period of time 
during which that reserve will be present. When con- 
ducting such tests, tme must evaluate the probability of 
faultless (from the point of view of precision) operation 
of the machine tool lor the given period of time -usually 
during the mterrepair period or until the average repair. 

Processes of varying speed result in a change in the vari- 
ous parameters geometric, kinematic, force, precision 
etc. of a machine l»»ol. w hich leads to precision failures. 

Rapid processes, such as vibration by cutting and 
relaxation vibration by friction in the guides, lead to 
dispersion of sizes 01 machined parts and to errors in the 
initial settiag-up of the machine tool. 

Procesas of average speed, such as temperature de- 
formations of machine-tool units and tool wear, lead in 
time to displacement of the initial level of setting-up of a 
machine tool. 

hnally. slow processes, such as v.ear of guides and 
warping'of frames and posts, lead to worsening of the 
geometric indexes of a machine tool and. as a result, to a 
distortion of form of machined parts, as well as to 
change or errors in the initial setting-up and an in- 
crease in the/one of dispersion of si/es of machined parts. 

When testing the technological dependability of a 
machine tool, it is essential, following specially devised 
methods, to assess the change over time of its initial 
qualitative indexes under the influence of processes of 
varying speed, i.e. to determine how the precision 
reserve is spent during the machining of parts with given 
allowances This test will yield objective indexes of a 
machine tools technological dependability and provide a 
basis for fmdini! the mos! rat tonal met hods of improving it. 

I or such a test, one selects a typical part with the most 
characteristic demands as to shape and si/e to be attained 
by machining The regime and methods of machining are 
fixed, preceding from the most difficult operating condi- 
tions for which the machine tool was calculated. 

The calculation of technological dependability and th; 
test ot th uiehine tool's parameters are conducted u¡.ing 
methods based on the theory of probability, as the dis- 
persion of si/es of machined parts and the processes 
accompanying machining are incidental values, or 
functions, let : 

X     si/e of a machined part (incidental value) 
1     time of work of the tested machine tool 

1^     allowance lor machining 
I>„„-,: ß«jt      allowed minimum and maximum sizes 

of the part (i.e., <>  = Dmai — Dmin) 
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The value of the initial set ting-up of a machine tool 
<\n) has a dispersion range (AH). which, by the normal 
lau of distribution, can be expressed by A,, iiiiH, 
where u-fFi| i-, ihe root mean deviation of the setting-up 
error. 

In addition, an instantaneous dispersion of si/e» of the 
machined part takes place (dispersion range .1      <T-,T). 

The required level of the initial setting-up of a machine 
tool unh a given parameter (D) will be: 

x„    n. A 
s (Iquation 2) 

or. when .¡tiding b> the theory-of-piobability method and 
the law ofCuuiss: 

^ii IX \< a- (Iquation }) 

When assessing the precision possibilities of a machine 
tool, it is essential to assess also the error in shape. 
-^ X,„„v X„„„. as the difference between the maxi- 
mum and minimum sizes of the machined part. The shape 
error depends upon the initial inaccuracy of a number of 
machine-tool units. Thus, for example, inadequate round- 
ness of the part depends first of all upon the inaccuracy 
of the spindle unit, specifically of the spindle bearing. 

Errors of shape in length depend upon the inaccuracy 
and wear of machine-tool units, e.g., guides, which affect 
the motion of the rest as to its parallelism to the axis of 
the part rotation. Shape errors involve also the expendi- 
ture of a part of the total allowance on machining (8). 

Some time after the machine tool begins operating, a 
displacement of the initial level of setting up, caused by 
average speed processes, takes place. For the readjust- 
ment period /, (changes or readjustment of tool) or for 
the period of stabilization of temperature deformations, 
the precision indexes of the machine tool deteriorate by 
some value {Am). 

It should be kept in mind that function XH (/). which 
determines the value of Am, is incidental, and it is essential, 
in the process of testing, to assess its average value (the 
mathematically expected value) and dispersion para- 
meters. 

Then, taking into account the initial inaccuracy of the 
machine tool, the action of rapid processes and the 
displacement of the setting-up level caused by average 
speed processes, one finds the precision reserve, &r, 
allowing slow processes equal to: 

&r     S - (A -!- AH + A<¿     ±>n)     (Equation 4) 

the joint . changes m rigidity and other ehaiactciisiics 
influencing rapid processes (vibration etc ). i/>) the en- 
largement of range A„ caused by wear of machine-tool 
units; (( ) an increase of A</> caused b> uc.u. uarpmi; 
and other phenomena in a number of units u ^ , i>,.n 
roundness increases with weai ol ihe spMidlc-bca.nut 
races and errors of shape in length increase vwih wear ol 
rest guides): and (</) an uuiease ol \m. owing ¡o ic- 
disiiihution of intern;»! stress's aid defoimatioiis in 
machine-tool paris v.huh lead to ,\n increase of iheii 
"pliability" when irregularly heated, lo an in.ie.ise in the 
speed of dimension wear of the tool, unh the mercase of 
vibration etc. 

Illese changes can be deteimined by long opeialion 
testing. 1 or a particular machine-tool design, however. 
the data obtained will, as a rule, lose acciahlv because 
the design will become obsolete bv that tunc 

Therefore, technological-dependability tests should IH- 

brief and should be aimed at determining the precision 
resene   i«^)   and    the   precisi,m    reserve   coeOìcient 

ò 
(K[ ) for the mam parameters of the machine tool 

being tested. 
The value of K| is a very important characteristic of 

the technological dependability of a machine tool. 
In order to prognosticate the decrease in the accuracy 

of a machine tool in the course of time, owing to uear of 
its base units, it is essential to calculate the shape of the 
worn surface and io assess its influence on the accuracy 
of machining. Such calculations have been devised by the 
author of the present paper. 

In evaluating the average speed of wear and its dis- 
persion, on the basis of operating conditions and data of 
wear tests of materials, it is possible It) calculate, with a 
sufficient degree of probability, the duration of opera- 
tion of a machine tool with Ihe required precision ol 
machining, as well as the probability of its faultless 
operation. 

For modern machine tools, the technological-depend- 
ability test is an indispensable part of the complex test- 
ing which permits the assessment of the major tech- 
nological parameters of the tool and which provides the 
beginning data for the most effective improvement of its 
design. 

or, adding to the lheory-of-probability method : 

*-MV(^(^v'(£H£) 

Here, possible changes of dispersion ranges A and AH by 
the end of the ¡nteradjustment period are taken into 
account. 

Accuracy reserve 8j will be exhausted after some period 
of time: T -= «/,. This will result from: (a) The enlarge- 
ment of range A caused by the enlargement of gaps in 

VII. ORGANI/VIU-NAI. PKJM IPI.IS IOR MA< HIM-HM» 

MAINTHNAVri   AND  Sf-.KVICINO  SYSIIMS 

In order to keep equipment permanently in working 
order with the minimum expenditure of time and re- 
sources, it is necessary to institute a maintenance system 
with strict rules concerning the basic measures to be taken 

. for this purpose. 
A^ • ani J   (Equation 5) In the Soviet Union, a uniform planned preventive- 

maintenance system has been especially formulated and is 
applied in all branches of industry. This system, which is 
now thirty years old and which has been steadily im- 
proved, has shown its great possibilities and ihe cor- 
rectness of the underlying organizational principles. 

The basic principles of the planned preventive-mainten- 
ance system arc as follows: 
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1. All operations necessary to keep equipment in 
working order arc divided into two groups: 

(«| Servit.ng in the intervals between overhauls, 
which includes regular checking of the equipment and 
correction of faults, preventive measures, adjustment 
of mechanisms and occasionally replacement of quick- 
change parts: 
(b) Periodic overhauls, which arc carried out in 
accordance with a plan laid down in advance and 
which represent the hulk of maintenance operations. 
2. Periodic overhauls, in accordance with the plan, are 

subdivided into various types, depending upon the scale 
of the operations. There arc usually three types of over- 
haul: minor (type I): intermediate (type II); and major 
(type III». 

A machine tool which has undergone major overhaul 
must be able to meet all the basic demands placed upon 
a new tool. 

3. All overhauls of a particular model of machine 
tool under the plan are carried out at regular intervals, 
the intervening periods being called "intervals between 
overhauls". The length of the interval is one of the main 
characteristics of the maintenance system and depends 
upon the type of machine tool and its operating condi- 
tions. 

4. The maintenance system also fixes the pattern of the 
maintenance cycle, i.e.. the number of planned overhauls 
and the order in which they are carried out. Most machine 
tools now have a cycle of nine planned overhauls, in the 
following order: l-l-ll-U-ll-l-MII. 

This pattern is the same for all types and models of 
metal-cutting lathes and all operating conditions. The 
period of time over which it is completed, i.e. the period 
from one major overhaul to the next, is known as the 
maintenance cycle. 

5. The expenditure of labour for a given type of over- 
haul is indicated by the number of machine-hours and 
man-hours allocated for it under the plan. 

The relationship between the volumes of major, inter- 
mediate and minor overhaul work is the same for all 
machine tools. 

6. Machine tools are broken down into different 
categories according to their degree of complexity. Each 
category is assigned a conventional coefficient which 
compares the labour consumed by a machine tool in that 
category with the amount consumed by a standard tool. 
The tool taken as the standard was a general-purpose 
turning-lathe of average complexity, whose labour 
consumption is indicated by a complexity coefficient 
R      10. 

7. The standard value, for the volume of overhaul 
work are average figures and are used to plan the total 
volume of overhaul work in a workshop or enterprise. 
Deviations are allowed for. depending upon the actual 
state of a machine tool when overhauled. 

The basic idea behind the principles underlying the 
maintenance system is that by establishing a maintenance 
cycle with a permanent pattern, preserving the average 
ratios between the volumes of work involved in the 
different types of overhaul and comparing different types 
of equipment by placing each in a maintenance com- 
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plexity category, it is possible to plan maintenance in 
advance and to calculate the labour, equipment and time 
required. 

On the other hand, the system allows for the variety ot 
equipment and working conditions to be found in indus- 
try. It provides for different intervals between overhauls, 
allows for deviations from the average values for labour 
consumption and lays down a whole complex of preven- 
tive measures to prevent sudden breakdowns and 
cumulative wear. 

Standard rates have been worked out in the Soviet 
Union for determining the expenditure of labour in 
maintenance of technological equipment ( I ). From the 
standard rates it is possible to calculate in advance the 
periodicity of maintenance, the amount of time and 
resources to be expended on it, the amount of labour and 
equipment required, the cost of maintenance operations, 
the quantity of spare parts and other necessary data. 

The standard rates are drawn up in such a way that 
the labour consumption in the overhaul of each unit of 
complexity is determined: this value is then converted 
for the tool in question. Thus, according to the 1962 
rates, the time to be spent per maintenance unit should 
not exceed the figure shown in table 3. 

Table 3 

STANDARD RATES FOR LABOUR CONSUMPTION IN MAINTEN- 

ANCE OF TECHNOLOGICAL EQUIPMENT 

\umbtrnf hours 
Overhauls ami preventive muintenunee operation» Mechanic*   Machine 

<•»<•. tool s 

Cleaning        °.35 
Checking accuracy        0.4 
Minor overhaul (I)        °-75        ?.I0 

f 4.1 2.0 
Intermediate overhaul (II)     1|6.5 7.0 

Major overhaul (HI) 26.0       10.1 
Thus, the labour consumption ratio for planned overhauls is; 

I : II : III     6.1 : 23.5 : 36.1, or approximately 1:4:6. 

These standard time rates are intended for planning and 
calculating the labour force required. In order to deter- 
mine from them the number of hours required for 
maintenance of a given model of machine tool, the 
figures given must be multiplied by the complexity co- 
efficient for the machine tool concerned. 

For example, in the case of a thread-grinding machine 
with complexity coefficient R = 17, 17.(26 f 10.1) • 
6!5 hours which should be planned for major overhaul, 
400 hours for intermediate overhaul and so on. The 
standards give examples of how to make the calculations 
and tables of complexity coefficients for different types 
and models of machine tools. 

Table 4 gives the most characteristic complexity co- 
efficients for certain types of machine tools. 

The length of the maintenance cycle (in hours) is ca1- 
culated from formulae in which the operating conditions 
of the tool are expressed by empirical coefficients. 

For metal-cutting lathes the value of T can be cal- 
culated from the formula : 

T  -- 24.000 0, ß2 ßy ß4 hours 
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Table 4 

Cll-VR.U TtRISTK    ( OMPITXITY  COFHTCITNr.  SKLH TH> 
MM HIM  T(¥)tS 

iip< M' mid 'ifín (imi ( ampi, \u\ 
((tr/fti ti nt 

I.    Lathes, medium size  9 13 
:     Hea\> lathes  17 I') 
.V    Vertical drilling machines  3 8 
4. Radial drilling machines  6 12 
5. Open-side jig borers  20 35 
6. Horizontal r.orcrs. medium-sized  Id IK 
7. Cylinder-grinding machines  10 15 
8. Gear-cutting machines, medium-size  10 12 
9. General-purpose horizontal milling machines  8 14 

10.    Planing machines, medium-sized  12 15 

where ß{ is the coefficient for the type of production, 
with values /2, I for mass and large-scries production. 
ß, 1.3 for series production and /3, 1.5 for small- 
series and unit production. The coefficient ß2 relates to 
the type of material worked on the machine tool, with 
values ß2 - I for structural steel. ß2 0.7 for high- 
strength steel. ß2 0.75 for aluminium alloys and 
ß2 0.9 for cast-iron and bronze. The coefficient j8, 
relates to operating conditions, with values 0, I for 
normal operating conditions, ßj 0.7-0.8 for dusty and 
humid conditions, 0, 1.1 — 1.2 for high-precision tools 
in machine-shop conditions and /3} 1.3-1.4 for tools 
housed separately. The coefficient ßA relates to the sire 
of the machine tool, with values ß4 I for light and 
medium-sized tools, /34 1.35 for heavy tools and 
#4 1.7 for especially heavy and special-purpose tools. 

The formula for the interval between overhauls (0, 
T 

with nine planned overhauls per cycle, is /        hours. 

When equipment is worked on a single-shift basis, its 
rated annual working time is 2,000 hours. 

The interoverhaul period can be determined roughly 
from these functional relationships and then corrected in 
accordance with the specific operating conditions and 
methods. 

Suppose, for example, that it is necessary to determine 
the duration of the maintenance cycle for a heavy turning 
lathe (complexity coefficient R - 17, ß4  •  1.35) working 
two shifts in small-series production conditions (ß{ 

1.5). The tool processes mainly high-strength steel and 
/ 0.7     9.0 \ 
( ß2 2 8.0) and humidity in the 

workshop is very high (ßt    0.7). 

cast-iron 

T     24.000     1.5     0.8    0.7     1.35     27,000 hours. 
or 

27.000 
2      2,000 

i     9.5 months—the interoverhaul period. 

7 years 

On the basis of these data, the machine's maintenance 
schedule can be drawn up and the labour consumed and 
the time spent idly in maintenance can be determined as 
shown above. 

There are three main systems of maintenance at indus- 
trial enterprises—centralized, decentralized and mixed. 

Undci a centralized maintenance system, all mannen 
anee work is carried out at the factory with the labour 
and   resources   oí a  chief   mechanical engineer's  sec 
lion and its maintenance  machine shop    I his kind .<| 
organization is typical lor plants with a small amount of 
equipment. 

Under a decentralized maintenance system, all kinds 
of maintenance operations interoverhaul sememe .nul 
periodic overhauls, including major overhauls are 
carried out under the direction of shop mechanics In s,< 
called "shop maintenance units", winch are general 
maintenance squads. The maintenance machine shop 
under the chief mechanical engineer carries oui oulv the 
major overhaul of complex units. In addition, n manu- 
factures and reconditions equipment parts for the shop 
maintenance units when this requires special technology. 

Under a mixed maintenance system, all kinds of main- 
tenance, except major overhauls, are carried out hy shop 
maintenance units and major overhauls (and sometimes 
intermediate overhauls of large assemblies) are handled 
by the maintenance machine shop. 

A. Scope of each type <>/ ' ttverhiml ami determination of 
the service life of''machine-toolparts 

The scope of the planned periodic overhauls depends 
upon the design of the machine tool and the conditions 
under which it is operated. 

A minor overhaul entails Ihe replacement or recondi- 
tioning of a small number of worn parts, the adjustment 
of the machinery and checks to see that the machine tool 
is in satisfactory condition and that its lubrication system 
is functioning properly. 

An intermediate overhaul entails a greater amount of 
maintenance work, including the partial iruing of the 
machine tool and the restoration of any precision which 
has been lost. It is carried out without removing the 
machine tool from its bed. 

A major overhaul entails the complete restoration of 
the efficiency of the machine tool. The tool is normally 
completely dismantled and degreased, and its purls are 
sorted, on (he basis of measurements and visual in- 
spection, into three categories. 

The firsl category covers serviceable parls which do not 
need reconditioning and are fit to serve tor another 
maintenance cycle. 

The second category covers parts which require re- 
conditioning because of surface wear, deformation or 
other reasons. The most suitable reconditioning process is 
specified for each part (e.g.. building up the part hy weld- 
ing, chromium plating or other methods, grinding to the 
reconditioned dimensions etc.). 

The third category covers parts which it is impossible 
or uneconomic to recondition. Such parts are replace«! 
with new ones made to the same technical requirements 
Typical parts which fall into this category are roller- 
contact bearings, friction clutch plates and so forth In 
order that the various parts may be correctly sorted into 
categories and their suitability for further service in the 
machine tool properly evaluated, it is essential to set 
maximum permissible limits of wear lor them and to 
establish their service life. 
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This is an extremely complicated matter, as the parts of 
any machine toot have to satisfy the most varied require- 
ments. So lar, no completely satisfactory method of cal- 
culating maximum wear levels has been developed. 

The criteria (characteristics) of the maximum wear of 
machine-tool parts may be divided into two groups. 

The first group comprises criteria relating exclusively 
to the proper functioning of a given assembly or part. 
This covers such cases as the breakage of parts as a result 
of wear (the teeth of slow-speed worm gears); the wear- 
ing away of the case-hardened layer, resulting in a sharp 
increase in the rate of wear (the slide bltx-ks of link gear) : 
and the breakdown of liquid friction (slider-type bear- 
ings). In many cases, however, the functioning of an 
assembly cannot be considered in isolation from the 
functioning of the mechanism or the machine tool of 
which it li a part. 

The criteria in the second group relate to the per- 
formance by the machine tool or mechanism of the 
functions for which it is intended. The most typical 
criterion of this group, as far as machine tools are 
concerned, is precision of machining. 

Table 5. for example, gives lists of figures calculated 
by the author which show, for various degrees of 
machinery precision, the maximum wear of lathe slides 

on the basisof practical overhaulandoperating experience. 
In order to determine the service life (T> of a part, it is 

necessary to know the nature of the wear process in the 
part as a function of time and the maximum permissible 
value of wear (Um„(). As. in the majority of cases, 
normal wear takes place at a constant rate (•/ con- 
stant), then for known values of 7 and I ' ,„„, the service 
life of a part will be: 

^      l',,,,, 
T t filiation 6) 

7 

The value of the rate of wear (y) is determined either 
on the basis of measurements or from operating experi- 
ence with the machine tools of the type in question. 

Formula (6) for determining the service life of machine- 
tool parts is applicable to parts which are replaced only 
when they become unserviceable, i.e. when their wear 
has reacned the value U,„„,. Quick-change parts which 
arc replaced when the machine tool is serviced between 
overhauls fall into this category. 

In the case of parts which are reconditioned or re- 
placed during the periodic planned overhauls, the 
acceptable values of wear (U„) will be equal to or less 
than the maximum permissible values {VmaJ. as the 
parts must not  beconv unserviceable in  the interval 

Table 5 

MAXIMI M WMR HI   IVIHt St.HHS PFRMITtKP M>R VARIOUS DFGRtfcS OF PRH ISION 

Maximum 
prrmiwìMv 
1 ariutum in 

tMamettr ut 
wtfrkpii'tt' 
(mitrortsi 

< lass ol 
prêt i\itm 

til 
,¡    su sthnin 

Maximum permis sihtt 

Mi 

wear nf slides {millimetres 
lengths of up to; 

UH)                 XM 
{millimetres) 

when turwnv 

MM 

ssarkpieees with 

41 ft 

13 1 0.16 0.0« 0.04           0.02 0.013 0.01 
20 2 0.24 0.12 0.06           0.J3 0.02 0.015 
M) 2a 0.40 0.20 0.10           0.05 0.035 0.025 
H) 3 0.40 0.20           0.10 0.07 0.05 

12« 3a 0.40           0.20 0.13 0.10 
200 4 — 0.65           0.32 0.21 0.16 
400 5 —            0.65 0.43 0.32 

(measured at the point of greatest wear) which will per- 
mit tht'ie precision requirements to be satisfied. The 
figures in the table show only the reduction in precision 
due to wear of the slides, and do not take into account 
the influence of other factors (such as the rigidity of the 
slide rest, the spindle and other parts and wear of the 
cutting tool). 

This table shows that there is a direct connexion 
between the permissible wear of the slides, on the one 
hand, and the desired precision of machining and the 
dimensions (length) of the workpieces, on the other hand. 

When the workpieces are short and a large allowance 
is made for variations in their diameter, the permissible 
wear may be very considerable. However, operational 
and overhaul considerations and the need to avoid 
vibration of the slide rest make it inadvisable to allow 
the wear to exceed 0.2 mm. 

In many cases, the maximum permissible wear of key 
parts of each model of machine tool can be established 

before the next overhaul. If the interoverhaul period, 
i.e. the period between two planned overhauls, is T|, 
then over that period of time the wear of the part will in- 
crease by an amount yT,. The maximum acceptable 
amount of wear (U0), after which it is essential to replace 
or recondition a part at the current periodic overhaul, 
will therefore be: 

U0 = Uma( - y.T,        (Equation 7) 

Bearing in mind that y ^»hcTiuhcrvidifeof 

the part before overhaul) one obtains: 

U  - U u°--' vo        ^ max rr 

whence: 

1 +L 
T 

U„ 

(Equation 8) 

(Equation 9) 
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It a given periodic overhaul is the Kth since the last 
overhaul of the part, then the service life of the part will 
be T KT, and the formula for calculating the accept- 
able wear will take the form: 

I   '-'mm (Equation 10) 

Iror example, a part has a case-hardened layer 0.8 mm 
in depth and the maximum permissible wear is Umui 

0.65 mm (80 per cent of the depth of the case-hardened 
layer). Should the part be reconditioned if, when mea- 
sured at the third periodic overhaul, its wear is found to 
amount to 0.55 mm ? 

If one calculates U0 according to formula (10): 

U„ 0.65 
3 

¿"•i- I 
= 0.49 mm 

The part must therefore be reconditioned; although its 
wear is less than Umui, it will not last until the next 
periodic overhaul. 

If the maximum permissible amounts of wear and the 
service lives of the main parts of the machine tool are 
known, the scope of the various types of overhauls can 
be denned more accurately, the durability of the machine 
tool increased and the cost of maintaining it reduced. 

VIII. THFORETICAL   BASES   FOR   ESTABLISHING   THE   MAIN 

PARAMETERS (» A MAINTENANCE SYSTEM 

The main parameters of a maintenance system are a 
maintenance-cycle pattern which is applicable to all 
machine tools and an interoverhaul period which take* 
into account the special features of the equipment and 
the way it is operated. 

The maintenance-cycle pattern and the interval 
between overhauls must be such that through fuller 
utilization of the service lives of the machine-tool paris 
and assemblies, other things being equal, the equipment 
is idle for overhaul for the shortest possible time and 
expenditure on its overhaul is kept to the minimum. 

In order to select the best vauies for these parameters, 
it is necessary to determine how their values influence 
the durability of the machine tool—the coefficient //„ (sec 
formula (I)). 

When using formula (I) in connexion with periodic 
overhauls, it must be borne in mind that: 

(a) The periodicity of overhauls will be defined by the 
minimum service life (T,) of the parts subject to periodic 
overhaul : 

(b) At each overhaul, all parts whose service life will 
expire before the next overhaul must be replaced. 

In order to analyse the maintenance-cycle pattern, all 
machine-tool parts which are subject to periodic over- 
haul must be divided into groups according to length of 
service life. 

Each group comprises parts whose service life (T,) is 
within the range «,T, < T, < (« |)T,, where n is the 
ordinal number of the group of parts in question and T, 
is   the minimum  service  'ife,  which  determines the 

periodicity of overhauls. I or ihc /ith group oí p.irK the 
periodicity will be w.T,. as parts oí the first group will he 
overhauled after T, hours, parts oí the second group after 
2 T, hours and so forth. The number of groups of parts 
(n) overhauled at the periodic overhauls' is determined 

from the relation n        'J':" where I ,„,, ,s the service life 

of the most durable part. 
If the maintenance-cycle patterns used are analysed 

from this point of view, more advantageous variants "than 
the nine-period pattern may he found. 

It is a fact that although the pattern shows the first 
two periodic overhauls as being of the same ivpe (minor 
overhauls), this is an index only of their average scope. 
In reality, these two overhauls will be different from each 
other, as after the period T, (the period between over- 
hauls), the fust-group parts will be overhauled, while 
after the period 2T, hoth the first-group and the second- 
group parts will he overhauled. The amount of over- 
haul work carried out on the second occasion will, con- 
sequently, be greater, although both arc classified as 
minor overhauls, and the lime and resources allocalcd 
for them are identical. 

Similarly, it can be shown that the volume of overhaul 
work involved in the tirsi and second intermediale over- 
hauls in the cycle will be different in each case. 

In the interest of more accurate planning of mainten- 
ance, it is therefore desirahle lhal there should be not 
three, but four, types of overhaul (the fourth ivpe being 
termed a complete overhaul). 

As the author's calculations show (3.6). n is more 
advantageous from the point of view of reducing the 
idle time of equipment to use a six-pern*! pattern with a 
l-ll-lll-ll-l-IV cycle and a ratio of volumes of overhaul 
work of I: II      II: IV      I: 2:4: 6. 

The change to a cycle pattern with lour types of over- 
haul requires a higher level of maintenance organization 
and will constitute a further development of (he mainten- 
ance system. 

Attempts arc now being made in lhe Soviet l'mon to 
introduce optimum maintenance-cycle patterns which 
take into account the work which has been done in this 
Held. The existing maintenance system, which has been 
of great economic value lo industry, will thus IK- further 
developed and perfected. 

The length of the period bel ween overhauls ([,) is 
that basic parameter of the maintenance sysiem which 
reflects the special features t>| the equipment in question 
and the nature and intensity of ils operation. 

The length of the period between overhauls must be 
determined after the maintenance-cycle pattern has been 
selected: il is. therefore, the second task in establishing 
the basic parameters of the maintenance system. 

The aim in delermmm» the length ol the period between 
overhauls and the maintenance-cycle pattern must be 
to achieve the highest possible durability of the equip- 
ment. The optimum period will be that which, other 
things being equal, gives the highest coefficient of dura- 
bility (or the minimum loss of machine time on overhauls, 
which amounts to the same thing). 
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The main consideration in selecting the optimum 
period between overhauls (I, T,,,,) is to establish 
such a ratio between the amount of work carried out 
¡it the periodic overhauls and the amount carried out in 
the course of servicing bctwi ,-n overhauls as will make 
possible the minimum expenditure of labour on overhauls 
in the given conditions. 

When the length of the intcroverhaul period is ex- 
tended, a larger number of parts will be replaced in the 
course of the servicing between overhauls. As a result 
of this, the durability of individual parts will be more 
fully utilized during the servicing interval, but the 
amount of assembly and disassembly will be increased. 

On the basis of these considerations, the author pro- 
poses the following formula lor calculating the optimum 
interval between overhauls: 

opt 

Ih 
K •Q     ')  </*      \ß2      I)   T (Equation II) 

where T is the length of the actual interval between over- 
haulsestablished in practice ; K is the number of overhauls 
in the cycle (K 6 or K 9); rk is the actual time re- 
quired for a complete overhaul (in hours) for i length of 
cycle K.T; T, is the actual amount of time reqi ¡red for a 
minor overhaul (in hours): ß 1 is a coefficient which 
indicates the increase in the amount of time spent on the 
overhaul of machine tool parts and assemblies in the 
course of intcroverhaul servicing because of increased 
assembly and disassembly work. 

ß is normally between 1.5 and 3. This formula permits 
T 

the calculation of the value of v        "'"' which is an index 

of the advisibility of lengthening or shortening the 
period between overhauls in the given operating condi- 
tions: i.e. it makes possible more accurate correction of 
the value of T established from the norms. 

The coefficient ß greatly influences the value of T„pl. 
If the time spent on assembly and disassembly work 

can be reduced by using quick-change parts and intro- 
ducing wear-compensation adjustments, the interval 
between overhauls can advantageously be lengthened. 

If changes are made in the overhaul and operating 
conditions of the equipment, the interoverhaul period 
should also be adjusted accordingly. 

Improvements in overhaul methods, in the durability 
of the individual parts and in the design of machine tools 
will be fully effective in increasing the durability of the 
equipment, provided that the main parameters of the 
maintenance system—particularly the maintenance-cycle 
pattern and the length of the interoverhaul period -are 
correctly selected 

IX. ORGANIZATION OI   MAINTINAMI  SERVICES AT 
rut PLANT 

The organization of maintenance work at the plant 
must provide for the execution of all technological pro- 
cesses necessary for maintenance operations, the receipt 
of spare parts from the machine-tool factory and the 
overhaul of individual assemblies or machine tools at 
special maintenance centres. 

The organization of maintenance, as shown above, 
depends upon the types and number of machine tools at 
the plant. 

The plant's maintenance machine shop usually com- 
prises the following sections or units: (</) a machine-tool 
section: (/>) a fitting shop: and (e) a welding shop. In 
large maintenance machine shops there is a further 
department for restoring and increasing the wear resist- 
ance of parts, with sections for metallization, chrome 
plating, cementing, heat treatment etc. 

The machine shop is headed by a superintendent, who 
is subordinate to the factory's chief mechanical engineer, 
and the various sections or units are headed by foremen, 
under the shop superintendent. Under the lalter's 
authority also are a technological office, a planning office 
and other administrative units. 

Shop maintenance units, as has already been shown, 
form part of production shops. Their purpose is to carry 
out interoverhaul servicing and to perform individual 
repair work on all the various types of equipment installed 
in each workshop. The scale of operation of a shop 
maintenance unit depends upon the system of main- 
tenance followed at the plant. 

Under a centralized system of maintenance, in which 
work is carried out exclusively with the labour and 
resources of the appropriate workshops of the chief 
mechanical engineer's section, the shop maintenance unit 
is responsible only for interoverhaul servicing. Where the 
workshops of the chief mechanical engineer's section 
have insufficient work, they are also made responsible for 
interoverhaul servicing. 

Under a decentralized system, the shop maintenance 
units carry out interoverhaul servicing of mechanical 
equipment and all types of overhauls, except major 
overhauls of the most complex units. They are also 
responsible for interoverhaul servicing and minor and 
intermediate overhauls of electrical and diesel equipment. 

Under a mixed maintenance system, major overhauls of 
production-shop equipment are carried out by mechanical 
and electrical repair shops. 

The Model Regulations recommend the establishment 
of shop maintenance units in workshops where the total 
number of maintenance and repair operations runs to 
upwards of tOO-700. In small workshops, independent 
maintenance inits are not set up. Such shops are served 
by so-called "central district units" (one unit for several 
shops), which are headed by district mechanical engineers 
who are subordinate to the chief mechanical engineer. 

Central district units are staffed by squads of fitters, 
who are attached to production sections, bays ot shops. 
The size of each squad is established according to the 
labour requirements for the projected maintenance 
operations given on an annual schedule and for carrying 
out the interoverhaul servicing of the equipment assigned 
to the squad. 

In choosing the particular system of maintenance for 
the factory as a whole, account is taken of its effect on 
the structure of the central maintenance-service apparatus 
—the chief mechanical engineer's section. With a decen- 
tralized system of maintenance, when the bulk of the 
work is undertaken by the shop maintenance units, it is 



Repair and Maintenance of Machine Took in Developing Countries 

advisable to augment the latter's planning and account- 
ing staff and correspondingly to simplify the structure of 
the central maintenance-service apparatus, making the 
latter responsible only for the methodical direction and 
supervision of the shop maintenance units' work. 

The structure of maintenance services in the chief 
mechanical engineer's section also depends upon 
whether there is an independent chief mechanical 
engineer's section at the plant. If there is such a section, 
one of its functions is to ensure the correct use and 
planned maintenance of all power equipment. 

An independent chief power engineer's section is 
usually set up at large plants which have a great deal of 
equipment and which use substantial quantities of 
power. In factories using small amounts of electricity 
and having small power installations, a combined chief 
mechanical engineer's and power engineer's section is 
formed, which includes a power-engineering office and is 
responsible for the work of the electrical and diesel 
shops. 

In plants with large numbers of machine tools of the 
same kind and in mass production factories, it is advis- 
able, in order to reduce machine idle time during repair, 
to carry out repairs by the unit system. 

The essence of the unit system of repair is the removal 
of machine-tool units requiring repair and their replace- 
ment with spare units, either previously repaired, rebuilt 
or newly purchased. In metal-cutting machines, such 
interchangeable units include the headstock. the apron 
and the carriage saddle, the drive mechanism, the spindle- 
casing, the grinding and turret heads etc. The range of 
interchangeable units and interchangeable parts must be 
made more and more comprehensive, and the rebuilding 
(repair) of these units and parts must be centralized. 

In addition to the unit system, there is the successive- 
unit system of repair and overhaul, in which the units of 
the assembly are overhauled in a particular sequence 
during normal breaks in the operation of the equipment. 
During meal-breaks and on rest-days and non-working 
shifts, different units requiring overhaul are dismantled 
and their worn-out parts replaced. 

The successive-unit system is particularly well suited 
for the repair of standard-unit machine tools and other 
tools for which the various subassemblies are individually 
designed (9). 

The more equipment is standardized and the more its 
individual units and assemblies are unified, the simpler 
will the organization of maintenance services become. 
It is expedient, therefore, in equipping any given factory, 
to use the minimum number of machine-tool contractors. 

In the Soviet Union, efforts are now being made on a 
broad front to produce machine tools in various tech- 
nological versions and types on a single base, to stand- 
ardize regular machine parts and assemblies, and to 
unify construction. These measures not only reduce the 
cost and increase the quality of machine-tool production, 
but also substantially simplify their repair and main- 
tenance. 

X. TECHNICAL PROBLEMS or- MACHINE-TOOL MAINTENANCE 

In the maintenance of machine tools and other équip- 

ai 

ment, the correct choice of the technical processes to he 
used to restore the impaired ell ciency of the vinous 
units and parts is important. 

This is a somewhat complex problem, for several 
reasons: first, the range of repairable parts is extremely 
wide; secondly, the parameters of the parts have to he 
fully restored in repair and. in many cases, increased 
wear resistance and toughness are called lor; and. 
thirdly, expenditure on repairs and idle time during 
repair must be kept to a minimum. 

In addition to the ordinary methods of mechanic.i 
machining, extensive use is made of electroplating, metal- 
improvement processes, pulverization and other tech- 
nical processes to restore the dimensions of the worn 
parts (10). 

Processes to harden the surface of parts and increase 
their wear resistance and fatigue strength are used also. 
These processes include heat and thermo-chemical treat- 
ment, electric-spark surface toughening and surface 
toughening by rolling and shot-peening 

In repairing equipment, it may also become necessary 
to modernize individual units, to replace some materials 
by others and to economize in the use of non-ferrous 
metals. In some cases, therefore, bimetallic parts have to 
be made e.g.. slider bearings, worm wheels and lead 
screw nuts using bronze for the friction surface and steel 
or cast-iron for the main body of the part. Metallo 
ceramic parts arc also used for example, iron-graphite 
bushings and plastic parts (I I). All this calls for special 
equipment and skilled labour. 

In the repair of machine tools, particular attention has 
to be given to the technical processes for reconditioning 
or repairing certain parts, since their quality determines 
the precision of the machine tool. 

Normally, the most labour-consuming operation is the 
repair of machine-too! slides, since these determine the 
precision of movement of the basic units of ihe machine 
and the accuracy of their relative positions. 

The technical processes for repairing worn slides are 
varied, and, depending upon the circumstances, may he 
carried out by machining at the lathe, by the use 01 
suitable appliances or by hand. 

The machining of slides by planing, milling or grinding 
is the most exact and productive method of recondition- 
ing worn slides. However, its use is not infrequently 
limited by the factory's lack of machine tools of suitable 
size and adequate precision. 

The repair of bed slides with the help of suitable 
appliances necessitates no special equipment; the 
appliances used for the purpose are of simple construction 
and can be made at any machine-building plant. Hut the- 
drawback of this method is its high labour consumption 
as compared with machine work, since treatment with 
appliances normally takes place at a lower tempo and 
usually necessitates a certain amount of manual labour 
in preparing the selling bases and some rather labour- 
consuming work in installing and setting up the appliance. 
Nevertheless, it is often preferable, because it can be 
carried out at the site of the machine tool, so that the bed 
does not have to be dismantled and reassembled, and 
time is saved on transporting it to the repair shop and 



suited  to the  repair of back.    This  method  is  best 
particularly large bed slides. 

The repair of .-»lides by hand (powdering, scraping etc.) 
is the most labour-consuming and outmoded method, and 
is permissible today only in one of the following cases- 
UD when the wear on the slides is so slight that hand 
reconditioning   requires   less   time   than   mechanical 
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normal precision lathes, the permissible displacements of 
the slide rest in relation to the mandrel are as in table 6. 

By means of rigidity testing, one can ensure a high repair 
quality and detect any couplings requiring more careful 
adjustment. 

In the case of gear-milling, thread-grinding and other 
precision machines, it is also desirable to cheek the 

Table 6 

Maximum machining diameter of machine 
tool (millimetres)   

Force applied (kilogrammes)...........', 
Maximum displacement in rcla-      Spindle 

lion to mandrel (millimetres)     lailstock 

100 
70 

0.04 
0.05 

200 
200 

0.10 
0.13 

400 
560 

0.21 
0.27 

800 
1,600 
0.47 
0.61 

1,600 
4,500 

1.05 
1.40 

methods; (b) when the equipment for mechanical treat- 
ment (machine tools and appliances) has not yet been 
obtained or made. 

The Soviet Union has developed portable appliances 
lor grinding and clean planing machine-tool slides in the 
process of repair, mechanized scraping tools and technical 
processes and methods for machining slides with the use 
of machine tools (10). Model technical processes have 
also been developed for repairing spindles, lead screws, 
precision worm couples and other key machine-tool parts! 

The overhaul of the hydraulic equipment of machine 
tools presents special features of its own, including 
technical processes characterized by the use of precision 
and finishing work in the repair of hydraulic cylinders 
(honing) and hydraulic pump parts (grinding) and by 
checking to ensure precise clearances and relative 
position- m reconditioned parts returned to use. 

Units arc assembled with the help of universal and 
special appliances ensuring correct and efficient assembly. 

In order to ensure accurate assembly, it is necessary to 
apply the theory of dimension sequences and com- 
pensators (12). since the method used to restore precision 
can then be selected on rational grounds; e.g., one can 
reuníate or adjust the part, use trial and error or lit a 
compensator in one of the members ot the subassembly, 

(¡real importance for high-quality assembly attaches 
lo the checking and testing of the machine tool after an 
overhaul. 

In addition to the familiar tests for geometrical 
precisi«»». elHciency. machining precision and surface 
quality obtained, methods of checking to determine the 
quality of separate subassemblies are also being intro- 
duced into the practice of machine-tool overhaul. 

One m;.y mention first the rigidity standards and 
mclhods of checking the rigidity of machine tools which 
have been worked out in the Soviet Union <U). lor 
example, in the case of lathes, a load is applied to the 
spindle and tailstock into which the mandrels are 
inserted, force is created with the help of a special 
dynamometer, which exerts pressure on the mandrel at 
an angle of W) from the horizontal (in the direction of 
total cutting thrust). Under the standards applied for 

kinematic accuracy of the mechanisms linking the 
rotation of the blank to the movement of the tool. For 
this purpose, universal and specially developed tools are 
used. 

The use of technically advanced repair and testing 
processes is essential to the achievement of high efficiency 
and economy in the overhaul of machine tools. 

10. 

il. 

12. 
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