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Foreword

The purpoge of maintenance is essentially to increase the lifetime
of machinee by keeping them permanently in good operating condition in
order to avoid breakdowns which held up or 3top production. The need
for sound preventive mainténance is all the more essential the greater

the degree of mechanization of the 2nterprise concerred .

Hit-cr-miss troubleshooting and the anarchic situations which may
result from it cannot be tolerated in rationally organized enterprises,
hatever the sector concerned., Last-minute emergency repairs lead too
often to hasty action and to the use of temporary solutions, They only
ake it neceesary to intervene again to carry out the final repairs which
annot be avoided in the long run. Furthenrore, emergency gpares have to
be stock-piled at each work post in order to prevent a breakdown of the

assembly line, in the case of mass-production.

A preventive maintenance pelicy must ~ow replace the emergency repair
nystems with which too many enterprises are still sutisfied. Moreover, as
examples of such a policy, one may quo*e the following in the case of France:

=~ in the fieid of civil aviation: the airlines (Air France)

= 1in the field of power generating stations: E.D.F. (Electricité de France)

= in the field of machine tools properly speaking: the S.N.C.F.,

(Société Nationale des Chemins de Fer Francais).

The D.T.A.T. (Direction Technique des Armements Terrestres), which
possesses a larger stock of machine tools than the S.N.C.F., has had a plan
‘or preventive maintenance of machine tools in operation in one of ite

orkshops, the Atelier de Construction in TARBES, for more than lten years.

RENAULT hae carried out a similar experiment with LANDIS crankshaft
grinding machines (these machines working at three shifts are systematically

shecked every six months).




PLAN #Uit PERIOD1IC LUBRICATLON

Preventive maintenance calle in the first place for a rational
machine lubrication programme. .he prublem is to use the correct
lubricant for a given machine, and to apply it in suitable quantity
and at the right time to all nzcessary lubrication points. Lubrication
should not be left to the initiative of the uperating persbnnel, éinée
very spécific instructions are necessary, and, as soon as the size of

the enterprise wmakes it possible, lubrication teams should be organized.

In setting up a periodic lubrication plan, the following must be
born in mind:

1. List of the equipment to be maintained and of all its lubricating
points;

2. List of lubricants recommended by the equipment manufacturers;

3. Simplification of supplies and preparation of the lubrication table.

The lubrication table should show for each machine:

the lubricants for each part, and for each lubricant: the machines
and parts for which it is to be used.

Tt is often very diificuli tc make comparisons between oils marketed
by various companiep as they use di1frerent references even if it is the same
or nearly the same kind of oil.

In France for example 320 oils are on the market apart from motor oils
and oile for heat treatment. Considering this, one comes to the conclusion
that a lubricant classification should be prepared. A rational classification
would lead to a substantial simplification of supply. In other words, instead

of 320 kinds of oil you may retain,from a technical viewpoint, only eight for
your own use, '

The 1'.T.4.T. workshop in TARBES was able to reduce the number of
products used to eight (clacsified on the basis of viscosity alone) by

considering only products in general use and the main productis for special uses,
It should be mentioned that WG 6 of the Technical Committee "Kachine Tools"

of the International Organization for Standardisation - IS0/ TC 39 / WO 6 -

is now studying this important question of the lubriocation of machine tools.
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4., Standardization of lubricating systems

- Standard lubricators for oil and for grease;

~ Lut ~icators painted in dif“arent colours accc~ding to the
viscosity of the vai used (white for the least viscous,

black for the most viscous).

5. Preparation of machine records: To be attached to the log-book

of each machine, showing:
parts to be lubricated,
capacity of the lubricators,
operations to be performed (lubrication cycle,
frequegcy of draining of the gearboxes,

lubricants to be used).

6. Organization of lubricant storage and supply

7. Organization of distribution and correct use of lubricants

(inspection reports, consumption reports)
It is essential to provide a special storeroom as wWell as

suitable equipment tor the distribution and application of these

lubricants.

Recording operating hours of machines

The wear and tear of egquipment is not measured by days, weeks or
months but ra aer by the total amount of running time. J'hus, in the
case of the motor car, it is the mileage accumulated which is taken into
account in the lubrication table which appears in the vehicle maintenance
booklet. The vperating time with and without lead oan be taken roughly
as a criterion of the wear of a machine tool, but the load really borne,
i.e., the energy ‘absorbed in Kw/hours appears to be much more reliable ae
a criterion. This measuremeni can be made using time-meters connected to

the motor power supply.

The gereral conclusion which follows from the above considerations
is that, along with the wattmeter measuring the power used by machining

operations, every maohine tooi should be equipped with a meter measuring

time. This would make it possible not only to provide for rational
~lubrication but also io study the law governing the wear of a given machine
versus operating time, and to schedule in advance the necessary overhaule.
This information is completely lacking at the present time in the case,

for example, of spindle bearings and slideways.
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During operations oils are inspected by means of analysis (colour,
acidity number) which is repeated every 2,000 hours of cperation.

Staff requirements

The staff required is less numerous than mighf be assumed.’
By baving the long-term lubrications (monthly lubrication for example)
carried out by the maintenance department, and the short-term lubrications
(daily and weekly) by ihe workers operating the machines, the TAREES Atolier
de Construction which we have already mentioned provides maintenance for
more than 600 machine tools with a staff of four.

MAINTENANCE PROFERLY SFEAKING

Mntomco properly speaking includes two scparate operations:

l. Nommal maintenance confined to the repairs required in case
- of unsatisfactory operation of the machines.

2, Overhaul or rebuilding involving large repairs required in case

of loss of accuracy of the machine.

A. NORMAL PREVENTIVE MAINTENANCE

The idea is to establish a plan for the periodic adjustment or
replacement of certain paris of the machine —~ a plan which must be based
on a permanent checking of the normal functioning of the machiness

- check the consumption of the machine running idle at various

operating speeds,
= check any changes in the mechanical effiociency ourve,
- note any abnormal noise -r vibration.

A prior analysis of the equipment to be protected should obviously
be made and, on the basis of ihe maintenance reports, a statistionl analysis
of opereting innidents and accidents likely to ocour, should be prepared.

Are breakdowns chronic in nature or accidental? Is the wear and
tear observed normal or not? Such an analysis may, moreover, suggest
certain technical improvemente in the equipment to be maintained. Facilities

for prevention should than be set up, with planning of maintenance operations
designed to keep costs to a minimum.




Under these conditions it is appropriate to draw up preventive
maintenance instructions as wcil au machine records {dessription of
machine condition and opervatire historv  and to provide for regular

inspection of maintenance operations.

A special planning department with a purely administrative role,
coming directly under management, should be set up (the work of the
maintenance staff should remain strictiy technical). This department
sends blank orders to the maintenance dapartment which, while.responsible
for emergency jobs, carries out the planned maintenance as appropriate.

It constantly supervises the cost of maintenance operations (time assigned
to maintenance properly,speaking)} The times assigned muat always be

adjusted in the light of the experience acquired.

Maintenance, by its very nature, does not lend itself to a completely
rational type of organization, but that part of mainienance which cannot
be foreseen and which is beyond conirol must be kept to a minimum by a

thorough and continuing review of past experience.

For the processing of maintenance records, depending on the size of
the fimm, either ordinary cards or punch cards may be used, or in the cass
of large companies, electromechanical accounting machines may make it
possible, for example, to file in a few minutes the various job vouchers
acoording to ty, » of part replaced. (T is system pays of: as scon as the
maintenance staft reaches ten.)

Frequency of inspection of cratical points

Here we should follow the pattern commonly set in the motor car

indusiry, where the frequency for oil changes, spark-plug and tyre
replacements is specifically laid down. At the beginning, guidance may
be sought from the manufacturers of the aquipment, and later om, further
guidance will be provided by the results indicated in maintemance reports.

Staff numbers

In determining the staff necessary, due provision should be made for

emergency jobe and repairs which cannot be avoided, (for example, aocidents).
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Store room for sparecs

The main ~bjective should be ‘to kaep the stock of smares to a
minimum, for it repres~snis o .oo-pioduciive use of capital, but as in
determining staff{ numbere, due provision should be made for possible
unforeseeable breakdowns und accidents. Morcover, the simplification

of maintenance leaus to the standardization of equipment and hence of
spare parts.

B. PREVENTIVE MAINTENANCE

The preventive maintenance plan must be bLased on a cloee review

of changes ir ihe accurécy of machines over a period of time.

— ochecik the amount of acrap,

- check any changes in the machining accuracy (for example,
information on the inspection cards),

- check any changes in geometrical precision: spindle play, wear
of slideways, ueing teams of workers specialiged in the
inspection of machine tools and equipped with the necessary
measuring devices (straight-edges, test mandrels, cylinders

between centres, dial gauges, levels, microscopes, etc.)

Criteria determining the need for overhaul

As a firs: approach, the fallowir.: criteria may be adopteds
A finishing mechine may usefully be sent for overhaul when the
machining accuracy is equal only to permissible deviations 2 or 2,5 times
larger than those specified in ISO recommendations. In the case of

roughing machines, tolerances may be exceeded by 3 or 3.5 times. (mee annlx)

Of course, finishing machines which require overhaul because of lack

of precision may, if it is deemed possible, be assigned without reconditioning
to the roughing workshop.

Lastly, it chould be pointed out that in practice the need for overhaul
is observed only after a certain number of years of operation, 5 to 10 years,
and sometimes much more. We have seen single spindle bar automatics which
have been working for 20 years without having required overhaul, and which
continue to provide acceptable accuracy. Machine %ools have a long useful
lifetime. In toul rooms the average life may be up to 20 years; in the

production shop it may vary from 10 to 20 years but very often the machine
is obsolete before being worn out.




Machine tool repair shops

There are very few machine tool manufacturcrs who have a department
for rebuilding the machine tools which they have sold to their customere.
Even if repair companies for machine tools do exist, their numbers are
very small and their resources would be rapidly exhausted if many firms
required their services at the same time. Thus, the users of machine
tools usually have to repair and recondition their machines themselves.
This is true for example, of automobile manufacturers.,

Before a major overhaul it is appropriate to take account of the
cost of its replacement by & new machine. Complete reconditioning is
carried out only if ite cost does not exceed n % of the present price
of the new machine, n ’being a function of the age and the extent of wear
of the machine. Thus, in the case of a machine less than 6 years old,

n 1is taken as = 65, and if it is more than 18 years old, n = 45.(These
co-efficients express the fact that there is little point in reconditioming
machines which are very old and perhaps obsolete, unless the cost of repair
is very low).

More generally one may say that the cosi of a major overhaul for a
mediun sized machine 00l is 50 to 60 per cent of the cost of a new machine.
This peroentage is 25 to 30 per cent in the case of heavy machinery.

As regards machine tool repairing, instruction manuals for maintenance
H and r/cpair‘aro usually suitable. It is rot always the case with second-
hand machine tocls and we may add that finding spare parts for second-hand
equipment is often a problem; very often spare partshve to be manufactured
by the customer himself.

SPECIAL CASE OF MACHINES LAID UP

It may occur that machines are laid up for several months. In this
connexion it should then not be forgotten that machines laid up may suffer
from the effects of corrosion. They must therefore be protected accordingly.

The first action to take is careful cleaning to elaminate any machining
wastes (swarf, chips, cutting fluids), as well as used lubricants. To be
effective, such cleaning usually requires the dismantling of oertain
machine parts.

The second action consists of applying protective products (especial oils)
to the machined parts likely to oxydize (slideways). On this specifio poinmt,
which would require too much expianation, we refer the reader to the journals
published by specialised firms such as Houghton,for example.
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However, after thorough cleaning of the machine, a second possible
solution is running wiibout load at regular intervals (a few hours every

three months, for example).

If the machine is stored in premises where there is much dust, some

simple protection againgt dust may be provided.

CONCLUSION

In order to keep e&uipment in permenent working order with a
minimum expenditure of time and resources it is necessary to institute
a maintenance system (overhaul, preventiive operationsj check to ensure
the equipment is in good conmdition, that it is properly operated and
iubricated, that minor iroubles are corrected.

I is a fact that a repair and maintenance system is a must even in
the early phases of industrialization.

Our intention has not been to provide the participants in the
VABNA seminar with ready-made recipee for the creation of machine tools
repair shops or for the training of technicians and repairmen, but rather
to draw their attention both to the usefulness and the difficulties of
the many tusks involved in maintenance of machine tools.

It goes without saying that we are thinking more particularly of
the traditional type of machine tool (lathes, milling machines, boring
and drilling machines), for gear-cutting machines, special machines etc.,
pose problems sometimes much more difficult to solve. One must not forget
that up to date knowledge of electrical circuits, hydraulics, electronics

is necessary for the maintenance of modern machine tools. l/

l/ Because of the fact that this equipment includes highly complex

electronic control circuite, the maintenance of N/C machine tools
raises new problems,
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The fact must also be borne in mind that the reconditioning of a
machine requires a preliminary dismantling of the main parts in order
to be able to judge whether reconditioning is advisable or whether some
parts have to be replaced, as weil a8 to determine the time necessary to
carry out the operations envisaged, wifhout overlooking the time required
for the operatiuns of re~assembly, setting and inspection. This is enough
1o indicate that the estimate alone for the work to be carried out ie
quite expensive to prepare, and furthermore, calls for competent specialized
staff. It is with all these difficulties in mind that we think it advisable
to suggest to the developing countiries that they consider the reconditioning
for the tmme being, only of those machines which are of the conventional type
and the most widely used in mechanical workshops,

In any event we are ready to provide any organization interested, with
bibliographic references, through UNIDO if necessary, concerning this subject,
which we have intentionally dealt with in general terms without going into detail.



ANNEX 1

Insofar as the maintenance of machine tools is concerned, it is
important, in order to reduce inspection costs, to make a choice among
the verifications specified in ISO recommendations with respect to the
testing of machine tools. (see Annex 1I)

The most important points to be inspected as regards agccuracy
are obviously the run-out and the periodical axial slip of spindles,
as well as the straightness of the travel of work-~piece or tool-holder
oarriages. Or a lathe, for example, special attention must be paid to
the straightness of movement of the tool in the horisontal plane (anm
increasing lack of straightness indiocates wear in the slideways of the
bed and of the ct.rring'.c which causes lack of cylindriocity in the
work-piece). -

As for excessive run-out, it is due to wear of the spindle bearings,
and increased periodical axial slip results from a defective comditiem
of the thrust bearings; in this case, the faces turned on the lathe by
transverse movement of the tool are lacking in flatness.

Of ocourse, in carrying out these inspections it is appropriate to !
use the methods specified in the ISO Test Code for Mgchine Tools |
(I80 Recommendation R 230), as well as the neasuring devices mentiomed thereins j

- mandrels :
= cylinders between csnters
- straight edges

- squares

- dial gauges

- levels

After these instruments have been purchased or made, (some are net
available on the market, namely, mandels and ocylinders, and the user is
compelled to make them himself), they must be carefully cheaked. Thus,
dial gauges should be in accordance with recommendation ISO R 463, and
not only their accuracy should be oalibrated, but also the variatiom im
the local measuring force at different points, which should not exceed 60 grems,

Pinally, as a general rule, a good dial gauge acourate to o.1 mm
should always be preferred to an unreliable gauge to 0,001 mm. PFurthermore
it is essential to train qualified teams for testing: seasuring devices
must be handled with caution and knowledge, so that thorough, practiocal
and theoretical training is & prerequisite to their use.
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I believe 1t usetul to mentfon that French standerd NF E 60 - 100
of June 1969, which correaponds to the 150 Kecommendations R 230
"Test Code for machine tocls™, has been supplemented by a smal]l handbook
of 17 pages on metrology. We would adviee ali techni.ians interested
to obtain and consult this handbook., 1t ;g avallable through their
national standerdisation associsations: The title, Standard N F E 60~150
of July 1965 "General Information on Metrology tor Workshops®. TIhis 1s
@& collection of very useful advice for anyone wishing to do metrology
under satisfactory :zonditions in the machine tocls field. 1¢ is a fact
that many uscrs of machkine tools are not fam.liar with some el emen tary
ideas of metrology awu thus 1t was deemed exiremely useful, in France,
to provide them with this knowledge.

In our opinion i1t 18 important for the developing countries to
possess maiitenance services well organized with a trained staff and
proper equipment. While the main task of these services is to prolong
the life of the national mach:ne park, they shouid also report on
equipment where performance is below standard, so that the producer of
this equipment may be excluded from the iist ~f suppliers.

Bibliography:

= MNachine tool maintenance and rebuilding
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The Machinery Publishing Co. Ltd.
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~ Report of the Interregional Symposium on
Netalworking Industries in Developing Countries
UNIDC, Vienna 1968,
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ANNKYX 1]
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PRESENT STATUS OF STANDARDIZATION (F TEST CONDITIONS
OF MACHINE TO0LS

For some years now international efforts have been under way with
& view to replacing by ISO recommendations, teet conditions whioh

differed from one i1ndustrial countiry to another.

a) As of new, the two following documents have been published.
ISO R 230
ISO R 1701 (Aprii 1970) "ent conditions for milling machines with
tavle of variable height with horisontal or vertical

spindle - testing of the accuracy.

ISOR 1708 (April 1970) ™est conditions for general purpose

parallel lathes - testing of the accuracy.

b) Other recommendations have been drawn up which should soon be

published in Geneva: Test conditione for

- milling machines with table of fixed height with horisontal
or vertical spindle

- external cylindrical grinding machines

- 1intermal cylindrical grinding machines

- surface grinding machines with vertical grinding wheel spindle
and reciprocating table.

¢) The following test conditions are now under study for:
- pillar type vertiocal drilling machines
- box type vertical driliing machines
- redial drilling machines with the arm adjustable in height.

d) Next, the test conditions for boring and milling machines with
a fixed or movable column, will be studied.

The deleogates who attended the Moscow symposium in September -
October 1960 wiil note that their wishes have not remained a Jdead
letter and that the international standardization of machine tool test

conditions has made progress and 18 still moring ahead steadily.









