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The importance of machine tools and the machine-tool industry for any economic
system is known from previous literature. The knowledge and experience gained by the
tries would be beneficial when establishing machine-tool production

in developing couniries, leading to faster and more economic realization of targets,

rt is based on experienoe in the Federal Republic of Germany,
Figure 1 shows the

The following Trepo
the country with the largest machine-tool exports in the world.

distribution of mechine-tool exports in 1973, Due to large exportis to nearly all

the countries in the world, some xnowledge about the use of machine toole in develop-
ing countries was also geined, Additionsl experience concern:ng the problems of
industrialisstion in foreign countries was obtained when establishing our own manu-

facturing plants there, and elso through co-operation on large industrial projects
in developing countries.

Before starting eny mamufacture, the following six main points muet be very
carefully considered:

1, What should be produced? This refers to prodlems of product planning.

2, How should the produoct be panufactured? This concerns technological
questions of manvnfacture.

3. Where should production teke place? This is the question of optimal
location.

4. Who should produce? This is the very important question of personnel
planning.

5, How is the manufactured product s0ld? This is the question of optimal
sales orgsnisation.

And the last but very important questiom concerns the financing.
money ooming from?

One of the most important points is the product planmning, which is the most
difficult, a8 much date from & developing coumtry itself, from its environpent, from
i4s politioal md ecomemic intentions, wd the possidility of the realizstion of wuch
intentions, have t0 be oonsidered. Advisers from other countries can only offer
recommendations, The date must be acquired, assessed and judged relevant to each
country. Consultamt firms in industrialised ocountries will readily offer help in
the oollection of such information.

Where i3 the
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Figure 2 shows important pointc of product planning, which are identical with
the aims of markcting research. The first question relates to the product, that is,
what machine tool is required? The second, what quantities are required? Third,
for what price can such machinc tools be s01d? And fourth, when and how long will
the dumand last?

The various aspccte of carrying out marketing rescorch arc shovm in figure 3,
In general marketing researcli, onc has to determine thc cconomic and industrial
development in the devcloping country itself and that in the surrounding countries,
a8 shown in the figurc and marked x, y, z. Apart from gcneral economic and industrial
development, techmological developmeni is of great importance. The following points
are also important:

(2) 1he development of progress in the large countries of the worldj

(vt) The development in countrics surrounding the dev:loping country, here
callcd rcgional, should be observed, particularly national development in
technology is of the utmost importancc,
Regarding the period during which various aspucts have to be checked, the
present is not tho only consideration; of great importancc is development in
approximately 5 ycars' time, as introduction of the new product should take place then.
After approximetely 10 years, the new product would rcach maximum production and,
especially in view of its export to ncighbouring countries, it would increase in
importance. Considering that a machinc tcol must be markctable for approximately
10 years, it must be suitablc for cxport for 15 ycars.

*

Besides the aspects of economic and gencral industrial development, shown on
the left side of thc figure, technological development is important when planning the
manufacture of mechinc tools and the product plamning connected with it.

There should be clarificetion of thc machining opcrations that are to be performed
with the machine tool 1o be manufacturcd, whether it would be forming, for which
forging presses or similar machines arc uscd, or a metal-cutting machine tool, that
is, for boring, milling; 4turning or grinding; altcrnetively, is therc a real domand
for elcctrochemical machining proccsscs, a method that has recently become more
significant in industrialized countrics,

Only after deciding this basic qucstion, can details of the required machine tool
be detormined, A tumming machine, for cxample, shows that the decision on the tooling
system has a great influence on the basic conception of the machine, Figure 4 shows
a summary of various possibilitics of arranging tools on automatic tuming machines,
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Apart from the basic decision on the tooling evstems, it is important to dctermine
the required size and capacity of thc machine tool in question. Sizc concernms meinly
the turning diameter end turning lcngth, whercas capacity concems thc main drive,
the rcquircd spindle gpccds and, possibly, feecd retes. The answer to the¢se questions
can be found through critical cnalysis of thc parts to be mechincd; further informa~
tion may be zained which could affect the design of the machinc to be built.

We differentiste between single-part production, small-scrics production, up to
lot sizes of approximately 20 to 30 picces, mcdium—scrico production, with lct siges
between 100 and 2,000 pivces, end largc-serics production, right up to mass production.

The decision on lot sizcs will very quickly lead to the question as to the
extcnt to whioch the machine tool should bc automated. From our experience in the
doveloping countries, detormination of the correct extent f automation is often
cspecially diffioult, It is understandable that cach menufacturer of machine tools
aims at international standards, that is, to producc as highly sutomated machine tools
as possiblc, However, it is froquontly overlooked that, for the coonomic use of
highly automaicd machine tools, very high demands are mede on the environment of the
machine tool during operation, Thesc conditions arc important when using highly
sutomatcd machinc tools, and in developing countrics they often do not exist, o aro
just beginning.

Regarding probleme of product planning, the industrialized countrice can Yo of
great help and can give valuablc advicc.

In close comoxion with thc degree of automation is thc question of processing
information within the machine, that is, the type of control, Should preference be
given to a well proved, reliasblc and robust cam comtrol, programme sontrol, or
numerical control? Is preference to be given to relisble and robust elcctrical
equipment, such es high-voltege pelayo (115 or 220 V)? Is the usc of low-voltagoe
relays, as used in telcphone cquipment, sdvantegecus, or arc therc technical roasons
demanding modern clectronto equipment of integrated circuitry. Apart from NC aschine
tools, there are various possible altcrnstives, which should be determined according
t0 masmufacturing facilities and futurc servioe requirements. Pigure 5 shows the
principle of control on & multi-spindle sutomatic, wherc the ocontrol cams are very
reliablec and are the most economio storege of inform:tion. As shown in figure 6,
the high-voltage controls arec used for tho clcctric control of the scparatc functious.
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On singlc-spindlc autom-tics suitablc for the manufeocture of parts in 8crics,
2 quick chang: of progr:mming is dcuirabl.. The selmetionof programmes is carried
out with programm. plugc, as shown in figurc 7. For th. control of thc machin., cithc
plug-in rclays, figurc &, or low-veltage rcleys, @s uscd in telephone cquipment, cre
suiteble (figur. ). Thc ri-ht s.lcction depends on the menufzcturing capacity and

the ctanderd of the scrvice personncl of the michine-tool uscrs,

Printcd circuits with Rood reloys have proved to be very roliable on our singlo-
epindlc turning automctics with programmc control. Figurc 10 shows such a printcd

circuit; the Recd rcleoys are clearly scen.

Figure 11 shows an clecctronic progromme storage with intcgreted circuits for the
quick transferrcnce of impulses, Thc f-st rcgistration of commands on NC machince
definitely requircs thc usc of cleetronic eloments, Today, thc controls of these ;
machincs arc very highly developed; they also incorporatc printed circuits (figure 12
Figurc 13 shows a continuous path control on a turning machine, equipped with several
tooling systems to ccpe with all manufecturing probloms,

The product planning discussed so fer gives information about the Jxpe of
machinc tool o be produccd. Becausc of world-wide competition the prico of the pro
that can bc obtained at home and abroad is also of great importancc, The price of
a mechine tool influences, to ¢ greot cxtent, the cconomic production with the
machinc, namcly, the pricc of the products menufacturcd with it,

Very closely ticd in with the Price of the mochinc is the salablé number of
machines, This results from thc rcquirement of the cconomic situation, but does not
mean that this requirement can be met only with the product planned, beccause in a H
frec economy there is alwaye thc possibility of s cheaper competitive product to be
introduced into the markct, The protcction of nationel machine-tool manufacturers
by mecaas of nigh import duty for forcign machinc tools for o period of time is not
helpful to thc nctional machine~tool industry itsclf, nor to the over-zll coonomy of
the country,

At the boginning of a machine-tool indusiry in e doveloping country, tariff
protcction may be advantegsoms, but over a Period of time thie provents comparison
between the home product and internationc] products. Purthermore, high tariff

protection prevents the purchose of aveiloble forcign aachincs for certain mamufactup-
ing tasks, which lcads to uncconomic Preduction, so thet the home product is not
compectitive on thc werld markect,
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Besides mssigning on appropriate pricc for the new product, the right time to

introducc the mechine 1o the morket is impert-nt and can only be oelved in connexicn

! with the over-ell cconomic plenning »>f the country,

After finalizing the bvasic product plinning work, tho sce'nd stcp ie t> decide

§ how to plan the technelogical menufecture of the machine itsclf, luch information

and date arc requircd for this,

T-ol drawings of the plav.d nochine ere essential. These sheuld be evailebl .
in 2 language undcretandoble in the devclping country; they con be produced in
drawing offioces, be bought on o licencc bosis, or bLe acquircd by co-operation egreements,
In any case, they must be revised in thc develeoping countr;: in order to adapt them to
regional requiremcnts, for cxamplc, the lenguage, or the moagering system being used;
considoration must bc given to the standerd parts and noccos rics available in the
developing country,

Apert from the drowings, manufecturing dcta are required to onevle parts to be
manufacturod and the machinc to bc asscmblced,

A decision must be madc a8 to the cxtent to which thc machinc is to be produced
in the planncd factory., Thie is thc depth of production to be aimed at, The mechine
t00] could be nssombled from singlc ports produced in other factories, or cven
imported, or the mechinc tool could be mamufacturcd i1 thc homc factory. The latter
is rare, beoause parts for thc electric control arc bought from outside, os are the
castings, somi-finished products ocnd the mess—produced accensorics, that is, ball-
bearings, scrows, clectric parts and others,

In practice, it will alweys bu o compromisc between 100 per ocnt home prodvetion
and assembly only. In tho early stages, assombly would very likely be carried out
using asscmblics and individual componcnts supplicd from outside. This would give
the facltor time to esteblish its own manufecturing facilitics, Later on, the optimum
degrec of memufacture would be found,

(=2

Nawfacturing data ocould be obtaincd in the same way., Thoy could be provided by
the factory's own porsommel, or be aoquired in conjunction with a licence or & oco-
operation agreement, In eny ctse, thesc memufacturing documente must correspond to
the actual situation existing ot the factory. According to this data, the manufao-
turing prooess of ecach part is doterminod, first in principle and then in dctail,

Thce documentetion for tho machining of parts on vorious machine tools must then be
completed,
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PV lowing this, the flow of productivn and produciior cquipnent muet be asccrtain
This nol oniy concerng macitine toels, but cls. auxilicry cquipment for the production,‘
such ~c tools, grinding frcilitics ior tools, the csteblishmont of - Jig-end=tool ahoy,
where jige are menufrcturcd end repeircd, toueuring and testing cquipment for quality
control, focilitics ler chamicsl 4rortment - chromiwn—pl:tin{{, crdmiwn-plating,
herdoning = and fec livies £y prining end painting the mo cliine, Furthermore, the
following fecilitics must be considoercdy tronsport cquipment for intcrnal usc, such
a8 the oranc, thc fork 1ift truck ~ad trolls; storege capncity for row materinl
and auxiliary metericl, such ws stcel ond casting storcs, scnie-finishod products,
parts, lubriconte, and completed machircs, until delivery to the customers,

SBubscquent to planning the productien cquipment, the optimum flow of production
mst be arranged, which requires a smooth flow of meicrinl through the various
departacnis, According to thc planning of the flow of matcerial, the location of the
machines and auxiliory equipment hoe to be decided, Figur: 14 shows the flow of
materiel at one plant,

This includes the locetion of the feetery; when choosing the location, policy and
coonomic aspects must be considored, Poligy agpects arc important in developing
countrics, for axamplc, concentrating industry in districts having no agrioultural
beckground, and with o surplus of non-pkilled labour would ncan an increame in
cnployment; other industrics could bc supplemented, for ¢xample, processing raw
material, or perticuler kinds of machine-tool momufecturc coulg be installed, These
policy aspcots elready include certain ecchomic considerations, for instanoe, the
location of thc plant and the distance to subcontractors, foundrics, forging shops,
and the supplier of cleetrical cquipnent,

Dopending on thc kind of machinc tool to be manufactured, the value of the
material is epproximetely 35 to 50 per cent of the sales price. The distance to
energy sources is of ninor importancc, because today encrgy can be transported very
economicelly over long dictonces; it is only necessary to have & supply of oncrgy,
Mechine tools require 2 fairly steble current supply, provided by means of o faotoryts
own energy plant, which is seldom, or by connexion to & high-vol tage grids In one
Plant 7,000,000 kith per ennum arc uscd, with a moximun rcquirement of 2,300 kVaA,

Dopending on the kind of production, cdditional cnorgy may be requir.d, for
cxample in the hardening shop, and (depending on the climatc) for heatirg or cocling
thepremines. In onc factory approximotcly 1.7 million Mcol of raturel gas and

2y500 cubic motres of fucl oil arc uscd poer onnum, Approximately 1,200 high~quality
tuming automatics are being produced in the factory annually,
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If the factory is net locatcd nerr on industricl orce, trensportotion by road and
rail must bc sccurcd ot n carly stoge. If, for instancce, heovy mechine tools arc
produccd, o reilwey commoxion is nccessory for trensportation of the finishcd product,
For facterics using & high pcrecentoge of row meterial 2 roil connexion is uscful

for thc¢ supply. 1If go~d road comncxions cxist, the reil conncxion ie less important.

When choosing the lecetion an additional nepect to Lo considered is the climatc,

High bumidity is dctrimcntal tc mechinc tools in large unprotccted arces. We all
lmow about the problem cf corrosion, cepeeiclly on ncwly mochined arces., Elcotiric
and hydraulic controls without ndditional equipment will opcratc nommelly only et
temperatures of between 35 to 40°C in thic factory, If tcmperaturc and humidity are
rxocssively high, air=conditioning of the fectory rust be considercd, which means
additional coste, Thc machine tool could be protectcd agninst the influence of a
high ambicnt temporeturc by means of cdditional cocling systeme,

PMgure 15 shows ¢ twin-spindlc front twming outomctic, prepared for use in
tropioal countrica, The extremely lorge cross—scction of the air intake for the
olectrio cabinet containing 160 rclays is clcarly shown,

Tho large amount of perts whioh arc not menufactured in thc machinc-tool fastory,
such as Lall oearings, eleotric motors, othor eleotric equipment, and hydraulies,
which must be obtained from outeidc, ncod corly ordcring 1o scourc the necessary
supplies,

Ths deciding fectors arcs What is rcquircd in quolity and quantity, whoro will
it bo mmwlactured, and how can it bc obtained? A very thorough planning guarantecs
fost and smooth progross in building thc faotory amd starting production.

Planmning the buildings of the machine-tonl factory and the equipment is similer
to that of othcr mechine factorics, emd for this reason is not dealt with in dotail
in this paper,

The quustion of suitoblc peraomnel for the nochincetool faotory is closely
comnected to the locotion. Bosides material amd enorgy, personncl costs are oxtremoly
high in tho mechincetool imdustry, Dopemding on the kind of machinc tool, pereomnel
costs arc opproximetely 40 to 50 per cont of those of thc machines To operatec a
nachino-tool factory a sufficient numbor of qualifiocd porsonncl must be planned, It
will be u question of policy whcther the location of the footory is ncar highly
populated arecs or if tho porscnnel required arc housed ncar the factory. MNany
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governments in doveloping countrics prenctce the building-up of industrics awey from
cxisting industricl rrces te solve infractructur:l protlems. The demonds of the
quelificd persomnel on their enviromueri 1so hove to Lo taken into consideration,
Such peresonncl cxpcet culturel facilitice for their familics ond good schools, or

even universitics, for thoir children, ncer the job.

The nixturc of pcrsonncl in o mechinc-tocl fretory dcpends to & great extcnt
on the product iteclf, -n the typc cf menufacture, that is, whethcer manufacturc is :
for largu-sonlc production or linmited qjuentitics, and clso on the depth of menufacture i
visualiged. In thc mass producticn of the morc sinplc mechine ¢ois the depth of ;
nanufooturce is very lov and the number of technically qualificd perscnncl is limdted,
Whcn spocial purpoce machine t.ocle orc requirced in very limited quantities then
obviously & much highcr nunber of tcahnicelly qualified personncl is roquired,

The nachinc-tool induetry rcquires proporticnally fower highly scicntifiocally
o@ucetcd doctor engincers, thrt is, diploma cngincers, thon graducted cngineers with
& 8clid teohnical backgrownd. Men of this calibre arc rorely aveilable in the
doveloping countries desiring to cstoblish o machine-tool industry, Persorncl with
somowhat lower tcchmical capabilitics thon quelified enginecre are also required;
they should hcve served on tppronticeship, euch e droughtsnan, fitter, or
vleotrician, and prcferably heve attonded svening school or spccicl training courscs,
In ony case, fittcre ond cloctricions arc roquircd for the asscmbly and quality
ocontrol. They should be 1cliable speciclists, copable of working with o minimum of
supcrvision. Mrchine operctors must be copable of understanding technicel drawings
ond instructions ond be fomiliar with the standard nuestring cquipnent used in the
footory. FPor the morc common mechincs, thet is, the twming, ailling and grinding
amachines, opcrators con usuclly be troincd within o peried of 3 to 12 monthe. The
time depemds on the cducation and copubilities of the persone concerncd - for
instanoc, & horizontal-boring-mechine cperctor will toike much 1-nger to train them
& nilling- or drilling<achinc operater.

Theoretically, it is pessible for o country thet hos adoquate financiel baocking
to purchese all its roguirements from outeidc sources, but it is absolutely essential
to bogin & treining progromn. irmediatcly, in stonderd and technical schools,

epprentice schools, engincering colleges end/or wivereitice, Additional training
ern be given rbroad in the industrializcd countrics, if reoquired,
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It must bc rcelized ond cmphesized that, in spite of 2ll modern tcchnical perfection

d thc sutometion of production, nen is the most valucble assct, and his cducation

%e the beginning of cwny industrislization,

The early planning of a =.lcus orgonization is enother importent foctor to be
gtokcn into considerction when building up o mechine-tool foctory in o dovelovinug
country. Sophisticoted nochine tonls cre sold in o similer manner to o finished

housc, that is, or e complete unit, rother thon as a collection of bricks, dvors,

| | incows and s8> cn, Ior this rccson, the preparation of quotatione nuct be undertakon
by solos engincers with n good knowledge of the machinc tool and its production
geoporilitiess A good scles organizotion with cxpert outside persenrcl is cssential
%in order to forge the link between the supplicr and the uscr. This link cnsures thot

Jthe machine-tool uscr con readily obiain cxpert advicc from the menufrcturcr, which
; hclpe him folvc any production problems with the mechine.

; All the cctivities mentioned, from boginning product planning to bhuilding ond

€ cquipping the works and sterting production, requires .dequatc capital. This must
be aveileble at the eppropricte time if schedules ere to be meintained, Obviously,

this is applicable to eny similar industry. Beccusc of thc demend for quelity and

$the high amount of cepitcl involved when building up o mechine-tool factory, coreful

4 consideration must be given to this point.,

SUMMARY

For economic production in all industries, n»roduction acilities must meet the

g requirements of manufacture, and moachine tool is one of the most important clements,

/. national machine~tool industry should ccoter for the needs of the metalworking

gindustry. To bring uneconomic development to an acceptable level, co=-operation with
other countries should be envisaged, and a certain degree of competit.ion should he
encouraged.

Determination of products to be manufactured to he decided by market requirements
rather than Erestige

Depending on marketing research, the product must be planned, developed and manu-

factured, QOood planning of technique, sale and [inance is of vital imzurtance. Realistio

@ completion dates for the various functions ensure nn economic gtart in production,

Many starting problems cen be avoided hy purcharing dratings, technical data, know=how,
% hole factory layouts and equipmont., The irdustrinlized countriece can =upply a lurge
anount of expertise and assistance, but naturaily, because of the high costc invelved,
this assistance cannot be supplied frce of ~ll charge, The pre-planning and availability
of qualified personnel suitable for the higher requirements of the machine-tool industry
is, and will always be, the rcsponsibility of each individual country.




1D/WG.187/11
Page 10

1 oFR
2 Gbm
) usa

4 Swntreriond

Y ey

uS f mtien
1348)
LT R
mne
Hn1e

*128

umted Kngderm
Japen
Frence
Ctochesiovan.e

Soviet Umen

Worid Cnpert o Masbme Tests

T Wt PRODUET 1o nould ®
B Whet GUANTIY » naages?

9 Wt PICE oor be mbemed?

O M wher TINEY

US B mtion
bl B
2022
1.
1190

®ae

"
Touhe ol ogiond
¥ sitionel
] ) 3
te days

Smers ieter

P
S pours Lot
15 poor s Loter

Aspocts o Markstng Resower

A ]

No,2

Ko.3




Angahi @ gestousriton  Negrénolenachsen
L]

oo 3 — @ e
. 8 1., {3 seaer
-] | - e | {0 e
. CR - L

ID/wG.187/11
Page 11

Pigure
Yo, 4




ID/WG.187/11
Page 12

7 sduvens nporyeee

[ S Tt Wb -

1 L4 L) & ASNNPENSAsEET ’iﬂre
te " ‘ aparpense '

- . - 0.7

T e 2 ! ' ‘J

‘ 2 ' .. T le Vo LI

L - i _‘ -

'QOB

Pigure
No,9

Frontoperated Turreng Automehes of the | 1220
FEAT/ PIOOFAY 250 Series




| ID/WG.137/11
E Page 1}

No.10

Al




ID/WG.187/11
Page 14

g B188Y ‘ W
s SYOEY s
‘iiitu . ;

s 8188 -
‘0‘01'

» a8y '
.5\9.5
S48
g - %

Pigure
’0. 12

l9013




ID/WG.187/11
Page 15




74.11.27





