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SPECIAL CONSIDERATIONS OF MACHINERY DESIGN FOR
INDUSTRIALLY DEVELOPING COUNTRIES

H. Opitz. Director, Metabworking Machine-Tool Laboratory, tachen, Technical Higher School,
Federal Republic of Germany

INTRODU CHION

Fhe selection of suntable machime tooks for an industri-
ally developimg country deserves more attention at the
current time than ever before, The desire of such coun-
ries 1o share m the technological progress of the -
dustriahzed countries makes it imperative 1o review this
partcular subject. Belore treatig this question, however,
1t nught be advantageous 1o consider brielly the special
problems facmg an industrially deselopimg naton.

I PROBEIMS OF INDUSERIALLY DIVELOPING COUNTRIES

An essenual diflerence  between an industrialized
vountry and an imdustrially developing country is that the
mdustrialized nation began its development under con-
drmons which dilfered greatly from those facing the
countries vhich are currently developing, In the indus-
trithzed countries, the beginnmmg ot imdustrialization was
characterized by the existence of handicrafts and small
manufactures. Contrary to the situation in the developing
countries, there already existed an established system of
professional traming based on the princple of the divi-
sion of labour. This implies that, for the evaluation of
COUMry i respect to s stage of development, the existing
trinning methods play a decisive rofe. Here. developing
countries are ata disadvantage. I'rom the viewpoimnt of an
cconomy with highly divided labour, one may state that a
well-balanced education is widely lacking i developing
countries. This is especially true with regard 1o a profes-
stonally trained middle class, Therclore, 11 would be
absolutely wrong to constder current economic aids for
development in the same way as those used in the success-
ful Marshall Plan twenty years ago. Many mistakes made
durmg recent years are due to the fact that beginning
conditions for currently developing countries have been
assumed to be like those which were then existing in
Europe and Japan.

It must be kept in mind that the current situation is
entirely ddflerent and also that the political. cultural,
climatic and economie backgrounds vary grzatly from
i once country to another,

Another important point concerning the suitability
ol & machine 100l or machine group must be considered
hen supporting manulacturing industries, In most cases,
industries of developing countries do not export their
products: these are destined to satisfy domestic demand
nly. Therefore, a generous development of manulactur-
pg industries is not always desirable. Such countries have

to satisty then own demands by amports from abroad
rmports o the absence of approprate caports wibl lead
to a deticieney of foreign curreney . Then, i order o
protect domestuc industries, protective duties are et up
and will heep the newly created industry from rationah-
sation: the abihty 10 compete on the world market will
he significantly restricted. In selecting the machine tool,
this peculianity must abo be taken mte aceount. In
addinon 1o bemg casy 10 operate, it shouid be eflicient
and be designed i such a way that attachments for higher
rationalization van be added later without difficulty
This, however, creates serious problems for the designer
of the machine since. in developing countries, 1t cannot
always be clearly foreseen which way will be taken 10-
wards rationalization. While costs in a developing country
can possbly be decreased by a Turther division o1 labour
combined with employment of an increased number of
workers. cost reduction programmes in industrialized
natons are prinmarily aimed at a decrease of the Libour
force. In developing countries. however, one generally
finds a high surplus of Tabour which should he employed
for ecconomic reasons: in industrialized countries, on the
other hand. the current shortage of labour leads 1o sertons
pressure.

The urge to employ the existing Labour force is con-
trary 1o the Frequently expressed opinion that, in indus-
trially developmg countries, fully automited machimes
should be used From the very beginning. Apart from the
fact that even an automatic machine does not work with-
out proper supervision, there are two points 1o he
stressed:

(@) Automation decreases the number of required
workers, but calls for higher skills oF the remaimmg
workers

(M} Automation necessitates higher mmvestments and
higher energy consumption, and decreases the rate of
employment.

However, the fundamental economie condittons i
industrially developing countries are oxactly opposite.
Therefore, labour-oriented machines and techmiques will
be welcomed almost anywhere. This, no doubt, v 1m-
portant for judging the suitability of a spealic machme
tool,

This brief outline leads to the conclusion that the
question ol selecting suitable machine tools for idus-
trially developing countries cannot be answered
general way because the particular condions will be
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In regard 1o the present subeat the fodlowing propering -
of the various machine-tool vpes are of interest

A Unnversal e hises

Uriversal machines are most frequently used o b
tories. They combine precivon, versatthty . relatively low
price and rather rebiable operation Since the unis eraal
machine i well suted for o large vanety of jobs, 1
used for o muliitude of routine o i industrgh zed
COUALNCS.

The value of & nnnersal machime determined  no
only by 1tn efficiency and operating lde. bul alvo by the
Fact that it makes every posaible concession 1o the opera-
tor. These concesstons consist sy maittenance ol
operation, and complete sate v for cuch person thal may
possibly come mto contact with the machime In Mot
cases, the unnersal maching iy used i production as g
mutuple-purpose mactnme s versability calls for well-
devigned gear-boxes and attachments

The most popular example oi -+ uninversal machine »
the regular tvpe of engine lathe 1ser g Yl permis

Freure |
EaGing v

i Opir,

et ey tuenng aperation e omer and mner dig
A Ty v boring thread cottimg and copaang,
Ihe weakpieces L such o machine aie long o1 dvome
shoapud Tor timng barweon conkies o dise shaped amd
ot to b charped e votating shncks The madchines e
cpetated I hand Bhe tood settmg amd the contr ol of
e aperations vl tor mghiv qualiied operatons w hose

Figure

ANEL AND copt M Tvps o ENIVERS AL MG NG
MAC S

Figroe 4
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shodband abahity detcrmone the oy of the vorkpaeos
it ot
the openabos theongh the ase of senn amtomats o tulis
Phe regnban tyvx
ot engine Lathe o ponwandhy designed tor Breguenth
hangig production o angle meces o simall ot hes
Phe 1oats leabibiy, the aperating personnet st be
thoroughhy acgquamted witik the theorencal prnciples
v obved and mustadse be lighhy - Glled iy ihe machiming
ot mtncately shaped workpieces

Another widely known standand unnversal machine
the uninversal madhing machine the most nnportam
feature of mulling. compared with tening, shaping o
drthing. v the ronating ool several cutting edges work
stnniftancoush onashort cuttimg length e onder 1o make
the mulling machine versatde, hvdvanhe, electig o hvidio
chectrne designs can be incorporated with purels mech
anical gear-boxes Due to the olien very short avele tme,
the operating handles anvd switches are caretully designed
Narrow gradatiom of the epm and teed provide for o
broad range of apphaability of wne ersal milling machines
An ¢ ample of g universal mithng machime destined
primanly for single-prece prodochion v the bed tvpe of
mithing machine shown an tiguie 2 The requirements tor
operating personnel and machine flenvbihity are identical
to thoswe mentioned Tor the regular type of engine lathe

Fhe grinder shown in figure s another example ton
& unnversal machine it s espediatly designed for the tool
and die shop ana tor single-prece production Ocea
stonally s wsed tor small-batch production alve Ian
expersenced operatorn s emploved. the operating runge and
accuracy of ths machine are practicalhy unbimited 1t
must be kept in mund. however that it has been developed
for preasion work and not tor ethiciency 1 terms of peces
per howr Theretore, accessonies for o hugh production
rate. e g speaad feed gear-boxes and automatie ovele
attachiments, arc not provided B oexstent. such acves
sortes woulld often only hamper the flexibihity and cas
chuching of the workprece

Umveisal gnnders are suntable for internal and ex-
ternal grinding, oas well as tor tace gninding However,
satisfactory results can be achieved on sach obs only of
the operator s highly shilled

Universal machines are manualhy controlied  Because
of ther mavimum flexatihing with regard to machimable
products. they are obviousdy well suited tor developing
countries However, they must e operated and main.
tained by well-qualified workers, and such a shalled
labour force will be avalable 1in onhy 0 lew developn;
COUM IR

e wo o che Bl aosd precesion o the maching

AHTOHLC dueessoies s ek proesided

B Maching ton batch prodhu 1rem

In industnabze nanons the ivpe of machine tonl
selevted tor the produciion of g certam workpeece will
poomarty depend apon the number et shape of the
s to be produced Certaim tupes of machines have
been deveioped tor the prodintion ol st small
Matcies Such machies can he used Tor contingous
producthon and, thereafter can be set up for g new hatch
moa relatively shoat imw These machines are albw
namsdh operated howeser automat workpece trans

port and doading canogreathy accetenate the prod on
o Spnce operanons mist be cmploned Fos aetig up il
runsing such machines o dercrmination shouhd e omade
of the knowledge and shdle whe b g avanlable Aneng
the Liboar Torce of the developing countny concerned I
repatd tothe developient of the practical abilities o1 the
worker and his adaptation to the wor by mcthod « i g
ctony g must be oascennned whnch supe of madchine
will best help the wor o i banvihatiang imselt with
the machine and with indostnal production m gencral

Fhe extent ty which the producton iy of muach e
meets these tequinement s discunsed below The haa
voneeption of sach machines v rebatineh ample € om
pared with woanversal machies they hane a by homsted

tange of ~veedy and feeds. correspondimg + o ther
destined use For o ceham vpe of workpiece \s an
cample  the prodociion lathe shown e bgure 4 o

Figure 4

F i 1S LOR BATCH PRODTC HION. WIHH € OPYING
ATTACHMINT

ecapped  with an optional copying attachment  Thi
attachment  tacibitates considerably  the gencranon of
comphgcated workpiece contours. Lathes used tor bawh
production can produce shaft-type parts Irom bar stock,
av well as disc-shaped parts. For cachaindividual opera-
tion, the aperatos must select only the spindle rpm and
the feed rate from o small group of leeds and speeds
Waorkpieso chuching i not dithealt atter proper machine
wt-up. Therdiore, the requirements as ta the skill of the
operator are rather fow Since i small-batch produchion,
he will repeat the imited number of interactions osver and
over agan, he can quichhy tamthanze hinsell wath this
type of machine. Another advantage tor the operator
o swh g machie v the comparatinel short tme
required tor adaptation to a new senies ol workpreces,
which enables him to apphy hiv imtial cxpenences to new
obects Therefore, this tvpe of machine may well he
aperated by a semiskilled warker: the machine set-up,
however mmst be done by shatled worker

Apart trom sts comparatively guick adaptabihty to a
wmilar hatch of workpieces. the flexiabihty of this type of
produwction machine v consderably increased 1f the
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mackine s composed of prelabncaied s s s olten
Hhe case B wan o Bcrony wath relativeiv gl
nmber of nechioes Candapt nselt 1o the Mrosfuction
OF 1w SCnes of paris ina tather shon e

Nother example of the ma hines used for b b o
duction sihe ed e o wulling nachine feanng
hovvzontal nulling spendle i oy Hame e g 51 T he
Work Lible which oosuppotied by consele at the cobimm,
catt bemeved i rwo cosordinares st feature fon
the prodicion of siall baichies s 1ihe possibihity ol
hamprig sover i work preces side by wde s the Likees
ot these workvoces can v nchined i one opetafon
and with one paghine seiting

Hohe parts Cannat e an tegether so-alled
Sreaprocal ondhing” an be apphed A WOLAPICLY s
clamped on one side oF the machine table Whike this
Tl s bemg muachig sd the opeoraro champs another
workprece on the orher side o ihe able and hrings w n
working position by moving the wible st atter the first
part s hinhed  Adter the machine i properiy st up for

Figure §
K\H AND COLEMN YR O MITT ING MACHINE LSED LOR
BALCIY PRODICTION

@ certan job. the operation of a production type of mill-
g niachine does not require any special skills, which
permits the emplovment of semisshilled workers in this
case abw. Furthermore, this tvpe o mithing machine 1
very flevible i regard 10 the machinable workpieces.

I o workprece must undergo operations on several
machmes, these can be linked to i production line n

M. Opits

crder tosake the pants i barch production pass throwgh
nontatcalh f o soch machie miterthnkhage mmerons
loadimg and ansporiation devices e been deseloped

Phe device shown on the ket hand side o higire 6
serves for beading o Larhe The workprece 18 taken up
aoprabclimp e swen e the nghe-hand ade ol the
pronmret nonted amd Girned e the working pont on g
sl Canrage sammng onoan overhead rack Afer com
plevion ot the pat i the machme wos grasped by the
fowered empty grabclamp and s then taken ont after
apemng the chuck Thereatter the other clamp helding o
new park wib be lowered - the part isimserted between the
chuck faws and s climped. Machine operation can begin
A soon as the second cdamp has come back to ais npper
position

!
: "~ Machire Workpiece
) ~ Transfer carriage
1|~ OGuideway Gripping
L device

~Discharge chute

i

Frovre h
Fero secnanisy

Michines destined Tor small-batch production are
principally commanded by hand. In the production of
larger  batches, however, very few anteractions are
required. This allows the operator 1o Tocus his attention
on the machine function and operation. Compared with
fully automated machines., which call only for super-
visory operacor functions. machines used for batch
production have the essential advantage that the shifting
tunctions must be accomplished by the operator. Such
machines have another advantage which s especially
valuable for developing countries, 1.¢., their good adapta-
bility 10 job peculiarinies. The necessity of selecting auto-
matic machines rather than machines for batch produc-
ton, due to a labour shortage. will most certamly not

arese i industrially developing countries in the near
future.

C. Sequence--ontrolled machines

A sequence-controlled machine ool operates accord-
g to o predetermined work sequence, which is repeated
lor every workpiece. The individual operations are not
tully automated. For example. tool change s accom-
plished by hand-indexing a (ool magazine. which s fre-

e
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quenth designed as a tinret Fhe techimologacal segnence.
mchtop deeds spindle rpme and depth of ¢l can he
preselected by means ot cams disos, cunves o e
trical conlacts, 1o the eftfect that the operatos no longer
nithes these dedisions,

Duc to s simple operation. gk adaptabibty 1o a
pew work  programe and  high, contmioas accuracy,
this vpe of machme tool masy eventually be talored to
the needs of desctopmg couniries

Sinee dhere o suthaent sapply ol nonaspecrahzed
worhers an such conntries, there are o obspacles 1o
single-machine operanon 1 has, a machme and s senu-
shilled operator represent a highly valuable and flexable
produchion anit tor borth simiple and comphcated paris,
Such producton units can otten by wsed protitably fo
a batch size of about 1en preces or more

The relationship between the degree of automation
and the output of ditferent types of machies 1s shown i
igure 7 While imple lathes will be utihzed for the pro-
duction of single preces and batches of up 10 tive pieces.
large batches of over 100 pieces must be prodiced on
automatic machines. The working range of the electric-
Hly and mechanwally controlled turret lathe shown in
figure 7 s approximately right between these hmits. ats

IR

! 23 8§ 0 20 5 100 20. S00 §000
Number of pisces
Figure 7

TURRET UNTHES: STAGES OF AL TDMATION AND NUMBER OF
WORKPLIECFS PRODUCED

degree of automation increases with the number of pieces
per batch. in the figure, two different models, B and C,
are shown schematically.

Figure 8 shows the design of a drum turret lathe
The headstock housing with the spindle gears. the turret
carriage with the cam selection ol speeds and feeds
according to the tool position and the wheel for hand
feed and for engaging the wutomatic feed can be seen.
Neat to the turret pilot wheel is the board for the selec-
ton of the rpm commands. For large-batch production,
such a machine can be equipped with a plug-board
sequence control. By means of such an extended sequence
control, this type of machine can become even more
flexible, and the operator will be the more relieved of
complicated interactions. However, special training of
the personnel in charge of the set-up and maintenance of

such machimes will be necessary - A seguence control for
semt-shlled nersonnel s indeed o very valimable advan-
tage. conmideng the fact that correct speeds and teeds,
and The exact chimge of spindle rotation in relation to
the actual posion of the turre carrnige, are always
guaraniced

Freure N
CONSIREC TION (1F 8 ELRRET 1 A0

Figure 9 demonstrates the simplicity of the operator’s
tunctions. The hand-wheel serves for hand feed as well
as for quick engagement of the automatie teed. With
another dever. the turrer indexing bolt v engaged or
retracted. A switch serves lor the selecnion of the tarret's
direction of rotanon  As previously mentioned. all other
tunctions can be automated

Two dilferent turret designs may serve as tool-holders.
Designs A und B, shown in higure 10, are hexagonal tur-
rets: design C represents a drum turret An advantage
of the drum turret is the ample room around the working
pomt. snee tools are revobved honzontaliv. However,
an additonal Facing carnage must be provided for longi-
tudmal turnmg. As an advantage of the dinm turrer. 11

Figure Y
TURRET UEAD, TURRET SPINDLE AND UEED DRIV

can execute longitudinul and transversal movements
without an additional carriage. Another advantage is the
possibility of a stiffer bearing design Tor the turret axis
since the bearing length is not hmited.
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groups.orepresenting stech grey cast-iron, non-terrous
melats and amdentihied merabs Asaresutt of this myuny,
(osvas found that steet machiming amounts (o ApProx-

machmes .

Atords better control and s casier 1o aperate than the mateh 8O per cont tor medrinmesize non-
terrons metal jobs drop woh iercasing machine size
rom approvaeds S per cent o ahoul S percent and
e nrachimimg of grey castaron aincreases with nuchime
S¢ hrom approximalely 10 per cent to approxnmalcehy
Woper et This statisiic s representative For several

factonies i the 1 edeva! Repablic of Germany h nay also

hexagonal tarer Litie since b eventual ool Hoveenis
it be evecuted by means of e ool bokder | his pent
shoald de kepran nnnd when st g lune taods oy

adesetopmyp Counn

4 be considered valid tor deselopig countries 1 their
' imdustral strucrure is plrnned 1o be rnsed 1o the standard
.1 o industrabzed nanons
P > — \nother ad e ot the turret fathe is the possibalit
FTTTr - nother advantage ot the turret kathe s the IR0 ity
ot combimg i wintk orther machine 1ooks i order 10 form
]

A produchon hine tor bateh producnon. Figure 13 shows
the tilference berween o machime hne consisting of rurrel
Eithe and other machine ook, mednding the operating

e
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Figure 10 PRODICHON METTHODS TOR VURRET 1 ATHIS
SINTRALIYPLS O 10 RRIY 1 vDs
In making such o selection. one would take into con- ) = steel .
. . , S . ~ 2 = cast -iron
sideration those machine tools which, m the first place. 8, 3 '
. . : o , o g * non-ferrous metals, alloys
permit good adaptation to certin producnon processes. £1007 & = unknown
In order to ensure such adapranon m regard to a univer- g
sal machine hike a arret fathe, there must be an exact § 1
knowledge of the actual jobs n production. Figure 1} —80T 1 it
shows schematically the production processes that can s ¢ F g
be carried out on turrel lathes. These 1vpes of work sug- = 60 4+ ’ A
gest that, by using optional attachmenis. the working 'Fc’ 1 '
range of turret tathes can be considerably widened, The w T ﬂ% / 1 P
cuthing speed (o be selected depends kirgels upon the © T ' ) g 12 E
mdividuat production processes and. furthermore, upon 2 J ¢ {
the tool type, tool marerial and required accuracy. Henee, s 20+ 3
madern turret lathes fullil the requirements as to berter v 2 , 2 3 \
, i : B ' . . | 2 14
adaptability to the job hy appropriate design of the trans- uw | , 3, 4 134
MISSION-ZEUT Valios, 0 -~ -
The type of materiad to be machined has an essential kr 40 50 63 80

influence on the cutting speed. Figure 12 represents the
distribution oF various materials to be machined on
drum turret Jathes of various sizes, as found in sixteen
factories oF the machinery. vehicle, instrament and tool
mdustry. The material types were classitied into four

Size of turret lathes

Figure 12

FREQUINCY DISTRIN TTON OF TIE MACHINED MATERIALS

FOR TURRET LATHES
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personael and sworkprece feedors compared wahe L
itethimked tine tshown e the fower part ot ihe prctures
consisting of autonate niachimes and ondy one s
vised - Winde ahe madhune hie can produce o bhatle
storage and sovery loxble mrepard oot adapration foo
new production progranime hecatse of the foose anange
ment of the mdividual machires, the transter bine ope
ates i tved pace B adapration o a new progranmine
can be ditheult

As ~rated above, there aees e many developang coun
thies, numerous non-shilled workers tor whom jobs mud
be created Thus, the alternative shownan the upper halt

of higare TV can beahiest solution tor g countey which s
st begmnimg its technotgical development. despite the
tact that the migher degree of automation shown an the
fower halt of the igure would be justihed 1y terms of the
prece rate per how

Manuys nnked produc

automaabie nencnial tevdimg One mwcthoad oF ocomphish
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omeans o o dever and o sdeeve Darong machinng the
bat stock soimmby bodd by gooolter sl h oon the 1oar side
o the sprodle
sUIew

f s svstem of bar feed can be tound m
machies The opwratimg teols are meanted on
soveral shides shach canomose fongaud ol and thans
versalby By mean< of aptional dbac hosents sach g
ons as honmg transversal dodhing saw cuiong thread

chasing and gear gencratiom i e canned o

I Sngle pandle anetoniates s g

Amtomatic machines vian he dlassihied e wangle

tiah he

Figure 13
MANUAL AND AT TOMATIC WORK TRANSEENR

Summing up. one may state that a sequence-controlled
machine 0ol can be operated by semi-skilled workers
For this reason. as well as the Tact that single-machine
operation is desirable, this type ol machine seems to b
sutted for batch producton i devetoping countries

1. dutomatic machines

Turret tathes have a number ol pre-set tools which can
be retracted from the working pomnt after an operation
and then be brought back mto working position when
needed. An operation 1s mitiated by the command ol a
switch actuated by an operator, Hence, an operator must
always stay with the machine. He must supervise its
individual operations and. furthermore. execute vertamn
mmteractions. As batch sizes mereased more and more,
machine development tended towards iberating the work
sequence from the presence ! an operator and mechan-
tzing 1t {ully. The developrient of sutomatic machines
hegan i the United States of Amernca. The fiest machines
ol this type were huitt i 1871 by Porkhorts, and in 1880
by Pelser.

The work process on automated machines necessitates

spindle  automaties. mutuple-sprindie  automatics and
index-drum amomatcs Single-spindie automaties have
been budt and applied 1n prodiction for decades A
nechanical drive, they feature curved disosy and camn on
a main deve shatt This mam drine shatl rotates just
once during a work cyele. 1¢, dunng the prodiction of
one part, taclading bar feed. chucking, machinimg with
the varous tools and workpiece cut-off  Figures 14, 18
and 16 show different types of ungle-spandk automati
machines. As a took-holder, singlke spindie automatics
normally feature a turret. In addinon o the slowly
rotating drive shalt, there s a rapidly rotaung auxiliary
drive shalt on which a number of gquich-action clutches
are mounted, They are actuated by the curves on the
drive shalt and imitiate one quich revolution of the drive
curves lor turret position, barstock  leed, chuching,
spindle-speed change and reversion of rotation

A Geneva type of motion 1s tsed tor turret indexing
The turret carriage Is cushioned agamst a bracket by a
resilient spring s feed movement v generated by a
roller arm riding on the curve. a pion on the other end
of the rolter arm drives a rack




W H. Opits

Yo Muluple-spandle antomatic siidhinges

In contrast to the procedure on single-spindle anto-
nuic nachimes, where the indmadual operational steps
tor a0 work prece follow ¢ach other., the sieps are simud-
tancoushy - exeated a0 muluple-spindle atomate
machime by severat work-spindies. 1 rom towr 1o cighy
work-spindies are placed on a revolving drume n case of
har automaties, the har stock s Leld by chuck collets
i the hodfow spindies. In one of the spindle posittons,
there s generatly no machinmg but only the workpiece
cut-ottand bar feed against a stop. In the case of chuck-
g automaties, an tnalogous spindle position is reserved
tor undoading the completed part and loading @ new one,
Inadl other postions, the varous machinmg operations
are carrred out by tool groups, Tools for Jongiudinal
machiming are mounted on a polygonal shide which cane
not be revolhved but which moves along the drum axas,
In additton, transversal wol shdes at cach work-station,

Figire 14

SONGEESPINDEL G toM e M i, osory O 29 (), held it the machie frame. can be applied. After cach

WELIENES UNETMAGIC OO 0 f AMPING-C TR drum rotation to is next mdex stop, a completed part is
erected. The machiming ume for one part can be reduced
by four-spindle automaties 1o one-third and. on a six-
sprrdle automatc. o one-lifth of the tme required by a
single-spindle awtomane machme. For the six-spindle
antomatic shown i figure 170 the drive shatt beang the

Livin o >
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Licwre 17
SING-SPINDLE CHECRING AT TOMA LI | V)

cunve deums and drive dises s mounted abose the ool
varriage and the spindle deam Hoas provides Tor un-
hindered ¢hip colection The work spidies are driven
v clectie motor over change gears and o central
e dove shatt inside of the hottow dium shatt. The
spindic drimmos idesed by a Genevamotion . T oy muluple-
spindle antomanes. many optionad attachments for
foadimg. slttng. thead chasing, fong turning and the
Ihe are avabable

Yodex desn automartic machines

foviny fe Fhe ides dram antomatic machme shown m figure 18

SAES RS DVEE 0 A FOMA T NCREW ML senves tor machimng several taces of a workpiece simul- ;
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Caneotishy 10 s ased tor the production ol miss-type
parts, such an cast ot die-forged parts, har sections of
cold-Tormed  parts. Machiming from bhar stock is not
pussible. Rotating ool spindles bear the tools. which are
frequently combined mto tool groups. In case ol bulky
shape. the parts must be clamped very close to cach other.
Rotition and feed mosements are exectited by the tools
on the tool spindles: the index movement from one ool
group 1o the next is accomplished by the parts them-
«hes, Thus, the mdex drum, as known from the muluple-
spindle automaties, holds only the chucking lixtures and
cxvecttes the mdex movements i the case of this machine,
By pissing live work-stations with a vtal of ten spindles.
two workpiece Taces can be machined sizaultancousty.
The machine can be enlarged by attaching radial spindle
units in such @ way that three Taces of the par's can be
machined at the same time.

Figure 18

TWO-WAY DRUM TYPE OF AUTOMALIC INDFXING MACHINE

1. Production planning requirements for automatic machines

In order 10 ensure economic production, the use of
qutomatic lathes calls Tor careful production planning
nd well-trained and experienced specialists for the set-up
md mamtenance of the machines. Tor sery iwing these
machines. @ non-skilled operator will sufhice: he can
supervise several machines simultancously. The shortest
possible set-up and production time and. henee. economie
production certamly cannot be obtammed by empirical
and mmprovised design. siceessive carrections and trial
vuns of the deve curves. The man at the machine cannot
he expected to utihze the full potential of modern turnimg
machines aecording to the kpowledge of modern produc-
on technotogy Farthermoie. special experiences and
destgns for g speaiiic production problem can be co-
crdoated by o central departinent onfyv Lor example.
comprcheisive data abownt chip-torming operations for
the numerons avantable maternals witl be collected m this
department In undhocks one obten fids only appros-
The required
specral cupernence misl imclude such fickds as fixture
design, chuchmg and clamping problems. specral tool-
hodders. magazines, workprece foading and unloading.

mate satues with wade toleranee ranges

machine intertinkage.  chip collection ana - coolants,
Highly detaited and thorough production planning is 4
prerequisite for a high degree ol utilization of automatic
machines by elimination of down-times. F urthermore, the
production planning department is i charge ol seting
the time allowances Tor machine set-up and operation,
depending upon the job dificulty. The parts 10 be
machined on a lathe should be designed accordingly and
Jhould be machinable m one <hucking only. Therefore,
the ability of the planning engineers 1o adapt blue prints
1o the needs of efficient production is of essential advan-
tage. Finally. the sequence ol the individual operation
steps must be chosen: superfiuous operations must be
climinated.

The Hexibility of automatic machines in regard to the
producible parts 15 good. The possibility of machine
operation by non-skilled workers would favour their
usc in industrially developing countries. However, since
a multiple-machine operation is possible and the expendi-
ture Tor a good production planning department is
ccon anally justified only il an adequate number of
machiies exists. this machine type will be suited Tor
utilization in developing countries only under certain
conditions. especially since the economic usc of only one
automatic machine can lead to a large product quantity,
which would. in many cases. esceed the domestic demand
of the developing country.

E. Transfer lines

A transler line is a fully automated production line
designed Tor one specilic production task only. A transfer
line cannot be purchased from a catalogue as can d
universal lathe. When purchasing & transier line, the
customer usually presents his production problem 10
the manulacturer: the manutacturer will then combine &
transfer line out of standard units according to his own
experience. For the dimension of the transfer line. the
number of picces to be fubricated plays a decisive role
since a too largely dimensioned production unit will
prevent economic utilization of the line: and itis dillicult
(o enlarge too small a unit.

it standardized units are used, adaptavion to another
product is possible. Due to the technological character-
isties, however, adaptation to a new workpiece is gener-
ally much more complicated than s for a single auto-
matic machine tool.

I, Design of a transfer hine

A transfer line is a nigidly mterlinked machine line.
Fhe individual stations for machmmg. inspection and
parl positioning are interconnected by shdeways or
chutes, or belt conveyors tor workpiece transportation.
Henee, Tor cach staton. a specal loading operation Is
necessary . Fhe transportmetion iselt may be retatively
maccurate. Onee 1eas anside the station. however, the
part must be aceurately posioned  frean be transported
aither directhv, ve withonta piot finture. or mdirectly.
by means ot a pifotiinture 1 he methad of tansportation
1o be apphed depends upon the possibilities of clamping
the workpiece  The ideal production ffow 1y achiesed by
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direct workpiece transportation becanse, otherwise. there
is the problem of retuenig the empty  pilot fixtures.
Lurthermore, the purchise of the prlot fixtures and their
return facilities entails o considerable expenditure. The
return wass will usually be tound behind or abose the
transter hne and only rirely under the mun section.

I3 transport step iy tecomplistied. the workpiece or
the pilot fixture will. generally, be accuritely positoned
mthe workssttion by nicans of (wo mdening bolts and
will then be clamped hydrauheally, pncuniatically  or
mechamcatly - Vhis s tollowed by 4 sgnal 1o begin the
cvele tor the machiung units, The work crdles ol the
umits mamly consist of rapid traverse, feed and rapid
return. Atter the Bist unit has come back into 1IN strting
posttion, the Comevar stgnalled 1o progress 11 uan
operation has been enecuted mcompletels or omitted, the
whole ine will stop. The monton signals and the motions
themselves can be produced clectnically, hydrauhically,
pucumatically or mechanically,

I more than three workpiece fuces mast be machined.
a turn-table or revolving station can be incorporated in
the transler line 10 bring the workpiece into the necessary
machining position. These motions are part of the feed
motions and must be executed in the sitme ovele time as
the main leeding motion.

In order to detect faulty production. an Inspection
station 1s mcorporated w g transler line. For example,
An inspection station is generally placed before u thread-
cutimg station. It checks all threads with a feeler pin
s that no part will reach the thread-cutting station with-
outa proper drill hole. Frequently. one feeler pin Is pro-
vided tor cach drill hole and can eventually generate an
tmpulse to stop the whole line. The mspection stations
senve not only Tor location detection but also for dimen-
stonal contvol, 11 an error iy detected by the mspection
staton. it will be displayed oplically or acousticilly and
the line will automatically be stopped.

Quite often. transter lines e cquipped with loading
and unloadig stinons, Henee, the SUPETVININE operator
does not hine to veady the raw parts for wachmmg within
the eycle tme and 18 liberated for other types of work
Loading stations are of specral advantage of the work -
preces ave transported without pilot tintures,

Fheoreucally, the length of a transter line s unhimited.
However, it was found that there s an econonie it
siee the Targer the wanster line, the longer the down-
times. Uoexpected breakdow ns cannot be avouded: there-
tore, a bulfer storage 1 frequently provided between
individual transter imes. In this way atleast the followmg
transter lines can continue operation m case ol break-
down 1ty advantageous 1o il the buffer stora. 1o $0
percent moorder to decrease the effective down-times
also duvmg o planned 100 cvhange. Some enistng transter
hnes ave brictly deseribed betow

Lignie 19 shows o tmster tine (o nchimmg avlimde
heads. The transter line consists of creht swndard nnis
for nulling.  dnilling, chamicrmg  and thread-cutimg
operations (see hg 200 and has g o) fength of 1o
metres The pans are machined from five ditterent divec
tons the Ime s controlled from 4 central desh where the
controls tor the idivaduatl uiits are also housed  Two
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workpieces are antomatically claimped together on a pilog
fixture i a loading (or, respectively. unloading) station,
Transport across the line 1s accomphished by two hy-
draulic pushers featuring ransport bars at the sides of
the pilot fintures and retractable deive dogs, Cyele time
v 23 seconds. Altogether, about 3,500 operations are
executed per Lour.

Figure 19
TRANSEER LINE 1OR MACHINING €Y1 INDLR BLOCKS

Figure 21 shows a transter line for machining sieering
swivel bushes. This workpiece is shown in ligure 22, The
transfer line consists of twenty stundardized umits and
measures 16 metres in length. 1t executes milling, drilling,
chamfering, countersinhing. facing. taper reammg. taper
drilling. taper finish drilling and thread-cuting opera-
tons (see fig. 23). Five sides of the workpiece are niach-
mmed. The parts are clamped clectro-mechamcally on a
prlottinture. Fach pilot fixture aecommodates four parts.

Figrre 20
Lsts on s nvppe PRANSLL M {1\

Complete nachimmyg eqires twe passes The gudeway
for retirmimg the pitor fixtures Are tovated behind ang
above the machine e POt batures are Utred and
towered by mcans ot g mchined tronsg Frasport across
the tanster hne i done by a Indranhicatiy actiated
transport bar with retiactable din e dogs Cadle tme fon
o warkpreces s XS seconds iy one hova approvmately
FA operations are carrred out
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Figure 24 represents the model of w transfer Iine com-
posed of gear shapers. Here, the purpose is o generate
automaticatly the helical teeth and the chutch gear ring

Fiewre 21
TRANSFER LINE LOGR MACHINING D) STEFRING SWIVH
HiSHES

at the main shaft of an automobile transmission and, at
the same time, o elimmate the shaping burrs, The truns-
fer tine shown in figure 25 was designed for thes job.
The production line consists of three gear shapers for
the generation of the helical teeth and of one more gear
shaper to generate the clutch nng. The oycle nime 1 6
minutes Tor three parts: e, the gear shapers of group A
generate the teeth on one part cach and the gear shaper
of group B gencrates the clutch rings of three parts

vy

Fewre

NIEPRING SWIVED BRI SH

within the same tme 0 this way . one part s conipletely
peared every 2 nunutes by this transter hine (wee fig. 24)
The raw parts are fed by means of a comveyor 1t should
he noled that there 18 a separate conveyor for machine

groups A and B orespectively The aavevor for giroup A
feeds three parts every 6 ninutes. the comveyor for group
B leeds one part every 2 munutes the helicalhy geared
parts are passed on by an eector feedimg thice parts
stmbancously every 6 minutes inte the comveyor of
machme group B

2 Conditions for the application of transfer hines

A prerequisite For the economic apphcation ol transter
hnes 1s a kurge number of preces to be produced. n
order to obtain the number of pieces justitving the ase
of such a hne, the products should he standardized
Techmcal umitication and model restnction contribute
essentiatly to such a standardizanon The techmeal uni-
fication imposes some restrictions to the engineer but,
nevertheless, leaves him enough freedom tor the dewign
of the products When workmg on such @ unthcation, it

Figure 23

MAACHINING SEATHONS OF A TRANSTLK N

must always be hept in mund that the standards, in spite
of the natural progress of technology. must keep their
vahidity over a long penod of time

Model restriction 1s also essential if a large output »
to be obdained Thiv s an analytical, commercially
oriented process of selection and v planned for the
adaptation of the production programme ta the actual
market requirements

Another important point tor the judgement of transfer-
line utihzation 1 the labour situation i the developing
country where the machine 15 1o be set ap A transfet line
not onh makes 1t possible 10 produce the parts faster
and a1 lower costs, but abso spares workeis even i the
total output v increased by intioduction of the e
One may deduct the premise that the labour torve must
be fully emploved. temporary unemployment can be o
consequence of utihzation of a transter hne Professonal
and social problems will alwayvs arne as o resuit ot the
replacement of physical labout by me hanical operations,
1o the effect that the demands and sirains of the worker
will he partially changed
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Figure 4
SCHEMATIC DRAWING OF A TRANSHER LINE

3. Personnel required for transfer-line system

For the operation of a transfer line, service, set-up,
maintenance and supervisory personnel are required. The
fields of acuvity and the connected requirements for
these types of personnel are quite different from each
other. Their main characteristics are outlined below.

() Service personnel. The task of a transfer hine's service
personnel 1s to start the awtomatic work roovess, to ob-
serve the entire hine and 1o react according to optical or
dcoustic signals . Service personnel are not expected to
tahe action 1 case of breakdowns, for example, a broken
drill or a stalled wnmit In such a case, the appropriate
matntenance personnel must be called. Thus., the function
of the service personnel has been tiansformed from an
executing 1o a controlling action. It requires neither
spectiel skl nor basie professional knowledge. Hence,
the operator does not need complete professional traiming
TRANSHER FINE CONSINTING OF GEAR SHAPERS or the equisalent education. A short reriod of instruction

Fegrae 28
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will suflice. Nevertheless, sot every person s saited for
the service ol tramsfer limes, The  selection, i regard 1o
the operator’s personal qualiies, must be very caretul
ance Gt transler line represents o very considerable m-
vestment value, The operiator must be absolutely reliable
and alert over long periods of tme without manual acu-
vity. This Teads to ligh requirements i respect ot the
operator's ability to concentrate and his willingness to
assume responsibility. In addition, the operator must be
able 1o communicate his observations and perceptions
Jearly and distinetly. He must possess most ol these
capabilities from the very beginmimg simce they can be
tatght only to i certim degree.

by Set-up personnel. The function of a transter-hne set-up
man is similar to the one of setting upautomatic machines,
Sice a transter line is only a line-up ol automatic pro-
duction machinery, the activities are often idenuical. The
set-up man must hine excellent manual skill and tunda-
mental technical knowledge. This necessitates complete
professional training or a similar thorough education.
Compared with multiple-spindle auwtomatic machines, a
rransfer-line set-ap v faciltated sice the individual
stations can be separately actuated, and large and strong
tools are frequently  used. Furthermore,  tools  are
generally set outside of the machine by means of gauges
m such a way that they can be chucked in the machine
by a quick-change attachment. Detaled knowledge s
necessary for the set-up of the inspection and dimen-
stomil-control stations. These stations serve for control-
hing the prodiction process: they are supposed to signal
production errors and tool breakdown. cither acoustic-
ally or optically. Since the costs per machme-hour are
very high and. hence. down-times should be restricted to
the absolute mmmmum. 1t s essentiad that o set-ap man
have a good hnowledge of tools and. especrally. of tool
life

() Mamtenance personnel The task of the mantenianee
personnel 1s to mamtam. to repair and, b necessary,
to completely overhaul the transter ine. Since the break-
down of i single machine stops the whole production
flow. numerous  well-tramed  puntenance  personnel
must be emploved tor the elnnmation of such breakdowns
m the shortest possible time. Generally, the theoretical
knowledge and pracucat shill required for proper main-
tenanee cnnot be met by professional traming ol the
personnel as either mechanios or clectnicians because the
range of actvities v much wider. A good mamtenance
teirm can only be formed by a turther thorough trainig
of the shilled workers 1 adjacent tields. T or nstance,
iy trained machine mechanmic must also have base
hnow ledge of hvdraulics, pneumaties, control engineering,
clectrical saence ete. 1 order to detedt faults guaickly,
Accordmgly . an electricramn must have a certam command
of fields adgacent to hus own protession, Then, m cise of
+ breahdown, the man with the best hnowledge and
evperience m the concerned tield will be called upon to
chiminate 1. The many-sided mamtenance problems of
A transter hine can be solved only 1f the appropriate mam-
enanee personnel are available,

(dy Supervisorye personnel. As supervisory personnel. 1t gy
possible 1o consider oniy those professtonal engrneers
who, on the husis of thar education, have gamed a
suthicienthy broad view of the problems connecied with
the nse of o transter Tine. The engmeer shoukld not only
have theoretical knowledge of the vanous fields, bat o
satisfuctory practcal expericnee

In regard o the sintabithty ot o transter line tor an
industridly developing country. one nuny conclude that,
tor the economic use of such o hine. a Large number of
pieces of a product must be Eabricated over adong penod
of tme. In many desvelopmg countries. the abiliny to
reach the mimmum output for economic ntihzation s
quite problematical. Furthermore. the mstalliiion of
transfer hine entails high capital investments, Tor this
veason and because of thew low flexibility in regard 1o
the product, transter lines will only scarcely be smtable
In particular, the saving of personnel could cuse resist-
ance. Application of transter hines. however. s turthered
by the Tact that briefly mstructed. non-shilled workers
without any triming can be employed as service person-
nel. 1 only one transter line is mstalled o large namber of
highly qualified specialists, 1 relation to the servicmg
personnel, are needed forclernical and plannimg tasks. This
proportion, however. improves it several transfer Imes
are installed i a developimg country

V. Numerically controlled machine tools

Numerncally controlled (NCY machine twols am read
mformation fed digitally by means of punched rape o
magnetic tape and can transhate these data mto machine
funcuions, Due to the separation o the measnimg
device and iformation storage, they show a very tigh
degree of flexibility with regard to the production ot dit-
terent part- The means of feedimg the mfornation  the
most frequently used 18 punchod tape e prepared in
the prodnction planning department according o the
blue prints The various parts to be machined vall tor
three different tpes of numerical control tsee tiy 26)

(a) Point-to-point control - This tvpe ol contiol s
generally used for bormg nulis and dnfls Machimimg
done at predeternined pomts ot the workpiece - durning
numencally controlled machme posinonmg, - the ool
does notent.

(b Strarght-cut control s control is most frequenthy
apphed to milling machimes and Tathes. Ihe tool pro-
gresses along strarght lmes parallet tor obhiguey o the
machine-table’s co-ordinates.

(©) Contmuons-path control - Fhs type of continl per-
mits the machmmg of irregularly shaped and. eventaally
curved surfiaces  An electronic computer s needed o
caleulate the often very complicated trichs of 1the tool
Controlswith either anmner mterpoelator fre avompuier
withm the controb umite or an oawer micrpolator
computer ontside of the controlumiyean bedistingaished.
The costs toranmterpolator of i contindgous-path control
amount to 4 considerable percentage of the total price.

LFeonomie  considerations  mmpose @ restiiction
regard o the required control types. Investigations i
industrialized countries have shown that ¥S per cent ot
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ore tinds both digitat and analogue designs for the (table)
leed-measuring syatems. Since the accuracy and relia-
bility of the feed-measnring system determime the propes-
es of the entire control. the vanons alternatines tor
such measurement are briefly described below

Basicatly . digital teed measnrement can be divided into
the imcremental swatem which s hased on 1he principle
b counting lementany non-distngunshable feed  ele-
Metsand the absolute coded swstem. where o detined
and.over the whole measnable feed RInge. a non-
repeated Combmanon o MEnabs s atnbuted 1o each
teed inaement

1 order 1o be abie 1o dedaipher the required feed length
A part of the whole teed range ol 1he machie, the
MCANTINE Sostemt i anatogue measurement s divided
e thiee subsvslems 1he course svalem the medium
sse and the preamion sustem Onby 1he prevision

ssarent determines the obiimable acouray
The chowe ol the measiemen prinaple mfluences
greathy the exoenditnre tor the ontrol amd some charae-

H Opiiy

erstic properies dse e smplost contead oy oy

coisEs of oo tead te s cone withowr
e conodimate orgn el ion 1o rhe i hinge tabie
M cvemaal Lalme o1 the oler cHDCRE
ordiite e s tieeh wheotad by oy hatton
bieasoline dginal ialopac mc e cment e co
ABAC S s Bed He rebom it N R PRI
PICE e ticn o the contiod ay sy

I ach Bype of feed sicssinonne ot Provopath perma -
e Ml
ot diechmeasireme ot allow s 1he Faghest posable me s
M iy aindependont of 1w

sHort comimge

et o et e n [ETEUNTTY
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VRIS et T Broguentiy bighe
WISV Lol am e s b optics! ey edomns the
Attt assenbiy toleranges and 1he higher pwne There
bere s measirement by means o the shrdwet indiredd sy
e s alwins revomnrendabic vaneept ot maw hines with
the highost accuracy Thicugh the apphicaiion ol ball
hearing spindies smple and advantageous dine of
spindle and & mcasuring stem wath good precivon e
achicvable Besides, it should b noted that the recent
dervelopment ot ethoient cleciiat step mobos has opened
the possibibity o designing veny retiable IneApenae
vontrol systems withom ANy ICASHTIRE sytem

A prerequisite for the use of nnmerally vontrodied
machines 1s he avarfabahity of a programmer to Mepare
the tapes This must be done by specially traned per-
sonnel. who bear most of the responsibibity for the part
o be produced In the highest stage of development of
numenically controlled production. there v a trend to-
wards tape preparation by machines, e vomputer-
assisted programmng. parbiculuedy i e case of the
extremely ime-consuming calculations required in con-
nexion with gear generation In the near Iuture, however,
such computer-ussisied programming will not come into
the reach of develo,ang countnes especially tor the 1ol
Inmng reasons  capital imvestment o the Lompuier s
hgh. the effect of ranonalization s greathy reduced by
the tact thar there v a sufficient supphy of bour at a
relatively low wage index | utthermore, only i fraction
af the capaaity of o computer instablation wounld be utif-
wed even it there were several mimencally conrolied
machines The assumption of 1ull vomputer atlizanon
by work for other helds. ¢ g . business admimisiration. i
certamly prematore for developmg counnes  Therelore.
the question of computer-aded programming s not dealt
with turther i this paper

The conmderations that must be tahen into account for
the judgement of the suitabihty of numenical control fog
developing countries are differem from thow which
would be apphed 10 industriahzed nations. While there
i ogenerally a suthioon supphy of labour there i g clear
lack  of shalied speciabists. Here. the application of
mmencal control can help 1o bridge the gap The machine
progrimmes e prepared o (he Moduction plaunmg
department by a small number of spevialisiy The machine
epetation sisell. thens regunres onhy nonskabled workers,
who suarcehy influence procduct quahity and operational
e 1 seseral machmes are served by one programmes.
these advantages will be even greate

Another poine i rhe fact tha the production of rela-
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traneporting device
indirect Owect indirect
Measurng system mMeasuring system measuring system
Measuring Measuring Measur#
device device devic

¥

Positioning
elemen element

Measuring device ¢
tramporting device

element

Frgure 2N
PORITION AND DISPL ACEMENT MEAST RING DEVICES

uvely small batches will be predomimant in developing
countries  This 1, indeed, the economi operational
range of numenically controlled machines. For the selec-
ton of o sutable numernically controlled machine. the
question ot sturdiness. operational simphaiy. rehabiliny
and easy maintenance must be thoroughly investigated.
If numernical control i introduced at all, point-to-point
o two-dimenstonal control will be of the greatest interest
lor several reasons. As previously mentioned. a large
percentage of the parts do nat call Tor three-dimensional
1

control. the purchasing costs of which are two or three
times higher than those for other control types, without
considering the costs for an eventually needed computer
programming unit. The requirements of the maintenance
and repair personnel. in respect of thewr special know-
ledge. arc high

While operational simplicity can be obtaied by meias-
ures which do not call for farge additional expenses, the
rehabihty of the control system is closely connected with
the reliability of the measuring system Here. accuracy
requirements should not he exaggerated since this would
only increase the machime’s delicacy As mentioned earhier,
the apphcation ol indirect spindie-driven and enclosed
measuning clenments s reconumendabie.

In view of maintenance and the chmimation of minor
breakdowns, it must be kept in mind that. lrequently.,
there s no service centre in the nearer surroundings. By
manntenance-onented design and the use of readily avanl-
able error detection and control egmpment designed for
the parucular type of control. routine mamtenance and
minor repairs could possibly be undertaken by workers
who had not been given special instruction in regard to
the type of control.

In summary. 1t may be sad thar numernically con-
irolled  machines  generally  do not require specially
irained operators, but they do present the nunntenance
and supervisory personnel with very demanding tusks.
A centrally co-ordinated service Tor all machines would
be of great advantage 1n a developing country. The
excellent machine flexibibity in regard to the product,
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its profitable use even in small-batch production and
the possibility of integrating it into a manually oriented
work flow can be of advantage for an industrially de-
veloping country if the related requirements are fulfilled.

11, CONCLUSION

In this paper. the problem of designing and selecting
machine tools for developing countries has been outlined
and discussed on the hasis of the principal considerations.
The following points have been made:

|. There is a remarkahle diffcrence between the condi-
tions which prevailed at the beginning of industrializa-
tion in the industrialized countries and the conditions
which obtain for countries which are now developing
industrially. This difference is that, in industrialized
countries. professional training and the principle of
the division of labour were already in existence before
industrialization. Hence, there was already a certain
level of education in those countries which can be
met in only a few developing countries of today.

2. The industry of currently developing countries 1s
pimarily supposed to satisfy the domestic demand.
In order to protect sales of the domestic products.

protective duties are often set up, leading toa situation
where real rationalization is not introduced

3. The excessive supply of workers, the frequent unem-
ployment and the rather low level of education in
developing countries make it appear advisable to
select machine tools which are simple to operate and
which can be integrated into the work flow in such a
way that the rate of employment does not decrease.

The question of suitable machine tools for an industri-
ally developing country must be answered individually
for each case. taking into consideration the above-
mentioned points. In order to facilitate such decisions,
the requirements of the various machine types, in regard
to personnel and products, have been outlined by describ-
ing the development of the machine tool in industrialized
countries. The following table illustrates this develop-
ment in a general survey deliberatelr based on machine
models which are readily availabic in all parts of the
world. In regard to operational reliahility and price, the
industrially developing countries should prefer these
models to brand-new designs. Finally, the experiences
of industrialized countries should also be significant for
developing countries.









