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The development of machine tools is influenced by & wide variety
of factore, mainly under the following three headss

(1) The requiremerts of the users of machine tools and simultaneously
their ebility to make economic uce of modern machine tools.

(2) The teohnical, financial and persomnel capacities of the industry

producing nachine tools.

(3) The capacity of the supply industry for menufacturers and users

of machine tools.,

The demand i'or machine tools amcng userc is decisively influenced
by the following factoret

(2) The aims of the national economy,
(t) Technological development,
(o) The situastion ir the 1ubour ~arket.

One requires different machine toolz to expand and operste W existing
highly developed nrocessing industry in a country and 10 equip & manufacturing
industry that is only in rrocess of >gtablishment., While all these econemic
factors have to be considered separately for each country, technologiocal
developrent procceds in a fairly unifom manner throughout the world. Its
application in the individua)l countries is of course closely oonnected
with the situation in the iabour market. In countries with a large shortage
of marpowsr, and thus of overating persormel for machine tools, a oonsider-
able degree of automation ir necessary and economic in order to mamufesture
& product with ac small as posrible an experditure of man-hours. I
oountries whose labour reservee are still sufficient, certain partioular
functions related to machine tools can be more advantageously carried out
by hand. Under certain circumstmices this makes it pomsible to give the
unemployed work and an orportunity to earn monay. However, this basio
principle chould not iJind us to the fact that eccnomic manufscture can




no longer be carried on with the met 10ds of yecterday. Modern cutting

- materials, for example carbide tipped toolr and ceramics, operste st
outting speeds and advance speeds 4lLat are pocsible only with an automated
working process. Human reactions are too slow to comtrol such processes.
In addition, manpower io benoming more and more valuable throughout the

world, so that generally speaking there is only a difference in degree in
the demand for sutomation.

Figure 1 shows by the example of the narufacture of disc brakes for
cars that by the use of new outting materials, for example, disposable
carbide tips and ceramic tips, cutting speeds were increased by alrost
90 per cent in the cight years between 1963 and 1971 and that it was
possible to reduce machining time by almost 60 per cent. The use of modern
outting materials raquirec correspondingly powerful machine tools. We have
already supplied automatic mult i-spindle lathes equipped with 55 kW drive
motors. Nommal drives are of 30 to 40 kW. Such power requires adequately
dimensioried gear traine with hardened and ground gear wheels and hard-
wearing, well lubvricated carringe guidés. because oconsiderably shorter
cycle times and correspondingly more frequent carriage movements result
from higher loads and higher carriage specds.

However, high-quality wmachines operste economically only if idle time
isdort. One reason for idle time is ng over tovls that have beoome
blunt. In thic area, the development /machine tools and the development of
the technology of metal removal by the cuiting tool must also correspond
to the organization of change-over o® toole in the Tactory. High cutting
speeds and high advance speeds lead to relatively short tool life. By well
organiged change-over of tools, howaver, a high utilization factor is
achieved with the machine. Figure 2 shows the tooling plan for nachining
& wheel hub in 37 seconds. Only disposahle carbide tips are used. The
tools are changed according to a tooling plan as shown in figure 3. After
200 work-pieces have been machinad, certain tools are exchanged in the
individual working pesitions. Additional devices, for example, tool change
oounters and signal lamps (figure 4) ensure that the oorrect tool is
exchanged at the correct time, even with unskilled personnel.



Another caure o unecononie idle iime of machines is re-setiing of
tools and Pre~settins, in thic case, teol pre-setting devices are of
assistance. While tre machine tool 1 still working on the ourrent series,
the replacement too] with a sharp edge is act 4o the exact dimension by
means of a pre-setiing device (figurs 5) and then Placed in readiness on
the nachine. Wormally, there arc three rots of tocls and toolholders
(figure 6);

One working in the machine
One in readinecs

Orie, with a shary edge being pre=set,

So much for pre-setting. Sy computation of the ecconomie factor,
particularly in the use of rumerical control machine tools, it has been
noted tha' valualle wmachine hevrs can be saved by pre-setting the tools
in order to prepare for changzc-over, Such pre-setiing devices ape
universally applicatle and zguinned with various nmeasurement ayst ems
aocording to the desires precigton (figure 7)., The nost simple versien
works with two mechanical nesrurenent Syctems similar to slide sauges
which are aet on » and x co-ordinater ang fom the reference point fopr
the cutting ¢dge of the tonl.

The ccomonezs tpe 18 3 tool setting device in whieh a profile
Projector with twentr-times magnifizatior eels the toolg to the desired
dimension in the . And x direclions with Lelp of precision measurement
systems with % ricron scales Thercafter, the tool in so fitted in the

changn-over toolhoj ey thit ate ety edge 1n exactly urderneath the
hairlire cross of {he rrei’ile rroiectop,

By such Pre-zeltling of the tanls UM inexpensive appliances outside
the nachive tool, the re-cete; 74 Eime o the machine is reduced to 15 -
30 minuter, The soconomic advantape o tuek appliances is showm in figure 9.
Here the vertical ayic represert. the total broduction costs per work-pieoe,
While the horiwunta) BXAS repitsanic the nunber of work-pisces per beteh.
Ausuming that the {otq) MIber of workepicoe~ ig greater ihen 1,000, the

production cogis PEr plecr dapmnd oniy in the qj ‘ferent expenditure in




re-setting the machine. The curve ) showe the coets ‘I the individual
tools are re-set on the nachinas it:-1. The curve bl) Leneath it shows
re-setting using a pre-setiing device. The curve b2?) is even lower and

shows the production costs using a pre-setting device to serve three
machines.

It will be noted that when using such a pre-setting device for three
automatic lathes, hretween 20 and 45 per cent reduction in manufacturing
costs is achieved, according to the size of the batch.

A further developmant trend for the better utilization of high~-quality,
powerful automatic machine itools is automatic handling of the work-pieccl.
There are three reasons for such sutomatic feed syst emss

(1) The work-pieces are too heavy to be lifted on to the machine and
clamped in the machine manually.

(2) Though the parts are suitatle for manual handling by reason of their
Weight, the cycle time of the machine (time of operation) is so shert
that work-pieces cannoi be inserted and removed quickly enough by
hand, snd unproductive idle time must be avoided.

(3) Wnvirommental influences, for example unacceptable nuisance 40 the
operat.r by means of coclant, .hips, etc.

The various posaibilities of handling the work-piece in awtomatio
lathes are shown in the following 1llustrationss

The first illustration (figure 10) shows s semi-automstio losding aid
in which the operator pusher the 13 kg work-piece on to a loading arbor
and swings this into position in fromt of the chuck of the sutomatic lathe.
The work-piece is pushed into the chuck with hydrsulic assistance and is alee
olamped by hydraulic means. The finished piece is then removed in the
Teverse order. With a machining time of approximately one mimute such a
device is very eoonomic when there is suffioient manpower available.

The next illustration (figure 11) chows the fully automstic hamdling
of relatively large work-piecces with tvo multi-spindle sutomatic lathes for
the machining of sutomotile clutch housings. By means of lifting conveyor



devices, the WIPK=pleces ave breqpent o She recyinary ne~oht and then roll

down to the machincs on nclined planc: 1y 4bheir our weight,

Phe next iliustrat.onr {(figure 1 -} vhows the arrunrement of two multi-
spindle automatie lothes in the vrocere of wackinmng zmall cear-train parts.
This installation is 5 Suedsoh worte wes aorpletely automated because of
the shortage of manpowers  The workepieces are tipped into a hopper unsorted,
From this hopper they ere atomatically conveyed in the correct position to
the feed channel of #ivat machine, Arfter awtomalic machining of the first
pide, the parts are atoratically conveyved further on, turned through 1800,

and finished on the second machine.

If the rcouired rro inction mns are not large enough for full utilisation
of the capacity of a nulti=-snindle qwtcratie lathe, ningl c-spindle automatio
lathes can bhe usag, Figure 13 shows a BINAY single-srindle lathe, again with
automatic feed and removal appliarces, for iacormorat ion into an automatio
production line, Tre machine is fitted witn two croas-slides which are
arranged for contour tuming b, means of kydraulic copying devices. The
two contour followers can be ceen on the ieft and or the right. The machine,
in a Swedish autcinobije factory, is set for machiring of meven different
bevel gears. "™he beve) grars are mac - red on two settirmg. The total
machining time ic o5 wiraateo, stelund 1oading. The machine operstes
at a maximum cuttirg speed of 26C m/min ot advance sneeds of u#%cu m/
revelution and chip depth 02 4 mm,

Naturally, it ic possible to ude cuct automatic work-piece handling
devices with rractically all rachire tools,

o Summary (technolorienl develoomet )

Modern cutiing meteriels sive such hiph cutiing speeds and sdvance
Bpeeds that automatic nortre: o the mechine tool ic ueceseary. The machine
tool muet be COTTESPONUINILY powarfui, fyen of chatter, i,e. vibration

proof, and ha,rc'iuz-zmring. Highly o veloped mackine tocls should have a8
little idle tire n: possible,

Therefors dovices ;o1 “apid chiange of tonls pre necessary - both when
to0ls are Ylunt and when re-ge3ting in the rachi ne 100l - and the user must

have approrriate prliances and arpang satlion.
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All these recuirements and sve:inl characteristics of the users of the
machine tools have a decisive influence on the development of machine tools
by the machine tocl indusiry. It ic the tark of machine t0ol menufacturers
to develop the machine tools most suitable in view of the manuf acturing
problems raised by the customers. For that they need adequate capacity,
qualifind development engineers and manufacturing facilities for the ecoromic
production of the machine tools in the required quality.

Apart from these development trends dependent on the development of
toole, an important problenm lies in the fact that the manufacturers of
machine tools cannot be guided in their developmert by the present wishes
and requirements of tieir customers alone but must already take future
requirementc into acocount also. Such future requirements can be either
of a quantitative or a qualitative nature. For example, if a steep inorease
in numbers of work-pieces is expected in certain sectors of industry, the
main emphasis in development will be laid on highly automsted and productive
manuf acturing equipment (quantitetive future requirement.). With regard
to the muality of the machine tools to be developed, the manufacturer of
machine tools must bear in mind the fact that quality requirements with
regard to work-pieces machined by metal cutting methods are constantly rising
(figure 14). In the came cf grindirg and turning, the permissidle tolerance
has tecome one ISO quality grade smaller every ten years.

In oconsidering future development, particular attemtion should be
devoied to signe of breaks in trend. One good example is the inoreasing
change-over from machining bar stook to the machining of pre-formed work-
pleces in automatic lathes,

The next illustrations (figures 15, 16 and 17) show the effect of one
particular technological development on the development of lathes. Originally,
the bolt was machined on a bar stook automatic lathe, using high speed
steel tools in accordance with the sequence of opermtions in figure 15.
Machining time was 40 scoonds psr work-piece. Figure 16 illustrates the
machining of the same work-piece two years later on the same type of machine.
Now, however, the basisz is not bar etook but w. This pre-foming
of the work-piece and the use of carbide tipped tc0ls being a considerable
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reduction in nachindng 4 mol The we - alron « fivish “urned on both sides
in a total) of 27 feeonde. The congemuences Jor the manu’acture of machine
tools 1lie ip the fact that the pro-tfemmed work-rieces are automa'ticdly

fed 1o the machine and lriicdiced ints the ~tating collet, In addition,
the Workeriere iq autometicalis reroved from e rotaling collet at position
3» autopatically turneg through 150Y and aran [ed into tho collet for
naehining of e cecond zide ( Cimure 1’._}. iurther focnnclogical devcloplcm
vith the cuitoroer ird 45 a further Tro=treatnient of the work~piece. Now,
the tlanks are no Yenger Corgud but are fon nto the rachire ac oold impact
preesinss., Thig uMther redueps 4he ot of rachining necestary. Three
8pinile pogitiong are alequary Fop o, wobinorg, ro that an eighM-epindle
autonatic latre ca: no e umel for ugek ‘e, i which two work-pieces are
8imultaeousiv mach:gr. I Lhiz ease al:a, tha wort~riecer are sutomstically
fed to the machipn, The maclioing tine {ryp ore work-piece in 3.6 seconds.

In tte rachiuiig of nueh tlanke, which naye Lhen very accurstely pre-
formed, there are tton only vare skt ehiin deecdpe lai't for tuming, eo
that wire-like oni Mare Tomoed  Quing 1o Vhe surace hardening OGNMI.
in the cold irpart PEONSiLg procese, thens ching are vepw tough. Tangles
of such chip: are Torusd, which h.ngerp autongtie macharing. In the case
1luetrated iy th T NS Y SRR “f chips sccure in the boring
operation in noritigra 2oard £, By gh sombination of 4pe toolholder with
npeeial axial hear.no G 4. BE reetisot, aiditional axially oveillating
motior. i paTted ta th veoaip, tocls, b which whe long chips are broken
Up into choyt iyittia Yeepoarda,

From thous ‘ay Crammics 3t e al MY be Geen that the nanufactuprer
of machine tonly homaretain fjeoe ontaet uith the tsers of machine
tools on *ha ¢pie hand ond e the repenrnl, bodi e on the other hand.

In partie:l-» eomtate Litn e Tarth vodiee wiyg bonone novre and nore
important in tpo 44 RUC The ravidits o “ovelornont maken world-wide
obtervatinn veeensnvr. Zuck en TN ve rroreetion can be nrovided

only ny meane o e R T veliricel ruscsiations - im

Gemany throush v, Aicciation of Jerman Mack: v Tool Marufaetur, e in




co-oparation with the professors of the technioal colloges - or bty
co~operation betweor covarsl ime, Go-operation with scientific research
institutes alno promctes contant with the engirecre trained there, whose
work in the machine tool facturien ecnsumee that ihe findingn of science
are translated irto practice.

2. Summary (future devolopme:rts)

The great progresn in foundry t:ohnology and forring technique have
made superfluous a nuiber of processes that were previously carried owt
by means of metal cutting machining. On the other hand, requirements
regarding the finieh machining of such pre-forred work-piecez on metal
outting machine tocls have inereasod rharply. New types of mater.alc
require new machining procecres ard correspondingly new machine tools,

for exampla milling machines for machining large work-pieces of solid
titanium tlarks in aeronautical and cpace travel technology, the spark
machining and electro-chemical proaessing of highly wear-resistant msterials
in the oonetruction of iMmemal combustion engines, the chemiocal imdustry
and the construction of dies, as & conzemuence of the inoreasing degree

of forming & 1/or pre-fomirg.

Oreat attention muct also be devited t0 the oomtinual precess of
substitution of plasties for nietals, ir order to recognize in time emerging
requirements with regard to cuitable rachine tools (figure 18).

Very far-reachirs changes in machine toolc have been omused by the
developments of control techriques in recemt yearc. Nodem oconstruetion
elements that have proved their value in other spplicstions, for emample
sercnautiocal and space travel technology, radic and computer technology,
are now available for the oontrol of machine tools, so that astosetion
problems, and measurement and control assigmmente with resard t0 mashine
tools which were considered incoluble as recently as ten yeurr ago oan
be carried uut reliably and economically. 1n this care, the researeh
institutes are vory usaful liaison elements hetween the mamufacturers of
machine t0ols and the supply irdustry, in that they investigate the




arplicarilitry t¢ vachire 200l construetior of suel new techmiques from
other hranches of inmductyer, hich Ienns tn arvropriate adantation ir the
accegaorec ndustry,

Without an ficinrt pecesnarios industry, medern machine tools oannot

be censtiucted.

zodery macaine 4o-] drives oporate esther with very powerful quick-~

Sshange rlutch trackviscions - elcet ro=tagmelic dise clutches have given
excellert service - ov, vhere preator noer in required, with regulated

direci-currant motors, which huve recemtly become ire reanringly popular.

In view of 44n oy ard wari~ prorlons aricing with rogard to m,
a lnrge curber 57 diffarent tyroo of roliur cearirgn are required, such as

are of fered Yy efficierd woecinl ~rruf acturnrs Sor 8}l anpiications.
o~ B -

Materiaule of impesaniie mality, Yol cret iren, which ia st1ll the
wost Treqiently used material tur rachire tools, ~nd aise steel, for

. . " . 0 .
exmaplae for guidevate prarnecin oy parte subiect Aery high wear, must always

be supplied 40 the rionire Lorl mawlartarer wn vniform mality.

The loctronis slonaas went. ed reay mot le appropriste as regans
reliability, robustvar =~ s .9 ©onr fey An view of the speeial conditions of
machine 100l ~onat uectinn.

Noder meagurenent YEtems are naode! by machire tool manufacturers
hoth tor ineorpsration inte swserizally romirolled machines and also for
inspectior. 6" iheir nw rrodunti,

“ . s £ v
3o Bumiary (acres nrieg §adumt 1)

The doveloprem, o' modern M3chine 100l must therefore also be oco-
ordinated with the Crpasity of Loe aceagsowies iniuctry, Hare also, it
should be exarined in rooh rartieular case wnethar every national economy
maet have the uld repge of euch anessser eg vlants in its own count ry,
or whether more ecunonic solutions

are porsidble by nenas of oco-operation
across national {rorbinw:, < |
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ggno;usions

Nodern machine toois arc a synthesie Letween the realistio requirenents
of the production experts in ihe wurkshops of users of machine toole and
the forward-looking thinking of recearch bodias, using =211 possibilities
of development in other sectors «f indusiry.
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