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"he numsri-~al cbntml of r machine tool is & device which
provides for satomeiion of a nachining eycle on the bazia of
control infomat:ion whicn it receivesz in the form of nuwierical
data. Tuote type of -+ w0 suiesent oa parti “ilal cuse of
jequence control, 15 roncoemed mainiv with the travel «f moving
perie Like tool hnlders aad werk-plece holders, end a progrommed
sequence <ontreiled machiam tool way he equipned with or without

numerically controlled riisplacermentie.

Numerieal continl vepresznts an important improvement iv
gequence coniral of machinag tr,c-'}..:}. Inder this rew techriiqus,
the travel ol parts i wio lon:or timd bed ty stops which have
to be wdjusred with wvery change in the sive of the work pioce,
but bv ihe numarical countmni itself, which counta the extent of
the mevemenis as tney are sesformed and svops them as soon as
the desired dimenaion ie reached. 4. soor as the tape carrying
the control instructione has beea sat up, no other adjuntments
of the maching Lravel have 6 e nade at the beginning of the
manuafactucing pro ey,

At prement there are avnilatia:

eamm

le Wilh rempect o informaiion media
ecomirole not neing punclied tape, with m:.mué.l feed=-in of
data oy means of awiichbonrds (dial—in or plugtoard type);
in perticular, 3ig ltoring machines with two co-ordinates
using numerical e imition and display of en-ordinates
by sselector uuttans:
controls 'wiing punched tape or magnetic tape (tihe
iaformation meniun uelin: punvhed tape iy by far the most

widespread ..

2. With respect to machires (ty increacing order of complexity

Simple numuricnl display of dimensions read-out devices) on
Jig boring machines anA larpe units in particular, an
improvement which conrideravly simplifies the tark o1 the

oparators;
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- machines working with point-lo-point or line motion
control system, i. e. Ly means of discontinuous control
(drilling, boring machines) and machining parallel to
the axes (milling machines, for example).

it should be noted that in the United States drilling
machines (=ingle spindle and NC turret drill) represent
one fifth of the total of numerically conirolled machine
tools (3,221/16,500), while boring machines amount to
10€ of this total (1,728,10,500), which goes to show the
numerical imporiance of thase two types of machines;

- Contouring machines, i.e. with continuous control (milling
machines, parallei lathes . . . ).

= Mul ti=-purpoae machines and machining centres with or ;
without autometic change of iools.

To 1)lustrate the ubove the figures 1 to 5b show various |

types of numerically conirollad machins tools.




Figure 1,

Fumerically Controlled Boring - Drilling Machine
(Two axesand manual display of co—ordinates)




Mgure 2.

Nwmerically Controlled Boring - Drilling Machine
using punched tape




Pigure 3.

8-8pindle Turretheed Nilling - Boring = Brilling - Tapping Nachine
with
numerical control of the longitudial and tranaverse displacements

of the tadle and Plain sequence control of the vertical displacement
of the spindlehead by adjustable mechanioal steps.
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Mgure 4.

8-8pindle Tarretheed Nilling - Boring - Drilling - Tapping Machine
(Three axes controlled table and spindle-head movements)
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Figure 5.
Kachining Center with Tool-changer




Figure S a.
Kackining Center with Tool-changer




The aonve refere aolaly e mats "ulting masnine LooLa
but we ahouid ;o4 AVETiGIX fomi g anchipas wWorking by
deformation withoyt chip removal. fwr nmarics! anntrel hag

alss made 1ig RIDeR™INe 14 tina Yamony fay wramnla we ma;
! Y

qunte;

= puachisng DrekRes, aect<~p frearin;: ans runching
nachinag workang without prisp MAPCing out oy Lhe
Picce to ba machived {grgd ar, for 4ranla) and
withoyy temy.late:

= PTesa neaken for agtg fee rcrecelecion of hendins

HWhzlen LUy net: inz o he siioke;

~ cultipg oty Presees. "n oue and the game machine,
tor axampio, the mrarical controi e3ures Lhe linear
pesriioning of TSR careiage tablu Cerrying the
sheet to he oo i tne dirzctions: positioning of

the ‘iirreihead heldieg the tou)s:

CLS

= tube benling uuchines: o Yiret operation g parformed
for sett.np DUPL3ecea by a Fpecialint, Errors due to
the flexivi;i T " the tunex AL than hHe automati:ally
corrected during ‘ae rel towing OPeTuilong;  “ar tyig
bFurpose, the devial or ¢ mesgued on the tiprgt piece,
the T8Luesnty vuirl.iiun | 3 waputed, carried out and
then incorporater iN othe copteel programme of the
Machine,

Numericul centigl Providen cutomatic onaration of mechines,
while o}imirmtmg Jiwe arg fixtureg anz Hther exvansjive tocling.
It makes i+ rossivie o saas rapidly lrom one manutacturing
Process to anoiher Yy & simpla change of the srosramme tane
and the upely] unning tiae of tha “aching goos from 20 o
70 ¥ approximaiely.

Runeri-al contyg) Increiges the floxibils ty, versatility and
porformance ¢f the rachines :u whiry 4t i applima,

In view of tpe pIogrees alraady achieved in industry, gains
in production mug+, Row he Bought not in 4 reduction of cutting
time (whinl ig provoriionately not very zreat in the complete
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manafaciuring cycle 0¥ & product - only & few percemt %) but

an a reducdion of wailtine pericde doa 4y naaert from one

wochine to auotrut, of time spent in Yrading, amiting, ingpenting
~ant unloading of wirk pieces. it 18 in thega Aress tha't'- numer cal

sontrel can preove it real vraue. ’

Ts is Imzortoal to rote tha' ausemation by nunerical control
is istended maanly Sov mnall wid radiur acals production. HMass
production manutaciu ing nvor=msa5, oo the ather tiand, have lony
21nce bwer aatemaied theni:z t9 recsfare machines and apeciel
nachines ceaigmed ia ench ~usg Tor the machining of a specific

par:.

Precimely erpaze of ite adveningre, nvaorical cortrol has
found ite place (irst aa tha acrepantic wd aerogpace industrios
tor the machinir, ¢ intpioste ang naraonily veaded parts which
1L owonld have ek dirficwly to machine oy the ugual conventionsl
methode.,  The mecinan azed. noweser, are very axpens’ve

{rontoarirg machings, maciining sentres).,

:

3
¥ wuut be suhed 0 nnmerical ¢ontrel of machine tools j
im nrogressing uiy vary stowly ir the other sactorn -f aechanicsl !
argirveoring ot toe precent tipe, Mogt manufacturers are reluctant
0 ogerar iy ) Fiabures A conve 1icual muchire tonly in
axcsliont working crnaz uaorn op ne ywu wrortized in ordes to

HOQUITE oemerioal nanbse? Aovdmieat ot whotever nrice, go that

the navwer iypes of eoipnsnt Wil ndce theis way cnly very
grsadually,

The m.in ovstucler apre pagicilly ine lach price of thre
cquipmont snd the fact thae 1t ig éi1ffrculy 1y preve o

cagtorers thal i first mockives wid)d poy o7 in the long

ran.

#) Time of the corplete ~ycle - 100
Waiting tine . ) te 95
Time an machine tocln I~ 5 to 20

Catting time 20 o Y0¥ of tue
time on machine $a0.1) 1 to 4
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In an article in Metalworking Praduction of May 4, 1970,

the experience of thras Amzricon fMirmn jg described:

CATERPILLAR TRACTOR, ITNTERNATIONAL HARVEXIFR and DERRF and

€0., manufac.urer. of “RILCVL Ll Lauipr o, Thoge [ mg

took a very long tine to adodt numerteon) coivrol.  CATERPILLAR
bought its first machine in "9%. This purchage was made as

an invesiment and ir srger Lo mukz o gtary in getting nractical
experience of numericai contenl (to vecumes faniliar witr
numerical centrol which cannot e learnd from ranerg in technical

roviewa, it 1y essentiml *c Posdese a macnine),

Three montiy ware recudrad for CATYERPILLAR TRACTOR to
incorporate tnig firet machine in the pivduction line, and 1t
Wag only beginning with ‘he tl§wd wachine that the 4ifficultios

of yutting tnem 1ntc oparalicn were more 825ily overcome.

M though ihe {irgt DACHING was bought an early as 1959,
numerically controlled macnine tuole roally oegan to be uged
effectively only after 1964.

Todey tnig sompany congidery that, ihanks to riumerical
conirol, they have reduces comgtsg of production and improved
the quality of their nanufactured product.

Similarly, DEERF and CO. ovughi iis fipgt numerically
controlled m .ching AL D LN ro2lly started to umed

numerical control on any conyiderable ascale in 1963 anly.

At the pregent time, $he figures for the numericaily
controlled machine 1oois owned b these thres firms are al
follows:

CATYRPILLAR TRACTOR : <50 numerically controlled
wachine tonls;
(twrnover : 2 billion doliars)

INTERNATINNAL HARVESTER : 170 awmwarically controlled machine
tools;
(1959 turaover : 2.6 billion dollars
12 prograrmers)

DEERE and CO : 26 numerically controlled machine
tools;
(1969 turnover : 1 billion dollars),




Mg N0 nmehing ol O tuatian 2rol inv points of view of
manufacture “nd w39 was AppTCVIimate e Ao o) lowing in HSTE I TN

geveral industrial ccuniries baken . ¢ axamos an;
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The rejatively ai.w davelonment of the uge of NOWT which the above

table hrirg o is, morenvaer, fFanerslly trua. T4 ig enougsk to look

at the measures wnich iie Minisury of Technoiogy (MTMELI’) m Ureat
Britain has ceen 1it to “ake wi th a view ¢

toalm with NC.

“o aromoling the use of machine
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Lreprodaction 3unes:

Planing of PREITest iy aeder wig et Aenaufacturer: with
BLOPPOrtUR Ly L rhpg Bt R peemive opg e tre:a machines fcr
Proal witheod Yooy ! 0y ary erpen e ST Jarceage, und wi th
the PoRBibLa Y iy 0 MUt i ety b oo reduse price 1€ he fipag
it ugefy;,

ROADS (itume -2 0y Tt adhceyy ans Damnngtir.tion Service)

o bovies o) e Finnaiag b tha Covarnmnent uqdap thia thirq

nian:

{2) PR (finpnet WRINAcrin: Race. ok AsBOCIntiny) for
point-19-npoind LERSRY T

(b} RAD (Raya) 2 S Bavattishinent ) o) "I OAring macnineg -
availabie ta fipge imereaten g o stoorder to help them in
chovuing  wackirc EOLY 4 mney thep aveds, to assigt in
the zolu:up o LIUE Mg s iwad i DTN and
tecimoioey | SEaaral, am well as te intia th on the

Practicrl us ¢ N 5. 1N varicur adgty,

THOReny o rhee ae E T TR Scient “fo
Lavelopmurs. | - ataat ey ke gvailar B8ouron graviing al
the end of 70 - prosustion gui.0ng, i Bar ittt ur - with the
Sale pPOTrRony i o e b pae voie they mtrodust i n of NCMD in
the ame!l gp¢ rmeelre e ey wlthanical i earing industiries.
Furthom:wo, & owdy dea myiod g #DETS heaociating rour le
Développemest 4. LA Rragrein nbian Aur.cmstique'), parily financed
by the Gavermarat. intrade by oant g adviaer to potentigl ugers
of NCMT iy the PANC v oap DEEA and KA.

Areceny sopv gy pye TreAce omcg £ifty fipms where N/C

maching e, spe o operation, hes given tha ilowing results

a8 regards the yury of Lhose i pmg;
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Theaa [irures aohow the iupariance of NS¢ dritling and boring machines
11 the farst steps towaer:s NC. The jurveyv showed too that nowt of the firms,

by lack of udegvats maana, rescrt nresen®ly tn manual proframming.

1 do think the i ~awtion e avactiv Lhe came in several other
countries and may npinisn i tind ono vust Lesr in mind that the above

menticned poinig repragent tra firsst macdatery steps towards N/C,

PRGN N TRG

s N ——— At e . o U

Anothaer mporient prooies 1: %6 Lo congidered in the field

of numerical conireo! 1. thw: of prosramming.
WONT mopy be progreammed tither vanually or antomatically.

Manaal programeiag i most arxtensively ueed by msmall firms
or by companiss with few NC#Y. On the other hand computer
rrogromming (autometic programiisg on ~umputer) io expanding
rapidly for conuourins muchines ar:d wiih users cwning a inrge
nember of NCMT,

Numerical ronirnl) by {loelf does not rolve all preblems.
The uger muat be proviced wiih a leang.age whicn enables him to

enzaze in a dialogue with hs nachiaes,
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In simple mucnining operations, this dialogue takes place

by means of coded sipgnala carried on & punched tape.

In more complicated cazes, ihim coding s~on becomes impossible
to handlw. Job preparation then ralls for a syubolic language
making it possible to damcrive in clear the desired machining
instructions. f7hie ilanguage 1s then procesassed on computer, producing

A punchiad tape which corresvonds to the crde uged.

Data processing faciiities (computers) carry out specific
operations only be receiving apecific instructions designed for
them, tnt on the other hana, procramming of machine toole is
effecied by means or tanguages (designed for the machining protlems
to he solved) which are not understood hy data processing facilities.
1% is thus necezeary to make vse of a device, called a poBl-—
processor, whickwaverts the datn supplied by the computer into
a form which carn be undergtood by the machine tool.

The Process of computer programming is basically ns follows:

() the programmer of the planning department describes the
different phases of machining using an appropriate gymbolic
language(APT)*,

(v) the programme nf the part o ne produced :s punched on a card
and fed into the r~omputer where it ig tranalated into machine
language with the help of a processor;

(c) the reneral e~lution is translated into a language understood
by the particular machice tool for which it is intended by
meana of a sub-programme called a post-prcocesacr;

(d) the instructions for the machine tool are punched on tape
(or recorded on magnetic tape).

*) APT = Automatically Programmed Tools: 4 programming system developed
for contour milling with several
axes and high capacity computer,
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Laniusges of <he apy iyow requirs powertul, higher apacity

vomputers which are noi always avarlzaule Lo the user and whose

hourly price im in v svent very high.

In ™rance, the (iiet awers - sircraft monufac uvers - have
t0llowed the lesd of the ‘nited Jtntes snd iave adopted tire AP
langiage tut this languige makan i necessary an has already
heen pointed cu%, T nwe hish-pawer computers which are not yet
vary widespreas n inausiev,  thus, wren NC wag introduced anto
other fields of mouvianteal one.noam nm, il was quickly realised
that this lanpuage wae oo complex for most mecnanical partn,
{In the United Gtotep moreover 1B hae found it necezsary to

nevelop ADAIT fo9r 4wo dimuncicnal contouring).

in view o1 thin, n giry’er langrunge cailed [§APT - derived
from LM am its nave 1n0dicatas - hag been designed in France.
iors recently, this sonpiitic=tion has gona much furiner with
che Aevalopment of "mioi- i RAPTY, 4 lasirugse wiirh ig intended
for a broader ranre of naere and wnrich eoncerng anly the
ProgTamr ing ol pouni--co-puint machining and thet of machining
parzllel Lo the axes. Vini-T%all hay the graat udvantage of

requiring only a low~capaoi ty computer.

With the samr ain 1n mind, PERA in Greni Yritain has
developed the "I'JONTO® lang ing~ intendod egsentianlly w mimplify
the work o: moet ugers of NQUT.

Kewsarch is pow geing iorward throughout the world directed,
it would seem, iowards the developmant of wpecific programmes
better adapted to the wenutactur:ng processss ol each firm as

40ll as towards devel-ping aide ¢ manual programming.

In any case, we witness 1in suropa and the whole world a
complate rbuence of atnnusrdization and a 7eal Towsr of Babel
in programming languages. Theoretore, it would seem appropriate
for the devsloping countries to be cautious and to wait foo all
this to shake down, confiranz themgelves for the time oeing to

wanual programming alone. A '“waitl-and-ges™ policy seems to be
wnat is called for.
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FIGURE 6

B S e A &

"Complexity -~ Number af Parts ~ Machine Tocl" relation
(tisld of applicaiion of NC versus numier of parts to
be machined znd their complersiuy)

N2 BER
oF
ARTS A
(RCREASING CORMPLEXITY O#
THS PART
(1) 7one of trangfer - machines and special machine toole
(2) Zone of conventional machine tools withou! special tooling
() Zone of HC ) ons spindlc

b) m:ltigpindle
e) with toal changer




Numerica: =oniral ig jueiified 1f :
~ proavction is 2nall or medium mizad mid preferudly

renelitive;

- b parts te be maciinad sre uen toc wieplin (vig, €}
-~ aigzh re of use o7 tne machin: ie {ovesgen (a ghifd

ot eixht hoars work per 7 nowrr i conpletely insvtficient
airce the machine ann itg uroriizatios repreosesnt o heavy

axpénsivaral,

0 the rouie of profitanrlity otuaies, it iz odvious that NC
38 mowt smitahie Mop those coun' #1a3 where labour is acarce and
espeneive, "hiwn is therersrs nol s nramising point ¢ view from
whinsh tc iudge the adviuability of applying 10 in the devseloping

souwntries.

The mzin asvanrazeecs NC which sy uve considered relevant in

the cise of these countries are ¢

- the raduction of zatiing up tima;

- the elimiration of jigs and liviures;

-~ the imyroverent of aquility {rediction of Luspection and of ncrap);
- ecouomic produstisn processes pansidis on a smaller scala, which

invoivea a reduction in inventnries;

- preater accursny and tetlev renealabilitrg
substantial reduction in nums . errora;
- the posnibility of usins icse skilled iabour.

Bat 11 it im ne lumper necessary to employ highly skilled
machine operstore, ~n ihs other handa, vrogrummers arc required
for the preparation of ine job which raisem the problem of training
in addition t¢ which there ia tre probles of the maintenance of new

complicated and exrensive aquinman' (eiecircnic control ciccuits).

In the cans of the developing :souniries, i* seens that a first
stage should convist in setting up a pilot workshop.

A clear distinction ghould be drown here betwaen contouring

contrel and the two other systams: point-to~point and line motion.

Continuous path contrel, or rcontouring control, a costly and

complex gyntem, acems, for tie time being, tu concern only n small




ssutor of jucumiry; indeed, 1% .2 dugiened for Cirms which are
uMnlly in the favefpont o Prosrers and whici, tur the wmost part,
have no need tc be said g tng dei.  The mpmciil came of this
type of control, TGLI0Ver, Jnvoives proviems conplate’y difterent
I'ro tho:ss relating ¢4 the peint-to-roin, syste~,

“he soint~ta-point £y tem, much ginpler .pnl considerably
iCWEr in ~nxt, COTTARPURLS - R pere tn | ag 15 real value -

10 %G ¥ ¢ tim necuas of nduitry, Vi i ivite clear that, in

the initinl glage, 511 ofvorl snemg be “oneentriated on this iype
of coatrol.  Partharmcrs. it LZampirtart te ante in tniw
cornexion ihel ine use ot Lhe peliteto-poirt zyriem of numeri-~al
cantrol, lixe thor ~* aachining paralle: to ‘he axen, does not
nNecassnrily racui ~e ihe ure i eleztronic compuiers: in swmpls
mechining operationm wigon ara mite soumon ir aan: workshops,
manual Fragrwnaing i iu'ly watiMad . #) Mhie ghouldg make ine
introductior of MiwT pezarbie )1 a cartuin numoer of eniarprigns
without axcesn. /e diffi-vley. Phiw 5iatiag stage would caertainly
tnve the result, arter seme neriog of teial and errer, of
subsequentiy turilita.ins .he s o miching tonls for production
purnones requiring oot sophisticnted programming.

- s . o

®*)  Manual Programming is quite aufiisiont for parta that recuire
simple machining onevatirg {driliing, taoping, line motion
miiling and plaiy turniug 18 lang as the number of instruntion
blocks carried ly the punched tape does not mxceed & reasonahle
iimit. The me-ond atep 45 A remort t, PTogTammiig aids such ag

smal) computers to detsrmine the dimengiony for machining, repertnry-
type of mtandard machining ecquennay,,
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I

In the particular cass of LLg deveoping countries, iV would
be wrong, »u or opinion, te oot P hake anart-uis.. Some
prelimina=~y acticn, heswever, woul? 729 ugefal, eypemally wth
A view to preparing the gruand Cor tbue fature. 1ris acticn might
take two rorms:
(2} It magrt Te pnssitie 10 astaolish an offauisl veganization,

s L.nd er rilol workabor, whluh migh' o wight noi ve pari of

an aireniy ~xisties machine Sool tackricwd centre, whose role

wotld ce to provide 1.formation awoud namoriuid control and

t~ prapare is alvance Lo arguma e role of u trayning tody,

ma. in due caurge, of sn adviver tuo the Tirst usurs 8¢ as
ts previde pidaacs and ancistonce with progt amming and the
swarting up of produciion.

(b) Tt might aleo b0 popsible right nod tc consider using NCAT
of tne simpler tynes {manually pregrommed drilling machines,
f.r oramplas'; in dritling jobs the numerisai dats are not
Aiffsoull %0 detemnine, they can ba prapured manually snd
punchied on tage. e nilial use might take place in
vocational n-hools iu train technical prograrming stalf
well -5 in a cartsin nuwener of workehops whoae producztion

Lends itmelf tn tho uge of N [amall baich prodactien).

NC will certuirly have a roie to play in tne 4ovelnpins
eovntriug since it wiij provids them with wore versatils machines

for varisd onalli escrla repetitive prodiiiion.

Much i being said today adbout new iespe forward in the

mechanisation and automuiio: ot mechanical angineering:

¢ - integratior oi inierpclitors in mechine tools {DNC -

| direct sumerical control);

- use ot computeru iu optimize wachining conditions;

- use of adaptive -ontrola *) %o meke machines gelf-adaptiisg

to the jnb thev are required ito perfors;

#) An adgptive control is a system that uses senadrs to raugs a
machine's feeds and mpeeds or othar factors and “hen feed back
data to optimize feeds and speeds and the cutving iate,




- Jirect traneitiou from Eo encrincary’ dusifs uC the
ingtrurtions cerntrolling .he machine ool without possing
sArt o che proviously anvoicurie internediate stage of

conveniinnal tachnical drawiags: and bineprints (one day

the wtage may be rerchec WhRATe Man, Hod sanacie ol giving
jagtyackiona in werting to machinn vog s, miznt con{int

brmcelf we govine Anom paraly veronl ordars;.

211 *hsra prosnecty {3t Yhe fuilure gh.ould not, Lowewer,
mare 13 loge xischt 2f oo current oraklua ol MKl proper use of

.

the op ortwit:es crfarel by numerical canirael ol me:hine toci s

hare ARG now.

"hir prolies conpuerng . tachniue whitel 1o o rea.ity. not
gometling in tus fubure bt 3 U6tk whioh A8 already ir our
hcida and frem which wo wiei enda~vore te derive the rraatcet

panolit for ihe grod ot L.
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