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The numerical control of p. machine tool i& & davi co which 

provides for automation of a uichinir-s cy.:3<? on tne basi a of 

control   information whicn it  roc«vea in the form of numerica] 

Aatít.    Tais  typo o? -..,- + .••-._   *>:,-•.-:..  .-c^iescnt j H parti   liar cast of 

n«quencu contro] .  \n concerned mainly with the travel c.-f moving 

pert» like tool  hnldory and wcrif-plece holders,  an«! a proj?r¿mmed 

sequence ^ortro'j. igfl machia»! toni may bo equipped with or without 

numerically control le.i ñ i aplacan en te. 

Numeri pai  control  representa an important improvement ir. 

sequence control oí mach'na tcoiti.    Under thle new technique, 

the travel of p.--ir>Tf; is ne, Ion--.--:»' limi f.ed "by  stops which have 

to he ad.nisr.fed wi-th every chr-n^e in the site of the work piooe, 

but by thö nutricai  control   itself,   which  counta  the extent of 

the mo vernimi s ae tney are ;,&¿%í'ornier! and otopa them an BOOM as 

the desired dimenili on  ie reichert.    Aü soon as Che tape carrying 

the control instructions has 'bi.en eat up,   no other adjustments 

of the anchine travel  have to  Ue made at the beginning of  t!«e 

mnnaf8ctuinnp pronoea. 

Aj>. present ^theri» are av-ìilaVì o; 

1 *       With _rangéet. to .inf^Tpationjnedia 

contro i i? nut .isinK punched tape, with manual  feed-in of 

data oy D-.Han-i of nwi tchboardi   (dial-in or plugboard type)» 

in particular,  jt#? Loring machines with two co-ordinatee 

using    «wmorioai .is.mifion and display of co-ordinat»8 

by selector  ¡JUT. tons;: 

controls '.uúnp; punched tape or magnetic tape (the 

information meoi UM ueiiv;: pun-hod tape IH '.7 far the moBt 

widespread '•. 

2*      With rpBgoct  to machinas (by increacing order of complexity 

Simple numwricU  display of dimensions read-out devices) on 

vl?.fr tiering rna'-hm« an« larpre  mils in particular»  an 

improvement which considerably simplifies the tank or the 

operators; 

••iküádaüi éUÊ^mt^^^ll^ÊammaÊm ¿tjum^Hàtgm 
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- maohinea MO ricin; with point- to-point or lin« motion 

control ay »tarn,  i. a. by meana of diecontinuoua control 

(drilling,boring machine«) and machining parallel to 

the area (milling machines, for example). 

it should be notad thai-    in the United Stata« drilling 

machines (single apindl« and NC turret drill) rapraaant 

ona fifth of tha total of numerically controlled »achina 

tool« Of'.'M/lo.yx»), while boring machinée aaiount to 

1<# of this total  ( 1,728/'¡ó, 500), which go«« to ahow tha 

nunaricfil   importance of thsue two type» of machinaa; 

- Contouring machinan,  i.a. vith continuoua control (willing 

maohinea, parallel lathee . .  .  ). 

- Multi-purpoa« machinaa «id machining nantres with or 

without automatic change of tools. 

TVs illuatrata tha »bove tha fifrureg 1 to 5b «how varioua 

typea of numerically con*.rolled machina toóla. 
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Figur« 1. 

»»•rioallqr Controlled Borinf - Drillinf Machina 
lïVo axaaand manual diaplay of co-ordinate) 
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Pifar« 2. 

KMMriMlly Controlled Boring . Drill lag Mtofala« 
using punohtd Up« 
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ttftti« 3. 

***** Turr*tWd «Ulli* - Borine - lrilU», - Appi», *9iám 

•r wt •pladl«hMd toy «ljuatabl« Mentalo«! «Upa. 
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*-«pladU Turr«th«*d Millinf - Borlaff 
(fhrM mxM oontrollcd Ubi« 

- Drilling - lfcppUf Ikohii 
- «PiadU-bMá lOWMMtl) 
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rifui* 5. 

••Chinin« CwW with f©ol-oh»nf«r 
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rifu« 5 m, 

GnUr witb Tool-chanf« 



Thb  above   r«f>re   aol   • 
v.J. -"«tai  fu.,tj>vr «nacnine (nil. 

also —  .J P '•*n0V*1'   f',r "«*"•<  "«""1 h«, 

punching pntnma, ncc'l->n shoar-i»- -«* 

Pi«, to  b. «rt.j,,«,   (8.lf:1„¡t   rnr (i/(tip,a)   ^   ' 

Without  I"Tipiatü; 

- presa ¿>rairo?t  tv- --.,!-,•,,• *• - 

- cuttir* uff pcntì^n. nr.    „,.- „d +. 0,0 »a t».e nam* machin«, 

. iJ   -on.POI enures the Imear 
Pow.,ion>nfr of a "ros* r w •, t.hi . 

,u     4 * * dlr'"-tiona^  positioning of 
"«•   .urr«th««d hcViin,: the   toaJs: 

*     tub* bwiainif ..-.achira;     K .,_.  ,„.„„. 
•" • 4r** opération  ^ performs 

tor sett,n»T purports ^v 1 «.««-.i   . • 
> -* * RP»cia^iit.    error» due to 

tue tm*., eHIÎ  fchôî,  b. autonatl(îall 
corrected *•,,.,,,..  .,„ »• , • *-»njr 

purpose,   the  dpvia* • *„  ^ 

•mi ne^*;,Vy  t:jt.P      l(/1    _ . ' 
f. •-•"toA ... fluap..itea,  carried out ^a 
to«n incorporated  ¡;¡ th« fr».,-«, m« .or.trol prosT-iime, of tue 
n«ohine. 

Numoricul onnti-ol pr,viioû -utn,,„; 1*4 1.    i- -uto.ii.itic opération of ««china, 
while aiîmiruitirur   ,1^« «,.«  »s,, «»cnino, 
It ».ip.    -. «"«tura« «3 otíier exoeneiv* tool in« 

70 è an  
H '"   'h* '•'*•*>«• ^008 from w 1«, 

fU y, approximately. 

Numeri •»]   ron tm l    <> • » - 

Porrose. of t h R      Ï8BB tha flüXlbimy'  «"•*"i*r ^ 

In viaw of tna pro^ce, alre.^y aohiavad in <„,i    • 
in production mu.t BOW h. 80uriil a ! T ^' **lM 

«»• (which ig prooortioriatelv not w« . 
*ieiy not wry <ir«at in the complet« 



mannfttciurinflr c.vle o" ;•  product - only e  f*v¡ pâment  *)    but 

xn a reduction n? vniXin.^ ytri-:;t<-, >ï-- to n^.r-j^.,. rrofn Oîi0 

if—chine to auotr.ur. of: time spwt m  Inadine,  a*Uir,#,  in8ppr."tin* 

•fti unloading of wirk pj«co«.    ji   i« in  thee« ;ira.'*a thu't numerical 

control can yr ;/e itr-. real   *t¿\ie. 

Tí i« i.mp-iptfflt  to rote "ha', aur.omoitio/1. by numerical control 

ift intende* mainiy Co¿- small  ;-id ^-KUUT- 3calô production.    Maa» 

production manufanturiüp nw^ieùs, on the ivther hand,  have lon^ 

»luce b«en automated thanks, to  »r;m;.far machines and sip«ciai 

-ttftohxnorj dcaifned ¿A ear.1,  C.-*P« fer the -».achiiún* or ;i specific 

Precisely  'jct-e-ico of   it,v advance, r¡w¡iorxf.al  a>rtrol ha« 

found itfc- plao« fir^  in iy,* aeronauti t: oi.d aeroopace industrio« 

for tu machin in/, <. f intricai« ?.fld  urTintüy r.^edfsd parte «hi oh 

it WOHH hare bfiti diîTicuit te ^oiut.e py the uauai  conventional 

roe: hod*.    \-ho r.ift.-!in«r. -¿ami-  hr>waver,   .-a-« wiry «xpenoJve 

t'xintoarïriç r<jri.ir.SK.  ::'8-¿,iuih<r jeatres). 

It B,uyt be -;otea  t!-.;-   nnmerica,   control of machino tools 

i« wjpofjreauLivç  s«]y very slowly ir.  tne other sector?«    f Mechanical 

«r^ir.eoriii^ .. t  t^ pv«tm^  tí*.?.    *<,*•. r^ufacturora are reluctant 

to  srnr-  ii.-r.,   -i' fixture* .wl convr itiennl ^cMr:f toola in 

•xc^ll^fc vorkiï^ P'.nuis,.,..  -,r r,^ ;yuu  »rortited in order to 

.-.ccfuir* «winl *,nt/T.ï   ^nir-u.«nt at  *L-.tever price,  so that 

th« nwor xypmn 0f «*u->n«.,t  «Ji „s,*,,  theu- way only very 
gradually. 

The «.an o bethel eis are Sicily t.ne l^-h price of the 

equip««* t and   fch« farfc that  it io tuffi cult  to p-cve  to 

cuBtnwers  tUt   the ttrat r«..:>-,u»«i} w)i   w off in thc ionp 

run. 

')     Time of tlv© cw piote -rvcle 
Waiting time, 
Time on machinó tod» 
Cutting time fpo  Ì.O yo/jt. of tuo 
tine on «achine tr>o'.o) 

;oo 
fro to 9^ 
5 to a> 

I    to    6 
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In an étiole in MetaWi^ Prorit)Ctlon of MRy ^  ^ 

the experionc* of thm fcncm fir«« i8 dworiUd: 

GiBBFIIU*    TRACTOR,   XWrWrATIOMI. KARV^TFR «d DBRff and 

CO., manufacture, ef ^,/4,,,.   ,„uipra¡-i.    *fcM« f-• 

took a very Ion« ti:,,* to «dopt numerica coutil.     CATBR-ITLAÌ 
**** it. ,lm ra&chine iB  .^    TM(| pijrchaoe Ka8 ffiade M * 

an mve.^ent. am5 in order to **, n  eUn 1B ^^ ^^ 

•xpenenoa of nutrica,   ,««hc,l  (to beco,,, f^Uiar wif 

wrtcl  «ntr*l  which  cannot be le^a f• ,,oert3 iB  t,ohnicRi 

rovi**«,  it   iB eesenti.M  to pou«» a *«cnin«). 

Three montica „„,  regirse for CA1TOILUR TRACTOR to 
incorporato thi, rir.t maüMnft iB th# pwdl|etia|l ^ ^ ^ 

— only b^innin* with  lh, t;,^ waohlne ^ ^ ^^.^ 

of Putting to« x„to opération were .oro easily om,«. 

Although   tho  i,r8t  wachlnw ka3 ^^  aa eari^  ^ 

n-erioaMy control^ ^^ WOIR „^ ^ to ^ ^ 

•«••«tivoly only after  1964. 

Toda,v tht. oonp<uir con«*«.* that, thank* to numerical 

control, th«y hav« reduce* ».t. of production and improve 

the quality of their manufactured product. 

Similarly,  «p Vld co.  ^^ ^ ^ ^ 

controlled echino v,ì   ,,   ^P, h,.  rnaUy ^^ t(? ^ 

numerical oontroT on any consideraba aCale in  m, only< 

At the prient ti«*,   th. fi**., for the numerically 

controlled machine toox. owned by these thre» firme are « 
foilown: 

CATERPILLAR TRACTO« 

IKTBBÍATIOÍÍAL HARVEST® 

MERE and CO 

?^0 numerically controlled 
machine tool«; 
(turnover :  ? billion dollar.) 

1?0 numerically controlled machin« 
tool«; 
(1969 turnover :   2.6 billion dollar« 

1? programmer») 

?6 numerically controlled .«chin« 
tool«; 
(If69 turnover :   1 billion dollar«). 



'¡Ve Iv/v? t.-Hrlinü C-io!   f, ti.:Ktìo,i .ror  thy point» of view oí" 

r.aim facture   .«à wao wan :ipprr.v.ir*-v ^  i'..•*•  follower in   \()C.P,,   ir» 

3BVorB.i  inauetrial .-.contri«s  takm ,.t exami.las: 

? /. fi L K    i 

10 -y r-nrk of :<WV: 

USA 

.•"H'J 

FRANCK' 

I       ÏTfr par*       | lotfti 
t  

rnrk 

-\ i()o 

'> .  '.Cú 

+_ 

»  
k;o 

 i...  
,•,000 

5 

c) 

!''he ïier'--4ni.«fe ^L  ;<•>• í p.f» fjfimpareii t; 

"thus appear»?  W  l;e rHi&t.:vs»y   ;-JK. 

'LAJLSLJL. **• 

îfumbor of Ntt<? .•unuj.ectur-idL ir.   v,^:. 

mv&n t ion*]  rimiriti»« toóla 

Tir' 

»lb 

/iîG 

ituu.i >r 

j    .'Í  Ö  M   '?' 

•*r ; Vain: •> 

?T«7^>    !    •>M,O'--O.OOO 

FK/WCK 

<¡'Íü 

'54 

—* 
, <XX,,0. XI 

total number of 
machine tan]s 
suirmfacturef} 

!*'  6677OO.ÔO0" 
>'1,/!r,¡,, 000,000 

Th.   relatively  „,,- uevelcpmeut   „f ,„* „M of NCMT whlch  tft.  abovi 

l»M«hrin* cat i., «uWWf  ^eraUy u•.    H i* enou^ to look 
at the mearmreo wtíich ihf MlnJ9^ of ^^ (mTKR) ^ ^ 

Br*Uin ha. e.en fit to **„ * te a „ifiw te promoVin„ th# u^ of 

V'iil« with NC. 
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Potential  MK.;>rn /• <•, •-••v- 
"~Mn~ ,t   ,ltlj „      :\_:    -•--""•»  '-*   try ou, «... 

PI«/! in* of r.'.'t! re .+ •,-• .. 

^» npport.un.ty ,v.v. r,,8    . .„ ,.. ^ ,rfJJ- w*th 

*h« Po«.üiSmy ,r v ,. ir -   : •    • —  . •^-«•, ,nd with 

^  r ' r'J' V **'"* n3r"^ütrHtion Servio«) 

ni,*. •    ~UU ^"•««t uni.r thin third 

•pointso-poir.i. Rtc:U,l6tf( 

(b)    HAU (i?Dyi,j  A,..,.„,.•,    „. 

»vailnh••   ^  r- , or  t,ariní- marnine - 

ZZ   -r"    •'•" " •'••' " n*» *• •> *- »- 

tocüni>io*v   ,     ••-•'••xi-.ji      ~ " 
w_.      "   '•-•"^'.   ««tíl   »tMn^thllOB   the 
prallen:   ,.,.s c.»  v   ...     . 

••>    "•*.•• If-ut    .it.   o   ta. 

T:i >'v?;r:  t.   '•-••- -•-•.. 
T. •• '• *    '-'i-   kicjo'it    '"ir- 
lavtlopífort.  ;; IV,;MH   ,,  ,,,.„ .._.,   t 

8'1"  il 

th« »nd oí'  7^v î .   .  rrj,4,..... •"* * 

«*»« purpor«, Ir.   ;.,?•:,..     ton... ^     tv h* 

Fürths,     ,:„     ^   '-—!;^ <*HvWin, índu.tri... 

Développentt d>,  -,     p ion pour 1« 
tar th. - '•«..•.*..„«/.  Aurc^ti^,;,   PÄril     fin 

of MCMT i,,  4, " *"" iaer to  P^^fcUl   u>«n ÜCMT xn  the P;OT,   ,n;/  aP ::äEA aí¡d ^_ 

A »tecr-r. <í;^M» V  r-,^    ,.  .,   „ 

machin« ,0ou   a„   lu oper.t,-  n,  h,B ,lv_ ,.     ., n     . /C 

a« r^«^« +v 
h    following r»fult« 

a« regarde th« y;..Ti.. 0r ih«ßt, ,irme; 
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H 

TABLE      HT: 

•i C v •; 

borivi« 
diri lì i nr 'mach• r.aa 

rmrk    composition 

[     today \ 
fr» ., •-* "I     M 

'•/I 

f 
S   mi ] 1 i p** mi».-?r;riS3 

mu1- ti f'uTK. ¡lien ".rncb i.n«' 

rox'«caiit Tor the n<iar futur»  ? 

»   •>-. 
tOOla   W    ihCV. ,   ir.o",     «'.¡iriT.*-;.-•!?• j 

idsici'ininf; centra* vit-i,   j ,      J 
too)   »:haïv«r3 

lathes 

» '     I 
••>/! 

Th»««,  fi/^uros nfrov th*  VuporUa-re o(' N/'C drill ;nf and borirne machines 

in the firrit steps toward ríC.    Thr. ijurvü.v a)ic»wr-i too that ^.o»t of the finn«, 

by Ui'k. of udecfvatc; m.«ftn.-¡;  iv.si.Tt  :-r«ewn-3.y tn manual programming. 

1  do  think   the :.-i ^¿-. tier; J.f-  Tract .¿.y   Uiü camu in   several  oth»r 

countries MA ay opinion  u*  'a.f.i or, o "ust be«* in mi.-id that the above 

mentioned p".intn rnpr*afitti   ten fi?r,t ¡nar^ak'ry »t* pc  towards ÎJ/C, 

ünothnr :mpor»imt pretil**" iv: to b-*    oruiiciurmi in the field 

of nuiBoriv-AÌ  con tro i   .i.--, t.-i-s.-. of' proc-rar-ninfi. 

NCMT rariy be oro¿Tcur.mf-Ï »¿ithev *r anual lv or automatically. 

Manual pro^ramr.- ; r,¿¡ i>: ¡nost iterai veiy ueed V «mall fina« 

or by companies» with few NCMT.    On  tito other hnnd computer 

•pTOfTtuming (automatic projcraWiìag vn -r-iroputer} io expanding 

rapidly for contouring muchi ne» ari vri tb uoero owning a larjpe 

number of KCMT. 

Nunierical r.on'.ro'j  by ita*lf doos not fiolve all  prcbleeia. 

The \ieer mnnt be provi «led wi ih a lwijçvafc* whicn enables him to 

encode in a dialogue with xh« na-ihinea. 
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In «implo machining operationo,  thi§ dialogue takes place 

by means of coded signala carried on a punched tap«. 

In mora complicated cases,  this coding a*on ter4»n impossible 

to handle.    .Toh preparation then rails for a embolic language 

making it poseib.lv to describe in clear the desired maohining 

instructions.    This language \u  then procese** on computer,  producing 

a punched tape which corresponde to the code used. 

Data processing faciiittee (computer«) carry out spécifie 

operations only 1MS receiving specific instructions designed for 

them,  w.t on the other hand, pr^cr-aimsing of machine tool« is 

effected by means of  languages (designed for the machining problem« 

to he solvad) which are not understood by data oroc»ssing facilities. 

It is thus neo*ssary to make jge of a device,  called a post- 

processor,  which OD.I vert s the dato supplied hy  the computer into 

a form which can be understood hy the machine tool. 

The Process of computer programmin« is basically us follows: 

(a) the programmer of the planning department describes the 

different phases of machining using an appropriate symbolic 
language (Apr)*; 

(b) the programme of the part to he produced ^s punched on a card 

and fed into the imputer "here it is translated into machine 

language with the help of * processor; 

(c) the general «Elution IB translated into a language understood 

by the particular machine tool   for which it is intended by 

means of a sub-programme called a post-prooessor; 

(d) the instructions for the machine tool are punched on tape 

(or recorded   on magneti« tape). 

•)   APT - automatically Progn Tools:    a programming system developed 
for contour milling with several 
axes and high capacity computer. 
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Langages of the «P? typ« rehire powerful, high-rapacity 

computer* whish are noi always av*i uul« to i,h, UBer „^ Vhos*r 

hourly pr-ir«i in in ,..r!y event very hi**h. 

In Vranoe,   the  fu-et  .t'.«ors -  aircraft manufacturar» - have 

ioli,¡wed   the lead of tin.- .Jnited States ard  uavo adoptad the ßl»T 

language tut thin Uïu>u.v?t- mak.«n i ¿ neeeesciry at» haa already 

hern pointed rat,  T.,   n*b bi.?h~p..wf)r noBD'H*^ which are not yet 

vary wMoeprenJ   ^n  inaus.ry;     thay,  wr-an NC was :¡r¡ t-ortuced into 

other íioldR of mfjtm.ixi.ical  onc.neervn^,  it  Ma8 jniickly realised 

that  thia  Linguale Nap too complex for Tost mecnanicai part». 

(in   the ITnited üt'jtsu :no'-eover Iff' has found  it necessary to 

n«:v«»lop 4T>A:^ for two fiiwunaional  rx>ntouring). 

in view of thin,   n eimo^r laugunge railed ÍÍAP'I - derived 

from AP? .-in i-fcfi naifte .maiv-dtac - has bee* designed in France. 

¡ora recently,   thia amplification has gone much further with 

tre  'ievelojvwn!. of "»Lii-¿ WT",   *  lü-.-i^e which ie  intended 

for a broader ran.-re »f xierr nrA wni«;h concerne only  the 

Propranurin/i of point» «v-p&int machining and that of machining 

parallel   ho the axes.    ^ni-TrAÎT hau the great advantage of 

requiring only a low~capao: ty computer. 

With  the sarcr  aim i» mind,   PERA ìu «rem. Britain  has 

developed the "HONir" lan-ng",   in ten¿ad ••sentially   vu simplify 
the work of aioct usera of NGKT. 

Heneare},  ¡a row gcing forward throughout the world directed, 

it would seen,   ¡.ow-irds the development of «pacific programmée 

better adapted to the manufacturing processes of each  firm aa 

weil aa towards devej vpinp aid« i.o manual programming. 

In any case,  w« witness  m Atrope and the whole world a 

complete cbaence of at&nú*ruiaati«w ¡yjj a real Tower of Babel 

in programming languages.    Therefore,  it would »eem appropriate 

for the developing countries to be cautious >*nd to wait. f0* all 

this to shake down,  confining themselves for the time being to 

«anual programming alone.    A "wai t-and-soe" policy seems to be 

what ia called for. 
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fc'IGUHE 6 

"Complexity - Nuitoer of ?s*rta - Machina Tool" relation 

(fl«ld of application of SC varans number of part« to 

b« machinod and tbisir compia* i*y) 

NUMBER 
OF 

PARTS 

(?) 

O) 

IRCHKASIN« COKPISXITY 0» 
TKB PART 

Tone of transfer - «aohinae and spadai machin« tool« 

Zono of conventional machin* tools without optcial tooling 

Zona of tIC a)        onu spindle. 

b) multispindle 

c) with tool changer 



Nuworica!   ::oiitr..>l   ìe .justified if  : 

product i c-n  is mail nr radium wivaC ?uiù preferably 

rapatiti ve; 

- fci'.íí parta  t<; be ma'"Hin«u ;ro HT.   toe  ui.-r.plo (t'ig.  6); 

- A h:<h r-ixo yi' JSR ;:;' tha echino ic iV 'isaea (e, shift 

o<" «i^rht hoar;, worK p&r >" hourr.  IG «onpietely insufficient 

fiir(.r  Vie m.a¡.'n;n«' ann  its iirorti «*t;ci.*; represent a h»*!.vy 

O.-. the *v.s»ie of profitability atuui.es,  it  is obvious that MO 

js ftiOHt !ï'jit*h>c for those coun" .-ros where labour is »care« and 

e/pensi ve.    'Phi?:* is there'.'ore* ¡v;t a pr^misin^ point   jf view front 

which tc  .iudfre   fh« adviy.-.4bilit>  of applying i-0 in the davalopinj 

countries. 

•The miin aä.v«niairflBcf NO whi'h may  o« considered relevant in 

the f-.ar-c of ihn*« counUie". ara : 

the rudut;tloii of sotting up timo; 

- tno «iiiminition of jifff» *•''• <":L rtvres; 

- the improvement of qu;.:3 iiy (redaction of  inspection and of «crap); 

economic production  processe;; passible on a «mailer scalo,  which 

invoivti« a reduction  in inventories; 

- greater .-»"îoura.-.y arid  Getter re-neats-biiat,/; 

»ubntaiitial redaction  in trams i errorni 

the poanibility of aaitir, lea« skilled labour. 

Bat if it  in no Itr^er neceesary to employ highly alci) led 

machine operatori!, on th« other h>ma, programmer« are required 

for the preparation of  she job which raise« the prob)em of training 

in addition to which thore ia tr-e problem 0/   the muintena.'ica of new 

complicated and expenaive eTUprnyn >   (electronic  control circuiti). 

ïn the ran« of the developing >.:ountrie«,   it seems that a first 

eta#e thoulä conuiut in sotting: up a pilot workshop. 

A clear distinction sh.mld be drawn here  between contouring 

control and th« two othar ay«tama: point-to-point and lino Motion. 

Continuous path control, or contouring control, a coatly and 

compi «x system,  SROTS,  for  the time be in»1;, t:;  concern only n anali 



»•udlj in the f^fwt vf pr,M^8 «d which,  iur  th. .est part, 

hav no „.*d tc h. M.M ^  tho  id*..    -* ,p,ci,j   «... „f thi. 

ty?- of control, p^oaw,  ¿nvoxv». proonmo complrtilv dirr«wnt 

fro« thote nlnt.^ to th* polnt-to-p.,l»H  sy.tr,. 

«!• point-to-point PV;tem,  mucS  .:.r,pi.,. ,„>  considerably 

icv«r in sost.  -o-r^en^ -  «4 rere,;i  i:.fc ¡ l8 ^ Valu<| _ 

io >«(> f. ,,..   th. r.cur. of  :„di.7try.     Tt   i, irvU. clwr .hat,  in 

^liÜaÜi^LÄ^.   ai  orrori  ^i d  W rono«ntr»t.d on t^7tyP. 
"f corroí,    -urth.m.r,.   ,1   Ls x*n.„tiWfc v< „ot.  in  tnlu 

us    ....   .*„ pcarji-to-poir.i   ?.y*t«n of numeri-..l 
contwj.   li«   tter.   ,* whln1ïv: parÄllol   t(,   thft  ^   do6s  flMt 

Mt9MKly  r,ii:ai"ft *'" «"• "   Tronic  «oo.put.r,,     iB ,lBpî, 

—uní P^i„ i. muy ,ua.iir,ad,*)    ,*,, tho,jld m^a ;ne 

introduction of îJtjyT t>f=»-nh'«   ,*  * , .,„* ur..jib.« M a retajo nuiuer or ent*rpri.o» 

«ttoat •„...,,. diffirv.U,.    Thi. jnatUi  ,t^ would  ,ert*iniv 
h*v», ti,, „„un,  after «*, ,,„.iod of   trJal  ^ ^^  ^ 

y    «* i..j*«.inir  „,.« .t|K. 0.  m;. chino tool« for production 

purp*»«» requirió acro ho»hi»tloaUd protrrawin*. 

M«nual pmtrrmmins ¿. ¿nziu auf Won* r«« « II    A1_ A 

•i»pl. Chinin« o^Mn* (driU^     uLw    i ^ r^Uip* 

block, carried by th^ohid t•. d„1     T** °f in»k•"on 

typ« of .tandard machining .riI„«,8^„ »•ohtai«,f  rtp.rtoiy- 



C C H  S I ^.,_S .!_ 0 jg._3 

In thí particular CTJI»í of   L':;* m <*>toping oountrxetì,  it would 

be wron*.   -iv. o-.r opini   n,   tr   *:•,'.   <••. t-V* s»wrt-.ttt«. •   Som« 

prelimin»^ action,  hr **"/«,-,  «oui <  -KI useful,  «stipco.iAl Jy »nth 

a Viet» to TW&PHT-HK tt« gvu:\Rú ¡>>r ti»y  fatur«.    'LhJ» action miRht 

tak»3 two foro«: 

(T.)     it rnx&.t te filins  vo «tStabUuh *n 'jfl'mi..1  wrg«ni¡£ai3on, 

a 1. in-] et' ri lot wpt'Vnhot.,  whi<jh iug!i;, or if: i «ht noi   bo part of 

an aire.viy fxiRti.ip maO.'np  ->ol ^cinici',   centro,  whose rol« 

waui»ì  c-e \n provide i .1 formati >n »¿.out ri.jmorj.oal   <;u/itrol And 

to prepare  ir-   -vìvane» to a-aiar.«  i.he ioli, of u training body, 

and.   in dv* <-OUTS<!,  of *:>  »dviser to the l'ir»t  J«.J/*H to aR 

to pr«-/id" glicini« a ;:inl a>.;rn»t.->n-e with propri *»min# 'ìnd tha 

«¿.artinf up oí  pro*iúoi j jr.. 

(b)    rt might aU'-o bo poesibì« right no** te consider u«in* NCMT 

u? th* i*impi«r types (manaliy proeT.?jr.mcd drill in* machin««, 

f\-r •t«ipl*i»:¡    in drill in* job» ih« numeri sul da** ar* not 

diffìcili  to dotonnin«,   they can b* or«pared i»jnuaHy «nd 

punched on tape.    'Pu« initial use nufcU take pl»c« in 

vocational  ir.hools  t-w trair. technical prograsmin* »toff «• 

well .-:.o in * cartean nm¡>ner "f workshop« whoa«! production 

lend* itself  to thr uae of N    famuli bai eh pro«? action). 

NC will  i;crt«ir:ly have a roíc to plsy in tu« developing 

cotmtriu« «inc.« it wi'ij provid*   ihm with .¡»or« verbatil» machine« 

for variad ornali ter] a repetitive prodm -.ion. 

Much isi bainç said today «tout new ¡«apt; forward in th« 

maohniiiaation and *utom»itiot. of mechanical  «neineerin«: 

integration oi' inúerpr;! .-.itors in unchine tool» (DKC - 

direct numerical control); 

-       u«e ot  computerà to optimize machining condition«; 

use of* adaptive -;ontrola ») to m«ke njachin«» »«1^-adapttntT 

to th« job they are required to perform; 

*)    An adaptive control i» a »y»t«m that use» ««nsore to pauff» a 
machin«'« feed« and «peed« or othar factors and then f«e« back 
data to optimiza feed« ar.d sp««ds and th« cutting *'»t«. 



direct tranci» iou fro* *-tn evìncerà'  ó«-*irr   w   t^e 

xnBtra"iii>nF, cor-troilimr   -tv« machia« tool without paa?ìo* 

^hrcju»h ¿he previously un ¡.VJìóJM ¡e inter*«*!* t« •*•»*• ,f 

>or.v»niio»i,0  t.«c-h..«ical  dr»wi»;ò BTA blueprint« (on© ditf 

the *ts<;e H-AY i-e -i««r..:>i«c IMW man, no* oapacLe oí' r'c;vin^ 

1 ietrMut.i oris in »*:-?+• itur   to reiit.--^'n«; T-OC-LW.  mï^nt  yoníinft 

brîfiuvalf •'.!> (f.vvn;» irom par Vi/ verini ox-dern/. 

¿U   •hsßt» yro»r>* !tf- ¡•••j-r the  *u,uru bt.^uld noi.,  ho«iev«r, 

ffl»-iKO <••* loa© xi.'Tht of  tiv murren::  &r)bV...n .»f naicitiß proper u3» of 

the op.vïrtoiiit:** e^íored >••:/ numérisât, wníw!  of nw-hiat* i-ool» 

hext an ¡ now. 

TM* prubieu '.uftcurnü ^ tech--iqu* which ir; a  rea., i'y. not 

cowetKinjr lu ttjf-. fu taire bjt   *  ¿(••'•i. wro nh i* already ir our 

huîdfl and fr*-.* which «o m\n\  *n*9r.v<vic tr d«rWe   th« fraatcet 

bttiol'h  for in* £<".nc» o1    xi • 
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