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1, Introduction

Th: poor quaiity of produc .on of various kit 8 of engineering
products is the malr fasior which oroventn most of the develnping
countries from cxpandines their industrial production, import

substitution and uxpor: promotion,

dome of the devecloping countries have to buy tools, dies,
Jige and fixtures needes for production, sume have to buy the
proper ste¢l in order to manufacture their own tooling. All
these counirier require foreign currency, which is very often not
availedle in developing countries. Meaguring instruments are
required for the production of replacement and cpare paris, and
these are not always available in the workshcps of developing
oountries, For the introduction and &:»pliciation of progrceaive
measuring and controlling methods, financing as well as skilled
labour is required,

The proper operaiion of machine tools only becomes possible

if there are highly trained perrounel avajlable in the country, personnel
who are not only able to read hut who can also understand and interpret
the most complicated tlueprints in order to make ugse of the dimensional
and quality contrel with 4o):iznca- cipressed in fractions of millimeters,
They muut aleo be qualified to diunt at any river. moment any deviation
from the required tolerances in the operation of machine tools serviced
by them. '

The success of the development of the enginearing industry
depends not only on tre stoek of machine tools but also on the way
in which these are used. Some developing countries have suffioient
stocks of equipment which are not being fully and properly utilised.
This means unnecessary cxpendilure for buying, servicing, repair
and maintenance of machine tocls, The effective use of machine tools
i8 a very important facior in increasing productivity. Certain of
the most intractable difficulties confronting the developing countries
could in large measure, be resolved by the intreduction of numerical
control machine tools,

The main advantage of NC which ma, be considered relevant in the

case of developins countriee ares
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= the reduction of inspeciion and measuring instruments

= the porpibility of uming less skiiled labour to operate
the machine

But while it is no longer necessary to employ such highly
skilled machine operators, prosrammers are required for the
preparation of the control tape which raises ihe problem of training
in addition to which there is the problem of maintainin, a more ;
complex masohine with iis highly sophisticated conirol system. :

It has been found that the most effec{ive application of
NC machine tools has taken place in companies who have ensured
that the production management have a clear understanding of the
advantages and the limitation of the system and have introduced
msnufecturing procedures to fully expleit the potential of these
machines,

The numerical control (N. ¢.) of a machine tool is a device whicn
provides for automation of a machining cycle on the besis of control
information which it receives in ihe form of numerical dAata., This

type of conirol which represenis a particular type of sequence control is
concerned mainly with the travel of moving parts like tool holders and
work-=piece holders, N, C. oi & very importan’ improvement in sequence
control of machine tools because the travel of parts is no longer limited

A

by stops which have to be adjusted with every change in the uize of
the work-~piece, but by a feed-back system to the numerical control
unit itself, which counts the extent of the movements as they are pere
formed and stops them as soon as the desired dimension is reached,
When the tape carrying the con'trol’ insiructions has been set up,and
the tools set to a predetermined datum, no other adjustments of the
machine motions have to be made at the beginning of the manufacturing

process.




Numerical control providen automatic operation of machines
while eliminativg complicated jirs,
tooling, It makes i. pussilblc

manufacturing onerat:

fixtures and other expensive
‘U pu3B rapidly from one

or 4o arott - hy 5 rimple cha.ee of the programme
tape and thus the useful operating time of *he

machine improves from
some 20 percent or 30 fescont to 70 or aven 80 percent,

Numerical control increaces the flexibility,

versatility and
performance of the machines

to which it ig arplieds It reduces
waitingtine due to passing parts from one machine to another, time

spent in loading, setiing, inapecting and unloading the work pieces,
It is important to note that automation by numerical control is
intended mainly for emall and mwedius scale production. Nass
production manufacturing processes, on the other hand, have long

since been automgted thanks to transfer machines and special mechines
designed in each oase for the machining of .a specific part,

The pointeto-point system and the comtinuous path control
systes are the main N. C. systems which are complementary to each ether.
Comtinuous path control or oontouring control, is a costly and
complex system, which for the time being concerne only a small
seotor of industry even in the industrialiced countries. It is
designed for the manufacture >f complex shaped parts of high acouraey,

which are usually réquired by the seroapace industry, The special

case of this type of ciatrel, w reover, involves problems complete

different from those relating to the point~to=-point system,

The pointeto=point system, much simpler and consilerably lower
in cost, meets 80 percent of the needs of industry, In the initial
stage, all efforts should be concentrated on this type of control,

Purthermore, the use of tle point=to=point system of numerioal

20ontrol does not necesearily require the use of electromic computers

for prograame preparation. In simpie machining operations which are
common in most workshops, manual programming is fully justified,
Manual Programming is quite sufficient for parts that require simple
machining operations sunh ag drilling, tapping, straight line or

simple arc milling and plain turning, as long as the number of

instruction blocks curried by the punched tape do not become excessive,




3, Deseraption of i Croject

———

Ob Jevtives
The mair objeciives of the establishmerd of a nuperical control

machine 100 demons.ratic. coa're ac?

= To provide an aivisory service on the economic
Juttification and selection of NC machines;

- To provide training for production manngers on the
problems associated with the use of NG machines,
including the application of group technology tcchaiquess

- To allow production engineers to sec the practisal
application of pumerical conirul under produciion :
conditionsg

= To enahble lecturcs on numerical control application and
suitability for particular operaiiona to bhe given in an
appropriate industrial emvironment i

= To enable sompany manurers to make preliminary decisions
on the applieability of numerical control to thein
production roquirsments;

= To arranpe courses for propraummers on data propramuing and
tape preporation, tic miin emphasis to he iowards manual
programmin;; technigques but to .ive a brief introduction of
the use of computers ac aids io manual programming and for
the complet~ productivn of control tapess

~ To advise on preventive maintenance, and run training courses
which will be a2imed at - roviding a pood urierstanding of the
control system and inel'de fault finding proseduress
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= To orjanise conversion courses for aperators from
conveniional (o aumerically controllaed machines;

~ To arrange test runa on somponents supplied by industiry
to prove that it is both practical and profitsble tc
produce components under numerical controly

= To provide a limited produciion serviee io enable companies
who have decided io instull NC mach .nes to continue production
of selected paris pendin; instalialion of the machines in the
company plantisy

= To provide a service on a commercial basis for the proparation
of tapee for the smaller user who doeg not have suitably
trained staff,

Netes

If the Centre is located in one of the more Riphly industrialized
developing countries, it may be desirable to include detailed troining
in computer«aided programminr, 'fo do thio it would be necescary ~ither

to have n small computer ot the centre or to have a terminal siving accesu

to a suitsble computer. No recommendaiion on the type of ompuler or

terminal and their cost can be siven watil it is known what programmine




Note (continued)

language is to be 1aed and the type of major computer which is
available on a time sharing bas's in the couniry concerned,

Durgiion

The duration of the project is expected to be three Years,
During this period Uni‘ed Nations! or other experis will train
. loeal personnel in accordunce with the above-mentioned objectives,
wg msgdg ngtri bution
; An outside contributor ig expecied to provide the services
of experts, fellowships and equipment g

(s) Experte ‘ " Duration Cost US$
Project Manager (NC machine tool engineer) 36 mm 90,000
NC machine %00l operator 18 m 45,000
NC Maintenance enzinoer ' - 45,000
M prograsme engineer 18 wm —tia 00
SUB-1OTAL 90 225,000
(b)’ Pedlowsh
¥C Manager 6 3,000
NC Maintenance enpinecers (?) 12 mm 6,000
NC Programmers (7 12 me 6,000
NC Machine tool operators (2) 2w 600
SUB-TOTAL 42 wm 21,000
(¢) Beuipment~/
Vere turrct NC drilling machine 54,000
Cinoinnati 2V-100 vertical NC drilling machine 36,500
Herbert/De Vlieg horisontal epiramatic jigmill
with NC control 62,000
De3s Ge 2112 x 650 lathe with Porranti Acculin
digital read out system 19, 300
D ¢+ D Accuratool plugbeard 1n diamcter, turret lathe 9,700
Perranti Conquest digital inmpection machine 21,000

1/ This provisional 1ig¢ of equipment is subject to changes;
the final version will be prepared by a consulting firm
or the projnct manacer on the spot,




Tool! Servic.ns masric el

Brierlay 72 32 drillpoint grinder 1,000 U3
Hunt 06 10O dedilpeint priy der 59050 U3¢
J 45 310 tosl ana sutter pripder 4,060 UGE
Carbide lavping nachine 1,500 Us§

Cutting toole, meausurins oquipment ete.

Drillo, milling cutters, boring; bare, turning
tools, surfacc plaies, clumps, blocks, dial
indicators, micromaters, heigit rauvsres elcy,

and tools sinrape cobinets 26,000 USS
Work storage racks and nund iruck 2,000 US$

Tape preparaticn equipment

Pridon Flexowriter tape punching machine 6,900 US$
Tektronix tapo drogramme verifier 12,720 USS
Pektironix hard copy unit 4,150 US$

Services of enginecers for opecial aseistance in

setting up NC maonines 4,000 U3
Office and Lecture Room equipment
Desks, chaira, typcwriters, photo~copien
ocupboarde, filing :zeblicis, <ine pro jector .
screen | 5,000 USS
SUB~TOTAL 276,300 uUsg
TOTAL 122,300 US$
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Government Contribution
(a) Local Stafe

NC Centre Dircctar
Prograuming Ensinncrs p'd

Electronic Muinlenance Engincer

NC Machine Demsnutrators 3
Typist/tape machire ooerator

Secrelaries

Cleaain;: lalien

Total: 10




Mile, i e

(v)

Goverament lontrioutiom (contynued)

Buiddire~ 1/

Demonatration hall 210 eq. m,
2 smal? lecture vooms 7 =
MHanagerts office 8 »
(eneral off:ce 6 »
Toilets, passage and store 6
425 sqe m.

Based on a cost of UL 20per oq, m. . including professional

foes, excluding sito and roads o o , , s o o USS 93,500

Lttt b e

2. peseription of the equipment

Each of the machines has been carefully gileeted to comply
with the overall objective: of the Centre and to provide facilities
fcr the demonutraiion of noecific aspecis of numerical comtrel
applioation in the munufacturing process, Drilling, boring und
Mlling are the most important areas for the general use of NC

in the batch production industry.

The Vero turret drill mests the requirement of ‘a versatile
drilling machine capable of co~pleting most operciions with the
8ix tool positions available, jool changing or a second
machining operation thereby being eliminated, Very light milling
operations, such as milling small keyways or cutting small channels
oan be performed on the machine at the same getting as the drilling’
operations, Programming and setting up the machine are particularly
eney,

The Cincinnati ver®ical single apindle drill meei: the
r;quirmnts for a machine where only one or two tools are
necessary for the operation. It can also be used where more
tools are required than can be aocommcdated in a turret drill,
but this recuires a2 high skilled operator to cope with the
frequent tool ohanging, or serious damase may be done to the
component or even the machine if an incorrect iool is loaded.
The machine spindle iz more robust than on a turret drill
enabling heavier millins operations to be undertoker, as well

L/ Layout zubject to changes; the final ver:ion will be prepared by
& consulting firm or the project manapgelr on the spot
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The Heruert Le v):or horige 4n0 00 Jrgmitl ol an extremely
aceuraie nosizonlel ber oy wac .o w. ... L 1iwesiins tadle which
18 capable of under' ap LA Ve compicle il laney, borin: and
milling of Jov Lype romponent o 1L wim theretore sorplele the
work which woulit be undectalen on a meehi 1.0 ceutre, but reguires
maruel changing of (he tools, The spindie carrier is designcd tor
heavy miilin; opera‘ions so thal 4L~ richiie is nigo fully capable
of meing used as an NC miiling maclkine. This machine therefore can perform
&3 a boring: machine, or milling machine or a machs ning centre with
manual tool changse,

The DSG lathe is fattcl with PFerranti Acculin dyrital rezde
out rather than an NC sysiem as ni.merical control is wnlikely to
be adopted in the devel ooing countries during the present decade
a3 the principal advantase of NC Luraing is {he [easter operation
rather than any specifie iucrease in aceurasy soiely achievable with
NCs The acecuvracy and repeatability can b achieved with the readw
out system ai much lower cost, 7Tt ig trorefsre desirable that
wanagement snould Lecume famidiar with this tyne ¢f equipment,

The D + D plugboar+ turre’ lathe is a irood example of how
the veraatility of a machine cnr be ereatly ineran. ed through
simpic conirel systems.  Turret sathes heve no' been aufficieontly
accepted in most developing couniries go i at inis smail example
of such a machine with “he added versatiiity o plushoard control
cun be used 1o shod the advant ages o Lhis type of machine and
also 'he comtrol uysietis Pluploard control= arc opplicuble 1o
many types and ali sizes of machines. Pluzhoard romtrol is often
regarded a uscful halfway sisre Trom hanual muchizas 1o full

1wmerical control,

The Ferrcnty Coaguest A3 4val dnupection Techiue enahleco
accurate varification or Wilding, Yoring nd otner machirin,-
operations to be under alien with rreat rapiditv, Tho macnine

is alee a aseful means o Aemerstratine the uee o) disital

readeout systems for machine meanuarement,




Yhe Briesly drill poran eminder nwoo. ig oniy avajlable

for drilie ap o 20 mom, g the Toant il pint prinder for

drills o 10 W0 meme ot wesonil Ll dor Lhe succasstol apotication

of e Co wieiiiin.. “be N 0, &y U3 TLOmeehing s as on the

accuracy of ils splacic (ur e accuracy of the hole position

instead of a drill bush alone Lo do the work, The drill muet

therefore be free frem deflectinn causod by Yad drill voint

geometrye Thie can only be achieved bLy wccurate machine grinding,

It ie also usun! practice when drilling in solid metal to use a spiral
point instead of the chisel point, as this further reduces the likelihood
of defflection. These machines have the capability to produce thise

point form.

The J + 3 310 Tool and Cutter Grinder, is necessary to ensure that
the milling outters and boring tools used on the drilling and boring
machines are gmround correcily, and fhu. capable of eff'icient operation.
The speed ana feed rates for NC machines ard established by the programmer
who will assume that the tools are in suitable condition for use,
Therefore if tools in need of regrinding are used, work may be spoiled
or even toold may he brokens The tool and cutter grinder can also be

used for amali surface grimding operations such as minor adjustments
to setting blocks,

The carbide lapping; maohine will be uged for the final edge
treatmert of the curbide cuttin tools after arin ng.

The Friden Flexowriter is a machine widely used for the
preraratinng of tapes from mimually nransred programnses,

The 'tektrenix tape verifier emables the insiructions contained .
in the tape 1o be checked without actually rvnning the operation on
the NC machine, Mosi prosrammes can be improved after o study of the
actual errors which must he corrected befors the tape con be used to

produce a correct component, The verifier ig also an excellent low

cogt 1tem ~f equipment for training purpsoes as the programme can be
seen visually, tape umendments made and the propramme viewed again.

All this can be done in the classroom without diarupting work

progreasing: on the machine tocls The hard copy unit enables a
permanent record to be made of the trace from the CRT.
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The toolirg to te of +he latest lesign usins throw-away
tipr, micro=bore 1Anln. rrrantdine Adavires and cther modern alde
to asgi.i vith the rap.c manuf: ture of curts to . high degree

of accurac),

The Bui.ding

The Luiidin~ should be desigmed to create an industrial
atmosphere in the demonstration haoll with udequate height for
the machines, but chould olss have suitnble, wall, floor and
roof finishcs to nvermit atmsolute cleanliness to be maintained,

Storage rreas weparatad from the hall will be required.

The two leciure rooms showld be provided with facilities
for viewing films ann glides, so that natural light must be
excluded when necesuary. The rooms should ba adequately sounds
proof so that aachine noise does not cause disturbance and
should hrve accoustic cailings to provide good conditions for
the speakers.

The manager's and general offiec require no special
features, but should provide good working cenditions.

If the centre is located in an exiremely hot climate it
would bt desirable for all ars; 16 be 2ir condit oned,












