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Preface 

At the reconmendation of the ~th Session of the ESCAP Committee on 

Industry, Technology, Human Settlements and Environment held in Bangkok from 

10 to 16 September 1985, UNIDC, Sectoral Studies, and the ESCAP/UNIDO Division 

for InJustry, Human Settlements and Technology will organize a meeting on 

"Production and use of machine t1.ols in the <?ngineering industry of ESCAP 

developing countries". This meeting, to be held in Singapore between 17 and 

21 November 1986, will be a direct follow-up of the UNIDO/ESCAP project on 

"Review and appraisal of industrial progress at regional level". 

The meeting should formulate concrete reconmendations to be followed by 

industrialists and policy-makers in the countries concerned and by UNIDO and 

ESCAP to assist in developing the use and production of machine tools in the 

engineering industry in the ESCAP developing countries. This study will be 

one of the !>ackground documents for this meeting. 

Th~ study w~s prepared by Sectoral Studies in collaboration with 

Hr.~ as cons•Jltant to UNIDO. Tables without specific mention of 

source were produced by the consultant. 
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l. INTRODU~TION 

This study attempts to define industrial strategies adequate for the 

formulation of practical measures for the development of the machine tool 

industry in developing countries. 

The pr1.me objective is to identify the technological requirements for 

entry of developing co~ntries into the machine tool industry and/or to upgrade 

it into DNC-CtlC machine tools, as well as to propose ways and means of setting 

up machining centres so as to take advantage of the latest state-of-the-art in 

machine tool technology. 

This study compr1.ses three main aspects: 

(a) Definiticns and ma1.n characteristics of the machine tool industry; 

(b) Technological requirements for entry into the machine tool industry 

by developing countries; and 

(c) Technological. requirements for upgra<iing the existing machine tool 

indu~~ry in developing countries. 

The first step is to establioh a frame of reference to specify what is 

meant by different terms describing the technology in the machine tool 

industry and which are the salient characteristics of modern machine tool 

computer control system&, particularly since the latter are seen to play a 

predominant role in shaping the industry. 

The second step is to establish why machine tool• have been developed the 

way they have, in addition to defining how machine structures have developed. 

In the long term it is recognized that market forces will play a significant 

role in shaping the industry and much attention needs to be directed towards 

these issues. 
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The third step is to analyze the technological characteristics of the 

machine tQol industry - the effect of linkages with control technology, 

tooling, mechanic~l, electrical and hydraulic disciplines - and not least the 

impact of computer aid in the control of machines and in computer aided design 

and manufacturing. 

In addition to these analyses of technological and operational criteria 

are the governmental industrial and fiscal policies which provide the starting 

point for change. Projects management systems are discussed in the context of 

two objectives: 

(a) Government administratim1 of the machine tool industry; and 

(b) Project co-ordination of a pilot scheme to evaluate the benefits of 

modern technology. 

These two main objectives are supplemented by a step-by-step progressive 

strategy for updating existing, conventional manually operated machines 

towards full computer numerical control and the potential benefits of flexible 

machinin~ systems. 

From the results of this study a development policy emerges which may be 

tailored to suit the needs of developing countries, irrespective of their 

state of technological advancement. 

This study concludes with a step-by-step checklist of factors which 

should contribute to technological advance, taking account of experience in 

the industrialized countries in the field of computer aided design and 

manufacturing and a reconunendation that a project team representing 

governmental fiscal, indust~ial and educational interests is necessary to 

spearhead the proposed progranme. 
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2. DEFINITIO~S AND MAIN l:llARACl'ERISllCS OF THE MACHINE TOOL INDUSTRY 

2.1 Overview 

Until recently the popular conception of the machine :ool industry h2s 

bern one of large workshops populated by noisy machines operated by men in 

blue overalls cutting up metal bars. Metal cutting machine tools still tend 

to dominate the industry but automation is reducing the manual content and 

less conventional methods are being used for metal re:noval. The machin~ tool 

industry comprises mainly: 

Drilling machines - pillar and r~dial types; 

Milling machines - vertical and horizontal; 

Turning lathes - centre lathes and turret lathes; 

Grinding machines. 

The application of mini computers has enabled developments of these 

machines in automated form to be computer numerically controlled: 

Drilling machines; 

Vertical and horizontal machining centres; 

Turning lathes, two axes, three axes, four axes and power driven 

tool options for milling and drilling; 

Grincting machines for automatically profiling and gaugrng during the 

process; 

Automatic inspection is available by means of special probes mounted 

on the ~NC machines; 

Automati.: tool changes are available for drilling, milling and 

turning; 

Automal ic work hanctl ing is avai I able for loading raw material and 

unloading fiPishPd components; 

Fot sheet metal ,..,od· there are manual and computer coralrolleci 

versions of gui1lotiucs, prest;cs, turret punches, welciing machines. 



2.l.l Mechanics ot machine tool::; 

The m•»:hanics ul mad1inc tools h~t"c d:angcd l iLt le in concept but gre:it ly 

in tlctai.lcJ engineering as cutting technology has improved, enabling higher 

power tu be utilizt:d and the technology for bearings has advanced enabling 

hi¥,hcr spindle speeds to be achieved. Twt:nty years ago, 2,000 KPH was 

considered a typical maximum speed ior ca centre lathe. Speeds up to 6,000 RPM 

ar~ nuw possible. 

M;1chine tool structures are principally made from cast iron, steel welded 

tabrications ol concrete filled steel shells, depending on availability and 

choice ol a particular designer. t;ast iron tends to be the pn•ferred material 

because it can be easily cast, machined to provide good wear resistance and 

laarJencJ locally if requ1reJ. Above all it possesses good sound and vibration 

dampening characteristics matched only by concrete filled structures pioneered 

l>y the l;(.'rman machine tool industry. 

In addition to the components produced by tradicional machine tools 

described above for metal removal by drilling, milling and turning, there is 

the need to produce at economic prices a great variety of complex parts in 

small quantities, from more and more diverse materials - a need for a high 

degree o( versatility in manufacturing processes and equipment. Furthermore 

this need must be met in the face of requirements for closer tolerances, 

higher strength in wurk materials, less wastage of material, more trequent 

design changes and shorter product lives. 

:!.l.2 Non-conventional machining processes 

Th.:re are a number ol methods of machining metals other than by removing 

largt! portions by cutting tools. 'Chest' less well known means of machining and 

m•·lal lorming by special purpose metal cutting, abrasive machining, 

eleclroclwmical and electrical methods im·lude: 

(;1) Skivinl:i• This tech11iqu1! is used for the internal finishing of long 

t11lu!t; :,m:h as hydra11lii.: i.:yl111ders tor example. A boring bar e<1uipped with a 

spt!cial t11n~st1!n carbicl1• laced tool hJOmm long removes 0.5mm at up to 20mm per 

111i11111.· i11 one direction and burnir;hcs the bore in the reverse direction. 
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(b) Ueep hole boring. This is a specialized field of metal cutting for 

the production of bores in which the length is greater than the diameter. 1be 

technique was pioneered in the 1930s by Gebruder Heller in Germany, the 

salient fe~ture of which is that swarf is no longer carried away along the 

surface of the bore as in conventional drilling, but is disposed of through a 

hollow boring bar. For this purpose the coolant is fed from a pressure head 

to the boring head by way of an annular space between the boring bar and 

workpiece. The coolant returning through the hollow boring head continuously 

picks up swart and carries it back to the swarf trolley. 

(c) Abrasive machining. Many of the very hardest materia!s can be 
3 machined using special grinding wheels which can remove up to 600 cm per 

minute. Abrasive-belt .. ,rinding machines can be used for flat or slightly 

curved surfaces, but obviously are not suitable for complex shapes. 

(d) Ultrasonic machining. This is now established, particularly for 

~lass, ceramics and other hard, brittle and electrically non-conducting 

materials which are difficult to machine rn other ways. Applications of 

ultrasonic machining include drilling of non-circular holes; production of 

small blanks from glass sheet, semiconductors and so on; shaping of territe 

cores; drilling of fine holes and slitting of diamonds. 

(e) Llectro-chemical machining (ECM). This is currently used in the 

production lines of the aero industry. The greatest value of the technique 

lies in its ability to machine th!? very hard alloys now in use in this 

industry. Applications in this field seem to be unlimited. The motor 

industry is also using this method, notably for deburring operations on gears, 

connectiilg rods and splines. Some users have four:! .. he method economically 

attractive for replacing conventional machining 0n materials that are not 

particularly tough. The accuracy of the process is good; the surface finish 
J 

is excellent; the removal rate is high (up to 16 cm /~in. with a current of 

10,000 amp) and there is practically no tool wear. 

(f) Spark erosion of electro-discharge machining (IWM). This is used 

particuldrly in the tool room. The technique has b~en adopted mainly lo 

manufacture dies and moulds in hardened material, thus el iminatinp, subserpu>nt 
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hardening operations which ofteu produce distortion. It has also been used to 

drill fine holes in high-strength alloy steel and to produce complex shapes in 

nimonic alloys. The tooling problems are not as severe as those for ECM 

although there is some wear of the electrode. during machining. The capital 

cost of the machines is not high and the process is finding increasing 

application in general engineering. 

(g) Plasma machining. By injecting water into the nozzle of a plasma 

torch usiug nitrogen as a plasma gas, up to nine times the cutting speed of 

flaNe torches are pcssible. 

(h) ~lectron-beam machining. This provides extremely good accuracy and 

is thus suitable for many precision applications; its use so far has been 

limited to the drilling of very fine holes. There are many possible 

applicatiuus but the capital costs are high. 

(i) l.ascr machining. 111is is still very much in the development stage. 

The efficiency cf the laser is low and its accuracy for cutting is poor. 

Lasers have so far been used in the micro-electronics and precision welding 

fields, two areas in which considerable use can be made of the laser's special 

characteristics. The application of lasers as machine tools would seem to be 

a long way uii; current applications are found in the field of accurate 

dimensional measurement, e.g. calibration of machine tools. 

(j) dectrn-hydraulic and explosive forming. These are used primarily 

for the bul~ing of tubes and certain types of metal forming and embossing. 

The capital cost is comparatively low but setting up is somewhat slow - they 

are mainly lur lJrge tormin~ operations. Both processes give good accuracy. 

(kJ t·.l~··!~~r11di~lorming. l'lais is limitt•d tu matt!rials ol high 

t•ll'd 1 L .JI , .. 11.111.1 ivi! y :;11d1 as ..:op1,..r an•I .duminium; tor these materials it 

It hivt•:> guuil .1..:,:11r.ll:y a1ul is 1.1pid in upt>ration; with 

l"""'l·I•·, 111.11<1111'. 11 1 •. 1ni.·111.1rly .1ttra.:tivt~ lor 111.1s:; pro1l11ctio11 opt!rations. 

1111· I"'''' .. ;'""' al:.•• I··~ ·ll·l'li•!d 111 111 .. :;wa>;ln~ "t tuht's and tl1t! lur111i11~ of 

I li111 I I.al ,,Ii, o•I, i11l" "11<·-pit•l'.1! 111,· ... 
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Although it is unlikely that t!l._.ctr.,-m~~nctic, electro-hyJr;1ulic, ut 

expl.,sive forming will replace .~xistin;~ 1ucth,,Js, lilt!Y are all valu.alil., 

aJJ it ions to .:urr.•nt f urm ing tedm i.111.-s. 

l. l. l Pruduct i.m o>ngineering 

Associated with developments in m.1chiuo> r:ools are the technol·1~ic .1l 

requirements, which will be discussed in some •lepth in chapter 4. 

It LS significant how computer aids are being rapidly developcci tnr al 1 

aspects of manufacturing be it the control of machines, the workhandling or 

the management systems from design to production pn1cess. 

The first most powerful stimulus for the current trend towa~ds the use of 

the computer aids in manufacturing is tht! need t<J reduce costs. 

The second incentive is to only produce for the market, when the need 

arises, to minimize the cost of funding stock. 

The third requirement is to respond quickly to change, either because of 

technological advancement or because of improvements in quality or lovering of 

cost by competition, Froviding the capability exists to quickly respond by 

change to design and production proce~s. To this end the trend towards small 

specialist units with ~omputer aids enabl~ng quick changeover is becoming 

increasingly evident in manufacturing companies of the industrialized 

countries. 

aecause of the importance of computers in manufacturing, an explanation 

will be made of the developments in control systems in section 2.4 and 

associated manufacturing aids, beginning with definiti~ns of the current 

abbreviations in use, in section 2.2, up to and including computer aided 

design and computer aided manufacturing. These will pave the way towards 

planning for modern machine tool manufacture by taking advantage of available 

technology and leapfrogging the c:onventir..nal manual techniques oi previous 

years. The development of computer numerical control (CNC) is seen to tJe a 

catalyst which has precipitated the present technological wave in the use of 
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.:nm1>11lt>rs in proJuct ion 1•n~1neer1n~, consequPnt ly much ot the tol lowing text 

will be JevoteJ towards ~~Land the attendant benefits. ln chaptt>rs 3 and 4 

it will b~ shown how step by step pro£ression may be made i!'\ developing 

countries by incorporatin~ CNL machine tools and their associated computer 

aicls in product ion engi ne1•r in~, tor manu lacturing industries, "Ii thout 

necessarily incurring l1mg progrmnmcs of educ at ion, training and tunding. 

2.2 De fin it i.ons 

Throu~hout this paper there is fn•quent reference to the abbreviation 

n.c. in rt!lation to what may be loosely described as a family of control 

systems, in association with various types of machine tools. It is, 

therefore, necessary to define a little more precisely what is meant by n.c., 

both in >;eneral t:erms and in thr: context of this paper, pro~ressing to 

l:ompnter t\ided Desil!n (GAD) and l.:o'llputer Aided Maau(acture (CAM). 

(a) Numerical controlled machining (n.c.). An n.c. system 1nay be 

snmmarizetl by stating that it is a man•1facturing procf'SS control led in a fixed 

rcpetitivt> way by numerical lorm ol input. 

(b) l.omputer numerically controlled machining (CNC). Individual machine 

tools which use computer controllers lo store and perform operating 

instructions (e.>:· selection of cutting tools, speed and feed rates) with 

mamwl lo;1din~ and supervisio11 (one operator may attend more than one 

machine). lhese machines can process accurately a sequence of different 

b;itdu:s with low chanbeover time between products. 

A CNL sy~tcm 1s hasically an n.c. system which is f lexihle because a 

computt>r replaces the l ixt.>d lo~ic which forms th•! heart of an n.c. Eystem and 

it may th11t. be programmed to accommoo.'.lt•• a varit>ty of chany.t•s rt>lt•vant to thf' 

m;ll:hi1w typt> or machine• use. 

(c) Llirt!ct num~rical control (d.n.c.). A d.n.c. syste1r. relates to the 

linking ul a number ot n.c. machine~ to one cPnt~al computer, which in its 

1>imp!t•i;t t.1rm may bf~ littlr mort· than .:i St'Cfuenct>r and data ba'lk for storing 

p:irt-pr11~r:1mmf'R and in its moi;t complt>x form may he m<tend1•d to includE- the 

h1mflt•-kf'e•piny. anti co11Lr11l fum·tiom1 ol inrliv1d11al machint>i;. 
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t::.ad1 ul the abov~ n.c. or t:Nt; contrul system.s .:an contrul .ult• 111.achint! ur 

several dilfer.-nt machint>->, but f.,r multiple machine control JnJ supervision 

tile J.n.c. system is relevant. early examples were Mollins sy~tems :u., the 

Sunstrand system and the Ukuma parts centre. In these the various shop 

operations such as tul·:1ing, milling, hardening, grinding and me;1suri11~ are 

performed in a matter oi minutes by locating specific machines to each stag~. 

linking them by i:M?ans of conveyor and automatic work changers and controlling 

them through one central CN\; system based on a mini-computt!r. 

(d) Flexible machining system (FHS). Two or more ma.:hine tools, linked 

by an integrated parts handling system and opt!rating un1ler the control of a 

computer. The control system can route parts ~etwecn machines so as to 

achieve, for example, maximum spind~e utilization or minimum lead time. 

f"'MS is a develop111ent of d.n.c. whereby the use of computer numerical 

controlled machines enables parts to be machined in groups, chan~eovtr between 

one type of component and another being carried out automatically under 

control of a central machine tool contr'>ller. 

(e) Computer-aided design and draughting (CAU). A computer based 

facility for the design of engineering components and assemblies, using 

specialized software pa~kages and data files. Applications are currently 

applied to general assemblies and ldyouts, perspective views and diagrams used 

in tendering, subassembly design, detailed piece-part design, jig and fixture 

design, parts lists, engineering calculations and improved standardization of 

components and tooling. 

(f) Computer-aided manutacture (CAM). A system which supports 

production engineering by defining operating sequences and part routing, 

creating control tapes tor CNC machines, establishing requir~ments tor 

fixtures, toolin~, etc. and simulating operations prior to first-off machininK. 

(g) Computer-integrated maaufacture (ClM). The concept of a totally 

automated tactory in which all manufacturing processes are integrated and 

controlled by a CAU/CAM system. ClM enables production planners and 

schedul~rs, shopf loor foremen and accountants to use the same data hasp as 

product designers and engineers. 
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.i<.r!oti t i•111al computer aid,., for tin· m~na~<"mcnt ol a 111anufa,·tur ing operation 

ta) Computer aided proce~s pi2nning (CAPP). An off-line computer system 

11p1•ral int: from a co1111DOn d:ita base handling set-up and run process times for 

individual op~rations. 

\b) Computerized inventory control. An on-line computer-based system 

op.~ra~ inr ft om a co1111110n data base and handling bills of materials 1 materials 

r.~q11i1emcrat planning, inventory 1E:c-ording and control an•1 1>un·h.:ise ordPring 

and contr'Jl. 

(r) Cf')mputer-aiJed prod11c1ion ma11agement (CAPH). An on-lir.e 

<:•1mputer-t-ased system operal ing from a commoa data base and handling 

11•ar:ufac:turing inst1uctions, opetating sequences, shop loading and scheduling, 

work-in-pru.;rPs~ monitoring and despatc::h procedures. TI1e more advanced 

~y~tems i•1corpc•rate product costing and variance analysis. Togrther with 

1:-Jmputt>a-ized inventory control, this forms a complete computeri;ed 

r.-.anufa•:t11ring control systrm. 

(cl) Automated stores and parts issue. A control sysrem which, un<ler 

romputct management, places parts a11d material!' in storage localicns and later 

cl.divers them lo work stations in the machine shop or assembly area. In mosl 

cumpanies, th~se systems includ~ conveyors, high rise a11tom:1tetl stores, 

stacker cranes or robot trucks and automated routing. 

(e) Automated assembly and test. Unlike the machining technologies, 

whid1 apply ;;pecilic solutions Lo hidustry-wide functions, this category 

covers a range of asse~bly and test aids in which specialized equipment and 

techniques are used in different sectors o[ industry. In some cases 

relatively simple improvements in assembly and component handling are 

appropriate; in others, major investmtnts in mechanized assembly and automated 

test equipment are needed. s~me companie& may include robots; others may need 

large automated test-cells. 
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2.3 Tooling technology 

Tooling technolofy embraces m.-iter ia 1 s, mount inr.s aad th~ alt end:or~t 

physics relating to tht> intt>ract ion bC'twern tilol l ir and .,,nrkriece. 

l:.qually important lo basic machine to"'ls an• lhP t.ml~ themsl"lves. 

orit:inally th~ simplest metal cuttin~ tools were made of hi~h carbon ~terl 

which could bl" re-ground and reset by the operator, in•lt>Pd manually operatecl 

machines still rely on this mrlh\.ld. With the advent •>i St'mi-automal ic, 

sequence control, numerical control and computP& mnK•ri'-·al control systems tl•t• 

tooling technology has progressed from simple re-usable tools, pre-set 

tooling, qualified toolintt with sintered throwaway Lip'>, to qualifi1·d 

autoaiated rcplaceabie tooling systems {or uhmannl'd opPration. 

2.3.l Materials 

Modern tool:. art> bast~li rn•dt.-.minanl ly OIO sinter-eJ ll'dmology ancl im: lud1!: 

Tungsten carbidr 

Ceramic 

Bl•ron nitride 

Diamonds. 

These materials enable hi~h metal removal rates to be achieved on hi~h 

strength steels. The first hard metal was pioneered by the Federal Rrpublic 

of Germany with the developmPnt of tungsten carbide. 

2.3.2 Tool holders 

Tile siniplcsl tools u!wd on machine tool lathes, drills and millinf 

machines wt-rr made from carbon tool steel, to be fol lu'.olt:d by chrr•me molybd1•n11111 

al !oys or hi~h speed slrt>l. l'hNH' l ooh Yl'rc r-e-~rmmrl an•I rPset as Ltwy 

Jc·veloped wear. With t!U' advent ol scqut>nrt> conlr-o)lf'd madiint!f> and in ;m 

elforl to rt>dm:r set-up time· and chan>;eovt~r timP 1wu•ssary l., obtain 

ecunomi.:al small batch m.1n11lac1111r, a sysrrm ol pr1·-sl'l tnol in~ w:.s pionf't•r1•d 

hy Alfrt>d lh•rbt•rl nf l'ov1•nl ry. In this sy?"t1·m, st•con•l:iry lonl holrlr•p; w1-1"•' 



... . ... 
:.beJ in which the tool proper was set accurately in a special jig aud 

~haJuwgraph to posit ion the tip to an a.:curacy of 0.01-. This enabled set:; 

ot to~ls, fur example tor a turret lathe, to be prepared away froca the f~ctory 

tlour anJ held in readiness ivr a partic•.Jlar coaaponeat. 

The development ot numeri.:al control heralded a further deve"opment, the 

concept of qualified tooling u:- tng standard tool lengths and special tips 

secureJ by a single sc!'"ew fixi ;, which could be rotated to one of several 

positions, each with a new c•1tting bee. 

Finally there is the ~urrent development of quick change tooling for 

unmarne,l machining. One of the lllOSt widely publicised is the Sandvik bl«X;k 

tooling system which incorporates means for clamping a tool in a $pecial 

holder which may be Qperated on demand from a CNC system, a new tool being 

supplied from a tool-changer. 

2.3.J Milling cutters 

The clamping systems on milling cutters equipped with hardmetal indexable 

inserts in most cases are relatively cumplicated. Tiley require 

superstructures which hamper a free chipflow lclamps, sharp edges etc.) and 

which considerably reduce the space needed for a s~oorh chip formation. The 

operator may therelore have to reduce either the cutting speed, the cutting 

depth or the feed rate in order to obtain satisfactory results. 

There are two fundamental concepts around which cutting tools for milling 

are structured - positive gecmetry and negative geometry. 

2.).4 Upm1ll1ng/downNilling 

Upmilling or nor10a! milling is normally applied when using light duty 

machines, for a given 1omrkpiece. lJp:nilling r;e,1uires more hors.cpower than 

downmi ll ing but, u'.Jt! Lo the re:; i:;L.mce ol the cut, no snatching or pulling <>f 

a cutter inlo t•1c workpiece ,,.;curs. Small light •luty machines generally hdve 

nu l~ad i>crt:w backlash elim111.11 ion, ht!nce tht! ne•:t!ssity to use <.·onventional or 

11p1nilli11~ lllt!lhud:i. 

, 
I 
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This lethod o~ wachini1•~ give~ an interit•r surl .ce finish, necessitating 

fin~ fee~·; with hi•.'" speeds Io overcome the cut t inf resi:;tam::e. A tend.ency to 

lift the ~~rkpi~ce 1r0fl" the lable o.:~urs. 

Dovnmillinr o~ .:limb milling necessitates rigid 111a.:hir1:os e'tuipped with 

~acklash e~i.minati•.'n lO the lead Screw, alternativ1•ly, CN\, .LIChines with the 

ball screw ~rran~ement. Tile cuttin3 operation pr~;ents less resistance thar 

conve:ltional mill!.r:g, the rotation :·f the cutter <.iding t~~· cutting by pultin~ 

into the workpiece. The swa:·f starts at the maxi1•.!1Ql thick,._,•s then 

diminishes, whereas conventicnally Lt starts small and th~·' increases. 

: .3.S Effe·:t of toe ling on machine design 

Undoubtedly the developments in harder cutt~ng ir.Gterials have influenced 

the design of modern machine tools in terms of: 

M~chanical stif fnr.~s 

Anti-backlash axes drives such as ballscrews used in CNC machines 

Variable speed spindle drives as used in CNr. machines to keep th~ 

cutting surface speed constant 

;·ool changing facilities for continuous, s.-mi-manne<l :in:i unm:mnrrl 

operation. 

The main conclusion to be drawn from this appraisal of tooling techno~ogy 

is th3t manual machines, designed for use with soli~ hi~h sp~rJ steel tooling 

cannot compete in term,; of stiftness an<I spin.tie power with modern ,·omput.-r 

control leJ machint>s P1p1ipped with automatic tool "'f>ar, monitor in~. anrl tool 

chan~··rs which are designed tor .;ont inuous heavy duty opPn1t inn. It is 

"'Kstionabie it the automacion ol convencional mad1int·s ::an he ec11nomically 

justilled but limited semi-aucomat1c aids m.1y be considcr··d ettective. 

2.4 Machin~ control ~ystems 

There are three groups of automated machinf' tool& req11irin~ control 

systems: 

f 
I 
I 
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\a) Semi-automatic. The role of the operator i~ reduced by 

sup1-•lemt!nting 111anual tasks by electric hydr.tulic or pneumatic assisted 

operations. 

(b) Fully automatic, including sequence controlleJ machines. Further to 

the ahove power assisted functions there are means of sequencing the machine 

automatically. Such machines tend t.> be specia 1 purpose machine tools built 

to carry out a specific sequence of operation~, making the maximum use of 

fixtures and tooling. "Oley are very expensive and can usually be justified 

only for the mass production of consumer durablP.s. 

(c) Numerical control, including computer numerical control. To meet 

the need f\Jr a versatile mac'1ine tool which can quickly and economically 

prllduce a tew components of a particular kind, numerically controlled machine 

tools have been developed in which ther~ is virtually no tooling at all. All 

the necessary uaovements required to machine the component are performed 

automatically by the machine itself, in response to numerical information fed 

to it in coded fora on punched paper o~ magnetic tape. 

The development of numerically-~ontrolled machine tools has made it 

economically possible to produce a wide range of components in batch 

quantities by completely automatic methods. the advent of the mini c~~puter 

has enabled such machines to be even more versatile. 

2.4.l !lpes of control systems 

irrespective of the level of automation required in the three groups 

above, to automate oper4tion of a metal cutting machine such as a lathe, 

miller, drill and so on, it is necessary to: 

Control each individual oi, ·ration; and 

Cor.Lrol Lhe sequence of operations. 

111..:rc;rnc!•l proJu.:r.ivity lrom c.111Vl!lllim1al machine tools can be realized by 

i1a1r1.cl1" in~ 1p1itc ch•!ap elt.>.:lrical, hyclr.111lic, or pneumatic Jevict.>i> t<.• act as 

:.uflsl 1l11lcs lur manu.11 operaLionii. 
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lht! m<1st v ... rs;1t i. l.! .11aJ proJu..:t ivc 1uJ..:hincs 1n llS•! l"'L1y ar.- .:.•1111•1.' .•r 

m1m.•r i..:a i control lcJ machines. 

lht!re are m.any allVJntages ut iutr•_)ducing St!•(uence control: 

{a) Tht:re is invariably J reJu..:t iun 111 the time rc•111i rt!J tur .1 1o.hn l,! 

upt!rat i.<Jn; ope rat ions can ov0::1: lap, a tool can be ..:hange.l at tilt! s.im.~ L i..11t: :u 

the ::>pi.ndle spt:t!J anll both the turn:t anJ ..:t"o'is sl ill<! ..:.rn operatt! 

:::i i..nu l t i>llCOllS l y. li ::>ever.ii m.ichine tools are t itt.::J with S.!'}Ut!nce c.ml rl•l 

then inevitably there will be a saving .~ labour. 

(b) wntrolled spt:eds, pressures and teeds result in improve1l .iccuracy 

aml t inish and reduce tho: number of rejects. 

(c) Tool life is increased. 

In general the saving of time on lathe work is often irom 25 to 50 per 

cent. 

In recent years considerable advances have been made in the field oi 

part-programming techniques, the use of microcomputers for simulation and 

prove-out tapes and the move towards even higher-level programming languages 

which enables interpretation of drawing information and makes conversion to 

machine language more simple. 1·11e advent of computer numerical control leads 

to even greater scope in this dire~tian, with the objective of linking design 

with the manufa~turing process through the medium of CAI> • 
.;. 

Part programming problems are a combination of multiple axes 

con-;iderations, e.g., m..lchin:ng centre, ge•>metrical considerations of a 

C••mponent and machine, tooling confi~uratiuns and cutti:lg techn.:>lngy. Much 

work has been done to simplify part-pr.>gramming languages .md much r.:;eful work 

in recent years has ~~o:n directed towards formali&ation ot terminology and 

pro.:.:dure!I for compiling part prograrnntcii. The most advance<! te~hniques 

require &>nly the Spo!dfic,1tion of the fi.n~shed part rlimensions anJ typt: oi 

matt:rial used; thereafter :jJ:·ecia! computer programmes Kenerate :;tep-by-step 

.:11r:tin1:. 1lata even to the point ot <le.:iJing how many rough cuts :>ho11LJ te taken 

.111.1 to wh.1 t rou)Zh in~ :; i .i;e:.. 
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2.4.2 The use of micro-CL'lllputer [er numerical control - CNC 

Althoa1;h c.;••K systems were originally developed [or metal cutting machine 

tools such as machining ~entres and t~rning lathes, they are applied 

universally now to all types o[ machir~ and work h:mdling systems: 

Metalcutting, forming, punching, drilling 

Weldin;; 

Painting 

Robots 

c.;onveying systems. 

Then:~ are several points to remember: 

la) \\hile the problems of positioning mechanical devices can be solved 

by standard electro-mechanical or electro-hydraulic servo mechanics, the 

cmnputer does not know whether it is driving a machine tool or a robot. It is 

the executive progranune of the comp•Jter which describes how the machine has to 

be powered. 

(b) The executive software programme is designed by the machine tool 

control system supplier and stored permanently in the memory of the computer, 

whe1·eas the part programme is compiled by the user and may be stored, edited, 

replaced or destroyed at the ~iscretion of the user. 

(c) In general, a computer accounts for 30 per cent of the total system 

in t•!rms ol hardware complexity. TI1e remaining 70 per cent is made up of 

intt>rtacin~, power supplies, cabling transducers, etc. If one excludes 

l!1.1d1i11t! tool positioninz and teed drive system, the computer accounts for 

al.rnut he.It of the control system and th•: interface accounts for the greater 

part of the remaining half. 

ld) The computer can he programmed to det1·~t taulty conditions on the 

m;i.:hinc in addition tu control! ;ng tht· machine and inclicales such faults by 

nk·ans Cll a speci11l cod~- numhi•r or error m1!&Say,P which is flagged on the vi1;ual 

clii;pl;1y tn ft;ll the urt·ratc•r wtlt'r~ rlu.· tmilt is. It can bf" dt:duced which part 
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lll the contrlll ts ta11lty and the ile..:ision can be made whether l•> •-eplact~ the 

de1ective part or to change the control systc:u t"r a new one: tin:! systt•m .:an 

be unplugged from the ma.:hint! it re•1uired. 

2.4.l Interactive graphics - CAU aids 

The use of a standard system of ..:od ing tor part pro~ranuning has 

influenced recent dt:vielopments in applying compui:er graphics to aid the 

pro~raJlllne:r. Such systems are referred to as interactive graphic systt~lll!' 

because the operator may now programme the C:'<IC system by reproducing a JrawL1~ 

on a visual di!.play and entering t:1e dimensions, tool stations and material. 

The computer Joes the rest. Un early systt~m·>, the CNC systt•1n was ·~q11ipped 

with a secondary graphics computer which pro.:essed the drawing information in 

terms of roughing and finishing cuts, tooling technology such as feeJs and 

speeds and c011ununicated with the CNC system at the tape reader interfa..:e in 

lSO code tn the usual way. On more recent systems, however, a high levE.l 

language is used which enabies part programmes to be edited and corrected and 

a new tape to be produced in ISO format if required. 

2.5 Manufacturing systems and production engineering 

This section reviews how computer aids assist the principal functions ot 

a manufacturing business: 

Controlling the business 

Engineering the product 

Computer-aided production management 

Production quality control and test 

l)ata storage and communications. 

All manufacturing busincsscs require a master schedule. Tne master 

schedule is the key document tor the executive manaP,emenc of the company. lt 

represents the strategical links between the chief e .1::cutiv1! an.I principal 

tunctimMl heads, shuwing wh.il is ~oing to he J..:hit!Ved anil ""h"n. Stri..:t 

disciplitlt!S must ht! t!:.t;1hli:>h•~•1 tu de~tcrminc who c;111 make d1,111r,.·:; lo U1t! 
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m;t!-l•·t sdlt'dnl .. ;11ul wh1•n. ThP rn;1strr schrdult> is onf' of the tw~ key drivl'rs 

111 lit•' h11si1lt'ss. The nthPr is the l.iill of Malt•rials (HOM) which dt>terminl'S 

what h;1s to tw 111ade fnr t•ach prodm·t or individual or•Jcr. 

ln an intPrratt>d systr>m, all prmlm:tion managr:aent data hf.'ld in the 

~y,;tp1:1 aro~ av:;ilablt: on-line and in real-tinu>. They will show the HOM at its 

.:urr•·rtl nn-ro·ct status. Recordlng ~aci1 shop operation wi 11 indicatl~ also the 

..:11rr•·111 st;1le of complt>t ion nt al 1 components. Work-to lists tor produ..:t ion 

shops, or asst>mbly shortaf_e lists wi 11 be avai I.able nn-1 int~ and can be issued 

in .i.~nmwnt tllnn if req11ircd. 

For these r~asons, it is essential lo locate terminals at convenient 

pninls ~hrnui;hout the shopfloor, stores, ;•md1asing and quality control 

tlt·partmenti;, as i.;ell as graphics terminals in thr Pngineering and CAM 

ch•patlnlt'nls. Systems with thes<> capabiliti•~s will permit levels of manageroenl 

c:nntrnl to be established which Wf're inconceivable ten years ar,o. 

The (:nJ;ineet·ing of a product to meet a customer's requirements is a 

coniplt·x process involving m:my skilled and experienced specialists. In 

addition lo exi..ensivc opportunities tor work processing, tlu> principal areas 

in which .:omputf"'r aids have been developed to assist the engineering function 

CAE Computer aicied engineering 

c,\D Computer aided design ;md draught ing 

CAM Computer aided manufacture 

CAPl' - Computer aided procr!sS planning 

CAPM - Lomputcr aided production management. 

lhc fundamental p'1int which makes integration of tlw lirst three so 

bcneficid is that thry all require a geometric model of the product or 

componcnl s. Al present the rr:iphical model is first created in the drawing 

offio~ as a paper drawini;; it is tht!n used by the oltH'rs for their own work.. 

Thi:; usually involvc>cl redrawin~ the samt> item many timeG. a tht! origb:il 

n11)ch·l can he cre!lt<'rl on a computrr lht!n it can be acCt!liSCrl by lhf' many ust•rs. 

~ ir:lire l refers to the area:; wher<· compuu~r based sysr r•ms arr· avai I able. 

i 
I 
I 
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J. TECHNOLOGICAL REQUIREMENTS IN DEVELOPING COUNTRIES FOR ENTRY INTO THE 

MACHINE TOOL INDUSTRY 

3.1 Criteria for the selection of machine tools 

, Generally speaking, workshops may be divided into three categories; 
\ 

(a) Small job~. E.g. smdll business employing up to twenty persons. 

(b) Light mechanical eng~neer1ng. Company employing up to one hundred 

persons making one or more ::>roduct lines. 

(c) Large company. Autonomous manufacturer or divisions of an 

international group of companies m~kinb large capital goods. 

Mention has been made in section 2.2 of the important role played by the 

modern CNC machining centre. Requirements for such a machine and the 

technical features required are illustrated in table 1. 

Where favourable conditions exist for the manufacture of machine tools 

which are technically and financially competitive in world markets there may 

be a strong incentive to set up high volume manufacturing facilities. The 

high capital cost of these and the attendant risk would have to be balanced by 

other forms of returns on investment. 

The factors influencing the strategical issues outlined above may 

therefore include: 

Raw material supplies 

Specialized equipment supplies 

Power 

Designs and standards 

Licence deals 

Technical und management stafl 



Table 1. The stcucture of machining centrer 

Products 

Volume 

Machine utili&~tion 

Key requirements 

Small job shop 

Low accuracy parts 

Low to m•dium 

Low 

Low price 
<low cash requirements> 

Shop floor progranning 

Low tooling-up costs 

Quick response time 
<simple tools, quick 
progranning) 

Knee or bed type 

Stand done 

Light mechanical engineering 

Own products e.g. pumps, 
valves 

Hed\um 

Medium 

Co-ord~nated production 
engineering and 
manufacturing 

Ability to produce difficult 
features and tolerances 

Operate with simple 
produr.tion control systems 

Bed type 

Integration into a cell 

Large compt.ny 

Complex parts e.g. dies, 
turbine blades, 
contoured parts. 
Making sets rather than 
individual components 

High 

High 

Off line prograaning 
and testing 

Standard tooling 

High accuracy 

Controls ability to deal with 
complex features 

Large tool changer, pallet 
changer 

Integration into a system -
D.N.C capability 

.. . 
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FunJin~. 

J.L lnpuls r~quireJ 
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Th.· primary input re•1uireml'nts ace raw :uaterial, specialized equipment 

~mJ power. 

l.Z.l Kaw material anJ specializeJ equipment 

The most popular raw material for making machine tools is cast iron. 

This must either be pro.luced locally, imported or some alternative form of 

construction be de:>igne.t to minimize the cast iron c.:>ntent. To produce 

castings of at:.?quat~ quality anJ quantity is a major undert!lking because in 

adJitiun to supplies of iron ore or pig iron large amounts of power are needed 

for heating the furnaces in terms uf electricity, l.p. gas or oil. 

Specialized steels tor moving parts of the machine such as spindles and 

slides are required in small quantities but to strict quality standards. 

Modern machine tools (anJ indo>ed the early l:Onventional manually operated 

1nachines) are hea~ily dependent on electrical equipment such as main motors, 

axes feed drives, pum~s, contactors, switch gear and electrical wiring. 

·1.2.2 Power 

In ad1iition to th<' powt•r re•111irt·•I to operate l11r11;1ces there is the need 

tu :-.11pply sutfici1!lll pow1!r lu run !lw machine Louls which are re11uired for 

m.w11t.11:t11ri11~. It is nol hcawr.illy rc;tli"ed Lhc1t a modern CNC tool such as a 

l.1llll! 11r 111.1d1ini11r, 1·1·11tr" tor •.·l(a111pl" will r1·•111ir1! anything from 

Lll·lllll kil.1w.1ll:. - :.11ll11·i1·111 t.1 lq).l .1 :>111.all 111lla~•! in many <lo!Vcluping 

, .. 1111l I I•''•• lo l.1! l11l ly p:.11!111 I IV•", .1 11l•hlcn1 lal'.lory :;houlJ be ~ap.1ble of 

11111111111: tl11•··· shil1~; ''" !.'1 h111t1 .•. 1 1l.1y, thus llw power s11pplie:l <trt: rt?quire1I 

'" 1 ... ·•··1 .. ·11•1.ildc· .111•1 ""I.ti' wh1·111·vo·1 th•~ ,,. .... 1s11111 1h•md1ul:.. 
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l.l !>esi;~u; .:rnJ st3ndanJs 

3 • .i. l ik:>igns 

Design::; of machine tools luve evolved during th•! lase t"'u ,lt!c.1<les into 

two broad groups: 

Traditional manually operateli machines 

Modern ~NC machine tools. 

In tht! case of the manually operated machines they are characterized by 

their inherent simplicity e.g. rigid structure, usually cast iron, 

incorporating a constant speed maindrive motor with gearbox for speed 

selection and manually operated lead screws for actuating the tool slides. 

The modern CNC machine tool, on the other hand, while appe.iring to be 

superficially similar in configuration and using a similar rigid structure, is 

radically different in the drives and control area because of the complele 

dependence on electric actuation. The main drive motor is a sophisticated 

D.C. or A.C. variable speed drive, th~ multi-range gearbox is reduceci to two 

speeds or elim~nated entirely and the axes are powered by variable speed D.C. 

or A.C. drive motors driving precision ball screws to eliminate backlash. 

3.3.2 Standards 

(a) Requirements 

The majority of machine tool builders (excluding American manufacturers) 

make 1nach ines to metric dimensions and: 

European 1.s.o. 
English 8.S. 

German D. l.N. 

Japanese J.M.T.S.A. standards. 
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There are universally recognized l.S.O. sta~dards for: 

Hain spindle power rating 

Chuck $izes 

Spindle nose sizes 

Tool holders (square section and tapers). 

Additionally, there are Safety Standards and/or Codes of Practice 

relating to machine safety and electrical performance and c~nstruction of 

which the most significant in the United Kingdom are issued by the Machine 

Tool TraJe Association (MTTA). 

When exporting to foreign countries it is important to study specific 

standards for approval of electrical equipment for example: 

Cana<la - Canadian Standards Association (C.S.A.) 

United States of America - Underwriters Laboratories (U.L.). 

(b) Legislation 

Considering the importance of all these standards, which of necessity 

have been compiled over many years, it is essential to institute a national 

means of establishing a standard compatible with international requirements 

for materials, manufacture, electrical equipment and health and safety as a 

minimum pre-requisite to the manufacture of machine tools. Experience in the 

industrialized countries suggests that it is one thing to set up or adopt 

existing standards and publish them - it is quite another matter to enforce 

them and it may take several years of legislation and persuasion to take 

effect. 

3.4 Licence deals 

Undoubtedly the quickest way to enter the machine toe\ industry is 

through agency arrangements, progressin~ from sales to service and then to 

licence for assembly (knock-down kits) and further full manufacture. 

I 
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In the case of licence deals, there are a number of ways in whi~h these 

may be structured: 

(a) Straightforward assembly from kits. Limited technological transfer 

on existing (frequently dated) designs. 

(b) Manufacture and assembly to existing designs: 

(i) For sale in country of licensee; 

(ii) for sale in export markets by licensee and/or licenser. 

(c) Joint venture company with full technological transfer and 

design/development content. 

Because of continually changing technology and market forces, the ~est 

deal is undoubtedly a joint venture company in which the participants share 

the investment, profits and risks of the enterprise. 

On the question of patents - there is a move towards honouring patent 

arrangements betwee~ trading countries. Fees for licensing vary considerably 

depending on the scale of involvement by the principal and may range from one 

or tw~ per cent to ten per cent of sales value. In practical production 

terms, a set of manufacturing drawings, planning sheets, tools and fixtur~s 1s 

more valuable in t~e short term. 

3.5 Human resources 

Human resources are probably the most important factor to establish a 

machine tool industry because of the continuing process of innovation and 

application engineering which typifies the industry, coupled with purchasing 

flair for sourcing specialized equipment from suvpliers worldwide. 

With the advent ot modern CNC machine tools and computer aids now used 

for manufacture of the main cvmponents of machine tools, IT'any of the 

traditional skill dependent opet'ationd have bee11 eliminated - even dow11 to 

inspection and test. The machine tool operator for example, now tends to be 
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su1• ts•.:•le'1 l·;;- :; p;in 1·r•~r1am...,··1, s:tve for changint: tools, material an.I 

.,-1},•.1-!in~ tini~:iwd .:•l';:i···n•nls. H ... •dern Cl\C machinn;, once ccnt::ctly 1•r•;~1ammed 

;ll'LI SCt ur, r.:a._hine t:c1::1p1nH'lllS to toletanCCS harf'ly obtainable frtlM hanci 

l!a::ic n!•1ui1emf'nl~ tor semi-skilled workers in mac_hine tmJl construction 

j (l(" l-1·.!•.:: 

M:it€1 j :;I !ilO\"to'ffi•'lll 

:t;>.:hino: operat inn 

LG.JC i 111: anci un J. •a•I in;: npc r c: ti ens 

•·ittin~ an~ as,oemhly 

~itini; :rnd te~I. 

,\:; a ;11rn1·•a:1m the) 1e•1u1re skills in yorking hanrl operated machin~~. 

mc.J:;urtng iP~trumenls and readi1!g engineering drawings. 

3.).2 Sl:il lt:d wo1kers 

Tasks normally associated vith skilled workers include: 

Machine calibration 

Tooling set up and machine demonstration 

Preparation o( n.c. tapes 

Part progranune preparation on interactive CNC systems 

Customer training 

Commissionin~ of electric drives and CNC systems including diagnostics 

Production planning including the use of computer aids for process 

planning 

Conceptual design including detailing for production, including the 

use of CAD. 
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,\s .:i m1n1mum they require tu be cduo..-al•·tl lo LPchnici.:in grade, be capable 

ol reading, preparing drawin~s and specifications, carryin~ out 

mcchanical/t.>lectrical calculations anJ b..- convl•rs:mt with loolin~ technolo~y 

as appropriate to their speciality. For programming and operation of CNl: 

machines training is require•i to (ami liarize the technician with the m:Jchine 

functions and programming languaF,e. 

J.b Repair and maintenance 

3.b.l Repairs 

lfrpair and maintenance ot machine tools re•1uire similar aptitudes and 

skills Lo those cf the machine tool builder. There are three main elements of 

resources which are essent i a J • 

(a) Uata 

Complete dccumentation for th1~ product includinY- handbook; 

Recolllf'lended spares, part schedule, diagnostic (trouble shootin~) 

handbook. 

(b) Skill 

Qualifications (technical and practical) in related subjects; 

Aptitude for troubleshooting; 

Ability to work without supervision; 

Competent to completely service the machine, test and calibrate 

to original specitication. 

(c) Equipment 

Standard tools of trade for mechanical, electrical and hydraulic 

desciplines as required; 

Specialist tooling as required for the dismantling of a particular 

component; 

Test and calibration cquipml·nt. 
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3.6.2 Maintenance 

It is customary for machine tool builders, in collaboration with 

specialist control system and drive suppliers, to ~ffer annual service 

contract facilities. These involve the payment of a lump sum to cover a fixed 

number of service calls per year on a 24 hour call basis for hoaae based 

machines. 

Wit.h the high productivity obt2inable from modern CNC machine tools, a 

breakdown has a more direct impact on the production prograa&e for a com,any 

than that of a conventional hand driven machine where a substitute machine can 

more readily be utilized while the fault is rectified. Coupled with the 

n:echani~al failure, which can be rectifierl by the traditional mechanical 

maintenance engineer, is the problem ot servicing several complex ele~tric, 

electronic drives and a CNC system. 

Where more Lhan one machine of a given type is purchased there is a 

strong argument for self-sufficiency in terms of trained human resources and 

spares stocking but the economics of self service need to be carefully weighed 

against the cost of a servi~e contract where specialists and parts can be made 

available on demand and only paid for when required. 

3.6.3 Service strategy 

The importance of service is fully recognized by major machine tool 

suppliers, who offer aingle source service for both machine tool and CNC 

system. In the case of exporting machines, the usual route is through 

agencies handling similar types of machines and systems. 

3.7 Economics of machine tools 

.,.he growth of CNC machine a;ales and their vital role in cost effective 

manufacturing, particularly for metal cutting operations, make it natural to 

examine the rationale behinrl the purchase and/or manufacture of this class of 

mac hint.!. 
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Economic aspects of machine tools include: 

Justification of purch~se 

Depreciation 

Finance. 

3.7.l Justification of purchase 

The classical method used tc justify the cost of purchas~ of a nachine 

taol is to assess the productivity of the new machine in te~"lllS of numbers of 

parts produced and compare the result with the replacement ccst of the machine 

and the productivit) of that machine. However, this method ignores two 

powertul strategic issues wh~ch go beyond prodactivity. 

(a) Market 

Market forces require deliveries to be made in a shorter time than the 

deliveries offered by the competition. Tilere must he the capability to 

literally make parts to order in the shortest possible time. It must be 

possibl~ to quickly break down machine tools from one job and re-tool a new 

job, frequently in small lot sizes. Quick delivery can mean the difference 

between receiving orders or not, a situation which can directly affect the 

survival of the business. 

(b) Inventory costs 

The high cost of inventory - typically 15 per cent in the industrialized 

countries - means th9t economic batch quantities necessitated by the volume of 

parts required to justify the long set up time of traditional machines can no 

longer be afforded in a highly competitive world market. Thus a new CNC 

machine tool which offers the capahili~y to make parts on demand, as 

economically for 1 off, 10 off or 100 off wili enable inventory and more 

importantly, the cost of funding inventory to be minimized. 

In view of the above considerationt, it is not uncommon nowadays fer the 

purchase of L.•C machines to be justified on the basis of savings made in the 

reduction of inventory and work in progress alone. 
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.\.t:liti•111al arh11111.~nts lll t.111011r of c~•mputer controlled m;1d1incs are 

-.. 111 .. •l t•nt·s o.1sc•l un :. .. 1vin~s iu ••1•..:r.1t.1r::;. lhis is t-.•c.iusc .i mo.tern LNt; tur.1in~ 

L.th.~ is ..::a11.1blc ut the ,.,,tput ··•1111v:tlent tn f,mr m.mu.1l Ly .1per:1t·~J L.1thes, 

-> .. 1•:111~ :! "perators. This is 111 .. 1inly Oec.Ju.:>e the 1u:Khinc can nm L•trgcly 

111i:!t:'. . ..:11cic•l for 2-' shiti:s 111ith consistent qu:1Lity .rnJ <limt•nsiunal t»Lt>ran..::t..·. 

Si:uiL1r .1r;.;umcnts tav.mr the u:>e ot CNL m&1chi11in~ ..::entres which combine 

<.:•Hl'Jcntiunal millin~ •rnJ •frilling operations. :\ muJcrn t:Nl; m&1chining centre 

•''tuiplJl'•I with tool changt!r uper;1tin~ L-J shitts may replace four cunvent ional 

mdling/drilling machines, thus s.1vi11g lwu u11eraturs. 

l. l. ! Deprec iat i•m 

AttituJe:; are ch;rn~ing 1t1hen cal..:ulating the payback/depreciation of 

mmlcrn cm: machine t1111Ls. Capital pLmts <icpre,·iate at a relatively sl • .,, 

r.ite, typic.11 ly 5-111 y..:ars. In the .:ase of a hi~h pe:::tormance machir.e ,.~•ere 

is a ••h.JVt! towards working trwr&1 to m:1Kimum capacity anJ Jumping them .o1hen their 

usetul working lite is .1ppro.ld1e.l, alt1eit <!Ccelerat~J by high usage. In 

industrialized cor111tries it is quite common for a maching to [>ay for itself 111 

two years and a one year p.1yback is not uncommon. 

3.7.3 Finance 

enc increasingly popular w.iy <Jt [inancing the capital purchase ol' machine 

tools is through leasing companies who specialize in funding the capital 

purchase ol' machine tools and leasing tht?m to the user Ln the form of a 

rental. There are twu siKnificant benefits to the user: 

(a) Capitai LS lh•t tied up in j>Lmt and 111ad1i11ery and m.ly, therefore, be 

.t.:pl.,y1:d in funding work in pr1l~res:; 11r profit.1ldt: business V•·nturel>. 

( b) The rc:nt .tl p.i )'mcnt s m.1y ~... I. r.·;1 t•;<J as r.!veirnt! exp•?11tli t ure by 

r.1:.utiou .tuthorit:wi .tmJ .tr•• cl1:.l11clitdc ,is .1 lt·;'.iti111.1t.~ opt•rating cost llom 

th.· prol it an.J 1<>1>:> ..;c.:.,1111r.. 
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3.8 ~trategy for forming a machine tool company 

liefor~ discussing the strategy for the formation oi a machine tool 

comvany having the capability to make CNC machines, it i3 appr~priate to 

re•;iew the !Jasic characteristics of conventional machines versus CNC 

me.chines. These are illustr'tted in tabie 2. 

A typical breakdown for works cost of a CNC machining centre is shown by 

means of a pie chart in figure 2. Clearly the high bought in content 

co~prising specialized electrical equip~ent demonstrates the shift in emphasis 

Letween the conventional machine tool factory and a modern factory making CNC 

machine tools - the latter may comprise little more than a fitting, assembly 

and test department - all mechanical items may be sub-contracted to 

non-machine tool job shops, reserving only final machining for the parent 

company. Thus the capital investment for starting up a modern CNC factory may 

be considerably less than the ca~ital requir~d to create a conventi~Gal 

machine tool company with predomin:.mtly mechanical engineering disciplines, 

but the working capital may be greater. The chief buyer can exert a powerful 

influence on the cash flow by negotiating favourable credit terms ~ith 

suppliers of bought out equipment, in particular the drive systems and CNC 

system. 

There are a number of preparatory steps which require to be taken to 

implement tt>e creation of a new factory. These steps are explained in the 

next points. 

3.8.l fej~ibility study 

A well documented feasibility study is required for planning the 

implementation of the system. The feasibility study should include, foe 

cx'lmple: 



Table 2. Conventional machine versus CNC mach~ne - basic characteristics 

fo'eatures 

1. Material and labour 

2. Structure 

3. Manufactured content 

4. Management structure 

Conventional machine tools 

Intensive, predominantly: 
Cast iron structures 
Dependent on gear drives 
Constant speed drive motor. 

Comprises 80 per cent of the works 
cost. 

Large. All parts made ;n house 
including castings and all machining, 
including many gears. 

Classical. People oriented. Works 
manager is totally accountable for 
production. 

,~ 

CNC machine tools 

Specialized content consists of 
50 per cent of the work cost and 
comprises electrics, drives, 
computer, usually bought from 
several suppliers. 

Cast iron structure, variable speed 
D.C. or A.C. driveY. Little or no 
gearbox. Structure accounts for 
SO per cent of the works co~t. 

Small. All component parts may be 
sub-contracted except for finish 
machining. 

Project management structure, 
equipment oriented i.~. the 
electrical buyer carries similar 
responsibility as the works 
manager for production. 

w 
(\) 
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la) 1\.dt>411alt• ~nl!i1w1·rinr Jt>script ion ul t~tc pl<!nt to be constructed and 

lb) Tilt: .:uchitecl11rc ot tht· production system ;md basic data flow 

diarral!ls; 

(c) The sequence of modular implementatit•n and timing which has been 

selected as practical and ~1ich lies within the scope of available resources; 

(d) The availability of software to be included in identification of a~y 

areas where special software development is necessary, but remembering always 

that the plan musl retain flexibility; 

(e) Identification of human resources to firstly build the fdctory, then 

to run it. 

Once the feasibility study team has confirmed the viability of the 

solutions in engineering terms, attention is focused upon total cost; this 

will be made up to capital implementation cost and the total time required for 

implementation. 

In the case of a feasibility study where reconunendalions are not based on 

specialist implementati•>n input, particular care should be taken in the 

cunsideration cf items such as: 

Procurement time 

Equipment cmmnissioning du rat ions 

~ystem integration and commissioning durations 

Costs and time required for interfacing different equipment 

s~rvice requirements. 

Normally, implementation costs, irrespective of whether specialist 

consultants, in-house resources, or a combination oi the two are used, will be 

between 10 per cent and 20 per cent of capital cost, depending on the 

particular features and circumstances of the project. In an advanced 

manufacture project, however, it will be necessary to allow an additional 

S pt-r cent. to cover extensive e<lucation and training proiriumnes. 
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3.8.2 Detailed planning 

When the feasibi I ity study has been successfully completed and a 

reconunendat ior. accepted, the concept planning o[ the [eas ihi 1 i ty stage changes 

to the detailed planning necessary to proceed. The planning process moves 

through functional to detail specifications, ~nquiry documents, vendor 

evaluation, contract negotiatior. and order placement. Problems often arise 

because this planning phase is frequently inadequate and the ti~e pressure 

pushes project leaders into making decisions and collllllitments before the 

problems have been thought out. 

It is crucial to allocate the necessary man-hours to achieve the required 

level of detail. Failure to do so will result in problems. It is not always 

possible to back-track during the later phase of the project without 

considerable cost. What is required is original thinking rooted in practical 

experience; a preparedness to work through eve~y protocol and form in the 

system in detail coupleJ with an understanding that the on-site conanissioning 

and system integration will be major tasks. At the detail level, the general 

planning phase includes the "'.-oduction of: 

Specifications 

Enquiry documents 

Contracts 

Acceptance procedures. 

The saccess of the project will be directly related to how thorough, 

practical and accurate t~ey are. Ambiguities and omissions in specifications 

are a major source of claims, cost over-runs and delays during implementation. 

The definitivn process should normally commence with the production of a 

systems functional specification - ~description in plain language of lhe 

function!! which the eqaipment must perform. This will ht" converted Lo a 

specification defining the various elements of ~yst~ms. 
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The functional specification, whi~h defines how each element in the user 

specification will be achieved, must be examined by the project team a~d 

signed off page by page. This will concentrate ~he team's attention on the 

interfaces and details and eliminate many pocential problems. 

Good acceptance procedures are precise in their Jefinitions; the 

production of a specific number of components to specific quality in a defined 

time should be $upplemented by other relevant features such as reliability, 

noise level, accessibility and setting times. Similarly, with computing 

systems, not only should their functions be proved, but their ease of use, 

clarity of documentation and information security should be well defined. It 

is fundamental to include agreed acceptance procedures in the contract in 

order to control the duration of the final stages of implementation. 

3.8.3 Implementation 

When contracts have been pl~ced, the attention of a proj~ct team will 

focus upon the preparation of the location, design approvals and expediting 

contracts. 

The expediting process, in conjunction with the design approval, is the 

way in which contractors are managed and, if carried out effectively, can 

produce great benefits. The objective of good expediting is to ensure that 

the contractor meets the requirements of the contract. A successful technique 

is constructive and authoritative. It is true that there are a number of 

contractors and suppliers with admirable xecords for on-time delivery of top 

quality equipment, but they are, regrettably, the exception rather than the 

rule. Successful expediting alsc provides the infor~tion base which is 

essential to the integration of the equipment into the total system. 

After installation of new plant and equipment, there are generally three 

stages of implementation, cummissioning, acceptance and productivity audit: 
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(a) CoD!tissioning 

Commissioning of S?ecific equipment can be straightforv~rd, particularly 

with equipment supplied by established manufacturers using experienced 

installation teams. Problems can arise, however, firstly ~ith 

state-of-the-art equipment where the suppliers' commissioning engineers have 

li~ited experience and, secondly: with the interfacing of different pieces of 

equipment with each other and with control systems. It is the areas in 

between that put the greatest oemands on the project team and, as industry 

moves into areas of higher technology, including FHS and CIH, the need for 

skilled control and system engineers is much increased. 

(b) Acceptance trials 

The acceptance of hardware and software will be on a progressive, 

module-by-module basis, with the validation of each set of interfaces 

completed before proceeding to the next module. 

Acceptance trials, when commissioning is complete, should be 

straightforward but this happens only when clearly agreed acceptance 

procedures are available. 

(c) Productivity audit 

The final phase of the project, when production is underway, is the 

performance audit required to confirm that the original concept has been 

achieved and its objectives met. 

Two elements are required to manage the project through its separate 

phases: 

A detailed plan 

Adequate resources. 

To attempt implementation without these will reduce significantly the 

chances of success. 
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For small-to-Dk?dium sized companies, starting frum scratch, a period of 

three to six months will be required before implementation can begin. This 

preparatory phase will take place during the late stages of the feasibility 

study, in parallel with project approval. The ~bjective is to be completely 

ready to c"mmence implementation upon receipt of project approval. 

~arly in the feasibility wo~k it is necessary to establish key milestone 

J;1tes. The objective is not to compromise the thoroughness of the early 

stage, but to compel people to start thinking about the medium and long teem 

implications. It also helps to avoid becoming obsessed with trying tc achieve 

the impossible a~d highlights areas for contingency action. Typical 

milestones tor a project are shown in figure 3. 

A timing plan that is specific to the project in question must therefore 

be developed and each element caretully evaluated so that its duration can be 

Jetermined. Features which will a Hect the timing plan include: 

(a) The startin~ point in each of the disciplines, which will depend on 

what early development has already taken place; 

(b) The logic of the sequence of modules of implementation, which will 

to some extent determine the overall timescale. 

3.8.4 Investment requirements 

To assess the level of funding required, detail~d budgets must be 

compiled. Budgets will normally take the form of a hierarchy: 

Base budget 

Project 1~ost summary 

l'roject ct.>st breakdown. 

At th•! teasibility :it.lg•' most 1p1otations an•l estimat~s arc budgets; they 

:11~ normally also at c11rr.~nt pri.:t!S and delivery periods. The base budget 

.,h.iul.I inclu,lc .111 amn11nt iur th" ;antic:ip.Jtf!<I fi11ancing .md rlelivcry time at 
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the likely date of purchase. This is p~rticularly impcrt~nt for projects 

extending over -.>re than one year. Major cost categories are listed below: 

Category 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Decription 

New production equipment 

Workflow and handling systems 

Refurbishment and re-location of existing machines 

Operation control and business/engineering systems 

Suppo>rt services 

Buildings and civil constructions 

HechanicaJ and electrical 

Resource costs 

Extraordinary items 

Contingency 

The budget should also list all items included within the overall 

business systems architecture: 

Computer equipment and operating software 

Business information systems software 

Computer aided engineering software 

Graphir.~ terminals and plotters 

Sh(')p floor termi~1als 

Shop data collection systems 

Tap~ reader/punches, or DNC links 

Manufacturing systems support. 

3.8.5 Resources 

Resourc~ costs should include both human and physical resources needed to 

implement the project. Human resources will include: 

Project management and control 

Project engineP.ring and development 

System engineering and development. 
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Physicai resources will include: 

Process/equipment development costs 

Prove-out material 

Development tooling. 

Irrespective of trom where these resources come, the cost will be 

significant. It is therefore important to identify and agree the level of 

111."inning necess~ry to complete the task in the time required. 

The skills required to manage projects through to a successful conclusion 

czn be grouped as illustrated in figure 4. 

The skills required are: 

Planning (engineering) 

Planning (financial) 

Civils/architectural interfacing 

Services (mechanical and electrical) 

Purchasing/coaanercial 

Tender evaluation 

Expediting 

Technical engineering supervision 

En6ineering approval 

Installation and site management 

Commissioning 

AcceptancP. trials control 

Control and systems engineering 

Cost control 

Progranune control 

Training. 

,·, suc..:css tul ;ippruach is for tht! pr0ject tcdm to control the project 

fully through all its stages, with co11ti11uity ul statt. Spt!cialist assistance 

will be supplied when required but people pvssc!;sin); the skills needed should 

be part •>1 the LP-am on a full timt! b:tsiii. 
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Responsibility [or specific .:<>ntracts or elements of the project should 

be given to a project engineer who will manage that element throughout and 

provide continuity. lie or she must have the authority and resources to do the 

job. The project engineer has a thorough understandin~ o( the structure o( 

the 1:roject and is familiar with the skills requirt>d. The project engineer 

will have many of the skills, but where there are limitations, he or she will 

be supported by specialists ia the project team. The most iMportant feature 

of this role is compl2te identification with the objectives of the project. 

Pnt::tical project management experience shows that too often projects are 

underfunded at the early stag~s. This results in excessive project cost later 

and, when the achievement date is late, tt.e company loses profits. These 

additional costs can soon negate the cost justification approved for the 

project at the outset. 

, 
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4. TECHNOLOGICAL. REQUIREMENl"S FOR UPGRADHIG THE EXISTING MACHINE TOOL 

INDUSTRY ~N DEVEl..OPIN~ COUNTRIES 

4.1 Overview 

Basic concepts and structural configurations of machine tools have 

changed little outwardly in the last few decades, but there have been 

significant advances in the control of ma.chin~s. With mini-computers !evels 

of sophistication can now be achieved which were inconceivable twenty years 

ago, resulting in machines which can run ur.attended, automatically load and 

unload components, automatically inspect each component, automatically change 

tools and be capable oi changing automatically from one type of component to 

another under remote control by means of a computerized data link. 

There are several specific ways in which developing countries may: 

(a) Employ such advanced machines as CNC machining ~entres to set new 

standards for quality and productivity in existing proouction; 

(b) Progressively update existing machine tools to utilize latest 

technology; 

(c) Plan to manufacture ma~hinP.s embodying CNC systems. 

As a first step, seven clearly defined stages may be identified as 

illustrated in chart 1. From thest stages of progression the following 

factors which contribute t.o the provosed strategy include: 

T~chnology levels 

Criteria for determining the need to upgrade 

l.abour consideration 

The role of CAil/CAM 

feasibility ol upgrading existin~ machine tools. 
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Chart I. Progression from Manual Machine Tools to Flexible Machining Systems 
A SEVEN POINT PLAN 
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4.2 Technology levels 

Technology levels follow a natural progression influenced by the impact 

of computer technology, from a predominantly mechanical engineering base in 

which the iron foundry is the starting point, to a control sys~em framework, 

heavily dependent on computer engineering. There are a number of specialist 

skill~ comprising an advanced manfacturing system cap~bility, from mechanicr.l 

design, electrical design, instrumentation, computer interfacing, computer 

software, systems analysis and co-ordination. In the case of a ma~hine tool 

d~sign incorporating any form of control system it is not only ~ecessary to 

know how a machine may be ~utomated, but why the autoffiation should be applied 

in a particular way. Thus management skills for multi-disciplined 

technological projects is the first acquisition essential to the success of 

the proposed ventui:-e into moving up market in the machine tool indu!>try. 

Referring to the seven point plan outlined in chart 1, a number of 

specific skill areas are identified: 

(a) Mechanical engineering manufacture from basic metalworking casting, 

forging, machining, fitting and assem~ly to precision standards equal t~ or 

better than the machine tool under construction; 

(b) Automation application engineering in pneumatics, hydraulics, 

electrics and tooling technology; 

(c) Control engineering. Application of electronic logic control to 

machine tool operating techniques; 

(d) N.C. engineering. Part programming. Interfacing controls with 

machine tools. Variable speed D.C. and A.C. drives. Closed loop positioning 

systems for actuation of tool slides; 

(e) O\. engineering. Progrnnune edit facilities on machine controller, 

automation of work handling, automated inspection, interactive (CAD) 

programming aids; 



(f) D.N.C. engineering. Remct~ programming of CNC machine tool. Use of 

data highways to link central computer with individual machines; 

(g) F.H.S. Automated cell manufacture for the manufacture of sets of 

parts. Computer aids tor scneduiin~. part prograln'.'Ding and selection, material 

handling. 

4.J Criteria for determining the need to upgrade 

4.J.l Manufacturing strat~ 

The need to upgrade is motivated by the fundamental issues of improved 

pr0ductivity 1 quality and competition. 

Detailed implementation of an u~grading policy does not follow an obvious 

route. Factors whi··h need to be taken into account include: 

Cost of rebuilding and converting existing machines compared with the 

cost of buying new. 

Elapsed time required to upgrade machines/factory. 

Availability of technical/production management skills. 

Aptitude of workforce to be trainP.d to acquire n~w skills. 

Co-operation from established suppliers of machines and specialized 

computer control systems and manufacturing aids. 

4.3.2 Project planning 

Th<! first steps in establishing a projer.t plan may comprise: 

Manufacturing requirement 1n terms of size, type and accuracy of 

component to be handled. 

Size, present capa~ility and growth potential uf existing 

manutacturing units. 

Au audit ot all available machine lools, Ll1eir physical condition and 

.~sl imatcd Ii le. 

llw t:osl Lu upgrade proposed machines and the plan tor how, what and 

..,11,~11 lo complete. 
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Availability 1.•f suppliers of equipment in terms of hardware, .;ottw<:rt! and 

technical su?port. 

~~u~ce of tunding f~~ paying the start up costs. 

Government incentives in terms of Jirect grants, taxation relief, 

loans, joint inves trn:ent progranunes. 

4.4 Labour considerations 

4.4.l Labour progranune 

A three pronged approach to satisfying labour requirements is identified: 

(a) Compile an inventory or skills register of likely candidates for the 

ne• veuture in terms of current employment, qualifications and aptitud~s, 

pa~ticularly among nationals who have been trained and employed overseas. 

(b) Assess short term and long term needs tor: trade specialists, 

mechanical, electronic, hydraulic, computing, semi-skilled workers, technical 

management and temporary imported skills e.g. consultants. 

(c) Set up a government sponsored co-ordination function responsible for 

planning and funding training needs in collaboration with inaustry and 

established educational facilities. 

4.4.2 External assistance 

One of the most valuable side effects of license deals is the access to 

training material used for educating the agent on bt!half of the principal 

,,upplit!r. Thus tu obtain the 111Jxim11111 bcnetit trom li..:cnse deals there should 

b,• 1:Jr•!iul attcnt ion to the provisions tor training personnel and re•trt~shcr 

..:<111rs .. s as re1p1irt!•J. Similar rcasu11i11~ shoul<i prove bt!nelicial when related 

tu the purchai;c ol sp.-c iill L;t;•••I •'•111ip111t'lll trum a11utl1t-r country with th~ 

.1t.1cctivc ot c1d1icvi11~ sclt s11lli..:it•11,;y in tcd11111lo~ic<1l know-h·JW. 



- 50 -

4.5 'fhe role of CAO/CAM 

CAD/CAM plays an important r~l~ in any scheme aimed at upgrading the 

existing machine tool indust'\:y as illustr'!ted ir. iigure 5. A number of 

examples are given whPre compu~er aids contribute to the success of a 

production opPration, inde~d in certain instances - programming an n.c. 

machine tool for example - this would not be possible without them. 

4.5.1 CAD/CAM experience in industrialized countries 

It is necessary to carefully plan a step-by-step introouction of CAD/CAM 

because experience in industrialized countries is already showing that there 

is much to be done before full compatibility between various elements of a 

~omputer aideJ production system is achieved. 

For example, in a survey conducted for the Engineering Council recently 

by Cranfield Institute of Technology, a q~arter of the 300 companies consulted 

in the United Kingdom were disappointed with the returns they were getting on 

their CAD/CAM investments, especially in 3D design. The figures were even 

worse for solid modelling; a third of the users said that installations were 

not living up to expectations. 

The requirements of the bu$iness determine how management should plan, so 

it is essential to establish how those requirements are changing. Being able 

to provide greater responsiveness to customers by reducing lead times, 

improvinf quality and offering greater flexibility, are likely to be more 

common requirements than cost reduction. 

4.5.2 Objectives 

In order to be competitive in world n1arkets, lead times now have to be 

measured in miilutes rather than days or weeks and batch sizes are much 

smaller, tending towards the number required for 3 single finished assembly. 

To control production or assembly effectively, the information systems need to 

respond almost invn~~:ately to any changes. 
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Conventional computer-aided production management (CAPH) systems (based 

on manufacturing resources planning), can only achieve this responsiveness if 

supported by an increasing number of computers and terminals spreaJ around the 

factory floor. 

To be successful it is essential that early consideration is given to the 

hum=n element Juring planning and implementation. Human resources should be 

considered, particularly when contemplating fundamental changes to the working 

environment. It is important to question all established procedures and to 

think positively about the far reaching implications of change. 

'•· 5.3 l1Dplementation stratettz 

Tite successful implementation is Jependent on taking account of three Key 

elements: 

(a) Consider all parts of an information system, not just the 

computer-based aspects. The successful use of computers in manufacturiag 

requires attention to more than just a hardware OL software product in one 

are~. Consider how the function is performed at present; manual procedures 

that will still be needed in future; the organization structure and training 

needed to support them; and the skills and m~tivation of all the people 

involved in the activity (customers, users, suppliers and analysts). 

(b) Identify the real objectives. For instance, in assessing 

requirements tor CAD/CAH, consideration should be given to design for 

manufacture. The implication for the engineering function is that design for 

manufacture should be given the sa~ importance as design for functionality. 

Product design and production engineering cannot be regarded as separate 

functions; they must be integrated. Only when these functions are brought 

under the same umbrella and the complex processes simplified, should 

technological improvement be consijered. 

(c) Question the need to plan manufacturing on the basis of up-to-date 

control information i( the plans cannot be implemented in time anyway. 

Although planning functions (master pro~uction scheduling, capacity planning, 
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material req~itments planning) need to be carried out centrally to co-ordinate 

activiti<~, the control of what ha?pens can be distributed. Furthermor~, 

unless control is distributed to where the action is, the necessary 

responsiveness to change will not be achieved without enormous inv~stment in 

hardware and software. 

Finally, separating planning functions from control (unctions and 

distributing the latter has four major benefits: 

Simpler modules of control 

Greater responsiveness to customer requirements 

A solution resilient to failure 

Implementation into smaller, more controllable mini-projects. 
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1. POSSIBILITIES OF UPGRADIN~ THE MACHINE TOOL INDUSTRY IN UtVELOPING 

COUNTRIES 

~.l Manufacturing implications of CNC machining 

Computer nu~erical control, a~ distinct from hard-wired numerical 

control, is more versatile and is cheaper than the hard-wired system for the 

following reasons: 

(3) A standard system may be designed to drive any 2, 3, 4, or even 

6-axis machine configuration, the changes being made in the software by means 

of an executive programme tailored to suit the m~chine. 

(b) A computer is capable of indicating detailed infoni:ation about 

machine performance and detecting faulc conditions. (This may be called a 

watchdog function.) Typical examples are: spindle directions and spee<i; 

equipment and chuck control; position control of machine slides; bar fe<?d 

concrol; tape reader input and control; safety interlocks; system status and 

automatic shutdown. 

(c) A~tomatic diagnostic routines may be used to localize faults when 

they occur, thus minimizing down time. 

(d) Computer control of the servos results in superior machine 

performance, particularly when contouring. 

(e) A computer contrcl system may be less prone to obFJlescence, 

particularly wht>n interfaced by a data highway. It is less susceptible to 

hardware obsolescence because the system i~telligence is contained in software. 

A justification tur the increased c~st of an n.c. machine tends to be 

based 011 a comparison of the cycle timt>s tor machining a component on an n • .;... 

machine ancl on a lr:Jilitional machine. Such argument, however, overlooks 

:i•!Vt!ra 1 impurl.111t t. Lors: 
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(a) For small-batch production the setting time of the m.ichine tends to 

predominate; an n.c. turning lathe, for example, with versatile standard 

tooling, can be set up in a matter of minutes, wher~as setting up a 

traditional turning lathe takes much longer. 

(b) An n.c. machine can run for 24 hours a day and machine components 

repeatedly wiLhin tolerances of a few hundredths of a millimetre, thus 

eliminating the need for subsequent inspection. 

(c) The actual productive time may be two or three times greater than 

that of a conventional machine of similar capacity and the new generation of 

CNC machines on offer today ar~ competitively priced when this kind of 

comparison is made. 

One of the most useful concepts in manufacturing technology in recent 

years is that of group technology and attendant cell manufacturing. In 

traditional machining processes based on conventional machines, turning 

operations were confined to rows of turning lathes, drilling operatio~s to 

rows of drilling machines and so on, with tile result that substancial batches 

had to be manufactured at any one time to justify th2 costs of scheduling and 

tooling. Stocks of material and work in progress therefore tended to be 

high. Costs of funding high inventory reduced the company;s profit margins. 

The adoption of group technology and cell manufacturing, '"here components are 

classified into types and machines are permanently allocated to the exclusive 

manufacture of these types of component, has ~nabled work in progress to be 

kept to a minimum. For example, spindle diameters may be classified by means 

of code numbers and several turning, grinding and milling machines can be 

grouped in a spindle cell-manufacturing unit. 

N.C. machines are a natural choice for cell-manufacturing applications; 

indeed without n.c. machines little advantage could be taken of group 

technology. How then does the introduction of computer numerical control 

improve the situation? The first point to make is that the introduction of an 

n.c. machine results in a transfer of control of a machining cycle from the 

planner and operator to the part progranuner (frequently a~ ex-operator 
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transferr~d to an office). Notwithstanding the assistance of compater 

terminals and simulators, the part programmer has a complex and difficult task 

to carry out. 

To m1n1m1ze the possibility ~f errors the part-programmer tends to be 

o~er-cautious and makes generous allowance for hazards such as surplus 

material, variations in material quality and tooling area clearances. Whereas 

with conventional ~3chines the operator can optimize machine periormance. 

conventi~nal n.c. lathes require concise instructions to be entered on the 

tape which cannot be quickly changed. The important point of difference 

between a conventional n.c. machine and a CNC machine, therefore, is that the . 
part programme may be modified on the machine to optimize cutting conditions. 

The operator, therefore, is a key figure and may excercise judgement and 

<liscretion as required. Job enrichment obtained in this way is very important 

and when considered together with the increasing application of group 

technology and cell manufacture, this will provide a powerful negotiating 

point for the retraining of traditional craftsmen for the operation and 

management of manufacturing cells. 

It should be clearly understood that the use of a micro-computer in a 

control system enables not only th~ part programme to be modified on the 

machine but it can be edited and changed so that it becomes quite different 

from the origin~l; facilities may be provided for punching a new t~pe from 

this edited version • 

• or a traditional n.c. machine the editing and re-punching of a tape is 

time-consuming and, as likely as not is done with the aid of a computer 

terminal which may be time shared and only accessible for specified periods of 

time durin~ tne course of a working day. It is therefore now more realistic 

to think in terms of a central data bank of part programmes which may be 

directly wired to the machine tool with the full knowledbe that none of the 

part progranunes will be perfect at source. 

To conclude this section, therefore, the main operational differences 

b•!tween conventional n.c. machines and CNC mact1ines are: 



- )7 -

la) Ability t~ reduce tape prove-out ti~e; 

(b) Facilities for optimizing machine performance by editing 

p3rt-programme tapes on the ~.achine, such corrections to be memorized in the 

control system computers; 

(c) Scope for advanced concepts in part programming, in "'hu:h the task 

oi both desig11er and part programmer is simplified and thus become cheapt!r in 

terms of time and cost. 

It can be concluded that l.NC machines and group technol.:>gy C\Jmplement one 

another to such a degree that they become mutually dependent, because CNC 

machines solve the prove-out problems associated with conventional n.c. 

machines 3nd thus enable quicker changeover from one component type to another 

and even smaller batches to be manuiactured economically. 

The application of CNC machines should be considered in a cell 

environment where part programmes may be prepared in less time and at less 

cost. Obviously a previously prepared library of data simplifies the task. 

The ne~t logical development is to write a master computer programme for a 

group or sub-group of components to be manufactured in a particular cell, 

dealing with materials, feeds, speeds, tooling, etc. To this programme may be 

added key c!imensional information, in the form of a macro programme by the 

c!esigner, using a sub-group identification. 

).l Feasibility of upgrading existing machine tools in developing countries 

As mentioned basic configurations have remained unchanged whereas control 

system technology has developed very rapidly, particularly in the last ten 

years. Chart l shows seven stages of progression from mechanical conventional 

manually operated machine tools to computer controlled machines incorporated 

in a flexible machining system. 

Two questions arise: 

(a) How many of the existing convt~nt ional machines may be updated? and 

(b) What constraints need to be 0vercome in technical terms? 
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Regrettably very few of the traditional manuzlly operated machines of 

today can be converted to more than semi-automated syste~s for relievi~g the 

operator of the physical effort required to operate them. It is r.ecessary to 

analyze the practical constraints which typify the construction of manually 

operated machines to understand the difficulties faced in conversion: 

Basic configuration 

Primacy driv~-speed selection 

Axes operation 

Accuracy 

Economics. 

5.2.l Basic configuration 

In a conventional cachine tool the tooling is carried on a turret which 

may be positioned transversely and longitudinally with respect to a rotating 

component in the case of a lathe and a workpiece which is moved transversely 

and longitudinally with respect to a milling machine/machining cer.tre. The 

slides incorporate adjustments for taking up the slack in the event of wear, 

by tightening ~ib strips. Friction is a secondary consideration. In the case 

of a modern CNC machine, however, fricti~n is a prime consideration because it 

directly affects the performance of the servo controlled slide positioning 

system in terms of the smallest increment of size which can be controlled. 

Special anti-friction slideways have been developed to minimize these effects 

which are not readily applied to conventional manually operated machine tools. 

5.2.2 Primary drive-s?eed selection 

Conventional machine tools tend to rely upon a constant speed A.C. 

electric. motor, speed selection being made mechanically by means of a 

multi-sta~e gearbox. An early enhancement of this was the addition of 

electric or electro-hydraulic operated clutches to enable the speed to be 

sel~cted by an electric function selecLor. 
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In the case of modern CNC machines the main drive is invariably a large 

D.C. or variable frequency A.C. motor the speed of which may be continuously 

controlled from the CNC syHem to Sl'it the cutting conditions. Such drives 

are expensive. A.C. drives tend to cost more than D.C. drives - up to SO per 

ce&lt more, but offer maintenance free service because of the absence ot 

brushes and coounutator. The use of a large motor enables the gearbox to be 

dispensed with in many instances but the machine structure is then designed to 

cope with the high stresses of acceleration and deceleration made possible by 

such dri•1es. 

In addition, modern tooling such as tungsten carbide, boron nitride, 

ceramic and diamond compounds enable high surface cutting speeds to be 

achieved, consequently spindle speeds of up to 6,000 r.p.m. and above are not 

IJnCOlllllOn • 

These speeds considerably exceed the limit of the bearings of traditional 

manually operated machines were 2,000 r.p.m. used to be considered adequate 

for use with high speed steel cutting technology. 

5.2.3 Axes operation and accuracy 

The classical manually operated machine employs handwheels for rotating 

Acme thread~ engaged in bronze nuts for converting the mechanical advantage 

offered by the leadscrew into a linear movement. Various methods have been 

used to automate these - electric motors directly connected for example. or 

their entire ieplacement by pneumatic or hydraulic rams, with the displacement 

controlled by adjustable mechanical ~tops. On modern CNC machine tools the 

most popular method for slide actuation in use today is a motorized ball screw 

which permits fine control to be exercised without backlash and with 

negligible friction. The m~tors may be either D.C. or A.C. driven ~y 

sophisticated electro~ic control. The cost of such drives is calculated per 

-'lxis for L>.C. drive and ballscrew up to halt metre in length and 

pro1•ort ional ly more for larger lengths where st i tfness would become more of a 

problem tor say, a two metre travel. 
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The accuracy for a manual machine is less than a ~N~ machine of similar 

capacity and is highly dependent on the skill and feel of the operator. 

Wl1ereas an operator may find difficulty in sustaining an accuracy of better 

than O.U511nn during an eight hour slli ft, a CNC machine will readi iy perform to 

an accuracy of 0.005mm. 

5.2.4 Economics 

In earlier chapters the high cost of control equipment was discussed ln 

connection with the diminishing role of the machine tool mechanical 

structure. Referring to chart l it is shown how automated sequence controlled 

machines probably represent the limit of the extent to which conventional 

machine tools may be upgraded. Beyond this point an expensive CNC &ystem and 

radical. changes to the primary drive and axes positioning systems, which are 

financially disproportionate in value to the structure to which they are 

applied, are required. 

5.~ Main factors limiting the upgrading of the machine tool industry ln 

developing countries 

5.3.l Sununary ov~rv1~w 

~Jchine tools may be classified into several broad categories according 

to their types, functions, sizes, etc. A ba$e differentiation according to 

type is between the two broad categories of metal-cutting and metal-forming 

machines. Machine tools may be also classified into two groups, numerically 

controlled (n.c.) machine tools and manually controlled machine tools. The 

produccion and consumption of n.c. machine tools is concentrated in 

industrialized countries because of the technical complexity of their 

produ~tion and because strict factory or~anization and programming and tooling 

services arc pre-requisites for their use. 

The output of the machine cool industry is consumed almost exclusively by 

the engineering industries, including the machine industry itself. The 

nun-electrical machinery industry and the automobile indu&try in particular 

are the two most imp0rtant custom~rs. Tt.us the demand for machine to~'· 

r 
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dt•pt•nds heavily on llw invt>stmPnt behaviour of lht>se cngineerir.~ industries 

which in turn depends en the domestic an<l export mara<:et conditions for their 

t>11g i n•'l' r in._: prod uc l • 

1ilt' machirw tool industry has th{' fol lo"in~ characteristics: 

(a) lt is hi~hly skill-intensive and the marmtacturing process has a 

high degrt.'l' ol complexity; 

lb} Re~lecting the relatively small-batch production of diverse 

products, small- and medium-scale oper3tions are dominant in this industry; 

(c} Most enterprises are highly specialized in the production of one 

type or a tew types of machine tools and produce a small quantity of 

customized products according to orders received. 

This latter feature can be expanded as follows: 

first, the market tor machine tools is limited to en~1neer1ng industries 

and is smali, hut machine tools are diverse. TI1ereforc, economies of scale 

are not possible in the oro~uction of most types lf machine tools. 

Second, as in the c•~- of many oth2r capital goods, demand for machine 

tools fluctuates widely following economic conditions and this requires 

flexibility in adjusting produ~tion in the industry. 

Third, the development of skill~ 3nd market awareness benefit from 

product specialization. 

5.3.2 Urawbacks for the establishment of machine tool industry 1n 

developing countries 

Machine tools art> technically comple1' and require a lar~e initial 

overhead in design a1 .. testing. An obvious disadvantage for developin~ 

countries manufacturers is that thf~Y cRn less c•asi ly support inve11lmf'nl 1n 

imwvation than industrialized cuuntries. Actually many deve1upin~ ,:ountries 
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are below the critical size for innovation. They do not have the resources 

net!ded to carry out the large amounts of R + D work reouired, particularly in 

the fields of N~ ~nd electronics Qpplications. 

Close technological collaboration between machine too! producers an~ 

users in product d~velopment and innovation is indispensable to ensure that 

machine tools meet the technological requirements of users. 

The two most essential detenninants of location in the machine tool 

industry are the existence of sufficient demand and a comparative advantage ln 

ma~hine tools ln the world market. A country's comparative advantage lS 

delermined by severa~ factors such as the accumulation of technology, the 

availability of manpower, R + D capability, the availability of economically 

and technologically suit~ble input materials, the existence of ancillary 

industries, etc. 

One of the problems in this industry is that highly skilled labour is 

essential for the successful production of machine tools. The complexity and 

precision of machine tools and their small batch type production limits the 

scope for employing unskilled labour. Thus in many developing countries, the 

shortage of skilled labour and qualified engineers and technicians at all 

levels of the production process restricts the possibility of producing 

machine tools, particularly those advanr.ed machine tools which would be 

competitive in the international market. 

The slow spread of machine tool production into the developing countries 

and their generai comparative disadvantage are due to several structural and 

institutioual constraints on produc1..ion growth in ti10se countries, besides the 

relative lack of manpower and other general technological handicaps. 

Musl ul the 111ad1ine tool producers in the developing countries have 

st.1rt•!d their production 1.1!th dt>sign and manufacturing techniques obtained 

tr1111. i11dustr·iallz•!d countries either through licensing agreements or through 

p.irtn.·r:;hip arrang1•11wnl~. Many •>f them have continued production of the 

1111t i.il 111u.l.'1s with•111t allt>rin;4 tllt!ir Jesigns. 
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lh!sign of a new machine tool usually takes much longer than in 

industrialized countries and when the new product is completed the design 

c~ncept is already old in the international market. "flle design and quality of 

:nachine tools are continuously improved in the world market in response to 

changes in requirements from user industries. 

A research-intensive ph~se early in the product cycle characterizes the 

machine tool inoustry in industrialized countries that are geared to 

innovation. "flle machine tools produced in the developing countries may 

initially be available at a lower cost than imported machines. But, if 

foreign firms improve the design of their equipment more rapidly than local 

ones, a point will be reached at which the prices of locally produc~d machines 

will exceed that of imported machines. Unless the domestic machine tool 

industry is protected, users will move back to purchasing imported machines 

which will result in stagnant production and excess capacity in the domestic 

machine ecol industry. 

The size and the development level of the domestic market in relation to 

the m1n1mum efficient scale of production is an important fact~r, particularly 

for machin~ tools, because penetration into int~rnational machine tool markets 

is very difficult and costly for newcomers and because it is important for 

product development to co-operate ~losely ~ith the users who requir~ new 

technologies and try them out when they are first produced. 

In the developing countries (even in large ones), demand for many types 

of machine tools, particularly advanced on~s, is limited because of the size 

of the mocern sector of the engineering industries where innovativeness and 

the technical ability to handle advanced machines exist. 

The engineering industries in the developing countries are generally muc~ 

more labour-intensive than those in the industrialized countries. There is 

also clear evidence that the pace of mechanization and of retooling is much 

slower, speciaily due to inarlequate motivation in u3er industries to innovate 

and rationalize. 
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Finally, limit\!d linkage between donestic user industrie$ and machine 

tooi producers in the field of technological co-operation, coupled with a 

gen~ral $hortage of skillP.d manpower, results in a limited ca?ability for 

product design and quality improvement, of machine tools itt developing 

countries. 

) • .'.+ Main conclusions and recommenciations to promote the machine tool industry 

in d~veloping countries 

There are three important fundamental distinctions to be madt: when 

considering promotion of t~e machine tool industry in developing countries: 

(a) Utilization of advanced machine tools, their operation and 

associated support services. 

(b) Design characteristics, the-ir suitabi 1 i ty for their t.:isks in world 

competitive mar~ets and needs for ass~ciated multi-disciplined technological 

skills in the implementation of their manufacture. 

le) Manufacturing re1uirements particularly foe high te~hnology CNC 

machine tools and the attendant requirements for international quality 

standards. 

The design anrl manufacture of CNC machine tools, for example, is a 

formidable task e~hracing ruulti-aisciplined technology linking advanced 

computer control with mech~nical actuation, rigid structures with negligible 

de~lection and vibration and an in-depth knowledge of metal cutting 

tt>chnology. On the other h.Jnd, t~e application of <.;NC machine tool-s in t£rms 

ot utilization for any manufacturing process offers instant benefits to the 

user who haio the aptitude to learn how to oper.:1te such machines. A sound 

knowledge of metal cutting technology is a pre-requisite, however, for 

deriving the maxiwum productivity lrom the use of <.;NC machining proce11ses. 

In setting out the fr<tmt:'work for a manufacturing strategy to ?remote the 

dc\!clopment ot a mach inc tool industry there wi 11 generally be tour main 

con11traints: 

--- ---------------------------
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(a) lhe present l~vels ot available resources in terNs ot production 

engineering, machine t~ols, 'luai.ity control of materials, tooling av.Jilability 

and service hack up. 

(b) National objectives tn terms of the g~als to be reached in the 

engineering sector. 

(r.) An infrastructure ca~able of being motivated towards possible 

fundamental changes in edu.::ation and training prog:r-iumes. 

(d) Funds to attain the national objectives either by direct pur.::!1ase of 

machinery and the hire of speciaList skills or the skillful negotiation of 

.::ountertrade deals. 

Thus quite apart from the absorption of computer technolcgy and the 

attendant manifestations which this iuevitably brings, in terms of hardware, 

software, analysts, programmers and m:tnagers, there LS the fundamental need to 

draw up a programme co-ordinating the required objectives and events in <:. 

coherent time $Cale, linking the requir~ments of short term manufacturing 

plans in one se;tor e.g. transport with possible longer t~rm plans in another 

sector z.g. agricultural machinery. The flexibility ~rovided by modern CNC 

machines knows no Lounds when it comes to defining product shapes and ther~ is 

thus trememlous scope for developing countries to demonstrate an imaginative 

and innovative approach to harnessing the latest manufacturing technology at 

minimum cost and time scale. 

There are many advantages to be obtained f1om the technologic 11 linkages 

arising trom the use .>[ CN<.: machine toob. These include exposure to computer 

aids for programming, graphics tor part programme prove out and compunent 

~~omrtry creation, advanced electronic Jrives fur servo positioning systrms 

.md high power variable speed spindle drives, computer based systems for 

prudu.'.tton cuutrol, inventory mana~emcnl, tooling managenwnt etc. r:ach of 

lilt>se spe.:iali,;t ;1r.·as lllJY be us~.i tu lonn Ll11· hJ::is ol Lr11ining in tlw 

appropriate Jis-:ipliu,•s ::.•>.JS lu >-:••11,•1.1L" .1 l'""l "i t~.:l111ological skill whid1 

111.1y lht>n he hJruc~.st•d Lu t1aL11r•· l''"I"• L" .111111 .. 1 al s.~11. :;utl icit•111.:y. 
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To complement the development of linkages it is equally important to 

co-ordinate the purchases of CNC machine tools with the objective of 

maximising their possible application to more thar. one type of product. For 

example, a modern CNC machining centre equipped with pallet loading and tool 

~hang~r may quite literally be making parts of diesel engines in the morning 

shift. parts for petrol P.ngine~ in the afternoon and spares for old models in 

the night.ihift. Thus it is particularly important for developing countries to 

be highly selective when making purchases of machine tools even though short 

term funding may dictace their application to the needs of a particular 

product. It is possible tc conceive the setting up of small autonomot.1s 

flexible CNG machining cells which may be quickly adapted to fulfil more than 

one role in order to repay their capital cost in the shortest possible space 

of time. This may be achieved in twelve months when the machine is running 

under the right conditions by properly trained personnel. 

A first step towards achieving the goal of self sufficiency in advanced 

machining is to compile an audit of existing llV.lnufacturing plant including 

machining, metal forming, inspection, quality control, foundry practice and 

their suitability for small, medium and large products. Froc this audit it 

will then be possible to assess the mo~t likely weaknesses in terms of 

machinery, procedures and people and obtain a tru~ measure o( the problems in 

constru~ting an operating plan. 

The main conclusions arising from this study range from ~olicy issues to 

labour training: 

(a) The government is seen to bP. the prime mover in promoting all 

aspects of the industry. 

(b) The machine tool industry is possibly unique (from other industries 

with the exception of aerospace) in that it encompasses a total range of 

technology from mechanical, electrical, hydraulic, control engineering, 

computing and tooling skills • 
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le) In wor~d marketing terms the machine tool industry is often ref~rred 

to as the toughest business .:o be in because every new improve111ent in 

performance, quality and cost, no matter how sci.all, must be exploi:ed ·lo the 

full in the shortest possible time to maint3in a competitive ?Osition in 

manufacturing industries. 

(d) Modern computer controlled machines now tend to be in a ~l3ss of 

their own and bear only superficial resemblance to conventional manually 

operated oachines. 

(e) The impact of modern cutting technology has enabled high speed 

machining of hard materials which were inc~nceivable twenty years ago and 

which are unattainable on conventional manual machines. 

(f) There is scope for converting existing machine tools to 

semi-automalic and automatic sequence as described in chapter 4 but little 

p1actical possibility of conversion to full GNC. The biggest area for 

improvement is seen to be in the adoption of digital readout systems for the 

benefit of all manually operated machines. 

(g) Long-term future for the industry may best be secured on the basis 

of license deals i~corporating full technological transfer, initially as 

agency deals, then asseinbly of kits of parts, followed ultimately by total 

self sufficiency and full manufacture. The license deals should include 

specialist equipment manufacture of drive systems and CNC controls. 

The following recommendations emerge from this study: 

(a) The most important first step to take is a marketing exercise to 

list all the factors which contribute Lo why machines and production systems 

have developed and will continue to develop the way they have, in addition to 

the more obvious details of how they are constructed, so that a meani:,gful 

market plan may be draw up. 
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(b) The governmt'nts are seen to be the focal point of industri:il 

policy. lt is proposed to set up a working party in the first instance 

representing finance, industry and education - a classic delta system uf 

project management. 

(c) The implementation of the proposed str2tegical plan is seen to 

require modern CNC machines, c~mpultr aids such as CAD/CAM and the training of 

personnel. As a first step it is recoaunended that a skills audit should be 

carri~d out of all the engineers with related experience, in particular those 

nationals who have been educated in fcreign universities, with the objective 

of co-opting their assistance. 

(d) A practical way to promote technological advance in the machine tool 

industry is seen to be the setting up of several modern CNC machines and their 

associated computer aided production systems to form the basis of o modular 

pilot scheme for training and demonstration purposes. A block shematic of 

such a pilot scheme is illustrated in chapter 4. 

(e) It is recommended that because of the complexity ryf modern machine 

tools and their dependence on computer technology both for control and 

production management, a formal project management structure is set up to 

implement thP planned improvements. This project management team should 

report to the goverr.ment working party. Good project management is expensive 

but rarely as expensive as a failed rroject. Exp~nditure on project 

engineering must be an increasingly good investmen~. 

• 
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SOHHAIRE 

La pr~sente ~tude tente d'identifier les conditions technologiques 

requises pour les pays en d~veloppement qui veulent s'introduire dans 

l'industrie des machines-outils ou qui veulent faire un pas en avant dans le 

domaine des machines-outils DNC et CNC. L'ltude essaye aussi de proposer des 

moyens et m~thodes pour l'itablissement de centres d'usinage qui mettent l 

profit les plus r~cents d~veloppements technologiques en ce domaine. 

Cette analyse se compl~te d'une stratigie progressive qui permet~e aux 

pays en dlveloppement de moderniser le machinisme d~jl existant, de type 

conventionnel et manuel, pour parvenir graduellement l des syst~es de 

machines-outils de contrBle numlrique automatisi. On passe lgalement en revue 

les principaux facteurs qui limitent les possibilit~s de modernisation de ce 

machinisme dans les pays en d~veloppement. 

Il r~sulte de cette ~tude une politique de diveloppement qui puisse 

s'adapter aux besoins des pays en dlvelopp~ment, quel que soit l'itat actuel 

de leur avance technologique. 
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EXTRACTO 

El prese •• te estudio trata de identif icar los requerimientos tecnol6gicos 

necesarios en los paises en desarrollo para entrar en la producci6n de 

m!quinas herramientas y/o su gradual incremento a miquinas berramientas de 

control niimerico directo (DNC) ode control nU..erico computarizado {CNC), asi 

como proponer formas y medios para el establecimiento de centros de maquinaria 

especializados a fin de aprovechar los 6ltimos avances tecnol6gicos 

introducidos en las m!quinas herramientas. 

Este an4lisis se complementa con una estrategia progresiva para 

actualizar las m!quinas herramientas convencionales existentes, las cuales son 

asimismo operadas manualmente en forma convencional, hacia mAquinas de control 

n6merico por computador y una aproximaci6n a los sistemas de maquinaria 

flexible en paises en desarrollo, incluido el anAlisis de los principales 

factores que limitan en estos pa{ses el gradual incremento tecnol6gico de su 

industria de mAquinas herramientas. Los resultados del estudio sugieren el 

tipo de politica de de$arrollo a seguir, la cual puede ser adaptada a las 

necesidades de los paises en desarrollo independiente de su nivel de avance 

tecnol6gico. 

• 
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