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EXPLANATORY NOTES

References to dollars (%) are to United States dollars,
unless otherwise stated.

The views expressed in this docunent are those of the author and
do not necessarily reflect the views of the secretariat of UNIDO.

The designations employed and the presentation of the material
in this document do not imply the expression of any opiaion whatsoever
on the part of the Secretariat of the United Nations concerniag the
legal status of any country, territory, city or area= or of its authori-
ties, or concerning the delimitation of its frontiers or boundaries.

Mention of firm names and commercial products does not irply the
endorsement of the United Nations Industirial Development Organization
(UNTIDO).

Refzrences to rupees (Rs) are to Indian rupees. In 1980,
the value of the rupee in relation to the dollar watc $1 = Rs 7.95.

In addition to the common abbreviations, symbols and terms aad
those accepted by the International System of Units (SI), the
following have been used in this study:

AT abrasive jct machining

ATC automatic tool changer

BHI Brinell Hardness Number

CAD computer-aided design

CAYM ccmputer-aided manufacture

CBY cubic boron nitride

CHM chemical machkining

CIRP International Institution for Production Engineering
Research

CMEA Council for Mutual Economic Assistance

CMTI Central Machine Tool Institute

CNC computer nume.ical control '

CPU central processirg unit

CRT cathode ray tube

CUPE Cranfield Unit for Precisiou Fng'neering

dB decibel

ce direct current

DCs developing countries

Des diagnostic communication systems

DNC direct numerical control

DRO digpital readonts




EBM
ECG
ECM
EDM
EEC
EMO
E.TIMS

EPROM
FMS
GM
GPMs

HIP
HNT
IBM
IC
ICAM
IMTMA
LAFTA
LBM
LSIT
MDI
MVA
NC
NICs
NMTBA
ORI
PAM

PM
PROM
psI
PUUEA
RA
RaD
ROM
rpm
SC™MO
SCR

(ii)

electron beam machining
electronuemical grinding
electrochemical machining

electron discharge machining
European Economic Community
European Machine Tool JOrganization

Experimental Scientific Research Institute of Metal-
cutting Machine Tools

erasable and programmable read-only memory
flexible manufacturing systems
General Motors

general purpcse machine tools

hot isotatic press

Hindustan Machine Tools Ltd.

ion beam machining

integrated circuit

‘ntegrated computer-aided manufacturing
Indian Machine Tool Manufacturers Association
Latin American Free Trade Association

laser beam machining

large-scale integration; large-scale integrated circuits
manual data input

megavolt-ampere

numerical cont-ol; numerically controlled
newly industrializing countries

National Machine Tool Builders Association
open back inclinable presses

plasma arc machining

programmatle controllers

powder meial(lurgy)

programmable read-only memory

pounds per square inch

programmable universal machines for assembly
random access memc'y

research and dev«lopment

read-cnly memo. r

revolitions per minute

Syndicat des Constructeurs Frangais de Machine-Outils

silicon-controlled r~~tifier




Sip
UAW
UCIMU
UMC
UMS
USM
VLSI

JUo0so
WJC
WIM

(iii)

Société Genevoise d'Instruments de Physique
United Auto Workers

Unione Construttori Ytaliana Mecchine Utensili
unmanned machining centre

unmanned manufacturing systems

ultrasonic machining

very large-scale integration: very large-scale
integrated circuits

Research Institute of Machine Tools and Machining
wvater Jet cutting

vater jet machining
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Preface
‘This study consists of three narts: Part I comprises
a global review of the machine tool induscry which in-~ludes
a case study of the machine tool industry in India;
Part II considers prosnective technological developments in
the machine tool industry oZ tha “ereloned countries and
Part III 4discusses the implications for developing countries of

technological d_velopmwents in the machine tool industry and

contains recommendations, annexes and a bibliography.

The study is based on replies to a cuestionnaire sent
to leading machine tool maimiacturers, designers, pro-
duction engineers, machine tool technologistes, researchers
and teachers in vroduction technology and machine tool users
chrouchout the world. 'hile »reparing tne study, the - author
attended the 30th General Assembly of the International
Instituiion for Production Engine=ring (CIRP) held in Australia
in September 1980 and he has drawvn on the insights gained
fror discussions held with some 0% the mermbers of the CIRP
and from subsccuent visits to macnire tool research
insti:utes., Annex I contains an extract from a report of the
Technical Policy Board of the the Institution of
Production Engineers, Unized XKingdom; the questionnaire referred to
above is reproduced in Annex II and the names of the companies,
institutes and individuals visitzd by t+he author are

given in Anne:: IIT,
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FPROSPECTIVE TECHKNOLOGICAL DEVELOPMENTS IN THE
MACHINE TJOL INDUSTRY IN DEVELOPZID COUNTRIES

INTRODUCTION

It is not the intention here to forecast
technological trends in the machine tool industry
using any mathematical “echniquec 1like the .
Delphi, though reference to it is made in Annex I. 1/

such a study was carried out by

a renowned machine tool desiq. and produc-
tion technologist, Eugene Merchant, Director of
Research Plannino, Cin~innati Milacron Inc.,
Cincinnati, Ohio, United States of America and members
of the Internetional Institution for Produciion
Exgineering Research (CIRP). The present study
however, is largely the outcome of the cxtensive tours
undertaken by the author in "seeing things happen"
and the discussions held with several
well-known machine tool manufacturers, designers,
production engineers, technologists, researchers,
teachers in producticn technology and machine tocl

users. Hence jit was hoped that the study could be

pragmatic in its approach. ind not a theoretical

progrostication, and its deductions practical and realistic.

1/ " Project Delphi" was the name of a US Air Force-
sponsored Pand Corporation stud;, begun in the early 1950s,

with the aim of obtaining ex; R .
. ) xpert opinio .
questionnaires. p n mainly through

.3

R
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In order to deal with the subject comprehen-

sively, the following aspects have been taken into
account: machine tool neéhanics and design; cutting
tool materiesls and tool techﬁolozy; machine tool control
systems; non-conventional machining processes; metal-
forming machine tools; manufacturing systems/production

engineering; automation ir nroduction technolegy.

It is interesting to compare the forecasts of Dr. Merchant
and CIRP in 1970 wherever possible with what has actually
occurred after a lapse of about 10 years.

In this respect the report by the Technical Policy Board

of the Institution of Production Engineers, United Kingdon,
on Current and Future Trznds of Mapufacturiag Management and
Technology in the United Kingdom, "The Way Ahead", in which

such a comparison is made, is interesting.

Annex I cow.tains an extract from this
Report pertaining to the chronological summary <£rom
1980 to 1996 which has been derived mainly from the

answers to & questionnaire circulated by the Ins-

titution of Production Engineers,
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Because machine tools are the most important
means of indust;ial production, the development of
production technology depends directly and uniquely
on the development of modern machine tools; which
is why machine tools have to be combined with pro-
duction technology. In this survey of the latest deve-
lopments in machine tool technology, therefore, the
vital link between these two entities viz. modern

machine tools and the development of production technology

will be followed.

The enormous changes that are taking place in
the realm of metalworking can be attributed to the
fast tempo of developments in machine tool design
and technology, control engineering and production
concepts. The production technology cf machining
is developing fast to answer the incessant demand
from the manufacturing sector. Developments per-
taining, among others, to new materials, cutting tools
and a new generation of drives ar¢ not only in-
fluencing the very concept of machining but they
are adding a new dimension to the very methodology

of machine tool design.

Furthermore rnew forms of production organisa-

tior such as the concept of fully or partially
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flexible manufacturing systems are emerging, At
present by far the most important form of ﬁédern
technology is computer-aided manufacture -
(CAM) It has already proved its higher ability to '
considerably improve production possibilities than

all known forms of production techniqueas put

together. For this reason, machine-

tool-based production technology is becoming increasirgly

integrated with the computer.

Machining efficiency is the crucial require-
ment of a machine tool. Research on the maximum
obtainable reduction in machining time and the max-
imum achievable accuracy and surface finish in
machining is going on all over the industrialised
world, But tl . emphasis at present is on the possible
reducticn that can be obtained in operation time;
preparation time and in various non-machining times.
Many new technologies covering the fields of mach-
ine rigidity, drives and controls have now helped
considerably to reduce the non-cutting time and also
to cut down the preparation time, specially with
the development of new controls and positioning :
devices, It is the bid for reducing the operation
time that has led to the search for better tools and

better designs of machine tools having higher speeds
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and power,

The design of modern machine took consists
of the fusion of several technologies. The de-
sign of structure, drive, control and the very
design methodology demand a close interaction of
mechanical, electrical and electronic engineers
besides metallurgists and others from an array of
specialised disciplines. The design of machine
tool structure is witnessing a quiet revolution.
The requirements of high rigidity, light weight
and good damping characteristics are forcing de-
signers to evolve new designs using alternative mat-
erials and new configuraticns. The present approach
is towards structures using combinations of metals
and non-metals to ensure proper thermal stabilily,
static and dynamic stiffness and favourable wear

and nolse characteristicse,

The development of new cutting tocl materials
is compelling des.gners to devise drives of high
speeds and high reliability. Noise corsiderations
are restricting the use of gear drives at high sreeds.
SCR - controlled DC motors are being developed to
obtain fine steps, Bearing systems are witnessing

many changes; the requirements of high speeds,
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in~reased stiffness. high accuracy and reduvced

noise especially are favouring the application of hyvdro-

static bearings on 2 much wider scale.

The mcdern controls are being constantly re-
fined in answer to the demands of higher producti-
vity. The incredible tempo of development in
micro-electronics and Semiconductor . technology is
adding new capabiiities to numerical controls and
the latest microprocessor-besed GNC systems
demonstrate a level of reliability which was con-
sidered impossible only a few years ago. Fault
diagnosis, remote diagnostics and self-checking
routines have improved to such an extent by the
modern trend of microcomputers that unmanned oper-
ations appear to be the next goal on the manufac-

turing horizon.

Spurred by the diverse consumer demands, the
philosophy of manufacturing is showing a shift
from mass production to large volume production
with a built-in flexibility for quick change-over
from one component spectrum to the other. The
user industries are demanding finer part accura-
cies, tolerances and assembly requisites to meet

the demand for high accuracies of end-products.
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The urgent need of the manufacturing sector for
multi-function machines to reduce production time
and to assure high accuracies of machired compo-
nents is responsible for the birth of versatile
"Machining Centres®. The concern of the manufac-
turing sector to humanise the working environment
is forcing designers to view ergonomics as an
essential component of machine tool design, The
need to conserve material is dictating a shift from
cutting to forming. The threatening erergy crisis
is forcing a keener attention towards energy man-
agement in metalworking. All these chalilenges are
changing the very foundation of the design and manufec-

ture of machine tools,.

A great many structural changes are expected to
take place in the production engineering industries
of the West in the wake of innovative technological
developments, in particular in intormation tech-
nology and,wherever possible, to accelerate this
process of change. In the past advances in produ-
ction engineering often had a lot to do with break-
ing down operational sequences into smaller steps,

standardising the motions and relating them to people.
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Howe..r, as a result of modern information tech-
nology, a reorientation of industrial producticn

is conceivable and already visible in a few areas
ir the Western world. It is characterised by
greater operational flexibility vig—3-vis cucstomer
requests and by a reducticn in the monotony -ind
one-sidedness of jobs. Apart from the new recuire-
ments to be met by production enginee-cing as a
result of changing user and worker demands., zn inn-
ovative boost is expected to be given to prziuction
engineering, above all by modern semiccnaductor

technologye.

-
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I. MACHINE TOOL MECHANICS AND DESIGHN

There is no instant transformation into an
era of chatterless machine tools with iigh metal
removal rates, ultra-precision and 100 per cent
uptime. Rather, there are signposts pointing to
the paths that might be taken in improving the
capabilities of metalcutting machines. This in
itself 1is an important contribution to the state-
of=the-art of machining. Spectacular advances in
the capabilities of today's cutting tools could
double cutting speeds for both roughing and finish-
ing and could Aouble feed rates in cutting. Taken
together, these offer potential time reductions of
50 to 70 per cent and a further reduction of per-
haps 50 per cent is possible if roughing end finish-
ing can be combined into ‘single pass machining® at
an increased depth of cut. Depending on the app-
lication, such savings could increase overall output

by 15 to 300 per cent.

Each of the above possibilities, however, adds
to the challenge of machine tool design, requir-
ing higher spindle r.p.m., faster feed mechanisms,

larger torques and forces, significantly greater
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horsepower and much increa-ed ststic and dynamic

stiffness.

In the design of a machine tool, the major
elements of importance are the= structure, drive,
guides etc, As already stressed earlier, the
design of a machine tool should reflect the con-
fluence of several engineering disciplines. The
latest trends bear testimony to an integrated
approach to the design of every major element of a
macnine tool. The design trends in structures,
guideways and bearing surfaces, spindle systems,
feed drives, accuracy aspects in desiom and come

puter-aided design, are briefly outlined below.

Structure_s_
A century of trial and error hsas
evolved today's iron -~ but both the method of de-
sign and its products may not be adequate for

tomorrow - even the iron may have to go.

The principal design parameters of the machine
tool structure are: stiffness-to-weight ratio,
natural frequency and damping from the standpoint
of dynamics, dimensional stability, and the long-term
stability influencing the retention of accuracy of
alignments. Another important parameter arising from
ergonomic considerations is the accessibility for load-

ing and wnloading the jub. This is an important parameter
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in view of the importance attached to automated
loading. This is particularly evident in the slant bed
design of modern lathes. The search for cheaper
alternatlives %0 cast iron has spurred research on

the use or welded structures, concrete and even

granite for use in tihie machine tool scructure.

Fabricated steel structures. The need for
lighter and stiffer structures has prompted desig-
ners to evaluate fabricated welded construction
for beds, cclumns and also for modules which are
used in a variety of combinations., Increased
st. ffness offered by the welded structures used for
co.umns and cross-beams of vertical boring machines
is almost 30 per'cent over that of cast iron. TIn
addition to the advantages of light weight and in-
creased stiffness, these welded structures are

cheaper than cast iron.

Concrete. Reinforced concrete is even cheaper
than the welded structures with the added advantage
of possessing excellent damping properties. Some
manufacturers in the United States are making beds of NC
turning machines, using concerete. These structures
consist of a sheet-metal casing braced internally

by steel rods and filled with concrete to which the
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machine tool is permanently glued., A special type

of concrete which expands on curing is used. The

bed of the machine is a closed box section - cast

iron in which sand and core are left behind to

achieve a high co-efficient of structural damping.
This assures a statically and dynamically stiff
structure which facilitates a high metal removal rate,

high precision and an excellent surface finish in NC

machines.

Granite. Future machine tool beds and bases
may well be made of stone, particularly from gra-
nite because of its strength and easy availability.
An indication of this can be seen in a diamond-
turning machine installed at the ILRL Laboratories in the
United States. In this machine, granite is used
as both the machine »ase and metrology base. This
is claimed to be the world's first ultra-high pre-
cision lathe having straightness errors within 0.025
micron and positional displacement errors within
04013 micron at all points, thus permitting turning ’
with mirror polish in a single operation., Granite
appears to be the most suitable material for such
nigh precision machines because of its low thermal
expansion (7.2 x 10~ /°C) and excellent dumping

property rate at 15 times more than that of cast




ircen or fabricated steel structure. In spite of
all these advantages, the cost of processing gra-

nite for use as & machine basec is still very high.

Guideways and bearing surfaces

New design concepts are now being tried tc engure the
longevity of machine accuracy, to reduce periodic main-
+enance and to easily replace guideway elements
without resorting to costly and time-consuming
scraping. Recent lnnovations in guideway techno-
logy have resulted in the development of glued-on

guides and fixed-on guides.,

The glued-on guides are built with hardened

or niti.ded steel strips of 10-12 mm thickness which
are bonded on the properly prepared base structure
by using bonding agents like special Loctite or
epoxy resins. The fixed-.n gquides are designed
with case-hardened or nitrided steel guides which
are bolted or dowelled on to the precicion milled,

ground or hand-scraped locating surface of the
welded or cast iron machine bed/base. This 1is likely
to be the basic design approach for the guideways

and bearing surfaces of machine tools in the future.
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The cost of such guideways is much less than
even the conventional precision milled or hand-
scraped guides, They facilitate easy replacement
of worn out guides, considerably reducing the down-
time of the machine. The mating bearing material
on the counterpart can be of cast iron or teflon
or any other self-lubricating or tribologically

compatible material,

Rolling riement guideway bearings. In high

precision machine tcols and NC machines, there is

a marked@ increase in the application of rolling
element bearings for guideways. By careful grading
of precision rollers (or balls where a lighter load
is to be carried), and by careful calculation of
the meamnloading per element, a very high precision
motion can be achieved by virtue of'the elastic
averaging effect'. Some of the modern jlg-boring
machines use hollow rollers ir the vee-flat in a
semi-kinemctic configuration., In this case, the
hollow roller serves to help the averaging effect,
and being slightly over square by about 50 microns,
an excellent viscous damping is achieved by the
shearing of the oi) film in the ves-way across the
flat ends of the rollers, With this type of bear-

ing, a coulomb friction of less than 0,003 is




- 207 -

achieved ensuring that even under heavy cuttiny
loads, a heavy workpiece can be positioned with

an accuracy of one micron.

Hydrostatic 9i] bearings. The main advantages
offered by hydrostatic oil bearings are high stiff-’

ness, low friction, high viscous damping and very
high averaging effects exhibited by the all-fluid
film bearings. During operation, there is no metal-
lic contact. This assures high life and accuracy
Jf the bearing, These bearings are used in machine
tools primarily where very high cutting forces
assoclated with high metal removal are encountered
and yet a medium accuracy and good finish are de~
manded. The main disadvantages of hydrostatic oil
bearings are their high cost due to the need for
auxiliary equipment such as pumps, resistors, and filters,
and the nead to control very precisely the
clearances in the necessarily over-constrained bea: -
ing gaps. The temperature rise in the bearing ir
directly proportional to the clearances and in very
high precision applications, it is desirable to
control th» température of the oil in the scaveng-
ing/recircul ation process, if necessary, “y

refrigeration,
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Aerostatic pearingg. Application of air bear-
ings is now widely prevalent, especially for high
precision, high-speed grinding machines, The
error averaging effect of the air f£ilm compensates
for errors of circularity in the spindle and the
bearing bore. By using these bearings, the round-
ness error on the finished product is estimated to
be considerably reduced. The maximum roundness error
of an air bearing spindle so far achieved on a high
production grinding machine wheel spindle is
0.00025 mm, The most important advantage is that
thermal wam~up normally encountered in rolling
element bearing spindles does not exist. Aif bear-
ings used in grinding spindles afford a higher
cquality of form and finish., For much heavier
metal removal, using large formed wheels and in-
plunge grinding operations; a combination of air and
oil n, Irostatic bearings are now successfully used
to achileve a higher bearing stiffness and better

viscous damping under heavy loads.

An uvltra-precision surface grinding and slit-
ting machine incorporating these externally press=-
urised air bearings for both wheel and spindle, and

linear bearings of the X and ¥ mo:ions of the
machine has been developed by the Cranfield Unit for

Precision Engineering -(CUPE), United Kingdom.

————— —— -




- 209 -

Spindle systems

The thormal enerzy»diséipated

in the machine spindle-head durine operation,

leads to considerable thermal dilation which causes
spindle drift and spindle droop. These ther-
mal problems can be overcome by controlling and
stabilising the operating temperatufes of the
spindle head and by keeping it cool through refri-
geration. The cooling is done in such a way that a

temperature of 20°C to 25°C is maintained.

Drift and droop compensation is very import-
ant in the case of bcring and jig bering machines.
The modern trend is to compensate the boring spin-
dle assembly in such a manner that whatever the
projection of the spindle, the tool position does
not drift or droop. Such compensation is now poss-
ible with hydrostatic bearing systems and with pre-

ssure feedback 1n respect of a built-in reference.

Feed drives

Aatomatic machines and NC mach--

ines now demand high acceleration/deceleration and a
steady state of operations of the feed drive sys-
tems, The innevations in semiconductor technology,
servo-drives, electrchydraulic systems and high
enerqgy magnetic materials have led t& the develop-

ment of a new breed of feed drives. The electro-
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hydraulic servo-drives and total electronic
servo.-drives dominate the field at present and

the electrohydraulic versions are being phased
mut because of their low response time, actuation
delay and associated problems of noise, heat and
cost. The modern NC machin=s ard EDM machines are

provided with all electronic servo-drives,

The present generation of high performance
drives incorporate any one of the following:
(a) DC permanent magnet, direct drive torque
motors; (b) DC permanent magnet servo motors;
{c) Stepper motors, electric and electrohydraulics;
(d) ac variable frequency motors; (e) Brushless

DC motors; and (f) Woun” field DC motors.

The DC permanent magnet systems are the most
commonly used because of the attainable band
width and good performance at low speeds with added

benefits of less heat, noise and low cost,

Even in Japan,where electrohydraulic Stepper
motors were widely used till now, because of
the simplicity of electronic control, permanent

magnet DC motors are slowly replacing them.




The permanent torque motors are a special brand
of DC-control motors. They have a pancake form and
develop high torcue at low speeds without getting
overheated.. The permanent magnet field does not
allow heat dissipation while the motor is on stand-
by. Because oi these characteristics, they can be
directly coupled to the load, offering a very high
coupling drive stiffness and even zero backlash

with careful mechanical design. These torque motors

are highly reliable and durahle.

Mechanical drive elemente

Along with the direct drive DC servos and torque motors,

the mo=t commoniy used mechanical drive elements are recir-

culating anti-friction screws and nuts. But recen-
tly the hydrostatically Jubricated nut and lead
screw systems are finding increased application in
the machine tool field because cf lower rumble,
higher stiffness and 1low friction. Although the
hydrostatic nut and screw systems are more expensive,
they provide higher reliability when used in the
servo-drive system along with DC torque motors and

grating transducers.

Accuracy aspects of design

The design of modern machine tools 1s aimed towarcs

a high accuracy of the
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machined components, In this context, not only

the earlier-mentioned aspects of stiffness of
structures, suitable assembly configurations, re-
quired stiffness and reliability of drives, sensi-
tivity of slide motions and thermal stability
should be achieved, but also an integrated approach

should be adopted for the design of machine and controls.

In view of the enhanced performance require-
ments of modern machine tools, the design should
satisfy a dual purpose. A machine tool has to be
endowed with the ability to accurately
machine the component and even take over the func-
tion of inspecting the machined job. Hence the
added function of measuring has necessitated the
incorporation of a number of measuring devices and
systems on the machine tool. Among the measuring
devices incorporated in the machine tosl, the most
commonly-used position transducers are the induct-
ive scale, absolute digital or incremental type
shaft encoders and laser interferometers associated

with digital readouts (DRO).

Although the vast majority of servo position-

ing aids used in NC and CNZ machines are the indirect




type of transducers like shaft encoders, recently
the direct types like inductive scale moire-
fringe gratings are finding increased use
because of their higher precision. In a new opti-
cal grating with displacement transducers deyeloped by
CUPE the interpolation of moire fringes
from optical gratings is obtained by a scanned
pkotodiode array which enables a very fine reso-
lution from 100 lines per mm transmission grating.
This resolution is close to that obtained by laser
interferometry ©but at a fraction of the cost.

Modular construction

A distinct trend towards the
modular construction of machine tools is already
evident, This trend 1s strengthened by the need of
the metalworking industry to machine a wide range
of parts in small and large batches, with an abi-
lity to change over quickly from a one part family to
another. This can be met best by a system which
allows various configurations of machining systems
to be built up from a range of standard modules
rather than by the inflexible machine parts. Con-
siderable success has been qchieved ir using modu-
lar units for building dedicated grinders for high
volume production, but a wider application of the

concept to embrace lathes, milling machines, drilling
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machines etc. has yet to be established. Howvever,
as more industries turn to group technology. it
is expected that machine tool builders will increas-

ingly adopt this concer of machine building.

Other technical factors encouraging modular
construction include the move towards higher speeds,
higher powers, variable spindle drives, inter-
changeable tool turrets, direct drive feed units
etc. The first three factors have led NC
lathe designs to a concept where the drng motor,
gear box and spindle units are separated to limit
thermal problems and to isolate sources of vibra-
tion. The same considerations are seen in modular

grinder designs.

Builders of machine tools also stand to gain by adop-

ting a modular design concept. Short lead

times, flexibility in final machine configuraticn,

low inventory and larger batch cquantities lead to

savings of cost and time in machine tool building.

The builder can offer machining systems, tailored

to meet customers needs with a possibility of

adding more modules when required. Ali these con-
siderations are prompting a move towards modular

design of machining systems.
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Computer-aided design (CAD)

Engineering design involves the use of scientific

principles, techanical information and imaginative ranufactur-

ing instructions to mal 1in engineering product
from engineering drawings. Every industry and
engineering company evolves its own particular
Idesign methods and design procedures. A fairly
typical design method is as follows:

(a) functional specification;(b) preliminary rough
designy (c) estimation and design analysis;

(d) final design; (e) detail design; and (f) draft-
ing., In the modern state of devalopment, computers
are being widely used in engineering design.
This has led to the development of a new discipl-

ine known as computer-aided design (CAD).

Conceptual design. The first two aspects of

design viz., functional specification and preli-
minary rough design, can be considered as a conceptual
part of the design process. This is essentially a
creative activity. It depends upon the ingenuity,
innovative gual.ties and the feel of a desiger,
based on experience and creative ability.
Computers have considerable limitations as aids to
conceptual designing. Nevertheless, many of the

computer methods are valuable to expedite the
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design process., Computer retrieval of design
information is one of them., The designer spends

a considerable amount of time searchine for
information from catalogues, standards, research
papers, old designs etc. Computer-managed data
banks are available in certain fields to cater to
the designer's needs. The designer ca: 1jave acc-
ess to such data banks through multi-access channels
even from a remote place through computer termi-
nals and the telephone network. Industry's own
in-house information retrieval system, based on a
minicomputer, is also viable in computer-aided

design.,

Estimation and design analysis. Next to the

conceptual stage 1s the stage of estimation and
design analysis. This stage uses the computer to
the maximum extent., Calculation of forces, de-~
flections, stresses, or wvariations of a proposed
design can be performed with a high degree of accu-
racy by the computer, Estimation of cost is also

done very quickly and accurately by a computer,

At this stage the recycling of information

is done to alter the rough design and to re-
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analyse and re-estimate to arrive at a cost-effect-~
ive and optimum design. If a computer is not
available at this stage, the designer usually re-
mains satisfied with one or two trials and waits
for the performance report of the design after the

prototype is manufactured and tested.

The availability of multi-axes and time-sharing
computers and intelligent peripherals like visual
display, and graphics terminals have made things eas-
ier. The multi-ac-~ess and time-sharing facility
allows the user to ..»mmunicate directly with a
distant computer, send data or instructions via a
visual display graphics terminal, and immediately
receive back the output on the terminal screen in
graphical form, If the designer is not satisfied
with the output, then he or she can change some of the in-
put parameters either through the keyboard or in
the form of graphical input by using a light pen
on the graphic screen and asking the computer for
reprocessing. The cycle can be repeated till the
required result is achieved. By this method, the
user and the computer can work interacﬁively,
modifying and improving the design and correcting
errors without having to wait for the print-out.

This development in computer technology énd graphics




constitutes an essential part of the CAD approach.

Computer -aided drafting. Once the design

parameters and shapes are established through the con-
ceptual and analysis phases, the next step is the
production of engineering drawings which is mainly

a drafting job.

Development of automated drafting machines;
(both drum and flat bed types)have made drafting
easier. Once the varicus design data are available
with the computer in the form of co-ordinates., these
data can be transformed into an analog drawing
by driving the drafting machines as computer peri-
pherals. Computer software is available to deal
with two-dimensional and three-dimensional views,
automatic dimensioning of part drawings and ass-

embly drawings.

High -speed machining and its implications for the

design and mechanics of machine tools

Expected improvements in cutting-tool materials

allow an increase in the limits of material re- '
moval rate and an increase of maximum speed (to 50C0
or 6000 rpm) and feeds by an average factor of

about 2,and in power by a factor of perhaps L.
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This requires specific efforts in the development
of faster, mcre powerful machine tools in all cate-
gories and extensive R&D efforts in spindles,
bearings, drives, slides,motors, transmissions,
chucks, tailstocks and structures. Work on these
aspects is being carried out in the laboratories,
research institutes and machine tool industrv iD
the industrialised countries producing machine

tools,

It was estimated that in 1979 the cost of
metal removal in USA exceeded $ 60 billion., If

special techniques like high-speed machining could

reduce that expenditure by 1l per cent, the savins obtain-

ed would be enormous. If one reckons the money
spent on metal removal in all industrialised
countries, even a marginal saving obtained by
high-speed machining can release a stupendous amo-

unt for new investmentse.

Along with an increasing awareness and high
enthusiasmn to share the know-how concerning this
new technclogy, all the leading R&D establishments
working on the subject of high-speed machining

in the developed countries agree that the machine
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tool/cutting tool combination should have the foll-

owing attributes:

(a) stiffer structures to allow not only high-
er cutting forces (higher material removal rate),
less deflection (better accara.r), a resistance
to chatter (better surface finish), and reduced
tool wear; Put when their design is optimised, they
allow the use of less structural material, which
affects costs. Many parts made today by a rough
cut followed by a finished cut should be shle to
be machined in ‘one pass' with a stiffer machine
tool. An improved ability to understand, analyse,
test and quantify the structural behaviour and para-
meters, both statically and dynamically, 1s needed.
R&D work being carried out includes theoretical and
experimental analysis of structures as to shifting
weights and cutting forces; experimental and com-
putation methods for static and dynamic stiffness;
damping mechanisms; foundations and vibration

testingy

(b) 7o, achieve high spindle speeds, the
spindle bearings should be designed to handle the
expected loads and speeds., A forward thrust

bearing or hydraulically pre-loaded bearing 1is




from being pulled out of its housing§

(¢) The machine sh.uld be provided with .
protective cover to safeguard the operator and
other personnel on the shop-floor from flying

chips and broken cutters)

(a)All tooling should be balanced for speed
and the tool inserts should be firmly anchored for

protectiong

(e) The advantages of increasing the numbevr of cycles

per unit time in high-speed machining are best achieved

with an automatic tool changer;

{f) Automatic work loading/unloading devices

are essential;

(g) Faster feed-rates invoulving table speeds
of 800 rpm are considered necessary. However, the
table construction may have to be modified to re-

duce the ar-unt of mass moving at the higher speeds:

(r) Rapid contouring consistent with table
feed rates requiresa rotary table with a table speed

of at least 5 rpmj




(i) Heavy-duty gripping chucks are essential
and they should be designed, especially for high-
speed turning, to counteract centrifugal forces and

to withstand cutting forces.

Knowledge about chatter has improved and there
are now several emerging technicques that allow diag-
nosis and remedy when chatter occurs. However,
there is still not a consensus or good understanding,
and further research work in this regard is being
carried out in the industrially developed countries.
It would be ideal if eventually chatter-free machire

tools could be designed.

The life of machine tools today 1s satisfactory,

provided the machine tools are properly maintained.Reliability
can be improved by careful and thorough testing,

better compiling and analysing of failures to guide

redesign, duty=-cycle recording (to determine how

often and how much a machine tool was overloaded),

regular condition monitoring, and better protect-

ion against dirt, chips or fluids for all covers,

switches or seals.

Energy utilisation has not been a major prob-
lem since machine tools use relatively little (% to 2 per

cent) of the total plant power, compared with
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heating/air-conditioning or heat-treatment. Turn-
ing equipment off when not in use and other simple
steps can be helpful in conserving energy. How-
ever, newly-designed machine tools stould provide
opportunities to improve energy efficiency, for
instance, in mechanical transmission of power or

in electrical drives.

Detailed evaluations and surveys are being
conducted by machine-tool-producing developed coun-
tries in (a) chip removal and disposal; (b) re=-
liability and failure modes; and (c) seals, cov-
ers and devices to prevent dirt, chip, dust or

liquids from reachirg moving slides, bearings and

switches. The removal/disposal survey is being

aimed at modern sensors, future materials and unwusuel
approaches (like building a machine tool upside- ]
down to allow chips to fall). There is 1little

valid data on failure modes, failure rates or com-

ponent religbility under different duty cycles or

operating conditions. Work in these areas is be-

ing pursued. Research work is being conducted to

identify the weak links in machine tool reliability, {
to improve preventive maintenance and improve

specification and/or acceptance tests. An object-~

ive evaluation of designs of covers and seals for




- 224 .

guideways' lead screws, racks and bearings can allow lon-

ger life, better reliability and less maintenance.
Considerable research is being carried ocut in these

areas in many of the industrialised countriese.

Among the other features of machine tool desig-
ned for high-speed machining, mention has to be made
of a facility to programme the cutter paths to ob-
tain the advaeantage of high feed rates, sensors emplo-
ved for dimensional control and surface finish, and
compensatior devices to offset thermal distortionms.
Vibration and chatter can be catastrophic at high
and ultra high speeds. The success or fallure of high—
speed machining depends to a large extent on the cut-
ter balance. Conciderable research work is in prog-

ress to solve these problems.

Ergonomics, roise and safety

Even though technology is progressing towvards unmanned

mechine operations and unmanned factories, there 15 nevertheless &

concern for the health and safety of the industrial
labour force. Recent years have witnessed a greater emphasis
on ergonomics safety and noise considerations in mach-
ine tool design. This is aimed at providing operators
with pleasant working environments, both from physical

and aesthetic points of view., This is seen as an
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impertant method of retaining skilled labour in ma-
mufacturing and preventing its migration to other aress
such as service industries. Recent recommeandations

on acceptable shop ntise levels and mandatory safety
requlations point to an increasing liability of the
machine tool builders to meet even more stringent

regulations in the future.

Proper ergonomic (operator-machine relationship)
design is important especially on manually-operated
machines. Easy ldentification of controls, low
operating forces, logical grouping and pleasing col-
our schemes are the major considerations. New concepts
are emerging to design a lathe which can be comfortably
operated by a seated.person, thereby stresSing the impor-
tance attached to the operator's comfort in the design
of modern equipment. With the increasing international
trade in machine tools, the trend towards visual comm-
unication between human beings and machines through symbols is
increasing. Recent work in evolving an internation-
ally recognised code of symbols even for NC and other
electronic control systems is a positive proof of this

trende

Present recommendations limit the level of noise

to which an operator is exposed to 90 dBA over aa eirit-hour
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shift., Machine tool designers, therefore, have to
design machines with noise levels of 85 dBA or less
at present, So far efforts have been directed towards
containment and not noise reduction. New designs are
striving to reduce the absolute noise levels of mach-
ine tools to 80 dBA. This is expected to have a
major impact on machine tool design. Hvdraulic and
gear drives and pneumatic syctems are giving way to
quieter, smoother, electrical drives and electronic
controls, Non-metallic panels for guards, covers,
trays, access doors etc. are used to reduce noise
radiation from sheet metal surfaces. Drive _paths ars
made short and stiff with a2 minimum number of trans-

mitting elements and controlled clearances throughout.

Operator safety is an important aspect of mach-
ine tool design and construction. While regulations
are more stringent in metalforming equipment, metal- |
cutting machine tools are also subjected to mandatory
safety regulations both in the case of simple manu-
ally-operated machines as well as NC and similar ad-
vanced machine tools. Guards and seals to protect
the operator from chips, coolants and other hazards
have already reached a point where there are often
limiting factors in quick loading/unloading, measur-

ing inspections in machine tools. This is especially
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true of grinding machines designed for abrasive
machining. These conditions point tc new machine

configurations in the years ahead.

Future machines may evolve along lines
where the quarding is distributed between the machines and the
operator rather than being confined to the machines totally.
Possible solutions lie in partial curtailment of the
working zone, allowing quick and easy access while
the operator is placed in an enclosed control stat-
ion. The use of closed circuit TV can become popular
as a visual link between the operator and the machining
zone, with remotely-operated systems for scanning the
work, gauging and inspection when required. Doubte
less such methods will be applied only where the
machine and production situations lend themselves to

reasonably long operation without operator intervention.

Another solution that is likely to be used is
to substitute robots for loading/unloading operat-
ions while the operator is sufficiently removed from
the machine to avoid hazardous conditions. Such con-
cepts are bound to appear on future machine tools
since safety considerations will not be allowed to

impair to any extent the productivity of the mactine.
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Energy management in metalworking

About 1 hy of power is neeaed at the spindie cf 8 machine

tool for producing mild steel or cast iron chips at

a rate of 1 cubic inch per minute in milling, drill-
ing or turning. The power required is more in some
other alloys and less in materials that could be
machined mere easily. In other words, it takes
about 1/80 kWh to turn out a pile of 1 cubic inch of
chips. This in itself does not appear very expensive,
but it should be remembered that the energy required
concerns only the material cut from the workpiece and
it does not include the energy fed to the spindle
drive to overcome mechanical losses of gears and bear-

ings and also the electrical losses within the spindle

drive motor, Added to this, the following should be considered:

the energy inﬁut into the coolant pump, the axis drives
if it is an NC machine, the cooling system or heat

exchanger, the 1line of compressed air ngﬂ the lighting
for the comfort of the operator, refrigeration, heat-

ing, coecling and so on.

In most of the production modes, the actual
metalcutting accounts for only 30 per cent of the time
the job is on the machine, but energy is consumed 100

per cent of the time. Hence it can easily be
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surmised that the overall energy efficiency of

the operation is at its maximum when the maximum
amount of energy is used for cutting or forming

the job because this is precisely the time when
machine utilisation is at its maximum and the
productivity of all energy-consuming components
reaches a peak., Though this has not yet been achie-
ved, it is the goal of every management because

the total energy input per workpiece is minimised

and provides the highest energy efficiency.

The adoption of a manuficturing philosophy, whether

computer-based or not, which boosts producti-
vity, also leads to a higher level of energy effic-
iency. The choice of cutting tools that increases
metal removal rates or assures longer tcol edge
life or reduces the machine down time for tool
changing also facilitates and increases both
produc:ivity and energy efficiency. In spite of a
higher rate of energy consumption, an increased
spindle horsepower put into the workplece raises
the energy efficiency by giving a larger share of
energy for doing the real job. The modern trends
towards higher productivity in machine tools is

basically meant to enhance the energy efficiency.
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The price of industrial power is about triple
that what it was in 1967. Power costs are
increasing at a rate of approximately 15 per cent
a year and economists are not forecasting a slowing down
of this rate even if the current rate of inflation
is brought under control. Perhaps the most impor-
tant factor in machine use, howevrer, is reliability

in terms of machine performance ard up-time.

Design is often a creative compromise of
conflicting requirements. Clever design can in-
crease the output, reduce down time and enhance
the universality (flexibility to handle different
workpieces and materials) . Considerable research
is being carried out in the areas of easier chip
disposal, improved systems of automated workpiece
loading ard unloading, safety, ergonomics, energy
conservation, faster tool and workpiece clamping

and cutting with more than one tool simultanecusly.
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IT. CUTTING TOOL MATERIALS AND TOOL DESIGN

Introduction

The performance of cutting tool
material in a given machining application is mainly
determined by three important properties: (i) wear
resistance necessary to enable the cutting tool to
retain its edge and shape cutting efficiency;
(ii) hot-hardness necessary to enable the cutting
tool to retain its cutting ability and hardness at
high temperatures developed at the tool chip inter-
face; and (iii) toughness necessary to enable the
tool to withstand forces to absorb shocks associated
with interrupted cuts and to prevent the chipping

of the fine cutting edge.

Wear resistance and toughness are two charac-
teristics which are interdependent, the gain in
one results in a loss in the other. Whereas high-
speed steel starts to rapidly lose its hardness at
temperatures above 40°C, carbides, ceramics and dia-

mond retain their hardness at very high temperatures.
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Several other properties such as co-efficient
of thermal expansion, thermal conductivity, grind-
ability, weldability, hardenability, dimension
stability and freedom from distortion after heat trea*-
ment are of importance. The co-efficient of
thermal expaﬁsion determines the influence of ther-
mal stresses and therma} shocks on materials, Carb-
1des have lower co-efficients of thermal expansion
than high-speed steels and they develop lower themmal
stresses; but they are more sensitive to thermal
shocks because of their brittleness. With increas.-
ing thermal conductivity, the heat produced in the
tool chip interface is rapidly dissipated. As the
wear resistance of a cutting tool improves, the
grindabiiity denerally decreases and the grinding

costs are increased.

Till 1900 machining was performed either by
plain high carbon steel or by air-hardening steel
called Mushet steel. Shortly after 1900, hignh-
speed steel was introduced and it has since undergone
many modifications. The cast cobalt-base tools intro-
duced around 1915 are employed for machining opera-

tions at much higher cutting speeds.

[}
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Th=2 next notable improvement in tool materials
came with the introduction of cobalt-bonded sintered
tungsten carbide produced by the powder metallurgy
technijue. The addition of titanium, tantalum and
niobium carbides to basic tungsten carbide vastly
enhanced the ranage of application of carbides. This
material used in the form of small inserts, either
brazed or clamped to steel shanks, proved extremely
popular. Further research and development work in
the field of sintered carbides yielded superior varie-
ties of carbides having a thin hard layer of titanium
carbide or titanium nitride on a basic carbide sub-
strate. With this development of coated inserts, a 50
to 80 per cent increase in the cutting speed over
that of conventional carbides was achieved. Many new
types of coated tips with multiple layer coatings are

also now beina introduced.

Shortage of tungsten has, however, led to the dev-
elopment of many non-tungsten cutting tool materials.
Among them the most promising are: solid titanium
carbide, and titanium nitride. Ceramic tools exhi-
bit very high hardness and akbrasive resistance,
facilitating +he use of higher cutting speeds, How-

ever, their application has been limited owing to




their brittleness am:
new tool material consisting of columbiug, tungs-

ten and titanium permits a 60 per cent increase in

the cutting speed when compared with tungsten car-

bide. Cubic boron nitride with a hardness second to that of
diamond is facilitating speeds five to eight timas

that of carbide and can be used to cut hardened

materials. Polycrystalline diamond bonded to

tungsten carbide substrate is now successf lly

employed for machining non-ferrous materials,

The metal cutting industry in the industrialised
countries is constantly searching for better tools
and methods which will yield high productivity. 1In
an era of heavy emphasis on NC machines, there 1is
sophisticated and reasonably high horsepower equip-
ment capable of removing metal efficiently, provided
the cutting process itself is efficient in control

and predictable,
Tool materials

Cast alloys. High sreed steels were unsurpassed

till the introduction of cast cobalt base alloys.
Cast allays are produced with certain combi-
nations of tungsten, chromium and cobalt having
extremely high red hardness, wear resistance and
toughness, 8Since the co-efficient of thermal expan-

sion is the same both for steel and these alloys, tte
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two materials can be brazed or welded without the
danger of inducing stresses. The cast alloys bridge
the gap between high-speed steel and carbide and to
some extent are still being used in the metalwork-

ing industries,

Cast alloys have propcrties intermediate bet-
ween high-speed steels and cemented carbides. They
are less tough and more wear-resistant than high-
speed steels; they are used at surface speeds above
those of high-speed steels and@ below those of car-
bides. Other important characteristics are: high
red hardness (can retain edge hardness up to 760° C), a
low co-efficient of friction, excellent resistance

to corrosion and high resistance to shock and impact.

The cast alloys are used for machining cast
iron and malleable iron, alloy steels, stainless
steels, non-ferrous metals, bronze, graphite and plas-
tics. The shock and impact resistance of cast cobalt-
base alloys allows them to perform better than carbides

on interrupted cuts.

Cast alloys can be used in multiple tooling on
automatic screw machines and multispindle bar auto-

matics, where all operations do not require the
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bides. Carbides are used on large diameters and

surface speeds of either high-speed steels or car=- |
cast alloys on smaller diameters. Cast alloys are

also used to cut small diameter jobs.

Cemented carbide. The first major breakthrough

in the development of tool materials came in 1926
with the advent of cemented carbide for metalcutt-
ing. Earlier, cutting tool materials were mostly
produced by molten metallurgy methods and depended
on proper heat treatment for hardness and other pro- |
pertieas. Therfore, their performance was greatly
affected to a large extent by the attendant tempera-

tures of cutting. The carbides, which are now pro-

| duced by powder metallurgy techniques display very
high red hardness (retain their cutting edge up to about
100°C) and wear resistance and can te operated at very
high cutting speeds when compared with high-speed

Steels.

Initially, straight tungsten carbide with cob-
alt as the bonding materia. formed the basic
constituent of this tool material which was well

suited for machining of short chipping mater " like

cast iron. Later the range of application was




of titanium, tantalum, niobium etc,

The extent to which carbides have spread may
be visualised from the fact that at present ir the
industrialised countries more than 300-400 variet-
ies of carbides are marketed by various tool manu-

facturers.

Partly because of low tensile strength and
partly due to high costs, carbides were originally
used as small tips for inserts brazed to a tougher
and a less costly steel shank material. The cost of
carbide has now come down appreciably and it is only
a fraction of what it was scm> years ago., Still,
it is invariably used along with steel shanks on
which it is clampmed or brazed except in the case of
very small tools. Though simple and cheap, the brazing
process is now disappearinag since it has certain 4
drawbacks, Brazing, even carefully dong may subject
the carbide to internal stresses owing to the different
co-efficient of expansion of steel and carbide.
These stresses alone may not bz large enough to dam-

age the tips, but when coupled with normal cutting

stresses, they may cause failure of the tip.
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Regrinding of brazed carbide tips is also a problem
and the grinding stresses may cause cracking of the
tip. The geometry and finally the performance of the
carbide tools depend on the. skill with which brazing

~1s done and gﬁinding is carried out. These problems
assume greater proportiom when multi-point tools like
milling cutters have to be sharpened where the accurate
maintenance of relative positions of the cutting edges
are needed, In addition, some of the newly-developed
grades of carbides are indeed difficult to braze. Re-
cently-introduced coated carbides are not suitable for
brazing because the subsequent grinding removes the

coating.

The concept of the throw-away type insert over-
comes the disadvantages of the brazed tool and offers ccn-
siderable economy, higher productivity and operational
convenience. Elimination of regrinding and other
troubles associated with poor grinding, accuracy of
+00l geometry and reduced tool inventory are some of
the advantages realised by these tools. Since regrind-
ing costs are completely eliminated, they cin be sub-
jected to the maximum wear at high speeds than those
used as brazed tips. With the use of pre-sintered

chip-breaking on throw-away inserts, better chip con-

trol is achieved.




- 239 -

A shortage of tungsten has led to the develop-
ment of many non-tungsten cutting tool materialse.
Among them the most promising are the titanium
carbide and titanium nitride tool materials. The
bonding materials used are nickel and molybdenum,
These tools have greater solubility in nickel and
molybdenum than tungsten carbide in cobalt, This
results in high strength of materials with good
resistance to chip tool welding and reduced frict-
ion between the chip and the tool. Because of their
higher thermal conductivity, temperatures produced [
at the cutting point are lower. They have a very lov !
density, about one third to one half of tungsten cer- |
bide alloys, and this leads to low heat absorption
which is a critical factor for extended tool life,
They also have a transfer rupture strength compa-
rable with that of tungsten carbide, exhibit higher
hot hardness and do not form a built-up edge on
their rake faces, consequently producing ' a good surface

finish or jobs.

Titanium carbides and titanium nitrides have
been used to bridge the gap between the tungsten
carbide and ceramics for finishing and precision

machining operations at speeds as high as 450 m/min

and with light to moderate feeds and cutting depths.
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These could also be used on high-temperature alloys

with poor machinability and on hard alloy steels.

The potential for major development in carbide
cutting tool material depends primarily on the
availability of cobalt. The supply of this essen-
tial material is controlled by governments and a
~ut-0ff would hinder the dewelopment efforts in
carbide tools,

Coated carbides.

Furthermore, in the case of conventional cem-
~nted carbide grades, a compromise has been sought
between wear resistance and toughness. In princi-
ple increased wear resistance also means reduced
level of toughness and vice versa. Therefore the
emphasis in the development of cemented carbides
is on improving the wear resistance while retaining
adequate toughness. This has led to the develop-

ment of coated carbides in which a microscopic

layer of wear resistance material (titanium carbide,
titanium nitride) is chemically coated over a tough
carbide substance to attain a single grade of car-

bide having the property of both high wear resis-

tance and toughness.




Coatad carbides are rapidly changin

g the com-
position of cutting tools. These tools account for
approximately 25 per cent of carbide-insert use and that
figure may increase to 80 per cent depending on material
conditions. However, if these tools are to be used

at their optimum capacity and provide full economic
return, machine spindle speeds, horsepower and féeds
will have to be increased which is what is happen-

ing in the designs of machine tools produced in the
industrialised countries. 1In micro grain carbide,

the particle size of the carbides is reduced to sub-
micro level. It is found that micro grain carbides
exhibit significantly higher traverse rupture stren-
gtha& any given hardness level than conventionzl
carbides. They are used for severe metalcutting
operations which require a higher strength than those

of conventional grades of carbides. They are recomm-
ended for applications where high-speed steel or

cast alloy tools are too fast, or where cutting speeds
are slow for carbides, or where carbides fail by

chippinge

Because of their high strength, coated carbide
tools are being extensively used in positive rake
angles in machining high nickel base alloys (super

alloys) « They are also recommended for cut-off tools
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since the slow speed encountered towards the centre
of the bar does not affect these tool materialse.

They are also recommended for form tools.

Ceramics. Among the numerous ceramic tool
materials available, the best results are obtained
with aluminium oxide combined with small quantities
of various other oxides. Ceramics are hard and have
a high degree of compressive strength even at ele-
vated temperatures. They have a good abrasive resis-
tance to cratering, a low frictional co-efficient and
they are not sensicive to the higher range of temp-
eratures encountered in practice. Ceramic tools
can retain their cutting edge hardness up to about
1400°C and exhibit uniform strength up to 1220°.
Because of these properties, they are being used
in the industrialised countries for cutting tough
material at high speeds and at higher temperatures
as compared to other tool materials. However, the
relatively low transverse rupture strength of cera-
mics - about one half to one third of carbide - is a
serious limitation which has been restricting their

wider applications to that of uninterrupted cuts.

Ceramics, having higher hot hardness and graater

resistance to wear, are employed for increasing




productivity and lowering costs. Ceramics provide
good surface finish and quality and they eliminate
finishing operations like grinding. Cast iron,

noted for its abrasive characteristics, can be mach-
ined to a smooth bright finish usinz ceramics. Heat-
treated steel as hard as 65 Rockwell 'C' can be finished by
ceramic tools up to 0.5 pm surface finish, often
eliminating the grinding operation with consider-
ably improved tool life vis-a-vis the carbide. High
temperature alloys such as hastalloy, Stellite and
Monel can also be machined using ceramics. Cera-
mics are used for special turning, long tube boring,

cylinder liner boring etc.

Ceramic tools have the potential to increase
cutting speeds by a factor of 5 to 10 bﬁt their
toughness will have to be increased before they can
be widely used. The wide use of ceramics would re-
quire some refinement in -~ machine tool technology.
During the next five years, ceramics will continue to

make an inroad, but at as slow a rate as that exmerienced du-

ring the past five years.

Ceramics and cermets have been used for cutt-

ing tools for the last 20 years and they have developed
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a definite place, within limits, in metalcutt-
ing. Many of the earlier aluminium oxide ceramics
are no longer available, because they are not good
enough to compete with the more recent ﬁot-pressed,

high purity aluminium oxide inserts.

Of more significance, however, 1is the so-called
cermet material which contains 15-30 per cent titanium
carbide in addition to aluminium oxide., There are
a number of producers of high quality materials in
this class which compete in the high-speed cutting

rangee.

In addition to these more conventional cermets,
there have been others in which additives, such as
molybdenum and mclybdenum-carbide or tungsten car-
bide, have been used with aluminium-oxide (A12qg
instead of titanium carbide. None of these has yet
proved viable as a cutting tool. Extensive research
is being conducted in this area by the cutting tool

manufacturers.

Diamond. Diamond,because of its high modulus

of elasticity, chemical inertness and exceptionally

high hardness,6is ideal for obtaining fine surface
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finish and accuracy. Though the initial cost of
diamond is high when compared with high-speed steel
or carbide tools, the cost per piece machined with

diamond is invariably puch lower.

Diamond is chemically inert and takes a high
polish. Because of this property, chips do not ad-
here to its surface when machining non-ferrous and
non-metallic su-faces. Diamond has high het hard-
ness but excessive heat causes diamond to crack,
and oxidation of diamond starts at about 800°C,
Therefore an abundant supply of cutting fluids should
be used without any interruption and light feeds
should be employed. The diamond cutting edge is
extremely smooth, keen and accurate. It is com-
pletely free from sawtooth irregqularities irherent
in a carbice tool, and hence the modern trend 1s
that the diamond tool is employed more for preci-

sion application.

Diamond is extremely brittle and it chips or
fractures if it is not properly handled. It should

be used on machines with minimum vibration or cha-

tter and should be protected from shock loading.
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Diamonds of various forms are used in many
industrial applications such as grinding wheels,
dressing tools, drawing dies, hones, lapping
compaunds, cold drills. As a cutting tool,
diamond is mainly used for machining non-ferrous
metals like aluminium, brass, copper, bronze and
other bearing materials; nonemetallic materials
like epoxy resins, hard rubber, glass;and precious
metals like gold, silver and platinum. In light-
alloy pistons, nearly all surfaces are diamond
turned and bored, especially where higher silica
content is involved. Sintered bearings, which can-
not be machined by other tool materials, are mach-
ined by diamonds. Commutators are turned with
diamond tools to have a smooth surface with clean
boundaries. They are generally used for finishing
cuts and are not recommended for ferrous materials.
Polycrystalline diamond is used for machining glass,
reinforced plastics, utectic and hyper-utectic
aluminium alloys and other materials having hard
and.soft structures which prevent interrupted cuts.,

They are also used in milling,.

UCON. The modern trend in the industrialised

countries 1s & greater upplication of UCON, UCON

is a nitrided refractory metal alloy and it is a




0 per cent coliumbium, 30 per cent titan-
ium and 20 per cent tungsten developed by Union

Carbide, United Stetes of America.

The untreated inserts of UCON having a hardness ‘
around 200 BHN are nitrided in a nitrogen atmosphere
at a very high temperature. The surface hardness
of the finished insert is greater than that of cera-
mic and, towards the centre, it is softer than steel.
Because of this non-homogeneity, the application of

UCON is limited to throw--away inserts. !

UCON cuts very cool. It has excellent thermal ‘
snock resistance, high hardness and toughness. It
also exhibits excellent resistance to diffusion and
adhesion wear (chip welding). It is claimed to give thr:e to

five times more edge life than conventional carbides.

UCON 1is recommended for roughing, semi-roughing '
and finishing cuts in turning, faciﬁg and boring.
It operates in the speed range of 250 to 500 m/min
on éteel of 200 BHN, It 1s not generally applied

to milling, parting-off or for operations using form

tools.




Cubic boron nitricde. Next to diamond, cubic

boron nitride (CBN) ir the hardest <ubstance known.
It consists of atoms ¢f nitrogen and boron with a
special structural configuration similar to dia-
mond. Cubic boron nitride is sucessfully used as
a grinding wheel on high-speed steel tools provide-
ing good surface finish, precision and high output
and also on titanium, stainless steel and Stellites.
The second application includes grinding of hard-
ened steel lead screws, splines, threads and ball and
roller-bearing parts. Because CBN cuts cocol,
grinding defects such as burrs and thermal shocks
are not produced. It is also used for grinding
the slideways of cast iron beds and housing-type
components,

Tool design

Chip_breaker. Long and unbroken

chips produced while machining ductile materials
are difficult to handle and are injurious to the
operator, The sole purpose of the chip breaker is
to break chips into convcnient sizes for easy dis-~
posal and to protect the machine surface from
rubbing against chips. Various chip breaker designs
and configurations have been conceived to obtain

effective chip control.
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Various types of chip breaker and inserts

are: the external chip breaker, the moulded chip

insert and the variable width chip breaker. The

moulded chip breaker decign evolved with the

advent of centre-lock-type tool holders. In this

design the chip breaker grooves are formed at the ‘
sintering stage., They are built in single, double, ¢
triple, multiple and variable width configqurations. i
The variable width chip breaker consists of an in-
sert with a varying groove to enable the insert

to handle a wider depth of cut.

Tool geometry and corfiguration. The land an-

gle inserts have been designed for use in heavy ‘
roughing and light finishing cuts. A new land

geometry was first evolved by Kennametal of the United States.

In this design the chip leaves the rake face very

quickly, thus reducing the chip=-tool contact length

and transferring very little heat to the insert. ‘
This reduces the cutting temperature and results in

improved tool life. Another advantage is that by

avoiding the back wall of the chip grcov ,' cutting

forces are reduced and the metal removal'rate is

increased. The chip breaks with a natural curl and

facilitates improved chip control at both ends of
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the feed range which helps in easier programming

of NC machines.

Wave- shaped insert design. The single-sided

negative insert in this design is provided with a
wave~shaped edge geometry having double chip-
breaking groves and a mini-chip breaker near the nose
radius to compel the chip to curl against itself,
This wave-shaped cutting edge provides a positive
angle of inclination and reduces cutting forces.
Inr. this design the axial and radial forces are re-
duced to 20 and 30 per cent respectively and the
tangential force by about i0 per cent vis-d-vis the
standard negative insert. The insert also helps

to use positive or negative rake for negative rake

tool holderse.

Kenturn tooling system. The inherent disadvan-

tages of indexing throw-away inserts right on the

NC machine tool have prompted Kennametal of the United
States to0 design the Kenturn tooling system.

This system provides rapid changing of qualified
tocling, with tool holders held in placz2 by a ball-

lock mechanism. This uses the concept of quick

indexing of a cartridge-carrying insert. The compact




?esign of this system affords space for 12 tools

on a 6-station turret, thus doubling the tool

capacity. It is claimed that this system enhances the
machine tool's Productivity by 25 per cent besides

increasing its versatility.

Kennametal have a system which capbines hicgh
performance insert with a reliable coated carbdde.
The system is called Kentrol, It has a new car-
bide insert geometry and a multi-faced coating,
designed for extremely tough machining applica-
tions. Its land-angle shape allows freer cutting
and very high metal removal rates; and the coating
allows for heavy interrupted cutting, past runout
and scale. It is an extremely reliable coating,
The clean rake surface presents lower resistance
to chip flow and thereby encourages higher feed
rates., It has high chip controlling ability along with
the natural advantages of using high-speed rates

to reduce unit-powevr consumption.

Qualified tool holders. Especially while us-

ing automatic or copying or NC machines, an

important factor is the positioning of the cutting

edge in bothX and Y axes. Normally. tool positioning
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error is doubled in turning because of the tool
gutting on diameters. Since many NC centres have

8 programmable resolution of 0,002 mm ar.d also
since closer tolerances are insisted upon in pre-
cision machining, greater attention is paid to
sccurate tool setting, Another critical require-
ment is the repeatability in positioning the tool
in automatic tool changers. To respond to these re-
quirements, qualified tool holders are designed
where certain critical nominal dimensions are

qual ified over the specified radius of the insert
within about + $.05 mm. The qualified tool holders
eliminate the need to individually size every tool.
Roughing cuts can be taken without the need for a
trial. 1In qualified tool holders all control
dimensions are nominal for both manual and computer
programming., Besides eliminating the present pre-
setting stand, the set-up time is greatly reduced

by using qualified tocl holders.

Major constraints in tool design. Chip cont-

rol is normally accepted if there is no danger to the
operator, no damage to the workpiece and if the chips .
are small enough to handle easily and safely with

either manual or automatic means. These are imp-

ortant in the case of NC machines where snarled
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chips can cause &a lot of damage and interrupt prod-
uction. But in the designer's eagerness to bring
chips under control, he or she may be tempted to over-
control them when extremely tight, dark blue chips
are formed or when inserts cause severe chatter or
break prematurely. This may be avoided by going

in for a lower metal removal rate but the vestiges

of over-control will still remain in the design.

Increased metal removal rates through an in-
crease in feed rates appear attractive but this is peset
with a lot of problems. An increase in the de-
pth of cut or speed poses several prcblems., In
the case of depth of cut there are limitations.

For example, if the depth of cut is doubled,twice
as much power is required at the tool point,

If power and rigidity are available, then an incre-~
ase in depth of cut can be effective.But the wider
chip may be either too difficult to break or may
become too crowded or deformed. This will require

even more power than originally anticipated.

Even though modern machine tools are cutting

much faster, there are some limitations to increas-

ing speed. Tool life deteriorates drastically with
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speed because of the significant increase in ab-
rasion and temperature on the flank, rake face and
nose radius of the insert. Flank wear is really
the most important cause for the end of the tool's
life., By understanding the interrelationships
between speed and feed, productivity increase and
tool life can be balanced. The real key is the
feed rate but the feed rates are again limited

by the insert geometry. This brings the designers
back to sguare one and so the search goes on for
the ideal geometry, optimum speeds and feeds and
material characteriscics to answer the demands of
production. In the quest for higher metal removal,
better tool life and productivity gains, the search
for better tool designs will continue for a long

time and this trend is well discernible in highly

industrialised countries.
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ITII. MACHINE TOOL CONTRCL SYSTEMS

Introduction

In the industrially advanced
world, a spectacular state of a new art of manu-.
facturing is emerging. This is based on the chang-
ing nature of the information stream that runs a
manufacturing enterprise., In the past, human beings were
both the translators and transmitters of informa-
tion. The operator was the ultimate interface
between the design intent as incorporated in the
machine drawing or instructions and the functioning
of the machine tool. Human beings used mental and

physical abilities to control the machine tool.

However, computers are increasingly becoming
the translators and transmitters of information and
numerical control (NC) is perhaps the most repres-
entative of the kind of control that plugs inrto a
data stream with the minimum of human intervention.
Historically, numerical control certainlv has been

the most significant development of thre electronic

revolution as it affects manufacturing engineering.
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The possibllity to store information at a
low cost and tb compute and regulate on the basis
of stored information has considerably automated
the production cycle. Storage, computation and
machine requlation is done according to the prin-
ciple of digital technology, that is by employing
a large quantity of evaluated symbols and with
elements of semiconductor technology. In other
words, the building blocks of modern electronics
hold the key to control technology. There are some
basic aspects of machine tool controls which are
important to the user and manufacturer alike, They
aret f{a) operation ant programming; (v)-operation
safety; (c¢) cost; (d) flexibility and extendability;

(e) integration and standardization.

A numerically controlled machine tool is a
machine which grinds, drills, turns and/or cuts
according to a predetermined programme. Its work
cycle is recorded on perforated cards or tapes or
on magnetic tapes. Commercial production of NC
machine tools began in the United States as long
ago as 1952, Their application was limited but in

the past decade, they have become significantly more

clever, compact and cheap , partly thanks to the
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silicon chip and the associated micro-electronic

technology.

Though initially numerical ceontrols were
built to prove their efficacy in machine control,
many of the above factors associated with the new
art of manufacture were not considered. But now

numerical control is no more an engineering
curiosity. It has come to occupy an importanc
place in the very concept of production engineer-
ing. The development of NC, rendered possible by
the phenomenal growth in semiconductor technology ;
and digital science, 1s being guided to make it an
invaluable tool of production, with all the atten-

dant care towards reliability and coste.

A decade ago, numerical control was a means of
controlling automatically machine movements with
the help of coded numerical instructions. These
instructions were contained in a punched tepe. The
coded tape was the heart of the NC and it was res-
ponsible for controlling the sequence of mackining
operations, machine positions, spindle feeds and
rotational directions as well as a host of other

functions 1like control of coolant pump.
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But in the last ten years, NC has undergone pheno-
menal changes. The transistors have given way to
integrated circuits. The advances in computer
technology have helped to replace all logical hard-
ware., Decision circuits are replaced by executive
software in the form of minicamputers. The NC
gquided and controlled by computer has given birth

to the Computer Numerical Control (CNC) which is

the heart of modern machining certres. Part progra-
mming, inter-active computer graphics, adaptive
control, microcomputer code, servo-mechanisms,
human engineering and on-line diagnostics have been
added to those mundane aspec‘'s of process
planning, and others such as interchangeability, mainterance,

cutting tools, chatter and surface finish.

CNC system. The architecture of the CNC svstem is
entirely different frum a conventional hardwired
system. The concept of CNC is akin to the digital
computer concept. Any dig‘tal computer has'three major
parts: the Central Processing Unit (CPU) does the
arithmetic and logic operations; the Memory stores
the data to be processedjand the Control Instruct-
ions and the Peripherals actually form the link
between the computer and the outside world. For

the CNC, the machine and various other ecuipment
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to be controlled form the peripherals.

The major constituents of the CNC system are ttre
computer and the executive programmes, data hand-
ling, machine axes controls, controls pertaining

to machines,magnetics etc.

All functions for controlling the operations
of NC machine tools are synthesised by the logic
designer by evolving a combinetion of logic modu-
les consisting of gates, f£lip-flops, counters,
shift resistors etc. along with the necessary

peripheral devices.

Different approaches, using the same type of

logical elements as the basic hardware, can be em-
ployed to obtain the same end-results. This gives

rise to a non-standard system design requiring

for each system a large variety of spares. This 1
leads to a large inventory. It was therefore

realised that efforts had to be made for standard-
ising the system design of the hardware. The
evolution of large-scale integrated circuit technology
(LSI) brought NC system designs closer to

this achievement. The design was done around a

computer capable of meeting the requirements of
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any machine. The computers used in such NC

spustems are either minicomputers or microprocessor-
based computers with a standardized hardware archi-
tecture. Other peripheral devices are kept un-
changed, Iut the corresponding interface circuits
are modified to cope with the new type of hardware.
The requirements of each individual machine tool

are met by a software programme called the "Rxecutive
Programme” which is a part of the control. It
contains the command logic which determines how

the control is to perform its functions such as
cperating the tape reader, translating the progra-
mme tape and sequencing the machine tvool. In

other words, the controller's own logic is actually
a computer programme instead of specialised
electronic circuits. The actual hardware remains
standard and fixed with the different design app-
roaches. But any software, once developed succ-
zssfully, needs no maintenance. Hence, standardizeqd
system design is achieved with a minimum of main-

tenance recuirementse.

A computerised controller needs fewer
electronic components and fewer circuit inter-
connections. The tepe reader which is the most

vulnerable equipment in a workshop environment 1is




removed from on-line operations during machining,

thus leading to improved reliability.

The number of printed circuit boards are re-
duced and the same control may be used for a 3-axis
machine or a 5-axis machining centre. This redu-
ces the inventory of spares for single or several
CNC units, even if different machines are involved.
Software, once developed successfully, needs no
maintenance. Personnel training is reduced beca-
use only one system has to be maintained and serviced.
Debugging of any malfunctioning of the system is
much easier in the computerised system because
of diagnostic programmes. Even a less skilled
person having a basic knowledgzs of operation can
isolate a problem down to a sub-system or the card

level.

Computerised control systems offer more flexi-
bility since modification of the software programme
is simpler, quicker and cheaper than in the case of the
hardware of a conventional NC system., This facili-
tates the in-lusion of additional features by aug-
menting the software in standard building .blocks.

Though it may involve a marginal hardware modification




it is less costly to make a CNC system compati-

ble with any shop's unicue problems and practices.
Newly-developed options can also be added after
installation to upgrade the ecuipment. This faci-
lity eliminates the danger of premature obsolo-
scence although rapid progress in elevtronics
indicates that machine tool controls become obsolete in
three to five years. Part programmes are stored in
the computer memory and then made available for
machining. This feature is particularly helpful

in repetitive production. Execution of short blo-
cks is not limited by the reader speed because

the access time for the data stored in the memory

buffer is negligible.

A new part programme can be actively gener-
ated dr an existing part programme can be
modified inside the computer’s memory. This faci-
lity simplifies changes in geometry, feed, speed
and optimisation during tryout. Consequently,
the time for tape proving and debugging 1is reduced,

thus considerably enhancing production time.

The computer and the properly designed soft-

ware have made increased sophistication of the

CNC control possible. 1In the ccnventional NC,
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thils increase in sophistication necessitates

more hardware with s consequent rise in costs.

LNC capakilities. All the machine axis irr-

egularities may be measured and inserted in the
control software so that in subsecquent programmed
operations, the absolute accuracy of movement is
maintained. It is thus possible to produce a
part which is even more accurate than the machine
tself. This feature facilitates programming,
optimises machining conditions and achieves con-

sistent surface finish and accuracye.

To reduce the machine set-up time, and to
compensate for tool wear, the offset data can be
stored in the memory and called at any appropriate
time. Use of thumb wheel switches for storing
data as in hardwired controllers is eliminated.
Virtually an unlimited number of offset informa~

tion can be provided.

Tn the case of tool breakage, the machining
operation can be stopped and the tool can be

changed without destroying the programmed data.
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The present trend is to use a progremmable
machine interface where a machine interface ladder
network can be programmed in software. This has
helped the machine tocl builder to eliminate a con-
siderable number of relays, contactors and timers
that are used in machine electrics and magnetics.
Changes in the interface do not require cnrres-
ponding hardware changes. The ladder network can
be displaced on CRT. This feature is an extremely
valuable tool in debugging the machinre i. .erface
programme, enhancing the reliability of the sys-
tem. Since a great deal of hardware is in CKC
systemg, diagnostics is a very important tool to
trouble-shoot “he faults that are developed in the
course of operation in hnardware circuits of the
systems. Sinte a computer used in a CNC system has
the ability to perform different tasks under diff-
erent programmes, a proper programme can be written
to make the computer work like a circuit tester
instead of an NC controller, thereby providing a

diagnostic programme,

MDI cnncroller. The latest trend in simpli-

fied CnY control of individual machines has led to
the micruprocesscr-based Manual Data Input (MDI)

type of ~ontrol system, MDI controls go beyond the
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digital readouts (DRO), by adding slide drives
but they do no. stoo there as advancing micro-
electronic technclogy puts new skills at the
machinist's fincertips. Among the synonyms For
MDI controls are such terms as "tapeless NC",
"memory NC" and "operator programme NC®. These
terms are every bit as valid as MDI. Many MDI
controls can be converted into classic NC sys-
tems by plugging in an optional tape reader,

and most present-day NC systems incorporate preo-
gramme editing features that make them fully

capable of accepting manually input part programmes.

HMost of the wellknown NC machine builders
like Cincinnati Milacron, Kearney & Trecker,
Warner & Swasey, Allen-Bragley, General Numeric
and Fanuc have brought out this type of CNC
system, In the MDI system, the operator has a
choice of either making the programme by machin-
ing the first part manually to automatically rec-
ord the machine slide and tool movements, Or using
the Keyboard for .nput of work cycle commands from
a programme sheet on the basis of thé part draw-
ing. Since this does not make use of the punched

tape, the tape reader which is normally a source




of trouble is totally eliminated. If required,

the part pregrammes locat.:d in the system memory

are transferred to a magnetic cassette for perma-

nent storage. General Numeric provides a plug-

in cartriAdge having Random Access Memory (RAM) with

a nickel cadmium cell., An editing facility is also
provided to make any part changes in the programme.
MDI systems are lower in price and smaller in

size than thke conventional CNC system. Tke only limi-
tation of the MDI at present is that the controls

are made for machines with only up to three axes. These
controls are ideal for adoption in machine tools
built in the developing countries like Brazil, India

end thke Republic of Korea.

Direct numerical control (DNC), Direct numeri-

cal control (DNC) is an extension of the CNC con-
cept. In DNC, a central computer controls simul-
taneously a nunber of NC or CNC machines. DNC,
according tc the definition of the Electronics Indus-
tries Association, is a system connecting a set

of numerically controlled machines to a common
memory for part programme or machine programme
storage with a provision for on-demand distribut-
ion of data to machines, The DNC system has pro-

vision for collection, display or editing of part

S
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programme, operator instructions or data related

to the numerical contrcl process. Though the
concept of DNC is not new, it has yet

to spread widely in the manufecturing sector. There
are also many shortcomings of these systems which
have to be debugged. However, the main reason

for the DNC not becoming so popular is the init-
ial high cost of investment. Another reason is

that a universal DNC system with a wide rance of
applications has vet %o te created.The utilisat-

ion of the DNC system for maximum productivity has yet

to be proved.

DNC level I and level II are the two schemes
of DNC systems that are in use now. White-Surdstrand
and Allen-Bradley offer a DNC mninicomputer
that stores all machine data post-processed for a
speclfic machine on a master disc file. The mini-
computeirr sends the machine data on a real time
basis to each NC ~achine interfaced to ite. 1In
this case, there is no 'stand-alone’' NC system for
the NC machine., There is & limitation on the num-
ber of NC machines interfaced to one minicomputer
as the computer works on a resl time basis. One

major disadvantage of ‘his system is that if there
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is a malfunction in the minicomputer then all
the NC machines connected to this computer will
ke down. To overcome this drawback, a standby

minicomputer is used which can take over ih the
event of malfunctioning in the DNC minicomputer.

The other remedy is to gswiteh to the DNC ceneration level

IT system, where each NC machine hsas its ovn stand-alone

CNC systenm. These individual CNC svstems receive Aata from

the DNC minicomputer. Here, even if the DNC mini-
compute - falls, the machines can be operated with
the help of their independent CNC systems. If
these individual CNC systems are provided with
floppy disc data storage, then a considerable
amount of data can be transferred from ths DNC

minicomputer to these systems.,

DNC offers several operative advantages.
The tape reader, which is usually the most down-time-
prone component of a machine control uait is by-
passed., Secondly, a programme in a computer
storage 1is much easier to access for use in opera-
tion, for revision or editing or for quick and
easy interaction between the programmer and the
machine tool. The same computer that directs the

operation ofa machine tool can also be used for
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auxiliary purposes such as down time recording,
performance tabulation, real time machine status
and other operational items of interest to the
management., An advance design DNC unit can also
be utilised to sense operating conditions and
also to make modifications in programmed instruc-
tions. DNC does require programmers and super-
viéors having a thorough knowledge to exercise full
and optimum control. DNC systems can be extremely
effective when combined with first-rate systems know-
how but the initial cost is still very high

and needs software support of a very high calibre.

Recent trends in NC of machine tools. The use

of & general purpose minicomputer as a part of a
system and the use of software applicable tc
the minicomputer are now being discontinued.
Contrcl systems built with microprocessors and
with dedicated software constitute the architec-

ture of the CNC system.

Microprocessors are currently used in two
configurations: in bit-slice architecture to cons=-
truct a microcomputer which in all respects fula-
fils the function of a minicomputer and for micron-

programming. The dcsigner of a CNC system 1is thus




offered the flexibility to formulate his or her own
macro instruction sets., Hence it is now possible
for many of the NC systems builders to change over
from the minicomputer version to the microcomputer
version without changing the system's software.
Westinghouse, Bendix, Standard and General Auto-
mation, Fanuc, Siemens have changed over to
microprocessor-pased systems keeping the same soft-
ware chat was developed for their minicomputer
systems. This has proved very economical as no
additional investment is required on software

development.

The second configuration of the microprocesscr-
based CNC system is to use three 16=bit micropro-
cessors and to assign certain tasks o each
of thenm, viz, ene for part calculation, one
for axes drive and one for 1/0 interface. similarly,
Allen-Bradley's 7100 CNC uses three 16-bit
microprocessors, one each for axis drive, front
panel interface and central processing unit (CPU),

In this architecture, as the tasks are divided
among the microprocessor, the CPU co-~ordinates

these tasks between the microprocessors,
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In the earlier CNC systems, magnetic-core
memory was used as the maln memory of the system,
This provided a non-volatile memory but was more
expensive and also temperature sensitive, Hence
this is now replzced by semiconductor memories,
like the Random Aczess Memory (RAM), Since these
are volatile, a battery back-up is provided to
retain the information in the memory in case of
main power failure. Also these RAMs are now
availarle in 16-bits configuration, in a single
chip. Other types of memory chips like the Read-
Only Memory (ROM), Programme Kead-Only iiemory
(PROM), Erasable and Programmable Memory (EPROM)
are used to store the management and control in-
formation. These are non-volatile memories. The
latest trend is to store the systemeexecutive
software in PROMs, Formerly this software was
on punched tape and was lasded through the tape
reader into the main memory, but quite often this
inf ormation in the memory was lost due to elect-
rical disturbances in the workshop environment or
a power failure. A CNC system like the Vax minicomputer
developed by Digital Equipment Corporation (DEC), Urited
States of America, uses a floppy disc for storing ar
evecutive goftware, ™his i® non-volatile and his proved

very useful.
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NC persvectives. The development of computer

technology has made possible the introduction of NC
machine tools which themselves have drastically changed
the technology. Further improvements in controls are
foreseen such as those to increasse their capability and

their memory to allow more functions to be monitored and/or

controlled. Rapid progressive electronics causes

machine tool controls to become obsolete in three to five
years, There will be new complex, high performance
controls as well as simpler low-cost versions suit-

able for less complex parts and versions compatible

with manufacturing systems.

Computers have proved themselves in stand-
alone machine tool controls. CNC units have been
replacing hardwire NC. PCs (programmable cont-
rollers) are replacing hardwired relay logic.
Computer reliability has been remarkable, and con-
trols nave helped to increase machine up-time and
the time needed to correct failures. A modular
control design that allows for add-on capability
with additional functions can inmprove flexibility
and reduce costs. In addition to the Central
Processing Unit (CPU), the use of more computers
is foreseeable as (a) supervisory computers in

the Dino ocr machining system comprising several
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machine tools; (b) as an aid to opt .iisetion and
snop performance, a small hand-held computer or
microprocessor and/or small personal computer; and
(¢} &as a tie-in of machine tools to a computer-
assisted comprehensive operations-control system

in the company.

Some of the directions for improving the
mach.ne tool control units are: integral adaptive
controls; features to assist or speed up accuracy
measurement of the machine tool; using the compu-
ter and display already embedded in the machine
tool for training of operators or maintenance
personnel; novel schemes of err~r compensation;
additional diagnostics; devices to reduce set-up
efforts and time such as tool-set stations or
feeler nprobes placed in the tool holder with
automatic adjustment for toolwear or fixture posi-
tions; on-the-machine inspection of geometry or
surfaces with automatic correction; record keeping
of machine utilisation or cutting tool life; self-
healing or self-repair after diagnosing a certain
failure such as a broken drill; and the ability to

modi‘y a programme on the shop-floor or record
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the events of the lart minute or two prior to a

failure,

Standardisation of interfaces or language/
data communications is an important concern as
are terminology and mechodology for maintenance.
Strong efforts are being made to evolve a set of

standards.

Interactive graphics, a powerful emerging
technology, has an increasing key role in provid-
ing visual displays for monitoring and command/
control at each step in the manufacturing process,
from design to cutter motion and interaction to
complete manufacturing systems. Improvements
through three-dimensional modelling of parts and
clearer communication between th~ devices and the

operator are being investigated further intensely.

Verification of input data prior to running
a programme on a machine can be very cost-effective
in batch production of complex parts. The spin-
off benefit is to prevent production machine tools

from being used extensively for tape checking.
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Adaptive cont>.ls although having heen pur-
sued for about 15 years, have found acceptance
only in a limited application. Improvements in
understanding the cutting processes, the varia-
tion of cutting conditions and more reliable
sensors need to be developed. Good sensors
for toolwear, tool breakage and geometric dimen-
sions or contours, preferably of the non-contact
type, aund demonstrations of specific complete adap-

tive control systems have yet to be perfected.

There is a need to develop more and better
sensors, techniques for identifying intermittent
errors and diagnosing more of the mechanical fail-
ures through signture analysis or other techniques.
Novel diagnostic approaches are also needed such
as those.that can predict a failure and permit
orderly shut downs of operations rather than un-

scheduled emergency stops.

Future NC systems will be microprocessor-based

and provided with computer graphic display.
With Computer-Aided Design (CAD) the use of this
orsphic display will be extended to the NC gystems,

resulting in the interactive graphic CNC system,
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General Numeric has already brought out their
"Ultimate TG" microprocessér CNC for turning '
machines with facilities for automatic programm-
ing and interactive graphic display. Here the
CRT can display the appearance of the finished
part, the programmed tool.part, the actual pési-
tion value, the system parameters, programme data,
tool offsets and diagnostics. A paging facility

is provided for viewing lcng programmes on the CRT

display.

Automatic programming will be another feat-
ure in CNC to attract users of NC machines. Here
the post-processor is built into the software of
the system. The operator need only .enter the
basic dimensions of the workpiece, the codes for
the tools used, the offsets, feeds, speeds and
gome simple instructions through the keyboard.
The built-in software does the necessary computa.
tion, calculates the arc centre aud programmes

itself,

In the field of diagncstics for maintenance
of CNC systems, remote diagnostics will be commonly

emploved in future. The Numeric Easy Automatic feje-

phone (MEAT) service of Giddings & Lewis and
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Diagnostic Communication Systems (DCS) of Kearney

& Trecker are two such remote diagnostic facili-
ties presently offered to NC users in the United States.
Remote diagnostics involve the use of a telephone to
transfer digital information between the CNC sys-
tem under trouble-shooting,and the central computer
used for diagnostics at the manufacturers premises.
The central computer is able to make a multitude

of analyses, checks on both the control unit and

the machine elements, thus rapidly pin-pointing
solutions to malfunctions and also spotting poten-
tial sources of failure. This system acts as an
expert on the shop-floor. talking the same lansuace
as the equipment and eliminating communication
problems, delays in problan-solving,and saving ex-
penses by the travelling field service engineers.
This facility can also be extended to other count-

ries by using a satellite communications link.

Electronics from the most sophisticated com-
puter to the circuitary in a simple drive or a
sensor have introduced versatility to manufactur-
ing technology. Advances in electronics are

expected to increase cost-effective production,
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Electronic control, for example, will change

the concept of a stand-alone machine and will allow the

machine to function as a part of a system, The
machine cycle will be altered either by remote command
or by some conditions sensed at the machine

such as a process variable or the position of a

surface.

Machine performance will be monitored by elec-
tronic sensing devices- The information thus obtained
will be useful for diagnostic analysis as well as

for management decision-making on machine utilisation,

To be useful, however, machine feedback will
have to be communicated to someone besides the
machine operator and so control at the machine will
assume the additiona’. responsibiiity of & communica-
tions terminal. Electronic technclogy, such as the
data transmission and line protocol, will help create

an  infomation flow that will make the machine

an integral part of the manufacturing systeme

Knowledge of software design and system integ-
ration then will become necessary in manufacturing

plants. A good software designer, for example,




will be able to maximise hardware utility and
create flexible systems that others can repair and
alter. A systems’ integrator should understand and

determinr: how all the elements work in relation to '

each other,

At present there is no general consensus on
what the responsibilities of the systems integrator
should be, or whether it is even a necessary func-
tion. Its value will have to be determinedi

however, before complex systems can be developed

o

and implemented.

Producing NC tapes through voice command is
already a reality. A speed processor that comvert:
a programmer's analog Voice signal into the digital
language pf the computer permits part programmes

to be generated bs vocalising the data,

Fujitsu Panuc's latest brain to come on to
the market is its System 6. Introduced in 1979,
the System 6 incorporates large custom-integrated
circuits and the latest techniques in electronics
such as high—speed microprocessors and bubble memo-
ries making it a more reliable and more economical

version of the model it replaces. It is capable
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of operating a robot, thus eliminating the need

for a separate NC system for the robot and it uses
only about half the parts of the earlier System 5
Fanuc is now developing a System 9 which will reduce
the number of parts still further through the use

of very large-scale integrated circuits (VLSI).
Research on this is being done in co-operation

with Siemens of the Federal Republic of Germany. Production
was originally planned for the latter part of the dec-
ade but may now start earlier as Nippon Electric

Co, has recently announced that it can mass pro-

duce VLSIs.

Soon microprocessors will start replacing
wheels, gears and mechanical relays in a variety
of control applications, because it 1s more effic-

ient to move electrons around *zan mechanical parts.

Machine design to suit NC/CNC. More sophis-

tication is now built into mzchine toole to
machine a part in a single set-up. Simple 2~-axis
lathes have given way to 4-axis lathes and turning
centres. Similarly 4-axis and 5-axis machiring
centres are replacing 3-axis milling machines.
Automatic tool changem (ATC) with large tool maga-

zines and chains to store up t{o 70 tools or more,
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constitute a standard feature of the modern machining

centre, The contouring table is now used as the
l4th axils of a machining centre instead of an in-
dexinj table. Pallets are used to reduce workpiece

set-up time,

Turret lathes are now the most common NC mach-
ines. The present trend is to have a single combi-
nation turret which can hold tools for both inter-
nal and external diameter turning. However, a lot
of care is required in planning the tool layout and
to ensure that there is no interference between the
tools and the chuck while machining the intermal and
external diameters. Production centres are avail-
able on which all basic machining operations like
turning, boring, drilling and milling can be done
in one set-up. A spindle can also be indexed and

moved up and down to do many milliing jobs,

Control systems are now being built into the
machine tool itself as an integral part. Bullders
of CNC systems now offer contrnl systems in the
form of differeﬁt modules so that a machine tool
bu'lder can buy only the modules reqﬁir.d and

accommodate them in their machine structure. By
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this modular concept, it is possible to eliminate
bulky stand-alonz2 enclosures, to amplify wachine
electrics and to avoid having long interface

cables. This concept has cut down the cost of NC

machines.
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IV. NON-TRADITIiONAL MACHINING METHODS

The increasing use of difficult-to-machine
materials, such as hastalloy, Jitralloy, vespa-
lloy, nimonics, carbides, stainless steels and
lLeat-resisting steels in the aerospace, nuclear,
communication engineering industries and for the
manufacture of military hardware has spurred
the development of non-~traditional mechining meth-
ods. The conventional machining processes have be-~
come inadequate to machine these materials from the
standpoit of rigid quality standards and economic
production. Besides, machining of these materials
into complex shapes is difficult, time-consuming

and sometimes impossible.

Non-traditional machining techniques have
overcome some of these machining diff{culties. These
non-traditional methods are classified according
to the nature of the energy employed in machining,
viz., thermal and electrothermal chenical and

electrochemical and mechanical.
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In the thermal and electrothermal methods,
the thermal energy is employed to melt and vapour-
ise tiny bits of work materials by concentrating
the heat energy on a small area of the vdrkpiece-
By continued repetition of this process, the reg~
uired shape is machined. These methods include

electron discharge machining (EDM), laser beam
machining (LBM), plasma arc machining (PAM),
electron beam machining (EBM) and ion bzam machin-

ing (IBM).

The chemical and electrochemical machining
methods involve a controlled itching or anodic
dicsolution of the workpiece material in contact
with a chemical solution. These processes include
chemical machining (milling and blanking), electro-
chemical machining (EZM), electrochemical grinding,

électrochemical honing and <electrochemical de=-

burring.

In the 'mechunical methods of non-traditional
machining, material is primarily removed by a
mechanical erosion of the workpiece material.

The mechanical methods include ultrasonic machining
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(UsM), abrasive jet machining (AJM) and water jet

machining (WJIM).

Non-traditional machining processes find
application over all metals and alloys. TlLis is
in contrast to the ccuventional .aachining processes
wnicn vary in their application depending upon the
strength and the hardness of the material., Among
the non-traditional processes themselves, there
1s a3 good deqree of variation Iin respect of their

arplication on different work materials,

The application of non-traditional michining
processes is also influenced by the workpiece
shape and size to be produced viz., holes, through
holes, through cavities, pocketing, surfacing,

through cutting etc.

The other parameters of comparison between
conventional and non-traditional machkining on the
one hand and among the non-traditional machining
methods on the other are,with regard to material
renoval rates: the power consumed and the accurecy and

surface finish that can be achieved.
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Non-traditional machining processes cannot
at present completely replace conventional mach- -
ining methods of metalworking. They also do not
offer the best solution for all applications,
They should only be viewed as complementing
conventional metalworking methods. The suita-
bility of any of the non-traditional machining processes
for a specific application should be judged from the
standpoint of increased relisbility of the process,
better assurance of quality and the ability tc machine
wcrkpieces which cannot be machined easily by any

conventional methods.

Electron discharece machining (EDM).The EDM

process involves a controlled erosion of elect.
rically conductive materials by the initiation of
a rapid and repetitive spark discharge betwe..u
the electrode tool (usually cathode) and work-
plece (anode) separated by a small gap of about
0,01 to 0,50 mm known as the spark gap. This
spark gap 1s either flooded or immersed under a
dielectric fluid. The spark discharge is produ-
ced by the controlled pulsing of direct current
between the workpiece and tool, The dielectrice
fluid in the spark gap is ionised under the pulsed

applicestion of the direct current, thus enabling




a spark discharge to pass between the tools and
the workpiece. Each spark produces enough heat
to melt and vaporize a tiny rolume of the work-
pie e material leaving a small crater on its sur-
faces, The energy contained in each spark is
discrete and it can be controlled so that the
material removal rate, surface finish and toler-

ance can be predicted.

EDM equipment manufactirers affer a variety
of machine tools, ranging from small machines
to moecsive units resembling heavy presses. The
chief influencing factors on the design of EDM
equipment are the number of components to be pro-
duced in one set-up, accuracy required, size of
the workpiece, size of the electrode, depth of

cavity and orientation of cavitye.

Neafly all EDM machines consist of a base,
a column and a heads The column is fixed to thkea
base and supports the heads A co-ordinate table
which supports the workpieces 1is usually mounted
on the base. Machines with fixed work tables
are also available, A dielectric tank is cons-

tructed around the table and is provided with an
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automatic level controller. It is also equipped
with sa’ety devices to shut down operation in

case the temperature exceeds a certain limit,

Workpieces can be mounted on the machine
table (fixed or co-ordinate types)with any suit-
a2hle work-holdirg fixtures. However, it should
be ensured that there is a Qood circulation ana
flushing of the dielectric fluid. It is some-
times convenient to hold the workpieces onsuction
and injection pots 11ich provide built-in arrange-
ment for circulation of dielectriec tluide. Manu-
facturers of EDM ecuipment supply these suction
and injection pots and also rotary tables with a
built-in arrangement for providing circulation
of the dielectric fluid through the workpieces.
EDM is well suited to make intricate dies and the Socifté
Genevoise d'Instruments de Physique (SIP)} have develcped
a- heavy sp:~dle EDM machine for the manufacture
of fine dies mainly needed in the watch andéd inst-

rument industry, with CNC control,

Wire-cut EDM is a comparatively new concept, pio-
neered by theSwiss firms AGIE and Charmilles. A

emall diameter wire is used as the electrode
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to produce intricate shapes ir steel plates.

The table of the machine is provided with numer-
ical control to perform complex motions required
by the workpiece. The speed rate in this process
is constant but if any abnormal conditionu in

the spark gap occur, the machine tabl : stops un-
til favourable conditions in the spark gap are
restored, The travelling wire EDM machines are
extremely well suited for the production of ex-
trusion dies, blanking dies ond punches, press

tools and sintered compacting dies.

Impediments to easy EDM machining can be su .med
up in three fundemertal complaints: poor flush-
ing in tight quarters; slow-cutting at fine
finish settings; and preferential wear on the
leading edge of the electrode, where it is usu~
ally least tolerable. 1In the final stages of
finishing a complex cavity, it is not uncommon

for all three to occur at once.

And so the electro-orbiting attachment,
which promises to solve all three of these

problems, has been developed whi~h has a special




attraction for EDM users. Simply by stirring

the electrode around in the cut, the device fa-
cilitates flushing, which improves cutting rates
at the low current settings used to produce the
finest finishes. An added touch of sophistica-
tion, an orbit that expands as the electrode
rlunges into the cut, distributes wear between
the leading edge and the sides of the electrode.
Development of orbiters has been an elaboration
of these basic ideas. Highly sophisticated orb-
iters are today avai lable, manufactured in
Switzerland, Sweden, the United States and Japan, all
having electronic CNC systems. Orbiters are made
either as an attachment to the vertical ram or

as a table-mounted device that orbits the work-
plece. Long electrode life, better flushing.
finer finishes are among the claims made by

these EDM orbiter manufacturers.

Electrochemical machining (ECM). Electro-

chemical Machining (ECM), is the controlled re-
moval of metal by anodic dissolution in an elec-
trolytic medium in which the workpiece is the

anode and the tool is the cathode. Two electrodes
are placed close together with a gap of about 0.5 mm

and immersed in an electrolyte which is normally
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a solution of sodium chloride (comm&h salt) .

A typical ECM machine consists of a table
for mounting the workpiece and a platen fixed
on the ram or quill for mounting the tool. Ver-
tical box frame ECM machines have excellent
rigidity and are preferred for precision work.
They also have the advantage that the work area is

effectively sealed off on all sides.

They are however disadvantageous if heavy work-
pieces and toolings are to be handled. Vertical
'C?' frame machines offer greater accessibility
to the workpiece and tooling, but lack rigidity,
and hence are not suitable for high precision
work. The horizontal frame machines offer excel-
lent accessibility to the working area and also
possess adedquate rigidity. However, the tooling ‘
used on these machtines should have adequate
rigidity because of overhang. The choice of such

machines is made only for bulky components.

Under ideal conditions and with properly
designed tooling, ECM is capable of holding a toler- '
ance of the order of + 0,02 mm or even less,

Repeatability of the ECM process is also very




good., This is largely due to the fact that the
tool wear is virtually non-existent. On a good
machine, tolerance can ke maintained on a prod-~

uction basis in the region of + 0,02 - 0,04 mm.

Tooling design is the key to successful
application of ECM. There are two aspects of the
design of ECM tooling. The first is the deter-
mination of the tool size and the second is the approp-
riate machining conditions necessary to produce

the required shape.

The ECM technique poses no significant threat
to conventional machining because the economics
of application of ECM are Jjustified
only in specialised areas where conventional
machining is not feasible. One of the main appli-
cations of ECM is in the aerospace industry to
machine difficult-to-machine materials nmpl ex—-

shaped parts.

Electrochemical driliing is extensively
used for drilling the cooling holes 4in gas tur-
bine blades. The chief advantage of this process

is that the holes are burr-free and can be made
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in thir workpieces. Deburrirng by the electro-
chemical method is slightly different from ECM
in that the tool and the workpiece are placed

in a fixed relative position with a gap of 0.1 =
1.0 mm. The tool is positioned near the base cof
the burr. Specially built machines for deburr-

ing are row available on the market.

In electrochemical grinding, a metal-bonded

grinding wheel impregnated with diamond abrasive
is made the cathode and the workpjiece the anode,
as in ECM., The electrolyte which is usually
sodium nitride with a concentration of 150 - 300 per

cent/litre of water is wetted through nozzles
into the wheel rather than the work, and the
wheel is submerged. Actually, abrasive grains
on the surface o: the wheel. act as a
peddle which picks up the electrolyte and ceuses

a pressure to build up at the work area.

Though basic operating principles of electro-
chemical grinding (ECG) and BECM are the same,
there are differences in application and methods
of functioning. Whereas in ECM the tool never

touches the workpiece, in ECG, the metal bonded




grinding wheel lightly touches the workpiece.

The metal removal is largely brought about by
electrochemical action and only 10 per cent of the

volume of material is removed by abrasive action

of the wheel. The process therefore is ideal

for grinding carbides, carbide tools and work

of complex shapes.

Chemical machining (CHM). Chemical machin-
ing (CHM?, is the stock removal process for the
production of desired shapes and dimensions
through selective or overall removal of material
by controlled chemical attack with acids or alk-
alies. Areacs from where material is not to be
removed are protected from attack by masking,
Nearly all the materlials, from metals to ceramics,
can be chemically machined., There are two types
of chemical machining viz., chemical blanking
which is used for cutting or stamping parts from
thin sheet materials and chemical contpur-machining
or chemical milling for the selective or overall
metal removal from a thick material., The CHM
proress is employed where blanking or metal re-
moval is difficult or impractical by the conven-
tional machining processes because of material

hardness, brittleness, size of part, complexity




of shape or thinness of the part.

Chemical blanking is used chiefly on thin
aheets and foils. In most applications, photo-
resist (photo-sensitive masking) 1s used to
define the location on the workpiece at which

the material is to be etched.

One of the majer applications of chemical
blanking is in the manufacture of burr-free,
intricate stampings. Typical chemically-blanked
parts include laminations for electric motors
and magnetic recording heads, slotted spring
discs, gaskets, meter parts, camera parts, fine

screens, and relicopter vent-screens.

Chemical milling is primarily used to mach-
ine preformed aerospace parts to obtain a
maximum strength-to-weight ratio. Employing

this methnd, aircraft wings and fuselage sect-

ions are made with integral stiffeners of optimum

cross-section throughout their entire length.
Chemical etching is used for engraving highly

intricate details on nearly any metal and to
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produce printed circuit boards.

Ultrasonic machiaing (USM). Ultrasonic

machining (USM) is a process in which a cutting
tool oscillates at higi. frequency, about (20,000 cps)
in an abrasive slurry. The tool has the same
shape as the cavity to bemachineds The high-
speed oscillations of the tool drive the
abrasive grain across a small gap of about

0.02 - 0,10 mm against the workpiece. The im-
pact of the abrasive is unicuely responsible
for the material removal., The method is chiefly
employed to machine hard and brittle materials,
which are either electrically conducting or non-

conducting.

USM is particularly useful in micro-drilling
holes of up to 0.1 mm. The size is limited only
by the strength of the tool, the size of abrasive
particles and methods adopted for circulating
the ahrasive slurry. A tool as large as 85 mm
diameter is used on a machine with a capacity of
2.5 kW. Larger holes can also be cut by trepann-
ing. The depth of hole obtained is limited by the

tool wear, slenderness racjo of the tool and the
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eave of supplying the akrasi-ve slurry to the work-

ing gap. Depth-to-diameter ratios of up to 10 are

quite common.

Abrasive jet machining (AJM}. Abrasive jet

machining (AJM) is the removal of material from
a workpiece by the application of a high-speed
stream of abrasive particles carried in a gas
medium from a nozzle. The AJM process is much
finer and the process parame=ters and the cutting

action are carefully controlled.

Tﬁe process is used chiefly to cut intricate
shapes in hard and brittle materials which are
sensitive to heat and have a tendency to chip
easilv. The process is aiso used for deburring
and cleaning operations. AJN is inherently free
from chatter and vibration problems, The cutting
action is cool because the carrier gas serves as

a coolant.

Aluminium oxide is the preferred abrasive
in the majority of applications. Silicon carbide
is also used in certain cases. The abrasive part-

icle size is a dominant factor in AJM and the best
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results have been obtained with a particle size

in the range of 10-15 mm. In addition to the above
abrasives, dolomite (calcium magnesium carbonate)
of 200 grit size is found suitable for light
cleaning and etchirg. Sodium bicarbonate is used
for extra fine cleaning operations. Glass beads

cf different diameters,0.3 to 0.6 mm, are used for

ligh* polishing and deburring.

The major field of application of the AIM
process is in the machining of essential brittle
and heat sensitive materials like glass, aquartz,
sapphire, semiconductor materials, mica and cera-
mics. The AJM process is used in drilling holes,
cutting slots, cleaning hard surfaces, deburring,
scribing, grooving, polishing and radiusing.
Delicate cleaning,such as removal of smudges from

antique documents, is also pessible with AJM.

Laser beam machining (LBM). Laser is the

acronym for Light Amplification by Stimulated
Emission of Radiation. It is an electro-optical
device that converts enerqgy into intense lignt
energy. Laser beam machining is a machining pro-

cess in which work material is melted and vaporized




by means of an intense monochromatic beam of light

called the laser, The heat produced in small
areas where the laser beam strikes can melt al-
most any of the known materials. This property
of the laser is now being made use of in machining
difficult-to-machine materials in engineering
industries. Laser is an electromagnetic radia-
tion. It produces uonochromatic light which is

in the form of an almostc>llimated beam. A very
wide range of materials can be processed by
laser, Complex shapes can be cut with extreme
accuracy and reproducibility. Single batca or
production cuantities may be programmed direct
from component drawings, thus eliminating the de-

lays and costs associated with tooling up.

Recent developments in industrial aspects of
the laser have resulted in tne successful application
oF'Co2 gas lasers for accurate and speedy cutting of
a large range of materials, some of which have
attendant difficulties when cutting is attempted

by conventional processese.

The laser is a relatively new tool available to

industry and recent technological advances now
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make it a realistic alternative to more conventional
industrial cutting methods. Perhaps the greatest

feature offered by the laser is the diversity of materials
that can be processed and consequertly there is a

potential for its application in manv industries.

The ability of the laser to cut material is
virtually unaffected by properties such as hardness,
brittleness, electrical .nd thermal conductivity,
heat resistance, magnetism, flammability and so on.
Extremely hard nickel cobalt alloys cut as readily
as mild steel; for example, ceramics, timber, rub-
ber, leather, asbestos, plastics are all able to be

cut with the laser.

Laser-cut components feature an excellent
surface finish and normally no rework is necessarye.
This —esults from the highly localised thermal in-
put; thermally insulating materials exnibit no heat
e fect at all adjacent to the cut, and metallurgi-
cal disturbance to sheet metal is comparable to
that occuring at a sne-red edqgr. 2acrylics cut hv the
loser fenture a polished appearance, whilst timber
displays a darkened edqge which attractively enhances

the grain,
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As the kerf is only 0.1 to 0.22 mm, the
intricacy of shape does not fundamentally limit this
process and often complex shaped components which
would defy manufacture by conventional means can

be produced.

The costs and delays associated with press-
tooling are eliminated by laser cutting and thus
particular economics arise where relatively low
batch production or prototype work is involved.
Slots, holes, cut-outs and contoured shapes may be

achieved without reliance on existing tooling,

The manufacture of plastic, metal or wooden
lettering for the sign industry by this process is
unsurpassed. Laser cutting of plywood
has for some years been a reaiity in the vackaning

industry.

The laser beamis used in metrology. Spherical
test parts for cqualifying diamond turning optical
machines used in the manufacture of critical opti-
cal surfaces are fragile. A non-contact laser
sweep-~gauge prevents surface damage while testing

spherical contours which are diamond turned.




Laser beams are also used for tescing alignment

of slideways and straightness of parts to a very
high degree of accuracy. Laser interferometers
are commonly used for this purpose in the machine

tool industrye.

The laser can b2 used for cuttina as well as for
drilling. The material removel rate in LBM is
comparatively low and is of the order of 4000 mm3
per hour. The holes drilled by the laser are not
round, In order to overcome this difficulty, the
workoiece is rotated as the hole is laser-drilled.
Other problems associated with lasér drilling are
the taper and the recast structure in the heat-
affected zone, Taper of 0,5 gm per 10 mm drililed
depth can be expected sometimes. yn order to
achieve the best possible results in drilling, it
is imperative that the material be located within
a tolerance of + 0.2 mm of focal poirit. Therefore,
while drilling thicker materials, it is required
that the focal point is moved down the hole as it

is drilled.

T.BM at present is suitable only in exceptional

cases like machining very small holes and cutting
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complex profiles in thin hard materials like
ceramics. 1t is also used in partial cutting or
engraving. Though LBM is nct a mass material
removal process, because of its rapid repetitive
machining characteristics and ease of control,
it is possible to use this process in mass
micromachining production, Other applications in-
clude sheet metal trimming, blanking and resig-

tor trimming.

Electron beam machining (EBM). Electron Beam

Machining (EBM) is a metal removal brocess in
which a pulsating stream of high-speed electrons,
produced by a generator 1is focused by electro-
static and electromagnetic fields to concentiate
the energy on a very small area of work. As the
electrons impinge on the work with velocities ex-
ceeding one-half the speed of light, their kinetic
energy is transformed into thermal energy and
they vaporize the material locally. The process
takes place in a vacuum chamber (1072 to 10'-'6 mm
of mercury) to prevent scattering of electrons by

collision with gas molecules.

While electron beams are beginning to be used

extensively for welding, their machining applications
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are stiil restricted. EBM is generally limited
to drilling extremely small holes and cutting
narrow slots or contours in thin material to

close tolerancres,

The electron beam has gained a very wide appli-
caticn in welding compared to machining, Since
the electron beam can be focused tO &an extremely
small diameter (0,25 mm and lower), the imelting
and fusion can be confined to a thin slice of
workpiece. The main attraction of EB welding is
its ability to make clean deep welds with verv

little heating in the surrounding metal.

EB welding has proved highly useful in re-
pair work. Defects in castings, for example, can
be corrected in the final stages of machining
without the risk of distorting the machined
casting. Another attractive feature of EB weld-
ing is that dissimilar materials can be welded
together such as carbon steels to
stéinless steels, ferrous to non-ferrous, diu-

similar hard metals,
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Plasma arc machining (PAM). Plasma Arc

Machining (PAM)is a material removal process in
which the materisl is removed by directing a
high velocity jet of hinh temperature (11,000 to
30,000° C,) ionised gas on the workpiece. The
relatively narrow plasma jet melts the werkpiece
material in its pathe Because of thas high temp-
eratures involved, the procesc can pe used on
almost all m~terials including those which are

resistant to oxy-fuel Jas-cutting.

The obtainable cutting rates in PAM are 250
tc 1700 mm/min  depending upon the thickness and
material of the workpiece. For example, a 25 mm
thick aluminium plate can be cut at a sveed of 750 mm
per minute while 3 6 mm carbon steel skoet ~an be
cut ~*+ ADNO mm per minute. The use of water injection
cen increase the cutting rate in carbon steel to

6000 rm per minute for a 3 mm thick platee.

PAM is chiefly used to cut stainless steels
and aluminium alloys. It is preferred to oxv-fuel
cutting because it produces comparatively smoother

cuts and is frec from contamination.,
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Ion beam machining (I3M). Ton beaa m~chin-
in, IFM or etchirgis a narallv classified -monag
th~ thermo-elcctric processes along with electro
eam, laser beam, plasma rc ang eleactric dis-
crarcge machinina. Urlike most o these teche
ni~un~e, however, this proces:: does not depend on the
neating of materials to the vwoint of evaporation,
Instrad, it ramoves mnaterial bv sputtering of

ions., This sputter etching m~chanism is basi-

cally simple. A stream of ion bomards the

surface of the target material. Each bombarding

ion dislodqges surface atoms by transferrina kine-

tic enerqy from itself to the atomse.

The use of IBM to remove matierial h-s found
only limited application., Tt i< anplird mostly
in micromachining (etching) ©f elrctronic com-
vonents like computer memorv, fiquring ontical
surfaces ard for the precision fabricition of
fine wire dies in refractorv miterinls, The IBM
procass is also uscd for the dispocitiorn of a

thin film of material, particularly i electro-

nir industries.

Water jet cutting (470 . oo tira brittle,

soft or sticky mat=rials, fo:. ic:, [o1t, rubber




or honeycomb structures or rcadily inflammable
materials 1is oftem nessible only with consider-
able outlay or not noscible at 3ll using con-
vertionai cuttina methods. A water jet which

is acceler>ted up to over twice the speed of
sound  opens ar entirely new scope on cutting

snch materials.

The Jet-cutter system has been successfully

used in Euron~ #m3 the United States particularly in the
aircraft industry, for thg following materials:

leatner, plastics, rubirer, parer cardboard,

corrugated cardvoard, plvwood, mineral and wocd

fibre boards, textiles, insulatinc materinls,

met~l foils, aglhss ond carbon fibre, reinforced

plastics, ceramics and asbeztose.

The high pressure Jet-cutier prncess Pro=
vides a number of sigrificant advantaaes over the
traditional methods. The water is completcly
dustless as the water iet "binds” the material
beina cut. Material loss is minimised with the
width of cut being lese than 1 mm and in some inst-
arces as small a= 0,1 mm as in th~2 case of corru-

g~ted cardboard.
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In some production processes, high press-
ure water cutting has advantages over the laser
beam method because no heat is developed during
the cutting oreration. This eliminates the
danger of fire or explosion and the problem of

heat-induced damage to materials.

In addition, high pressure water jet systems
enakle the cutting process to be guided at close
tolerances in all three nlanes, with no for-
mation of "edges" on the material and no development of

gide pressurr when cutting curves.

The Jet-cutter comprises two basic units:
the pump unit and cuttinc unit. The necessary
pressure is developed in two or more stades in
the 0il pump unit. Primarv pressure is reached ip
the hydraulic aggr~gate which is then changed to
pressure water in the pressure intensifier, The
water jet is then carried throum™ a tube to the
cutting station via an accumulator. The range of the
unit for adjustment generally is from 15000 to
60000 psi. which enahles the oneorator to select
the optimum rate for cutting a~ particular mac-

erial. The cutting consists of a table compatible
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with the production process (to suit the width
and type of material) and a nozzle fitted with a
diamond orifice jet of extremely small aperture.
The water medium does not recuire any purifica-
tion and car be drawn direct from the main supply
and it s possible to reclaim the used Wwatere.
The velocity of the jet causes a natural vacuum
at the point of cuttina. The cutting dust is
extractcd and removed with waste water. As cutt-
ing forces can only occur in the direction of the
jet, it is possible to execute complicated shapes
without deforming the material. As a result,
cutting soft elastic or sticky materials is just
as easy as cuttinag fabrics or honevcomb stn ct-

ures of the most simple shape.

The water jet cuts without generating heat.
This is important, for example, in the tase of
synthetic fibre fabrics when the structure of
these fabrics may not be modified at the point
of cut. The absence of heat and the absence of
any form of sparking is extremely impcrtant when

worv¥ing with readily irnflammable materials,




- 3190 -

The mwality of cuttina is excellenrt and as
a result of the minimal slit width hardlv any
mate 1 is lost, The cut is generally without
any burr formation on the back of the workniece,
Henr: jt elimir-~tes the need for deburring the

workviecr,

Automatic trackinag accessories enhance the
jet cutting capabilities. One example of this
is the unit to cut leather for car upholstery to
required natterns. This unit is nresently cutting
up to eiaght lavers of lerther at a time at a

speecd of 10 metres per minute,

Muite a few hot spots in nerovlares recu-
ire hinh tenperature resistont materials for
items smch as washers, baffles, insuvlators and
engine brackets, At the Lockheed Corporation, Georgia,
UeS.A. many of those parts sr~ made of asbestos.
The danger of asbestos machining have been well
documented and Lockheed could not comply with
many safetv recul-tions of the United States Covernment.
As a result, the companv installed a cutting
system that uses a high pressure stream of water -

a Jet-cutter, which allowed the production to
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continue, The localised vacuum system created
in the cutting are~ reduced dnst emission to
well within the requlationz. Besides the envi-
ronmental benefits, the company achieved a
number of manufacturina improvements including
savings in labour and materials, a better acuality
of cut ard increa-.ed capacity for multi-shape

cutting.
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V. METALFORMINS MACHTN® TOOLS

Right down to th~ third ~uarter of this
century, metalcuttina has dominated over metal-
forming in m~talworking industries. The share
of prodvstion of m~trlformina merhines as -
rarcentade of to*al production of machine tools
in the world was hardly less thar 10 per ceént
during the 1940s and 19503. However, now the con-
>rn to conserve m~terials, the rising cost of energy
and the need to explore new routes of oroduct-
ion hawvegiven metalformino a lot of significance
and metalforming machines like mechani-

cal and hydraulic »nresses - single colunn open

back inclinable types, heavy duty straight and
double column types, forged types - piress
brakes, shears, and guillotine machines consti-
tuted mor=s than 25 per cent of the total world
production of machine tools during 1979. There are
signs that this share will go up to a further 30-33 .

per cent by the end of the century.

The plastic deformation of metals takes

place in two ways: bv bulk deformation and by
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incremental deformation. Metalforming machines
were built till 1960 to accomodate workpieces
formed bs the bulk deformation process. These
were the cohventional forges and presses but

now the incremental deformation processes are
finding wider application. These are in a way
non-traditional formina methods. These include
helical rolling, ring rolling, spinning and fiow=-
forming. = These non-traditional methods and other
high-speed forming technirmes like fine hlanking,‘and
NC punching powder metallurgy (PM technoloqy)

are partly resmonsible for A discernible shift

from cutting to forming.

High -speed forming. A great deal of interest

is now shown towards various methods of forming
metal at very high speeds. A lot of developmen-
tal efi{orts on a wide variety of processes have
resulted in some high-speed forming techniques
which have become important in industry by re-

placing conventional methods.

The development of ncw high strength alloys
combined with the rieed to produce parts of more

complicated form has incrcased problems associated




- 314 -

with forming on conventional presses. Many
marufacturers would prefer to form parts rather
than use the often wasteful cutting methods, but
the high capital cost of conventional forming
machines and dies and tooling has precluded

use for all but high/very high mass praduction
purvoses. The possihility of cheaper eauipment
has thus stimulated interest in high-soveed

methods.

The main customers for the heavy duty high-speed

presses are the automobile industry and agricultu-
ral machinery manufacturers including lawn and

garden ccquipment marufacturers. In the hiahly
sophistica:ed line, the aerospace industry is another
pace-setter of designs of metalforming machines. The United
States aerospace industry will soon fabricate

much of its sheet metal components with the help

of computers. Super plastic forming and diffusion

bonding nre some of the metalforming manufacturing
processes in the aerospace industry. Titanium at

a temperature of 900° to 250°C makes @ workpiece

so pliable that it can be formed into complex

shapes at low pressures typically at 150 psi. At

2000 psi bonding is possible, Although the hot
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isostatic press (HIP) is still at the laboratory
researcn stage, it has a greater potentiality
and could be designed for the production of severel
tonnes of serospace components per day. It has
been recognised that the HIP process of forming is a
fast growing technoloay with an increasing poten-

tial in both +the aerospace and non-aserospace fieids.

Normally, a press-brake is desianed with =n
allowance for deflection uni-~~ Joa,
Engincers fremuently confronted by press-brake
apr:lication in which kends are remiired at loads
less than, or greater than normal, hsve come up with
a design that permits precise bends to be made un-
der either of these conditions. It eliminates the
need for dies shimming, a lenathy and troublesome

procedure.

Development engineers at the U.S. Steel Corporation
have designed and built a stamped-steel automotive
exhaust manifold that weighs 60 per cent less than
its cast-iron counterpart. Weight reduction, hence
energy saving, was the main objective but faster
engine warm-up and noise reduction are additional

benecfits, Many autcmobile manufacturers are

[Tl ' ' '




interested and keep close watzh on developments

in stamped engine components,

internal combustion engines will never be
stamped out like wheel covers, but in eight to ten
yvyears from now most of their componen*s cculd
be products of oress woikinn shops. Moreover,
their exhaust manifolds :nd piping ahead of the cata-:
lytic converter could consist of s:ampindgs even

sooner.

There are a great many presses being used in the

automobile industry and these sa.e

continuously being improved in desian. The

areater capacity 1500 - 5000 tons, suitahle also for
deep-d-aw metalforming operations, give grrater
productior, higher cuality of pressed commonents

1ik~ bodies, doors, pnnel and bumper stamping

for cars and trucks, built with advanced desians

of safety accessories, However, more sophisticated
application of forming presses is seen in the air-
craft, space and armament industries. In the nroducticn
of military nardware, new technologies are being used
in the assembly line of transfer presses Lo produce

cartridge cases of higher calibres.
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Cold forging. The cold forginc of steel has

been considered as a mothod of improving utilisa-
tion in the manufacture of engineering components.,
Though this process is still not considered as a
route to produce componenrts difficult to make by
other methods, in view 0Of the rising cost of
material and the low recovery orice of swarf, cold
forging is now receivina a lot more attention,

In cold forging, usually the starting billet is
progressively changed in shape until the final
form is achieved. This involves different deform-
ation processes combined in an arbitrary seouence.
The basic sub-proce:ses involved are extrusion,
upsetting or heading, drawina, ironing, swaaing,
expanding, threadine and form-rolling. Some of

these are briefly deccribed below.

Extrusion. Extrusion is a particularly ver-
satile manufacturing process in which the cross-
sectional area of the billet is reduced during
deformation. Symmetrical products which are vari-
ants of the basic shapes like rods, tubes and cans
arr readily made. Miterial mav be deformed at one
end or both ends of a billet, simu}taneously or

sequentially. Depending on the conditions, material
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may flow preferentiallv in one direction and this
flow may have to be stopped after that part of the
desired shape has been achieved in order that mat-
erial may flow in the loss-preferred direction to
complete other parts of the desired shape. Flow
is rarely restricted in all directions beacause
billet volume (weiaght) can vary and excess volume
can result in unaccent.ablv hiqgh tooling stresses

or even tool failure.

Unsetting (heading). In upsetting, a billet

is subjected to compressive deformation, gener-
ally in the direction of its axis, to enlarge the
cross-scction area over a part or the whole of its
length. In heading, the enlargement is confined

to one end of the billet and is baszic to the produc-
tion of fasteners. A punch moving along with the
die axis upsets that part of the billet which pro-
trudes from the die into a form determined by the
geometry of the mouth and the punch head. 1In
gereral, lenaths up to about 2% billet diameters can
be upset without bending in a single blow and up to
about 4)% billet diam-ters in two blows and up to

6% billet diameters if a sliding punch supports a

part ¢f the billet during upsetting. Cracking 1is
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avoided if the maximum upset diamater does not
exceed 2% billet diameters ir free upsetting or
3-4 billet diameters in constrained heading of

mild steel.

Ironina. In ironing, the product (solid or
tubular) is pushed through a die and its external
diameter is reduced. Because the product is not
wholly constrained by the toolina, the reduction
in diameter which can be achieved is limited hy
the onset of buckling in the solid product, tear-
ing of the base in the tubular product and bv the
upsetting of the product material immediately
ahead of the die. The process has been extensively
used to produce stenned shafts used in electric
motors and tubular components of large length/dia-

meter ratiose.

Press equipment and toolinn. Each operation

involving a change of shape of billet material
requires appropriate tooling, which may be set

up on a sinale press in batches or may be set
up in separate pr-sses and the components produced
on an in-line basis. If demand exists, a series of

presses may be linked for automatic feeding and
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transfer along the line. Alternatively, all the
forginag operations m:v be urdertaken in a sinale
tool containing the necessary stations mounted in

a single press of sufficient capacity to perform

all operations in a sincle working stroke. 1In this
case, a transfer feed is nrovided to convey the
vartly formed billet from station to station., Where
small components or fastener type products are re-
quired in verv large numbers, these can be formed
in multi-station progressive cold heading machines
which verform the ahove functions st a very hiah

speed.

As product volume grew at Caterpillar, U.S.A,,
the company began to use special machines for a
few parts, then for a few more. Its automatic
forginn line for track links using mechanical
presses remains a classic model after many yenats
of use, ~lthough it remains a line that the company

rarely lets anyone see.

The working parts of cold forging tools com-
prise a punch or - ich/mandrel, a container consis-
ting of a shaped insert and one or more prestressing

rings and an ejector. Much more is mow known of the
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stress distribution in items of tooling following
extensive experimental reséarch and analytical
studies. This has considerably aided tool design
and provided a better basis for assessment of

tool life.

At present the manufacture of tooling items
by the convertional machining of bar material
produced by the powder metallurqgy route shows
greater promise than the manufacture of individual
tooling items by the direct compaction and sinter-
ing of vowders although the latter route is also

being pursuede.

Fine blanking presses. A part made by the

blenking process is essentinllv a finished part.

A trinle-action sturdilv bhuilt prrss exerts forces
on ecually sturdv spacially designed tooling and,
with precision unattnainable on conventional presses,
shears a vart with smooth-edge contours from stock
as thick as 20 mm, The part may be pierced, coun-
ter sunk, bent or coined. It mAy become flatter,.
Offsets may be formed ir it without loss of
dimensional accuracy. Most important, many if not

All secondagy operations that may have been remuired

[




to produce it hy previous convertionsl methods
are nypassed. Tke real advantage of fine blanking

is the time and money it saves.

The Swiss discovered these compelling advane
tages in the early 1940s, when thoy succeeded in stamping
sheet metal into office machine parts
with tooling that firmly held the stock around
the punch perimeter and had a very small punch-to-
die clearance, mucnh laess than in tools for conven-
tional stamninns, Edges were sheared smooth
throughout full stock thickness, and removal of
small burr on the part edges was a very minor

on~"ation.

Th~» fine blanking process has gained repid
acceptance in EBurope and not juct in thn office
emiipmert field. Its cost=and eneray~saving capa-
bilities were strona incentives in Furone as they

are now for most of the world.

Fine blanking works becau<e punch-_.o-die
clearance is very small comp.red with that norm-
ally us=2d in conventional pi- 5o working and the

inrces exerted by sturdy tripl - =.ction presses
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praduce a blanking action that is actually cold ex-
trusion. Tooling is normally desiagned so that the
punch-to-die clearance is about 1 ner cent stock
thirkness or ~hout % ner cent on each side of the
pArt. For some of the heavier fin~ Hlank job-~,

for egemle n-rt 2 theat are 10212 mm thick, the
cl=aranrce c3an b~ as sm~ll as N,0004 mm, An iiter-

ference “it (nerative clearance) is never used,

So far, the inrenuity of fine blanking,
press builders and tool makers have produced parts
with precise contours ard flotness. The process
will not usually fl=atten @distorted stock except inr
areas that are coined or if the counter punch is

shaped proverly.

Burrs produced by fine blanking are small and
easily removed by such methods as belt sanding,
disk grinding or tumbling. Sanding is gnnerally
used for large, heavy and flat parts, especially
those that are long and narrow. Such parts must
not have any bends or projections on the burr side.
Small fine-blanked parts, either flat or three=~
dimensional are usually deburred in tumbling

equivment,
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Semi-piercing, in which stock is not punched
through, is one of the fine blani-ing practices.
Coining is a variation of semi-piercing that

is alsoc prevalent in fine blanking worke.

Tolerances. The dimensional accuracy of a

fine-klanked part devends on the cuaiity of tool-
ing and the thickness, strenath and cuality of tbhe
stock, as well as on the part's size and corfiqu-
ration. In general, these could be very close to

+ 0,0008 mm for exterral dimensions and internal
holes and flatness; for coined parts of + 0.,0004 mm
per 25 mm. Closer tolerances are possible under
special conditions. These fiaures are for steel;
tolerances are somewhat wider for aluminium or
brass. Tolerances in conventional press-working

by conirast are three to four times less tight.

Fine blénkinq presses are built with three actions
whose stroke, length ané force can be separately
controlled or preset. Theoe presses arr also built
to withstand the substantial forces - many of
them diagonal - inherent in the process end to

support their tooling in nracise alignment.
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The larger presses are campletely hydraulic
but the main blanking action in a line of presses
in the smaller tonnage range from 25 to 350 tons

is powered primarily by mechanical means,

Fine blanking tnols are usually the sinqle~
stage compound type although progressive tooling
is remuired for certain jobs. Providing positive
guidance and positioning of the main and inner
form punches, the tooling is more rigid than com-
pound tools for conventional press-working because
the forces brought to bear on the workpiece are

higher,

Overall clearance between the punch and the
die in fine blanking is another point of difference
between the fine blanking and conventional press
working. In the latter, it can be as larage as
as 10 per cent of the material thickness compered
to 1 per cent in fine blanking. And since a die
opening and punch sides in fine~blanking tools are
not tapered , but are straight and remain so for
their full 1life, part uniformity car be maintained.

In fine blanking, the press is an accessory to
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the tooling; tooling beina the key element in the
process of producing clcan cut through the entire thick-
ness of stock with no distortion except for a
slight turnover at the tool entry edge and a small

easily-removed burr at the exit edne.

A new era in NC punchina. Flat metal was first

punched by numerical control in 1955. At the Machine
Tool Show in Chicago, United States, that year, visitors
saw the world's first NC punching press. The déb-

ut had @ far-reaching repercussions and triaaered

major changes in machinery for ornducina holes and
contoured cuts in sheet metal plates and structural

steel members. It also affected the op~ration of
companies that bought such eruipment, boosting

their manufacturing efficiency.

In fact everyone, including manufacturers
of controls, tooling and auxiliaries, benefited
from the adoption of NC by the metal punching
industry just as buildera and users of metalcutting
machinery have reaped the reward from NC since its
introductiﬁn in the industrialised couatries. The
widespread accentance of this type of punch press

control stimulated new press designs and improvement




on earlier desians. In recent years, it has
spawned hvbrid marhines that not onlv punch but
also cut bv plasma arc or lrser i»eam and even

perform such functions as :iillinq.

Computerised numerical control (CNC) entered
the metal punching field in 1972 and provided even
greater benefits, CHC drastically reduces i -
programming time and effort -as well as prodhccion
cy~les, It maninulates the punch controlling
numhers electronically, —erformirg such tasks as
optimisation of punching instructions and other
such humber-juggling that an 8-~track punched tape
could never do, Although CIMC is more expensive
than NC, most punch press manufacturers now offer

it as a stondard; if it is an ontion, most custo-

mers usmally take it ~nd most users with just an NC

punch press eventually buv it.

NC or CHC punching machinerv differs from
conventional mechanical hvdraulic or pneumatic
nresss in that the workpiece is vositioned under
a basic punch that is qgriprmed hw a turret bushing
or an adapter in a sincle~station tyve ot nress.

Die sets of the tyr~ used in conventional press




- 328 -

working operations - often complex and costly -

are not used. Workpieces can be the .size of a small

barn door, far larger than the largest now accommodated

by today's open-back-inclinable (OBI) and straight-side presses,
Four column piaten presses, with unitised tooling,

might handle larae expanses of shcet metal but for

most jobs, the set-up timrn and cost would make them

costly to operate.

The strongest advantage of NC punching equip-
ment is the adaptability of its workviece position-
ing mechanism to that kirnd of control. Moreover,
~ the beam lines that fabricate structural shapes as
well as flats use NC for X-axis motion and punch

actuation, and some use it for tool shifting as well,

None of these beam lines uses it for tool
changing, however. For such machinery, NC can
govern handling systems beyond the punchinc~ stations,
increasing efficiency because the workpieces are

oftenr long and heavye.

The third category of NC punch press designed
for punching (and frequently for drilling) long

lengths of thick plates, uses NC to govern

il — -
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not only the X-axis motion but »l=0 the Y-axis posit-

ioning of the tooling. The Punchmatic Model ot Cincinnati

Inc. and the Peddinghouse line of
Fabriplate vplate punchers are typical of this

tyve of machine,

Cn most sheet metal and pl~ate machines, however,
N not only governs the X and Y axis positioning of
the workpiece and actuation of the vunch but also
selects the correct tooling at the right moment
in the punching programme on presses with automatic
tool changers. These machines renresent a new

generation of m—talworkina machines.

All punching machines including the NC models
are built around one basic concept: a punchina
mechanism, a workpiece positioner and a struct-
ure on which they ~re mounted and operate. Beyond
this frndamertal definition, however, almost 21l

makes and models differ from one to another,

Powder metal technology (PM). This method of

forming finished to almost-finished comwonents
is gaining popularity in the manufacturing industry.

More and more parts in the instrument industry, aerospsce




and automotive industries are advantageously ex-
ploiting this technieme. PM carbide tools, hich-
speed cutting tools, -racuum ard nitrogen atmosphere
for sintering PM, low-cost PM brass, licuid phase
sintering are some of the applications. Test re-
sults on aluminium PM parts compacted with shock
waves have proved successful and parts which could
not be made in one piece with conventional PM com-
pacting techniques are beirng injection-moulded.
These and other innovative technioues in PM and in-
jection moulding could be employed to prodice many i

difficult-to-machine complex parts.

Non-traditional forming processes. The ability

to mould clay and knead foodstuffs came .instinctively to
human beings. It is only in recent years that mod-

ern technology ha- focused its attention on these
instinctive arts of forming anda developed the

incremental deformation technicue to create some

important processes of non-traditicnal forming.

Insﬁead of the brute force used in bulk defor-
mation technimues, the incremental deformation
tectinioues employ force purpcsefully and skilfully.
These noun-traditional forminn presses are nelical

rolling, ring rolling, spinning, flow forming and
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and rotary forging. Of these vrocesces, rotarv
forging, svinning ard flow-forming are now the

most poonul~r,

Rotnry forging. Rotary forging consists of

two opposed rotqating, circular, contoured dies align-
ed on a sinaole axis. One of the dies is constra-
ined from making an axial movement and is offset

at o fixed anagle in rel.ation to the other die which
can move easily. A circnler billet compressed be--
twecn the twn dies can be indented over a limited
area by mrans of ar axial force. Subsec:ent rotat-
ion of these two dies in coniunction with continued
compressioir causes the plastic deformatior produced
by the nrogressive indent-tion through the billet.
Once the workpiece achieves the remiir«d shave,
compression crases and the axially moving die is
retracted. The resulting comoonent reflects the
shave of the dies, ard the deformation mode produces

a multidirectional arain-flow-stricture which is not produced

by conventional processes.

A recent variation of this technigue, with

a vertical axis, is known as rocking-die f-rging.

It consists in its basic form ©f a wide angled
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conical upper platen, located with its apex inver-

ted in the die holéer. The die holder has its

longitudinal axis offset to tre verticeal axis by a -
small angle, In turn, the die holder is sezted

in a bearing and is usually constraired onlv to

rock ahout the vertical axis.

By using this process in practice, a wide
variety of compcneni shapes h~ave heen forged, the
complexity of shapes beina determined by the con-
figurations of both the dies. The componeints that
can be marufactured by this process are mostly
dise tvpe, such as clutch discs, pulley sheaves,
ge>r whe~l blanks, inertia wheels etc. The job
thickness in this process can be as low as 6 mm to
as hioh as 200 mm an@ diameters ranging from 25 mm

to more than a motere.

The increasing emphasis of noise limitation
in the manufactvring field has led to the davelop-
ment of various types of noicseless riveting pro-
cesses for assembly operations. Impact
riveting, which is popular even now, has the in- .

herent disadvantages of shock and vibrations lead=-

ing to unpleasant noise levels depending on the
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size, hardne:s and the ratio of the spread to the
diameter of the rivet. In impact riveting, the
rivet head is deformed beyond its elastic limit,
destroying its molecular structure. Often the
spring-back action after the impact leads to loose

assemblies,

Rotary cold forming methods of riveting, be-
cause of the continuous and grarual spreading of
the material, are practically noise-free and are cre-
dited with a number ©Of advantages. Rotary cold
forming riveting mMethods can be classified into
(a) roller spin riveting: (b) orbital i et-
ing and (c¢) radial riveting. Of these,
orbital and radial riveting methods are similar
to cold form rotary forging except that the shapes

and the forces involved are comparatively small.

Roller spin riveting. Even though the orbi-

tal and radial heading procernses were patented as
early as 1905, they came into commercial use only
around 1960. The roller spin riveting head con-
sists of two split rollers mounted on an axis held

in a holder. When the holder is rotated under ver-

tical pressure, the head is formed gradually.
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Even: though this process produces more uniﬁorm heads
compared to impact riveting, the surface finish pro-
duced is not of high quality because of the dirf-
erence in the contact velocities at different

radii of the rollerse.

The tooling in this process is expensive and
the tool wear is rapid. The size requirements may

pose problems in places of restricted &ccessibility.

QrbitgLEand radial riveting. Orbital ard [
radial methods of riveting are similar and in- '
volve a characteristic wobbhle motion of the tool.

In orbital healinnt the tool is held in a freely

rotating spindle, the axis of which is positioned at an

angle, usually 3° to 6% to the axis of the housing,
so that the spindle axis intersects the axis of

the housing at the féce of the tool. The rotation

of tbe housing provides 3 circular orbital motion

to the top of the tool. With this movement ana

the tool on contact with the rivet head, the face

of the tool gets a wobbling motion without any
relative rotation. As the tool comes in contact with

the workriece, it makes a line contact starting

from the periphery and moving towards the centre.




- 335 -

Durinag this process, a wave of m~terial mass moves
ahead of the line of contact, the amount of mater-

ial mass depending on the pressure applied. Be-

cause of very low friction, the heint mroduced in

this process is neqgligible ard the resulting surface is
free from tearing marks. As only a minute cuantity

of material is displaced in each revolution, the

axial pressure recuired is only about 10 per cent

of that reguired in impact forming of the heade

The radial. riveting method is similar to that of

orbital riveting except that in this process, the !

rivet head is formed by the movement of the tool

point along a series of cylindrical loops that
overlap tangentially at the centre to produce a
rosette pattern. In the radial riveting head, the
tool is not free to rotate as in thr case of the orti-
tal riveting head, but it makes a point contact
compared with the line contact in the orbital method.
Consequently, the pressure needed to form the rivet
head is 10 to 20 per cent less than that in the orbi-

tal method. Hence this process is specially useful

for small and delicate vnarts.




Metal svinning apd forming. In conventional smin-

ning, which is basically a manual operation, an
annuler ring of the circular blank of a thin gauge
material is formed to the desired shape of the
finished utensil. While there is a change in the
diameter of the blank and finished vessel, there is
practically no change of thickness between the formed
side wells and the base., During the process, the
flow of material follows the laws of ecual surface
area and ecual ma*erial volume., However, the vprocess
is slow in comparison with deep drawinags and for
consistent operations reciires highly skilled
operators. This process is highly suited for duct-

ile materials such as soft aluminium and its alloy.

Future of forming. Metalforming is bound to

attract greater attention in the future because of
the growing concern to conserve material and restr-
ict energy input to optimum levels. Forming is
increasinqgly preferred because it not onlv makes a
mor e prudent use of material, but also has in-built
possibilities of better control over material

properties.

The future of forming is bright because it

affords reduction in machining seocuences which are
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crwice inevitsble in metalcuttinT. The newly

develcved high precision die casting and forging

technimees, procision blanking and sheat metal
working methods and advances mace in powder meta-
llurgy, fine blanrking, NC and CNC punching, in-
vestment castings and cold extrusion, explosive
forming, electrohydraulie forming, electromag-
netic forming, compressed gas forming, water hawmer
forming and fuel combustion forming are offering
production manaders more economical routes of
production. Even though tooling costs of metalform-
in¢ machines are hiagh at present, future research
efforts may brina down their costs particularly us-

ing NC and CNC in the manufacture of dies and

toolinng.
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VI. TECHNOLOGICAL TRENDS IN PRODUCTION ENGINEERING

As mentioned earlier, the development
of production technology depends directly and uni-
quely on the development of inodern machine tools,
cutting tools and machine tool controls. With spec-
tacular and innovative developments taking place
in all these entities, equally if not more spectacular
progress and development in manufacturing methods in
the metalworking industry could naturally be
expected. Today, production engineers have
at their disposal machine tools, cutting tools and
unimaginable facilities of micro-electronics to
develop software systems which combine the benefits
of all these newer developments in evolving highly
productive systems of manufacture, Computer tech-
nology, microprocessors and minicomputers have
become the prime agents of the spectacular changes
taking place in production engineering. The control of
machine tools and manufacturing processes by compu-
ter 1is the present-day trend. Computer monitoring

or control of plant operation is the most signifi-

cant trend in the metalworking industry. Computers




- 339 -

are being used to solve scientific and engineering
problems related to product design and production
engineering., They are being used in manufacturing, in
planning to stimulate the flow of parts and assem-
blies, eliminating bottle-necks in advance. They
are beiné used to control inventories of raw
materials, parts and assemblies and to monitor pro-
duction operations, controlling them completely

in some cases. Scheduling is being computer-contro-
lled, the objective being to keep machines and
production lines as fully loaded as possible in
order to receive maximum return on the company's

investment and facilities,

Probably the biggest advantage of computers
in metalworking plants is their ability to keep
track of what is going on, on a real time basis,
Alerted by computers, management is able to make
decisions when they are needed and when the trouble
cccurs, The managers are able to study metalworke
ing operations in their plants in greater detail
to find where process improvements - better flows
of parts and materials between machines and tools,

better allocation of manpower and brain-power - will

pay off. Many routine management decisions are
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some of the day-to-day boredom of life in the metal- -
working industry and giving them time for longer
term strategic planning that is so very necessary

for the success of the metalworking business.

By far the most important form of modern
production technology is computer-aided
manufacture (CAMM It has already proved its superior
ability to considerably improve production possibi-
lities than all the other known forms of production i
techniques put together. It is for this reason that

machine tool-based production technoloqy is be- i

coming strongly integrated with <the computer.

Robots have been on the inductrial scene since the
early 1960s, But the first models were ‘hulking
brutes'. The new breeds are sylph-like and are far
brainier, thanks to today's micro-electronic tech-
nology. Thev are nimble jacks-of-all trades. A
typical modzl can be fitted with a variety of hands,
mechanical "grippers" to pick up parts and are be-
ing provided with scanning eyes to pick and trans-

fer and load whatever is desired by the programme

engineer,




The unmanned factory of the future is shaping

up fast on the computer, much quicker t'.an previously

estimated,

Manufacturing saw its first revolution in the
latter half of this century with the advent of NC,
It can be termed a revolution because it freed
manufacturing engineers from their total dependence
on the skilled machinist to obtain parts of accept~
able specification and held out potential for comp-
lete control of the machining operation by the methods
engineer., Manufacturing is now on the threshold of a
second revolution. The computer promises to give
management complete control over the whole manufac-
turing operation, from design to dispatch. Computer—
aided design (CAD) and computer-aided manufacture
(CAN) are terms which symbolise engineers' attempts
at transferring all of the routine functions in
manufacturing operations to the electronic computer,
vesting in it a limited supervisory control and us-
ing its data processing capabilities to optimise
the manufacturing operations. Electronic controli
of manufacturing operations is advancing as rapidly

as development of software -~ always the vottle-neck

in such cases -~ will permit.
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Three major factors have combined in the last
‘decade to advance manufacturing to ite present
stage. They aret the increasing cost and shortage of
skilled labour; the higher productivity and automation
(including NC) of new machines offered by machine
tool buildersy and the availlability of r=liable

low-cost computers in the last five yearse.

" Skilled labour is becoming scarce and wage rates
are climbing. There is a gradual shift of the
labour force away from the manufacturing into the ser-
vice industries in countries like Belgium, the Federal Republic
of Germany, Japan, Sweden, the United Kingdom and the
United States of America. This trend may increase as
working weeks shorten and leisure and the entertainment
s2rvices sttract more an? more people.

There is an increasing demand for variety to
meet changing and varied customer  taste. Aver~
age lot size has decreased in recent years, even
in traditionally mass-producing industries like the
automobile., Today, people rarely talk about mass
production; they talk about high volume. The former
implies millions of identical parts while the latter
means production at the same high rates but with

the ability to adapt to customer preference, To

meet higher performance standards, and safety and
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ecological regulations, manufacturing tolerances
are becoming finer. Economical methods of working

to higher accuracies are becoming more popular.

The need to economise on material consumption
is a major consideration in the manufacturing pro-
cesses. Additionally, a large number of new materials,
generally of high strength and performance, are evol-

ved to meet product requirementse

The overali effect of these factors has been
to demand from manufacturing operations full optt-
misation of all the three resources - 1labour, mater-
ials and machines. Optimisation technology in
manufacturing is engaging the attention of top mana-

gement,

Computers in manufacturing. Currently emphasis

is on linked machines, integrated systems and com-
puter-aided manufa-ture. The stand-alone NC machine
and qgroups of NC machines are now widely accepted
methods for batch manufacturing, Future computer-
aided manufacturing (CAM) systems will probably be

formed by linking first one and then several CNC

machines with automatic work handling and/or robotics
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with overall control by means of hierarchical com-
puter systems. The next logical progression will

be linked multiple systems of this type with auto-
mated assembly and these could possibly be the fore-

runner of an unmanned factory.

Direct Numerical Control (DNC) of NC machines
from a central computer has taken a back seat
whilst recent attention has been focused on a

systems approach to batch manufacturing, namely
Flexible Manufacturing Systems (FMS) and Unmanned
Manufacturing Systems (UMS). &All the integrated CAM
systems are aimed at batch manufacturing, have a
high level of materialshandling and have integrated
control systems. Hence they can be considered as

an extension of the DNC systems with the inclusion
of management informatlionsystems, work transport

and possibly tooling transport systems.

In Japan, the United States of America, several of the

European countries and several of the West European coun-

tries, commercial DNC installations and integrated

work transport systems have been introduced. The

Japanese project on the Automated Factory is an

East
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indication of their lead in batch manufacturinge

Integrated nanufacturing. An integrated manu-

facturing system is one that combines a number of
hitherto separate manufacturing processes so that
they can be controlled by a single source, relative
to each other. The chief benefits of so doing are:
reduction in lost time caused by inter-stage pove-
ment of the components being made; improved machine
tool utilisaticny reduction in manpower; reduction
of work in progress; and grezitcr flexibility of

component batching and loading.

Presently the majority of systems develope.
have concentrated on the machining processes invol-
ved and,in particular, prismatic parts manufacture.
A truly complete integrated mamufacturing system
would require the same degree of co-ordination and
control to be applied to other major operational
areas, i.e. production of rotational parts, fabri-

cation and assembly.

However, the main concern has been with the

application of this type of manufacture to small

batch production which constitutes a significant
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proportion of manufacturing output in almost all
countries. It has been estimated that the differ-
ence in cost between mass production and small
batch production of the same components can be as
much as 30 to 1 and an appropriate expression of the
cost target for integrating manufacturing systems

could be the mass pyroduction of one-offs.

Integrated mamufacturing systems of some form
for machining components have been in commercial
use for about 22 years in the industrialised coun-
tties and existed in experimental form for some
vears befcre that. Early systems included manually-
operated standard machine tools, fed by automatic
means from a common source, as well as a limited
number of machining centres coupled with palletised

loading and unloading,.

The reali breakthrough, however, was depandent
on the design of reliable comparatively low-cost
control systems which became available in the late
1960s., PFrom this point on, it was possible to de=-
sign systems which would achieve a sufficiently

long mean; time between breakdowns to make them eco-

nomically attraetlive, always assuming that the
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standard of the mechanical functions was of an eqg-

ual ordere.

Production could new Ye accurately planned

through a complex system of machining operations

and the manval content was reduced largely to that
of inspection of piece-parts and tooling to main-
tain the standards of accuracy and finish demanded
by the specification of the component. The mach-
ine-controlled environment on and off the shop-~floor
could yield efficiencies not previously considered

attainable in this type of production.

Because of the high operating efficiencies

leading to greater tool cutting time, a group of eight

machines can be equated to 100 conventional
machines in output, especially on small batches up

to 50 parts. The average number of machines in
a system varies between five and nine machining centres,
though the greatest number recorded in one system
is 70 in the United States at the Sundstrand Corpo-
ration, With high operating efficiencies (in some
cases over 90 per cent) the output from a single system can
be as high as 4,000 pieces a month on a three-

shift basis, thus giving to the batch production

of small quantities, the volume outputs of mass




Computer-aided manufacture (CAM). A computer-

aided manufacturing system (CAM) is a closed loop
regulating gystem whose primary input dimensions

are demand (requirements) and product idea (crea-
tivity) and whose primary output dimensions are
finished components (finish-assembled, tested and
ready for use). It represents a combination of
software and hardware consisting of the methodology
of production, production planning, production
control as well as the choice of production aids
including machine tools. It can be realised by
systems engineering methods and it offers a possib-
ility of total automation through flexible and
adaptive means. The most important aid &o achieve
this goal is the computer. This is the basic con-
cept and it constitutes the basis and guiding factor
for the development and application of computevs for
integrated production. This is generally called

computer-aided manufacture,

In other words, computer-aided manufacture

(cAM) is a conglomerate concept where the ability

of the computer is used at every stage of manufac-
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turing by evolving a cellular structure. Though

this type of manufacturing may appear akin to the

transfer line concept, CAM has the flexibility unlike

transfer. lines to alter the type of product and ’
also the product-flow sequence from machine to

machine. The alteration of product flow sequence

is done in such a manner as to keep the idle time

of any machine to the minimum. Such a flexibility

is achieved because of the monitoring and control

exercised by the central computer.

The availability of DNC and computer control-

led installations are having a major impact on
manufacturing philosophy as a whole. The flexibi-
lity offered by new hardware and software is
encouraging a shift from fixed programme mass prod-
uction facilitieé to variable programme automation.
It is now realised that the best benefits of computer
control are only obtained in a kind of group tech-
nology where the machines are linked by automatic
transfer systems and the computer keeps a continuous

track on a variety of components as they go through

the manufacturing cell,
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The DNC camputer is now extended to handle
management functions within the manufacturing cell
such as scheduling, inventory, materialk management,

budgetary control, and reporting. The integration
of a number of such manufacturing cells into a sin-
gle manufacturing facility through a central com-
puter will complete the cycle giving rise to the
integrated manufacturing system. - Such systems
are required to have &8 hierarchical line of comput-
ers at different levels., Information and feedback
from various cells go back to the central large
computer, which possesses powerful software capable
of dynamically programming the whole operation of
the optimum utilisation of all resources. The add-
ition of automatic warehouses, assembly, test and
dispatch systems is also proceeding partially, lead-
ing to the capability of asttmated unmanned manu-

facturing,.

It i3 important to note that computer-con-
trolled manufacturing systems exist even today at
various levels of development. An ex~ellent exam-
ple is FPujitsu Fanuc's Hinc faciliiy which uses

computers and NC to automate the production of NC°

systems and NC drilling machines,




- 331 -

The motive force behind this strong and all-
pervasive trend of computer-aided manufacturing
system in modern factories is a combination of
long-range economical and social factors. These
factors have exerted an enormous influence on
modern concepts of industrial production. It is
important to correctly understand these factors
so that the technological development is properly
steered and the resultant technological develop-

ments are purposefully applied.

Economic factors. The decisive long-range

economic factor which governs the structure of
industrialised nations is the constant need to reduce
the cost of production to achieve higher real
growth, It is also known that the processing
industry today constitutes the most important

segment of production in industrially advanced
countries, While the processing industries account
for one third of the gross national product (GNP), the
service sector acccunts for almost half of the

GNP iﬁ industrialised nations. It is true that the
service sector 1s important for a good standard

of living and for a better quality of life. But

it does not create any wealth, This obviously leads
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to the conclusion that the nrocessine and manufact-

uring industrv producec about two thirds of the
wealth of an industrislised nation. The .emain-
ing growth can be attributed to primary prcducts

like agriculture, sericulture and mining.

Righer iving standards, improved quality
of life, better employment opportunities and gen-
eral welfare of a country depend directly on the
cost factors of producing wealth. Since the manu-
facturing/processing industry creates almost two
thirds of the real growth in the industrialised
countries, any reduction obtained in the cost of
production can be of the uimost significance. It is
recognised now that computer-aided manufacture
of fers more avenues of reducing production costs
than all other known techniques. Therefore
all industrialised countries want to develop and
apply computer-aided manufacture as soon as possi-
ble. This again implies world-wide development of
modern machine tools and an intense concentration

of computer-optimised automated production systems,
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Social factors. The most important long-range

social factor influencing the mamufacturing indus-

try is the trend towards a post-industrial society.
The attitude of the workers towards their working
methods are changing. They show
an increasing disinclination towards the existing
nature of work in factories. There is an ummistak-
able trend that more and more workers in the indus-
trialised countri=s are preferring jobs in the service
sector. For exanple, in the United States of America,
in the course of industrial development, the prop-
ortion of workers in agriculture fell from 90 per

cent in 1870 to a mere 4 per cent in 197€. Corresvpond-
ingly, there was an increase in the number of those
employed in industry in the nirsteenth century. However,
in the last few years, the percentage of workers in
the industrial sector fell from 30 per cent in 1947 +o
24,6 per cent in 2970 and it stood at only 21.7 per
cent in 1978, A study conducted by Rand Corporation
has estimated that by 2000 only about 2 per cent of
the work-force will be euwployed in industry.

Although more reserved estimates put it at 10 per

cent. However. in »a1ll

the industrialised countries, the lack of industrial

workers will be more acute in the coming years.,
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This vork-force migration adds directly to ard puts
social pressure on the mamufacturing and processing
industry of the industrislised countries which has
to produce more and remain productive, irrespective
& the fact that its work-force is preferring slowly
but steadily the more attractive milieu of the ser-
vice sector. This pressure on the manufacturing
industry can be mitigated by camputer-integrated

production systems.,

T ological evolution. As a consequence of the
long-range economic and social factors influencing
industry, a number of national plans have been drawn up
at present in the industrialised nations to accord
priority to the development and application of com-
puter-aided manufacturing systems and computer--opti-
mised and automated machine tool systems., The govern-
ments, the universities and the industrial establish-
ments are working as a team to promote this. Even
though the realisation of fully computer-integrated
production systems is the long~range plan, there is a
clear awareness that the change from the present
industrial methods, know-how and machines require
an evolutionary process to reach the ultimate goal.

The applied strategy, therefore, consists of develop-

ing apd applying individual, practical and econamic
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steps in the form of short-term research, develop-
ment and application programmes having the following

two main principal characteristics:

(1) The step should result in adequate
gains to justify its adoption and to produce
profits on the invested capital to finance the

next steps of R&D investigations;

(i1) Each step should be a link in the
chain to achieve the final goal of fully
computer automated optimised and integrated

production,

Among the various programmes under execution
in the highly industrialised countries; the follow=-

ing seem to find maximum attention:

(a) Creation of software modules by develop-
ing individual software modules which can be
coupled with one another quickly at a later time :
to produce a complete software programme suitable
for various production applications. Such investi-
gations are making tremendous progress in Czechoslovakia,
the Soviet Union and other C(MEA countries as well as
in the Federal Republic of Germany, Japan and Norway.

The U.8. Airfcree is fosterineg a pro-
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gramme called ICAM (Integrated Computer-aided
Manufacturing) and Computer Aided Manufactur-
ing International, U.S.A. is busy with several
programmes for the development of software for

integrated productiong

(b) Development and application of part family
production and production cells are a pre-
requisite for the application of hierarchical com-
puter systems and for the development of flexible
production systems., In the Federal Republic of SGermany,
the Netherlands, Norway, the United Kingdom and the CMEA

countries, intensive work is going on in this direction}

{c) Rapid progress has been achieved i
the development and application of comprehensive
computer-controlled operations of machine tools
and computer monitoring of production processes
by employing numerical controls, computer-
integrated controls, direct mumerical controls and
hierarchical computer systems in Bulgaria, the Federal
Republic of Germany, Hungary, Japan, Norway, the Soviet

Union, Sweden and the United States of America}

(a) Investigations on the development and

application of computer-controlled industrial robots
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for automatic manipulation of workpieces and tools, and the
operation of machine tools and production aids of

various types are progressing in Bulgaria, the

Federal Republic of Germany, Hungary, Japan, Norway,

the Soviet Union, Sweden and the United States of Americaj

(e) Rapid progress has been achieved in the
development and application of computer-controlled.
flexible production systems evolved on the concept
of automatic production cells in countries like
Japan and the German Democratic Republic. Regeﬂtfy;
Bulgaria, Czechoslovakies, the Federal Republic of Germany,
Hungary, Norway. the Soviet Union, the United Kincdom and

the United States of America have begun work in this field.

Flexible machining systems (FMS). There is

no generally agreed-upon definition for what have
come to be called flexible manufacturing systems
but there is no denying that within the last five

to seven vears, a more responsive yet automated way

of addressing the needs of manufacturing has evol-

ved. This new method relies on three distinguish-

ing _.haracteristics: (@) potentially independent

NC machine toolsy (b) a transport mechanism; and

(c) a1 overall method of control that co-ordinates
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the functionof both machine tools and tbe conveyor

system so as to achieve flexibility.

Within this broad scope ,there are any number
of individual approaches towards striking a balance
between high output on the one hand and great
flexibility with a concomitant reduction in output

volume on the other,

The main purpose of flexible machining systems
is to integrate the various functions in the same
machine tool to form a flexible manufacturing cell

which is a module of a flexible manufacturing system,

Each flexible manufacturing ceil is an autono-
mous module whose functions are supervised and con-
trolled by a microprocessor-baseci computer. The

various functions of the individua: cells are:

(a) supply of blanks, tools, gauge:, devices;

(v) clamping devices which include identifica-

tion, selection, transport, orientation, loading,

positioning, clamping, declamping, interlock .
supervision and other such step-by-step operationsj

(c) all operations like measurement of the work- :
piece, adjustment of clamping devices, material

handling/positioning are accomplished automatically;
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(iv) 411 interlocks, lubrication failure and such
other malfunctions like tool breakages are

automatically monitored by senscors.

Each cell basically caters to a particular
machining process like turning and milling.
The different cells are connected by transport de-
vices into a flexible manufacturing system and
the co-ordination of the simultaneous activity of
all the cells 1Is accomplished by the process com-
puter hierarchy so that from raw material to the‘
end-product the complete production process is

automated.

An alcernative concept of a flexible machin-
ing system envisages a manufacturing cell which
performs various machining processes like turning,
milling, and horing as a part of one individual
ceile In this case, the material hardling funct-
ions are reduced. An existing stand-by robot or
an integrated robot performs the workpiece handling

and the function of handling the measurement device.

Maximum utilisation of the cutting capability of
the inachine tool is ensured by an adaptive control.

Suitable sensors to monitor process parameters are
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incorporated in the manufacturing system. The
CNC system integrates the whole control strategy
for utilisation of installed capacity, reduction
of idle time and also to take care of the thermal

effects of component accuracy.

Several manufacturing cells linked by a
transport system, additional handling devices and
an automated storage and a retrieval system fOor the
workpiece, tools etc. can lead to the concept of
an automated factory. The ultimate optimisation
is envisaged by a hierarchical set-up, wherein all
cells at a ligher level are controlled by a cen-
tralised DNC-type computer and all production grours
are linked to a minicomputer, providing a basis fer
the complete on-line optimisation of material flow,
scheduling, routing and full automation of produc~

tion.

Computer-integrated flexible manufacturing
systems are thus gaining increasing acceptance and
impcctance in batch production. Of the approximately
52 flexible manufacturing systems developed up
to 1979, about 40 have been put into operation, mainly

in the Federal Republic of Germany, Japan and the United




- 361 -

States] nearly 70 per cent of them being for

prismatic components.

Flexible manufacturing systems based on group
technology or cell production principles using
NC machines and gauging equipment are now being
installed with robot handling devices and pallet-
ised conveyor supply units to machine families of

partse.

Development is also proceeding with the auto-

mation of metalforming machines using minicomputers

and microprocessors. Programmable turret punches,
auto-controilad gqguillotines and shears, and mani-
pulative equipment are in use. Robot developments
applied to metalforming operations will enable a
considerable degree of automation in this class of
plece~-part manufacture. It is now possible to
construct metalforming production cells with the
aid of robots that will blank, pierce and bend a

family of components using a common stock material.

The manufacture of fabricated piece-parts
whether forged, welded, sintered or similarly pro-

cessed 1s being automated with the use of robots;

XN



and major developments are taking place in Italy,

Japan, the United Xingdom and the United States of America.

The automation of assembly operations remains
problematical except for flow-line manufacture,
But again, robotic and computer devélopments will
have a considerable impact on these operations

in the immediate future,

Czechoslovakia and Poland are the biggest
machine tool builders in the CMEA countries outside the
German Democratic Republic and the Soviet Union and both are
activelvy develoving flexible manufacturing systems. The main
reason is that batch production constitutes a large proportion
of engineering component manufacture in both these

countries and both are short of skilled labour,

Flexible manufacturing system development in
Czechoslovakia haz concentrated on prismatic and,
latterly, flat mille2 and bored components, Poland
has developed a numbar of 1lexible turning systems,
though recently has begun work on a flexible milling

and boring svstem,
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Most FMS developments in Czechoslovakia have been
focused on the country's machine tool industries, wheresas
Polish systems have been designed for general engi-
neering such as the production of shaft-like compo-
nents for the electrical motor, e¢arth-moving, cosal

mining and commercial industries.

Czechoslovakia has progressed as far as deve-
loping direct numerical control systems (DNC),
pallet exchange and transport systems, a novel
stacking-crane box pallet system, and automatic

+gol/raw material/work-in-progress stores are concerned.

Group _technologv. One of the methods of sol-
ving the problem of conflict between productivity
and flexibility in the computer-integrated flexible
manufacturing system is Group Technology (GT).
6T is a progressive management concept employed
in an engineering industry within the framework c¢£
an integrated manufacturing system. The application
of group technology in a purposeful manner can re-
sult in economic benefits of mass production even

in large and medium batch production. In addition




to streamlining production through the rationaliza-

tion of components, it also helps to establish

better co-ordination between the production wing and
the other functions like design, methods and sales
eng.neering. The fact that more than 80 per

cent of the engineering industries of the world

are engaged in medium and small batch production

should give the concept of group technology a new

significance.

The traditionally laid out product.on lines
on the basis of functions viz. turninag family,
drilling and boring family etc. lead to a lot of
production delays because of inherent limitations
in production control, A group technology-based
production system organises the production facili-
ties in self-contained and self-regulating groups
each of which undertakes complete manufacture of
a family of components with similar configurations
and manufacturing characteristics, The difierent cells
of the GT system virtually function ac small
factories witnin the main factory. This assures
reduction in throughput time, work in progress,

inventory, setting time, work handling, jigs and




and fixtures etc. This concept improves design rat-
ionalisation, job satisfaction and production control.
NC shops are at present major areas where group tech-
nology is employed. But with a shift from hardwired
NC to software-based controls like CNC, much of the
essence of group technology will trickle down to the

software,

Computer control and inspection of machine

tools. The evolution taking place now in the direc-
tion of computer control and inspection of machine
tools constitutes the most progressive field of
development of modern machine tools. It is aimed

at exploiting the enormous potential of NC through
computer-based control, the DNC and the hierarchical
computer system. This potential is ever increasing
in its scope by the advances which are being conti-

nuously made in the field of computer technologye.

The application trend is more and more towards
minicomputers at the work place. Because of the
linkages between the wor) stations, the trend is
tcwards a decentralised computer which,in a way, is
a partial separation between the data processing and
control function. This is especially true of

computer-based control of machine tools. The far-
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reaching development of coupling the coumputer with the
machine 1s facilitating versatile control possibi-
lities offered by computer technology. The
computer has thus become the most modern device for
error diagnosis and correction on modern machine
tools. This has facilitated a new approach to the sup-
ervision of machine tools because it is now possible
to automatically detect the various errors and mal-
functions, both in the electronic and mechmnical
systems, Thus the possibilities offered by compu-

ter technology not only provide the basic testing
method during the trial run of the newly-developed
machine, but also the possibility to automatically find out
the existing error and the potential sources of
manfunctioning even in the normal working range of
machine tools. While detecting even the initial

signs of an error or a malfunction, the computer
immediately flashes out a signal to the operating
personnel and thanks to the diagnostic abilities of
the computer, the meintenance perscunel inmediately
receive intimation on the cause and methods of corr-

ecting the disturbance,

The new capabilities of the computer are fin-
ding immediate application in modern machine tool technology.

The future trend will be towards the development of

SRS




methods which facilitate automatic correction of
malfunctions, Given this possibility, the compu-
ter as soon as it detects conditions leading to

an error will alter machine parameters in such a
manner that the error will not actually take place.
In the case of malfunction, the computer will send =
command for the replacement of the defective
electrical or mecanical module. Thus it is now
possible to operate machine tools without operating

personnel,

Metrology and inspection. Metrology is going

through a revolution brought about by the integra-
tion of electronics with the science of measurement.
Developments in inspection and gauging equipment are
aimed av matching the high production rates of mod-
ern machine tools and meeting the requirements of
finer measuring resolution and higher accuracy., A
large degree of automation is also hzing built into
these systems for compatibility with automated

manufacturing systems.

Major trends in gauging and inspection equip-
ment point towards an increase in speed and accuracy

of measurements. Systems using opto-electronics

_.____,
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and electrical contact - replace electromechanical
probes have been specially developed and there is
a clear trend tnwards remote sensing of siz~: using

laser and similar devices.

A complete shift to digital display of infor-
mation in most measuring equipment, including such

devices as hand-=held micrometers, is now evident.

Different devices are being integrated

with measuring centres, especially in posteprocess

inspection equipment. Application of minicomputers
and output devices such as plotters, printers and
CRT displays are developed for inspection equipment
to achieve rapid and accurate processing and pre-

sentation of metrological information.

An increase of two orders~of-magnitude in acc-
uracy has been obtained in the resolution of
measurement. With the advent of the job shop laser,
it is now possible to measure distances down to
0.0QNnr)whereas five years ago, there was a practiczel

limit of resolution of lpnausing gauge blocks,
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Trogress in measuring techniques has been so
rapid that the resolution and accuracy of gauging
have reached limits governed by the inherent in-
stability of the machine/workpiece system. The
strecs on machine design to achieve higher final
part accuracies is now greater., The drive towards
even higher part accuracies continues, justified
on the grounds of lower rejections, requirements
of automatic assembly, longer final product life,
legislation to reduce noise levels, needs of re-

lated technology like fabrication of integrated circuits,

The develor ment of compact,rugged and reliable
electronic probes has made possible in-process Zaug-
ing on transfer lines and éther automatic manufactur-
ing systems, Systems are now being developed to use
this capabilitv in the adaptive mode to correct job
or tool setting to achieve the required size. Auto-
matic gauging sy3tems are also applied on equipment
used for automated assembly, There is no doubt that
the future will see more such applications in indus-
tries like electronics, instrumentation, electric
motors, precision mechanics, cameras and bearings.
Modular automatic inspection svstems have already

been developed to fit automated production lines
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ranging from automcuile to bearing manufacture.
These modules can be combined to sult gauging re-
quirements on a wide variety of parts and incorpo-
rate devices to load, transfer, lndex and unload
parts and segregate them into acceptable and re-

jected lots.

Assembly. Assembly with its high labour con-
tent 1is an area holding potential for pfofitable
automation. Mass production industries in the
West have made considerable progress in this dir-

ection.

So far, auvtomated assembly has been applied
cunly to subassemblies. Even in the automobile
incustry, considered highly automated in the United States,
automated assembly has been applied only to sub-
ascemblies 1ike the rear-differential axle and brake-
drum. There is, however, a continuing search for
methods to extend automatic assembly to whole prod-
ucts. Modern systems integrate assembly, inspection
and testing into one automatic process. Automobile
engine assembly is one area which has seen the app-
lication of such concepts with the process being

controlled and monitored by computer.




Future design of automatic assembly equipment
will incorporate gauging also., This will have an
impact especially on the electronic industries. Mechan-
ical assembly is now trying to use such systems in
situations where parts may get jammed together or
deformed during assembly without the knowledge of

the operator,

Controls for assembly machines have also seen
much development. Programmable controllers are
commanding many assembly machines surpassing even
computers and hardwired controls in a number of

applications.

Fasteners have seen much progress in recent
years. New bolts, screws, nuts and rivets make
assemblies easler, faster, cheaper and adaptable
+o automatione. The newest concept 1is a system
which sets bolts under a kind of adaptive control
that shuts down the fastener driving tool when a
preset torque - rotaticnal angle combination - is

reached.

Industrial adhesives are taking over many areas

now served by mechanical fasteners., Developments are
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in progress to quotz the adhesives automatically
and hold the assemblv in a fixture for a regulated
time before releasing it. Techniques of adhesive
bonding, originally developed for aerospace appli-
cations, will cause a revolution in mechanical

assembly if applied properly.

Materials handling. Materials hendline svstems

are being integrated increasingly With operations
in the plant. These systems employ driverless
trucks, conveyers, monorails, sorters and stock

pllers in materials handling.

Storage systems are employing taller stacks
because of the increased cost of floor space. To com-
bat stock pilferage, increased use of driverless
order pickers operating within a locked room are

under development.

Computers are obvious tools for application
in materiak handling systems. It is reported that
over 100 materialshandling systems in the United States are
operating under computer control. Foundries will be a
major target for automated computer-controlled

materials handling systems in the years ahead,
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VII. AUTOMATION AND FUTURE TRENDS IN THE MACHINE
TOOL INDUSTRY

Robots
Robots have been on the industrial scene
since the early 1960s, but the first models were
big affairs designed mainly for difficult and
hazardous jobs. Tedious, laborious, repetitive
and hazardous jobs in manufacturing industry were

the areas where the robots were applied hitherto.

Thanks to today's micro-electronic technoloey, |
robots have computers that enable them to
learn a succession of tasks and versatility that
promises to render obsolete a good deal of what
is éurrently thought of as automation. Robots
in fact are the latest in automacion, of program-
mable or flexible yariety. As distinct from
the automatic mechanism, a robot generally has a
multiple degree of rotary and linear freedom
which can be actuated individually and simultan-
eously to approximate'closely the physical motions
of a human being performing the same tasks. RoOb-
ots have been developed which simulate closely

the variety of movements possible with the human




upper torso, shoulder, arm, elbow, wrist and hand.

Whereas the earliest robots were controlled
by programmes set with limit switches, modern
rebots are programmed by a minicomputer to which they are
temporarily attached. Robots have been deve loped
which can be automatically proyrammed or “taught"®
a sequence of movenents by a human operator who

guides the robot through the sequence.

Compared with previously-built robots,
the 1.ew robots are nimble jacks-of-all tradese. A
typical model can be fitted with a variety of hands, a
mechanical gripper and activatea to pick up parts
and pass them along a spray head that converts the robot
into a painter,or an arc that turns +the robot into a
welder. Such robots load and unlcad parts from
furnaces, stamping prezses and conveyors, and a
few of them perform their jobs while driving con-
veyors. They also quench red hot parts, lubricate
dies in stamping wmachines, drilll holes, insert
screws and grind parts. Robots are involved in the
inspection of finished products. At Texas Inst-
runents, for example, dozens of computer-controlled

smali robot arms wity TV camera eyes, spot pocket
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calculators moving down a conveyor belt, pick

them up and place them in an automatic electronic
inspection station. Perhaps most remarkable of all, robots
are starting to assemble components in factiries.
Over the next 12 months, General Motors will in-
stall 10 Programmeble Universul Machines f:r
Assembly (PUMAs), which among other

things will partly assemble armatures for electric
motors, screw small electric bulbs into instru-
ment panek and help put the windshield washers to-
gether. PUMA is in the vanguard of an array of
small and relatively inexpensive robots that are
taking over more and more jobs that were previously

performed by auman beings.

Robots are presently applied in diverse tasks
which include loading and unloading machine fools
and presses, removing parts from die casting mach-
ines, materialshandling and transfer, especially
in foundry and forge, painting and even simple
assembly operations. The automobile industry in
the the United States uses robots extensively in the welding
line.
Developments are taking place with the use of the
addition of a device to give 'sight' and to give
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touch to robots. By imparting "intelligence" to
robots, they can be made to take tactical deci-
sions in carrying nut the assigned tasks by using

visual and tactil: feedback.

It is important to note that prototype rovbots
with rudimentarv sensory feedback are already func-
tioning in some countries. However, a general
application of such advanced robots in industry
will depend on the cost of such units and the ease

with which they can be programmed.

The application of TV and holographic tech-

niques is having a major impact on the
development of robots capable of seeing and recog-
nising three-dimensional objects, especially when the
obiects are presented to the robot in a random
orientation. This device can retrieQe a freely
hanging carbon brush (rardomly oriented) and place
it in an assembly machine for insertion in a fract-
iounal horsepower motor., Robots equipped with

sight and torch sensors will certainly find
wider application in the automated assembly systems of

the future.




Advanced projects have been con:esived not only
for adapting the commercially available robots for
various production procesces, but also for developine them
further for the present as well as for future requ-
irements of computer-aided manufocturing systems.
Some of these projects are meant to ascertain the
software and the hardware re~uircemerts of individ-
ual robhot stations for future application in an
intearated vrroduction cell and later in an integ-
tated sheet metal working centre consisting of several

cells.

Two key dev-~lopmrnts have brought
industrial robnts to life. ne was technological:
the cevelorment. in the miu-1960s of the micro-
proce:sser, a computer sc small that it can be fitted
into & silicor chip, no binger than : pea. As the
compt.ter shrank in size and cost, it suddenly be-
came practical arc the brains to run a robot. The
second development was waqge inflation. Two decades
330 in the United States, a typical assembly line robot
cost about $ 25,000; that plus all operating costs
over its eight-year lifetime amounted to roughly
$ 4,50 an hour, slightly more than the average

werker's wages and fringe benefits then prevailing.
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Today, that typical robot costs $40,000 (they
range from $7,500 to $150,000) and it can still
be pald for and operated at about $5 an hour. .
However, a worker in the United States often costs today $.5 to

$20 an hour. The robot revolution is just beginn-

ing but it is already moving fast.

The Japanesc are resolutely pres:ing torward
in the field of robotics. In January 1761,
Fujitsu Fanuc planned to open a new $34 million
plant in which robots will work 24 hours a day to
produce more robots (100 a month). It may be that
Japan will end up being the one who makes the
modules and parts that go into everyone else's

robotse

Today roughly 10,000 robots are in operation
in Japan as against 3,000 in the United States, 850 in the
Federal Republic of Germany, about 600 in Sweden and 500 in
Italy. Although for various reasons Japan leads
in employing robots in its manufacturing indus-
try all, including Japaun, the United States and maay
European nations,are equally determined to exploit
robotic technology. Por instance, automobile

manufacturers in the United States are the biggest users of




- 379 -

robpts in the industry. General Motors (GM) is

in the lead with 270 robots installed followed by the

Ford Motor Zo. with 236, the Chrysler Corporation with

100 and tke American Motors Corporation with 10. The rotots
are used for welding chiefly, but they are also used for

painting. _ X
Programmable Universal Machines for Assembly (PUMA )

PUMA will take crer a number of jobs at GM
including fairly complex ones that involve putting
things together., At a Delco Products plant in
Rochester, New York, PUMA will be instructed to
reach out, pluck a tiny electric armature out of
a furnace in which the temperature is running at
230° C, attach a commutator-ring to the armaturc,
put on some resinous material, and replace the arm-

atare in the furnace for curing.

The comput:r programme Is the key to turning
robots into assemblers. More advanced robots,
such as’ PUMA can be told what to do by typing the
instructions 6n a computer keyboard in a "language"
that includeé about 100 English words such as
"here®” and "move". Eventually, robot en-
thusiasts say that the svolution of robot language
will make it possible to give rohots spoken or

typed commands such as “assemble the carburettor”.
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This is no pipe-dream. A* SRI International,
U.S.A., to cite cne instance, robots have already
been taught to obey one-sentence spoken commands,

relating to portions of an assembly job.

Industrial robotics is a technology in which
the United Stauves is at the torefront of irnovation. Rob-
ots have been more extensively used in Japan
possibly because the need has been more urgent. in
a labour-short country like Japan., But the neweat
and most sophisticated rcbots in the United States can per-
form more chores than their overseas counterparts. Tte
United States now leads the world in the pursuit of further
advances., Even so, when the various strengths and
weaknesses of all countries, including the United States,
Japan and the European nations are balanced out,
kasically tney are all about even in robotic
techr.ology. What matters, howvever, is what happens

from hereon.

Unmanned machine work -~ unmanned factories

Having effectively eliminated the need for skilled
operators for most machining operations in the

1960s and 1970s, machine tool builders in the




Japan, the United States and other industrialized countries
are now turning their hands towards elinidinating
the need for operators altogether in 1980s. The
goal aovpears to be reliabl. unmanned machining
systems for the 1980s and early 1990s :hat can
substantjally boost machine tool throughput, ass-
ure strict adherence to hard-to-meet quality
control standards, minimize in-process inventories
and guarantee production rates by eliminating the
last major machining variable, This is not the
unmanned factory, not yet anyway. In tne indus-
trialised countries, hard as it is to train and
keep skilled workers , current eco-

nomics still do not justify the high cost of
develoring =2nd building an unmanned manufacturing
facility, Tiis is specially true when one consi-
ders ths fact that the computer network required
to operate such system barely exists on paper
right now., But it is the next step down the road
to the unmanned factory of che future, and the
cor.cept is beginning to gain acceptance in many

areas of manufacturing,

The difficulty of finding qualified workers

in the highly industrialised countries 1is not the
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only factor leading manufacturers to look at un- .
manned machining systems. New government

regulations regarding quality cortrol, the rising de-
mand for higher product eificiency - and the closer
tolerances and improved repeatability that highec
efficiencies entail - and the continuing need to

slash product costs to maintain compexritiveness

in an increasingly competitive world market are

all factors that manufacturers are taking into

account as they develop carital spending strateg-

ies for 1980s. As the costs of capital rise, its
fuller utilisation hzs become .most important.

Skiiled workers all over the world, particularly in

the highly industrialised countrics, besides having become
prohibitffély bostly to employ, are not willing to work
right shifts nor willing to

accept centinuous overtime. Hence in order to

utilize the plant and ensure continuous operst.ons

to recover the high costs of machining at

today's price levels and write off the investments

before the plant hecomesa. ohsolete,

unmanned night shift operation of machine shops has
become an accepted feature in the highly industrialized

.conntries. .
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It is not surprising that Swedish companies
are among the first to put the unmanned machining
centres into produc.ion. High labour costs and tre
trade unions' willingness to accept automation

are key factors. The unmanned machining cent—-es
(UMCs) delivered by Kearney & Trecker. United Stetes, to ASEA,
the electical ¢ mipment marufacture rs and to Bof-
ors, the armament makers, are in operation in
Sweden. 1In this sys:tem, Milwaukee-Matic machining
centres are automatically fed, palli:tised, passed
via carousel magazine. The UMC svstem is aimed at
increasing the number of machines that a worker

can handle, reducing inventory, and speeding prod-

uction throughout.,

Any country tha: develops the capacity to run
its factories around the clock (in all three shifts),
seven days per week, with only a few human workers

will heve a tremendous econonic advantage.

Unmanned manufacturing and assembly operations
in industry have been viewed with some dismay
by social scientists all over the world, particularly
by the developilng countries, who have been one of
the important sources)providing migrant labour to

the industries in the developed countries. Howaver

—
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there are two views: one is that large numbers
of economically active yorkers . both dcmestic and

foreien (comine from poor developines countries) »
would lose their jobs through a greater degree of

autonation in industry. But the other viewpoint

which is equally strong is that automation,like the

use of industrisl robots to do dirty work ,has dimin-

ished alarms of loss c¢f jobs and,in a way, kept

the labour unions mostly at bay. Weliding cars

and spraying peint are stunefying ichs, and besides

they are ideallv cdore at temperaturcs higher than

a worker can stani. For instance, in one of the

Westinghouse factories in the United States, as many =s

25,000 workers may lore¢ their jobs due *o attri-

tion and there is no way to replace them alle.

People joining the labcur force in industr.alized ccun-

tries do not want the dirty jobs. The main task is

to train people for the skilled jol.: that are in

demand in today's labour market. "‘iew jobs have
o

[

always come from new “echnologies”. One reason why

Japan has been ahle to shift so extensively to

robots is that the Japanese corporations have a

tradition of caring for their employees' health and safety
and they do not want them to work on dirty jobs

or in hazardous occupat.ions.

9 "The Robot Revolution", Time magazine, 8 December 1980.




But as robots take over more and more jobs ~

and they can do more pleasant and interesting
jobs as well as the dull and dirty ones - the
labour unions' accuiescence may change, After
all, the rate of unemployment is already increas-
ing due to high inflation in all the Western
industrialised countries and retraining
of 311 the workers, including those retrenched by the
high degree of automation, may not be possible.
Furthermorzs, retraining will not ke possibkle be-

cause there could be no jobs for which workers could

be retrained.

Today factory workers and their union§ in indus-
trialized countries are not worried so much about
automation. For one thing, automation frankly has
not reached that stage yet. But as more and
more industrial jobs are taken over from human beings by
automation, there may be some problems from the
organised iabour, cocial scientists and govermments
of the countries. involved. Already there are a few rumb-
lings. - It is certainly clear that the future will
brine & need for different skills and posgsibly greater

competition for Jobs.




Automation, leading to unmmanned factories, is |
technologically feasible in industry, yet its
effect on people could cause inscluble éocial pro-
blems. The concept of ummanned factories may,
therefore,progress haltingly though the scope for
unmanned orerations under certain special ¢ ircum-

stances wiil increase in the developed countries.

Perspectives - future vistas. Developments

in machine too). designs have been taking place at a rapid

pace in the last 10 - 15 years. These developments

have bean in r»sponse to the increased demands made of
manufacturing technology through the influence of

factors such as the scarcity and shortage of skilled

labour, the need for flexible manufacturing lines, the pro-
duction of a larger varjety of goods in smaller lots,

higher part accuracies and a wider range of stock
materials to be worked. The most important sin-

gle aim throughout has been to design machine tools

to achieve higher productivity.




Developments in machine tools will continue

to be influenced with added emphasis on meeting
specific govermmental and social requlations aff-

ecting the working environment.

The accent on increased productivity will
continue. As machines become more sophisticated
and costs climb, productivity increases will be
measured in real terms and machine tool
builders will be frequently called upon to demons-

trate them and other economic gains to the user.

Design of machines and controls will place
emphasis on high reliability in operation. Down
time on versatile highly productive machines
becomes very expensive. For a small shop it can
spell financial disaster. Builders should study
the users’ difficulties and the machine down -;-
data so that the design can be changed to ’

reliability.

Factors that reduce the usefulness of mach-
ines involve not only machine down time é&ue to
fa. _ure but time lost in set-up, operator absence,

unavailability of material stock, tooling problems

etc. Better monitoring and sensing techniques
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will allow users to messure utilisation precisely.
Quick, easy and reliable servicing will become a
major factor in evaluating future designs, Advan-
ces in electronics and electrical systems will
have a major influence on the configuration and

design concepts of future machine tools.

The machine tools of the future will have higher
accuracies to meet tha requirements of increased
precision on components., Regulations on noise
levels will be enforced on future metalworking
equipment. This factor is likely to force de-
signers to evolve new alternatives to present meth-
ods and will have a major influence on machine tool
designs. The safety of operators will contribute to
machine design concepts in no small measure. Since
regulations will be enforced on existing as well as
new machines, employers are likely to incur con-
siderable costs in equipping the already installed
machines with mandatory safety equipment. Ecology
is another consideration. Poliution is another
factor which also has to be reckoned with in future
technological developments in metaiworking machine

tools,
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The machine tools of the future will be reguired

to work s wider range of materials including hargder
and stronger ones. Optimisation of cutting condi-
tions will therefore be very important in the years
ahead. The need to catch up with automation is
likely to revolutionise all aspects of machine tool

technology.

Machine tool versatility will replace some
traditional metalworking skills and reduce labour
demands, but will also increase the need for new
skills. The traditional machine skil's and know-
ledge will be replaced by skills in programming,

development of software, and electrical and elec~

tronic paintenance systems.

As machines become more productive and down
time more expensive, all aspects of the operator from
surveillance to job knowledge will become more
important. Machine operations requiring minimal
input will reduce the demand for skilled labour,
helped by such developments as adaptive control, sur-
face sensing and automatic cycle adjustments and

performance monitering.
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Keeping highly productive machines running
will requ’re top maintenance skills and alert
machine builders will enhance these skills by pro-
viding machinzs with built-in diagnostic and

documentation capabilities,

In general, the technological outlook is one
of continued improvement in machine tool pro-
ductivity and versatility and of reduced requirements
of operator skills. There is, however, one area
in which 1little work is being done but in which
developments are necessary if these other goals
are to be achieved. That area is the control of
metalcutting chips. Many of the situations requir-
ing operator action in metalcutting operations re-
late to chips in unwanted or unpredicted places
causing tool breakage, misalignment, malfunction of

chip handling equipment etc.

What is ahead in th2: field of production tech-
nology and machine tool development? This can be
estimated perhaps with the help of a few technological
forecasts., Very recently, the Society of Manufac-
turing Engineers,U.S.A., made three forecasts on

the future of production technology based on the De’phi
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technique., These forecasts concern machining,
production systems and assembly. These predictions
provide a2 useful answer to the question. Out of the
133 queries in the preliminary round 99 or 74 per
cent related ~ directly to the subject of
computer-aided manufacture, Selected forecasts
given below provide an excellent insight into the
direction and time span of future developments in

this most important technology of metalworking.

Around 1985. Assembling jobs will be integ-

rated with the other production routines making use

of computer-aided@ manufacturing systems. At least 25
per cent of the firms representing a cross—section

of the industry in the advanced countries will

apply software systems for the automation and optimi-
sation of various stages of production planning,

e.g., machining sequence, selection of suitable

machine tools, clamping devices, segquence of oper-

ations, tool selection and optimal cutting conditions.

Around 1987. About 15 per cent of the total

machine tool production will not consist of single

purpose machines but will constitute component blocks
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of flexible production systems wherz the.- manipulation
of workpieces between individual work statlions will
be dorie automatically and controlled by a central

computer.

Around 1690. The advanced development of sen-~
sors will facilitate robots to attain human capabil-
ities in the final asserbly sequences, Computer-
aided design (CAD) techniques will be employed for
the design of 50 per cent of the nevly-designed

production aidse.

Around 1995. Almost 50 per cent of the direct

work in the final assembly of automobiles will be

achieved by programmable avtomation and robotse.

Around 2000. Based on these forecasts, it is

presumed - that even before the end of this century,
many changes in machine tools and production tech-
nology will take place around a computer,

viz., computer-aided design and fully integrated
computer-aided mamufacture and automatic assembly

using modern robots extensively.







