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INTRODUCTION

Folloving the recommendations of the United Nations Conference on 
Science and Technology for Development, the Technology Pregramme of 
UNIDO has commissioned several studies on the future technological 
perspectives in selected industrial sectors and their implications for 
developing countries. These studies, which include micro-electronics 
as well as machine tools, are intended to be of use to policymakers in 
developing countries in formulating industrial and technological policies 
and in building up technological capabilities.

The following paper contains those chapters of the draft report 
on machine tools which have a bearing on micro-electronics applications. 
The report is in three volumes and covers a review of the world machine 
tool industry in the context of developed and developing countries and 
the technological trends in machine tool design and manufacture as well 
as production engineering. An attempt is made to assess the implications 
of these trends for the developing countries. The report will eventu.'U.y 
be published under the Development and Transfer of Technology Series of 
UNIDO,

The paper is made available to spotlight the micro-electronics 
advances in the machine tool industry and in production engineering, and 
also to serve as a basis for discussion and comments which could be taken 
into consideration in finalizing the full draft report and in evolvirg a 
further programme of activities as appropriate.
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CHAPTER I

MACHINE TOCL CONTROL SYSTEMS

INTROEXJCTION : 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 information stream that runs a 

manufacturing enterprise. In the past, humans 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. The human used mental and 

physical abilities to control machine tool.

However, computers are increasingly becoming 

the translators and transmitters of information and, 

numerical control (HC) is perhaps the most repres­

entative of the kind of control that plugs into a 

data stream with minimum of human intervention. 

Historically, numerical control certainly has been 

the most significant development of the electronic 

revolution as it affects manufacturing engineering.
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The possibility to store information at a 

low cost and to compute and regulate on the basis 

of stored information, has considerably automated 

the production cycle. Storage, computation and 

machine regulation is done according to the prin­

ciple of digital technology, that is, by employing 
a large caentity of evaluated symbols and with 

elements of semi-conductor 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 

are: (i) Operation « programming; (ii) Operation 
safety; (iii) Cost ; (iv) Flexibility and extenda-
bilicy; and (v) Integration and standardisation.

A numerically controlled machine tool is a 

machine which grinds, drills, turns and/or cuts 
according to pre-determined programne. 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. Thanks in part to the



silicon chip and the associated micro electronic 
technology.

Though initially, numerical controls 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 
the numerical control is no more an engineering 

curiosity. It has come to occupy an important 

place in the very concept of production engineer­

ing. The development of NC, rendered possible by 

the phenomenal growth in semi-conductor technology 

and digital science, is being guided to make it an 

invaluable tool of production, wirh all the atten­

dant care towards reliability and cost.

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 tape. The 
coded tape was the heart of the NC and it was res­

ponsible to control the sequence of machining 

operations, machine positions, spindle feeds and 

rotational directions as well as a host of other 
functions, like control of coolant pump and so on.



3ut in the last ren years, NC has undergone pheno­

menal chances. 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 minicomputers. The NC 
guided and controlled by computer has given birth 

to the Computer Numerical Control (CNC) which is 

the heart of modem Machining Centres. Part progra­

mming, inter-active computer graphics, adaptive 
control, micro computer code, serve mechanisms, 

human engineering and on line diagnostics have been 

added to those of -.he mundane aspects of process 
planning, interchangeability, maintenence, catting 

tools, chatter and surface finish.

CNC System: The architecture of CNC system is 

entirely different from a conventional hardwired 
system. The concept of CNC is akin to the digital 

computer concept. Any digital computer has 3 major 

parts: the Central Processing Unit (CPU) does the 

arithmetic and logic operations; the Memory stores 
the data to be processed}and 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 equipment
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to be controlled^form the peripherals.

The major constituents of CNC system are the 

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 combination of logic modu­

les consisting of gates, flip-f3ops, 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 

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 techno­

logy (LSI) brought NC system designs closer to 
this achievement. The design was done around a 

computer, caoable of meeting the requirements of



any machine. The computers used in such NC 

systems are either minicomputers or micro-processor 
based computers with a standardized hardware archi­
tecture - Other peripheral devices are kept un­

changed , but the corresponding interface circuits 

are modified to cope with the new type of hardware. 

The requirements of each individual machine tool 

are met by software programme called the "Executive 

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 
operating the tape reader, translating the progra­
mme tape, and sequencing ohe machine tool» In 

cuher words, the controller's own logic is actually 

a computer programme instead of specialised 

electronic circuits. The accusi hardware remains 
standard and fixed with the different design app­

roaches . But any software, ones developed succ­

essfully, needs no maintenence. Hence, standardized/ 
system design is achieved with a minimum of main­

tenence requirements.

A computerised controller needs lesser number 

of electronic components and fewer circuit inter­
connections. The tape reader which is the most 

vulnerable equipment in workshop environment, is



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 

maintenence. Personnel training is reduced beca­

use only one syscorc is to be maintained and serviced. 
De-bugging of any malfunctioning of the system is 

much easier in the computerised system because 
of diagnositc programmes. • Sven a less skilled 

person having a basic knowledge 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 
hardware of a conventional NC system. This facili­

tates the inclusion 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 unique problems and practices. 
Newly developed options can also be added after 

installation to upgrade the equipment. This faci­

lity eliminates the danger of premature obsolo- 

soence although rapid progress in electronics 

indicates machine tool controls to become obsolete 
in 3 to 5 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 or 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 is reduced, 
thus considerably enhancing production time.

The computer and the properly designed soft­

ware, have made increased sophistication of the 
CHC control possible. In the conventional NC,



CNC capabilities: All the machine axis irr­
egularities may be measured and inserted in the 

control software so that in subsequent.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 

itself. This feature facilitates programming, 

optimises machining conditions and achieves con­
sistent surface finish and accuracy.

To reduce the machine set up time, and to 

compensate for tool wear, the offset daca 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.

In the case of tool breakage, the machining 

operation can be stopped and the tool can be 
changed without destroying the programmed data.

more hardware with consequent rise in costs.
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The present trend is to use programmesole 

machine interface where a machine interface ladder 
network can be programmed in software. This has 

helped the machine tool builder to eliminate con­

siderable number of relays, contactors and timers 

that are used in machine electrics and magnetics. 
Changes in the interface do not require corres­

ponding hardware changes. The ladder network can 

be displaced on CRT. This feature is an extremely 

valuable tool in debugging the machine interface 

programme, enahncing the reliability of the sys­

tem. Since a great deal of hardware is in CMC 

systems, diagnostics is a very important tool to 

trouble—sheet the faults that are developed in the 
course of operation in hardware circuits of the 

systems. Since computer used in a CMC 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 a NC controller, thereby providing a 

dianostic programme.

MDI Controller: The latest trend in simpli­

fied CNC control of individual machines, has led to 

the micro-processor based Manual Data Input (MDI) 
type of control system. MD'.l controls go beyond the



digital readouts (DRO), by adding slide drives - 

but they do not stop there as advancing micro­

electronic technology puts new skills at the 

machinist's fingertips. Among the aliases 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 pro­

gramme editing features that make them fully 

capable of accepting manually input part programmes.

Most of the wellknown NC machine builders 

like the Cincinnati Milacron, Kearney & Tracker, 

Warner & Swasey, Allen Bradly, General Numeric,
Panuc and others have brought out this type of C1C 
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 use 
the Keyboard for input of work cycle commands from 

a programme sheet on the basis of the part draw­

ing. Since this does not make use of the punchd 

tape, the tape reader which is normally a source
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of trouble is totally eliminated. If required, 

the par: programes located in the system memory 

are transferred to a magnetic cassette for perma­

nent storage. General Numeric provides a plug­
in cartridge having Random Access Memory (RAM) with 

a nickel cadmium cell. Editing facility is also 

provided to make any part changes in the programme. 

MDI systems are lower in price and smaller in 
size than conventional CNC system. The only limi­
tation of the № 1  at present is that the controls 

are made for machines of upto only 3 axes. These 

controls are ideal for adaptation in machine tools, 

built in the developing countries like in India, 
Brazil, South Korea and Taiwan.

Direct Numerical Control:(PNC) Direct numeri­

cal control (DNC) is an extension of the CNC con­

cept. In DNC, a central computer controls simul­

taneously a number of NC or CNC machines. DNC, 
according to the definition of 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
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programme, operator instructions or data related 
to the numerical control process. Though the 

concept of Direct Numerical is not new, it is yet 

to spread widely in manufacturing sector. There 

are also mar.y snort-comings 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 is not yet created 

with a wide range of application. The utilisat­

ion of DNC system for maximum producuivitv is vet 
to be proved.

DNC level I and level IX are the two schemes 
of DNC systems than are in use now. Whiie- 

Sunstrand and Allen 3radly offer a DNC mini-ccmpute 
that stores all machine data post-processed for a 

specific machine on a master disc file. The mini­

computer sends the machine data on a real time 

basis to each NC machine interfaced to it. In 

this case, there is no 'stand-alone' NC system for 

the NC machine. There is a limitation on the num­

ber of NC machines interfaced to one minicomputer, 
as the computer works on real time basis. One 

major disadvantage of this system is that, if there



is a malfunction in uhe mini-computer, then all 
the NC machines connected to this computer will 

be down. To overcome this drawback, a standby 

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

The other remedy is to DNC level II, where each 

NC machine has its own stana»alone CMC system. 

These individual CMC systems receive data from 
the INC minicomputer. Here, even if the DNC mini­

computer fails, the machines can be operated with 

•che help of their independent CMC systems. If 

these individual CNC systemsare provided with 

floppy disc data storage, then a considerable 

amount of data can be transferred from che INC 

mini-computer to these systems.

DNC offers several operative advantages.
The tape reader, which is usually most downtime 

prone component of a machine control unit is by­

passed. Secondly, a programme in a computer 

storage is 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 of a machine tool can also be used for
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auxiliary purposes such as downtime recording, 

performance tabulation, real tine machine status 

and other operational itams of interest to the 

management. An advance design DNC unit can also 
be utilised to sense operating conditions and 

also to make modifications in prograrrsned instruc­

tions. DNC does require programmers and super-

thorough inowiedye to exercise full

and optimum control. DNC systems can ce extremely 
effective when combined with first rate svstems- 
knowhow but the initial cost is still very high 

and needs software support of very high calibre.

of
Recent trends in NC/Machine Tools: The use 

of general purpose minicomputer as a part of a 

system and the use of software as applicable to 

the minicomputer is now being discontinued. 
Control systems built with microprocessors and 

with dedicated software constitute the architec­

ture of CNC system.

Microprocessors are currently used in two 
configurations: in bit-slice architecture to cons­

truct a microcomputer which in all respects ful­

fils the function of a minicomputer and for micro­

programming. The designer of a CNC system is thus
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offered the flexibility to fcimulete his 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 software. 

W'estinchouse, Sendix, Standard and general auto­

mation, Fanucs, Siemens have charged over to 
microprocessor based systems keeping the same soft­

ware that was developed for their minicomputer 

systems. This has proved very economical as no 

additional investment is required on software 

deve1ocment•

The second configuration of microprocessor - 

based CI7C svstem is to use three 15— cit mtcrcccmp— 

ressors and to assign certain tasks to each 

microprocessor, viz, one for part calculation, one 

for axes drive and one for 1/0 interface. Simi­

larly Allen Bradly 7100 CNC uses three 16—bit 

microprocessors, one each for axis drive, front 
panel interface and central processing unit (CFU)• 

In this architecture, as the tasks are divided 

among the microprocessor, the CPU co-ordinates 

these tasks between the microprocessors.



In the earlier CMC svstans, magnetic-core 
memory was used as the main memory of the system. 
This^provided a non-volatile memory but was more 

expensive and also temperature sensitive. Hence, 

this is now replaced by semi-conductor memories, 
like the Random Access 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 

available in 16-bits configuration, in a single 

chip. Other types of memory chips like the Read 

Only Memory (ROM), Programme Read Only Memory 

(PROM), Erasable and Programmable Memory (EPROM) 
are usee to store the management and control in­

formation. These are non-vclatile memories. The 

latest trend is to store the sysuem-rexecutive 

software in PROMs. Formerly, this software was 

on punched tape and was loaded through the tape 

reader into the main memory, but quite often this 

information in the memory was lost due to elect­
rical disturbances in the workshop environment, or 
a power failure. A CNC system like the VET uses 

a floppy disc for storing an executive software. 
This is non-volatile and has proved very useful.



-he computerNC PersuectIves: The advent of 

and electronics has made possible NC machine tools 

which have drastically changed the technology. 

Further improvements in controls are foreseen, 

such as, to increase their capability, their memory 

to allow more functions to be monitored and/or 

controlled. Rapid progressive electronics causes 
machine tool controls to become obsolete in 3—5 
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. CMC units have been 

replacing hardwire NC. PCs (procrammeable cont­

rollers) are replacing hardwired relay logic. 

Computer reliability has been remarkable, and con­

trols have 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 improve flexibility 
and reduce costs. In addition to the Central 
Processing Unit (CPU), the use of more computers 

is foreseeable as (i) supervisory computers in 

the DNC or machining system comprising several
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machine tools; (11) as an aid to optimisation and 
shop performance, small hand-held computer or 

microprocessor and/or small personal computer; and 

(iii) 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 

machine 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 alraacy embedded in the machine 

tool for training of operators or maintenance 

personnel; novel schemes of error compensation; 
additional diagnos-ics; devices to reduce sen up 

efforts and time, such as tool-set stations or 

feelers probes 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 broken drill; and ability to 
modify programme on the shop floor or recording

-3
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the events of the last minute or two prior to a 

failure.

Standardisation of interfaces or language/ 

data communications is an important concern, as 

are terminology and methodology for maintenece. 

Strong efforts are being made to evolve 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 the devices and the 

operator are being further intensely investigated-»

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.



Adaptive controls although having been 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 are needed to be developed. Good sensors 
for toolwear, tool breakage and geometric dimen­

sions or contours, preferably of the non-contact 

type, and demonstrations of specific complete adap­

tive control systems are yet to be perfected.

There is a need to develop more and better 

sensors, techniques fo r identifying intermittent 

errors and diagnosing more of the mechanical fail­

ure through signature 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 ba­

sed and provided with computer graphic display.

With Computer Aided Design (CAD) the use of this 
graphic display will be extended to the NC Systems, 

resulting in the interactive graphic CNC system.



r

i
-  22 -

General Numeric has already brought cut their 

“Ultimate TG" microprocessor CMC, 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 posi­

tion value, the system parameters, programme data, 

tool offsets and diagnostics. Paging facility 

is provided for seeing long programmes on the CRT 

display.

Automatic programming will be another feat­

ure in CMC to attract users of NC machines. Here, 

the post-processor is built -into the software of 

the syscsm. The operator need only to center the 

basic dimensions of the work piece, the codes for 
the tools used, the offsets, feeds, speeds and 

seme simple instructions through the keyboard.

The built-in software does the necessary computa­

tion, calculates the arc centre and orogrammes 

itself.

In the field of diagnostics for maintenence 

of CNC systems* remote diagnostics will be commonly 

employed in future. Numeric Easy Automatic Tele­

phone (NEAT) service of Giddings & Lewis and

■a
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Diagnostic Conrvunication Systems (DCS) of Kearney 
& Tracker are two such remote diagnostic facili­

ties presently offered to NC users in the U.S.A. 

Remote diagnostics involve the use of a phone 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 analysis, 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 shopfloor* talking the same language 

as the equipment and eliminating communication 
problems, delays in problems solving^ and saving ex­

penses by the travelling field service engineer л. 

This facility can also be extended to other count­

ries by using the satellite cormmication 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.



Electronic control, for exanple, will change 
the concept of a stand-alone machine and will allow 
machine to function as a part of a svsten. The 

machine cycle will be altered either by remote comm­

and or by some conditions sensed at the machine 

such as a process variable or the position of a 

surface.

Machine performance will be moniccred by elec­

tronic sensing devices. The information thus obtained 

will be useful for diagnostic analysis as well as 
for management decision making or. machine utilisation.

To be useful however, machine feed back will 

have to be communicated to someone besides the 
machine operator and so, control at the machine will 

assume the additional responsibility of communica­

tions terminal. Electronic technology such as the 

data transmission and line protocol, will help 

create information flow that will make the machine 
an integral part for the manufacturing system-»

Knowledge of software design and system integ­

ration then will become necessary in manufacturing 

plants. A good software designer, for example,



- 25 - 1
will be able to maximise hardware utility and 

create flexible systems that others can repair and 

alter. A systems integrator should understand and 

determine how all the elements work in relation to 
the other.

At present, there is no general consensus on 
what the responsibilities of the system integrator 

should be, or whether it is even a necessary func­

tion. Its value will have to be determined, 

however, before complex systems can be developed 

and implsnented.

Producing NC tapes through voice command is 

already a reality. A speed processor that converts 

a programmer's analogue voice signal into digital 
language of the computer permits part programmes 
to be generated by vocalising the data.

Fujitsu Fanuc'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" (VISL) 

Research in this is being done, in co-operation 

with Siemens of West 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 VISLs.

Soon, microprocessors will start replacing
*v/heels, gears and mechanical^ relays, in a variety 

of control applications, because it is more effic­

ient to move electrons around than mechanical parts.



CHAPTER II

CAD - Computer Aided Design: Engineering de­

sign involves the use of scientific principles, 

technical information and imaginative manufactur­

ing instructions to make an engineering product 
from engineering drawings. Every industry and 
engineering company evolves its own particular 

design methods and design procedures, A fairly 

typical design method is as follows :

(a) Functional specif!caticn; (b) preliminary rough 
design; (c) estimation and design analysis ;

(d) final design; (e) detail design; and (f) draft­

ing. In the modern state of development, computers 
are being widely used in the 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 specifications and preli­

minary rough design, can be considered as conceptual 

part of the design process. This is essentially a 
creative activity. It depends upon the ingenuity, 

Innovative qualities and the 'feel' of a desiger, 

based on his 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 part of his time to search 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 can have acc­

ess to such data bank through mult:'.-access channels 

even from a remote place through computer termi­
nals and telephone net-work. Industry's own

in-house information retrieval system, based on a 

mini-computer is also viable in computer-aided 

design.

Estimation and design analysis: Next to the 

conceptual stage, is the stage of estimation and 

design analysis. This stage uses the computer to 
the maximum extent. Calculation of forces, de­

flections, stresses, or variations of a proposed 

design can be performed to 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 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 his design after the 

prototype is manuf actured and tested.

Availability of multi-axes and time-sharing 

computers and intelligent peripherals like visual 

display, graphics terminals have made things eas­

ier. The multi-access and time-sharing facility 

allows the user to communicate 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 can change some of the in­

put parameters either through the key board or in 

the form of graphical input by using a light pen 

on the graphic screen and ask the computer for 

re-processing. The cycle can be repeated till the 

required result is achieved. By this method, the 

user and the computer can work inter-actively, 

modifying and improving the design and correcting 

errors without having to wait for the print out.

This development in computer technology and graphics
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constitutes an essential part cf the CAD approach.

Computer Aided Drafting; Once the design 

parameters and shapes are established through 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 type) have made drafting 

easier. Once the various design data are available 

with the computer in the form of coordinates, these 

data can be transformed into an analogue drawing 

by driving the drafting machines as computer peri­

pherals. Computer softwares are available to deal 

with two-dimensional and three-dimensional views, 

vtomatic dimensioning of part drawings and 

embly drawings.

ass-



CHAPTER III

TECHNOLOGICAL TRENDS IN 
PRODUCTION ENGINEERING

As mentioned earlier in the R.eport, development 

of production technology depends directly and uni­

quely on the development of modern machine tools, 

cutting tools and machine tool controls. With spec­

tacular and innovative developments taking place 

in all these entities, one should naturally expect 

equally, if not more spectacular progress and de­

velopment in the manufacturing methods in the metal­

working industry. Today, production engineers have 

at their disposal, machine tools, cutting tools and 

unimaginable facilities of the micro electronics to 

develop software systems which combine the benefits 

of all these newer developments in evolving highly 

productive systems of manuf acture. Computer tech­

nology, micro processors and minicomputers have 

become the prime agents of the spectacular changes 

taking place in production engineering. Control of 

machine tools and manufacturing processes by compu­

ter, is the present day trend. Computer monitoring 

or control of plant operation is the most signifi­

cant trend in the metalworking industry. Computers
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are being used bo solve scientific and engineering 

problems related to product design and production 

engineering. They are being used in manufacturing, 

planning to stimulate the flow of parts and assem­

blies, eliminating bottle-necks in advance. They 

are being 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 

occurs. The managers are able to study metalwork­

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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being made by computers freeing management from 

some of the day to day boredom of life in metal­
working industry and giving them time for longer 

term strategic planning that is so very necessary 

for the success of metalworking business.

By far the most important form of modern 

production technology is the "computer aided 

manufacture" (CAWl It has already proved its higher 

ability to considerably improve production possibi­

lities than all the other known forms of production 

techniques put together. It is due to this reason, 

the machine tool based production technology is 

getting strongly integrated with computer.

Robots have been on the industrial scene since 

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. They are nimble jacks-of-all trades. A 
typical model 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 fastly on computer, much quicker than previously 

estimated.

Manufacturing saw its first revolution in the 

latter half of this century with the advene of NC.

It can be termed a revolution because it freed 

manuf acturing 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 method 

engineer. Manufacturing is now on the threshold of 

second revolution. The computer promises to give 

management complete control over the whole manufac­

turing operation^ from design to despatch. "Computer 

aided design" (CAD) and computer aided manufacture 

(CAM) 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 control 

of manufacturing operations is advancing as rapidly 
as development of software - always the bottleneck 

in such cases - will permit.
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Three major factors have combined in the last 

decade to advance manufacturing to its present 

stage. They are: increasing cost and shortage of 

skilled labour; higher productivity and automation 
(including NC) of new machines offered by .machine 

tool builders? and the availability of reliable 

low cost computers in the last five years.

Skilled labour is going scarcer and wage rates 

are ruling high. There is a gradual shift of the 

labour force away from the manufacturing into ser­

vice industries in countries like U.S.A., Japan, 

Germany, U.X., Belgium and Sweden. This trend may 

strengthen as working weeks shorten and leisure and 

entertainment service attract more and more people.

There is an increasing demand for variety to 
meet changing and varied customers’ tastes* Aver­

age lot size have decreased in recent years, even 

in traditionally mass producing industries like 

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 adjust to customer preferences. To 
meet higher performance standards, and safety and



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, large number of new materials, 

generally of high strength and performance are evol­
ved to meet product requirements.

The overall effect of these factors has been 

to demand from manufacturing operations, full opti­

misation of all the three resources - men, mater­

ials and machines. "Optimisation technology" in 

manufacturing is engaging the attention of top mana­

gements.

Computer in Manufacturing: Currently, emphasis 

is on linked machines, integrated systems and com­
puter aided manufacture. The stand-alone NC machine 

and groups 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 hierarchial com­

puter svstems. 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.

DNC - Direct Numerical Control of HC machines 

from a central computer - has taken a back seat 

whilst recent attentions have been focussed 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 material handling and have integrated 

control systems. Hence they can be considered as 

an extension of the DNC systems with the inclusion 

of management information ̂ sterns, work transport 

and possibly tooling transport systems.

In Japan, America, several of the East Europ­
ean countries and several of the West European coun­

tries, cocnmerical DNC installations and integrated 

work transport systems have been introduced. The 

Japanese Project on the Automated Factory is an
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indication of their lead in batch manufacturing.

Integrated Manufacturing: 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 ijiove- 

ment of the components being made; improved machine 

tool utilisation* reduction in manpower; reduction 

of work in progress; and greater flexibility of 
component batching and loading.

Presently the majority of systems developed, 

have concentrated on the machining processes invol­

ved, and in particular, prismatic parts manufacture. 

A truly complete integrated manufacturing system 

would reguire the same degree of co-ordination and 

control to be applied to other major operational 

areas, ie., 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 
cost target for integrating manufacturing system 

could be "the mass production of one-ofs"..

Integrated manufacturing systems of some form 
for machining components, have been in commercial 

use for about 22 years in the industrialised coun­

tries and existed in experimental form for some 
years before 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 by palletised 
loading and unloading.

The real breakthrough, however, was dependent 

on the design of reliable comparatively low cost 

control systems, which became available in the late 

1960s. Prom this point on, it was possible to de­

sign systems which would achieve a sufficiently 

long meantime between breakdown to make them eco­

nomically attractive - always assuming that the
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standard of the mechanical functions was of an eq­
ual order.

Production could now be accurately planned 
through a complex system of machining operations, 

and the manual 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 shopfloor 

could yield efficiencies not previously considered 

attainable in this type of production.

Because of the high operating efficiencies 

leading to greater tool cuecine time, a group cf 

3 machines can be equated to 1 0 0 conventional 

machines in output, especially on small batches 

upto 50 parts. The average number of machines in 

a system varies between 5 and 9 machining centres, 
though the greatest number recorded in one system 

is 70 in the United States at the Sunstrand Corpo­
ration. With high operating efficiencies (in same 

cases over 90%) 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



production equipmen

Computer Aided Manufacture:(CAM) : A computer 

aided manufacturing system (CAM) is a closed loop 

regulating .system 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 to 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 computers for 

integrated production. This is generally called 

the 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 manuc-
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faring by evolving a cellular structure. Though 

this type of manufactureing may appear akin to the 

transferline concept, CAM has flexibility unlike 

transferlines, 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 central computer.

The availability of DÎ-TC and computer control­

led installations are having a major impact on the 

manufacturing philosophy as a whole. The flexibi­

lity offered by new hardware and software is 

encouraging a shift from fixed programme mass prod­

uction facilities 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.

L



The DNC computer is now extended to handle 

management functions within the manufacturing cell, 

such as scheduling, inventory, material management, 

budgetry control, reporting etc., 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 a hierarc'nial 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 cperataion of 

the optimum utilisation of .all resources. The add­

ition of automatic warehouses, assembly, test and 

despatch systens is also proceeding partially, lead­
ing to the capability of alternated unmanned manu­
facturing.

It is important to note that computer con­

trolled manufacturing systems exist even today at 

various levels of development. An excellent exam­

ple is Fujitsu Fanuc's Hino facility which uses 

computers and NC to automatic production of NC 

systems and NC drilling machines.
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The mo-ive 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 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, the 
service sector accounts for almost half of the 
GNP in industrialised nations. It is true that the 

service sector is 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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one to conclude that the processing and manufact­

uring industry produces about two thirds of the 

wealth of an industrialised nation. The remain­

ing growth can be attributed to primary products 

like agriculture, sericulture, mining etc.

Ther service sector producing no wealth, de­
pends entirely on the sectors producing wealth.

Thus the higher living 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 utmost significance. It is 

recognised now that the 'computer aided manufacture* 

offers more avenues of reducing production costs 
than all the 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 

modem machine tool sand an intense concentration 

of computer optimised automated production systems.



- U6

Social Factor: The most: important lone range

social factor influencing the manufacturing indus­

try is the trend towards a post-industrial society. 

The attitude of tne workers towards their working 

mehtods are fast undergoing changes. They will show 
an increasing disinclination towards the existing 

nature of work in factories. There is an unmistak­

able trend that more and more workers in the indus­

trialised countries are preferring jobs in the servie 

sector. For example, 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 137C to only 4 percent in 1976. Correspond­

ingly, there was an increase in the number of those 

employed in industry in the 19th century. However, 

in the last few years, the percentage of workers in 

the industrial sector fell from 30 percent in 1947 to 

24.6 percent in 1970 and it stood at only 21.7 per­

cent in 1978. A study conducted by Rand Corporation 

has estimated that by 2 0 0 0 only about 2 percent of 

the workforce will be employed in the industry.

But Prof. Bell is a little more reserved in as far 
as, he estimâtes it at 10 percent . However, in all 

the industrialised countries, lack of industrial 

workers will be more acute in the coming years.
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This workforce migration adds directly and puts 

social pressure on the manufacturing and processing 

industry of the industrialised countries which has 

to produce more and remain productive, irrespective 

cf the fact that its workforce is preferring slowly 

but steadily the more attractive milieu of the ser­

vice sector. This pressure on the manufacturing 

industry can be mitigated by computer integrated 
production systems.

Technological Evolution: As a consequence of the 

long range economic and social factors influencing the 

industry, a number of national plans have been drawn 

at present in the industrialised nations to accord 

priority for the development and application cf 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 in 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 and applying individual, practical and economic



steps in the form of short term research, develop­

ment and application programmes having the followin 

two main principal characteristics :

(i) 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;

(ii) Each step should be a link in the 

chain to achieve the final goal of fully 

computer automated optimised and integrated 
oroauction.

Among 

in the hie'
the various programmes under execution 
ly industrialised countries; the follow—

ing seem to find maximum attention:

(i) 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 su; able 

for various production application. Such investi­

gations are making tremendous progress in U.S.S.R., 

Czechoslovakia, and other COMECON countries and as 

well as in Federal Republic of Germany, Norway, 
and Japan. The U.S. Airforce is fostering a pro-
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gramme called the I CAM (Integrated Computer aided 

Manufacturing) and the Computer Aided Manufactur­

ing International, U.S.A., is busy with several 

programmes for the development of software for 
integrated production.

(ii) Development and application of part 

family production & production cell; are a pre­

requisite for the application of hierarchial com­
puter systems and for the development of flexible 

production systems. In Holland, West Germany, 
Norway, U.K. and COMECON countries, intensive 

work is going on in this direction.

(iii) Rapid progress has been achieved in 
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 numerical controls 

and hierarchial computer systems in Japan, U.S.A., 

West Germany, Norway, Sweden, U.S.S.R., Bulgaria 

and Hungary.

(iv) Investigations on the development and 

application of computer controlled industrial robots

iI

L
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for automatic manipulation of work pieces and tools, 

operation of machine tools and production aids of 

various types, are progressing in Japan, U.S.A.,

West Germany, Norway, Sweden, U.S.S.R.,. Bulgaria 

and Hungary.

(v) 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 G.D.R. Recently^. West Germany, U.S.S.R. 

Bulgaria, Czechoslovakia, Hungary, Norway, the 

United States of America and the U.X. are working 

in this field.

Flexible Machining Systems (FMS): There is

no generally agreed-upon definition for what have 

come to be called, "Flexible Manufacturing Systems" 
(FMS) but there is no denying that within the last 

5 to 7 years, a more responsive yet automated way 

of addressing the needs of manufacturing has evol­

ved. This new method relies on three distinguish­

ing chracteristics: (a) potentially independent

NC machine tools; (b) a transport mechanism; and 

(c) an overall method of control that co-ordinates



system 3C as to achieve flexibility

Within the broad scope, there are any number 

of individual approaches towards striking a balance 
between high output on the one h ¿nd, and great 
flexibility with concomitant reduction in output 

volume^ on the other.

The main purpose of flexibile 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 cell is an autono­

mous module whose functions are supervised and 

controlled by microprocessor-based computer. Tne 

various functions of the individual cells are:

(i) supply of blanks, tools, guages, devices 7

(ii) clamping devices which include identifica­
tion, selection, transport, orientation, loading, 

positioning, clamping, declamping, interlock 

supervision and such other step-by-step operations.

(iii) all operations like measurement of work- 
piece, adjustment of clamping devices, material 
handling/positioning are accomplished automatically
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(iv) All interlocks, lubrication failure and such 

other malfunctions like tool breakages etc., are 

automatically monitored by Sensors.

Each cell basically caters to a particular 
machining process like turning, milling etc.,

The different cells are connected by transport de­

vices into a 'flexible manufacturiug system* and 

the co-ordination of the simultaneous activity of 

all the cells is accomplished by the process com­

puter hierarchy so that from raw material to the 

end product, the complete production process is 

automated.

An alternative concept of a flexible machin­
ing system envisages a manufacturing cell which 

performs various machining processes like turning, 

milling, boring etc., as a part of one individuaal 

cell. In this case, the material handling 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 cutting capability of 
the machine 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 for 

workpiece, tools etc., can lead to the concept of 

an automated factory. The ’ultimate optimisation 
is envisaged by a hierarchial set up, wherein ail 

cells at a ligher level, are controlled by a cen­

tralised computer (DNC) and all production groups 

are linked to a minicomputer, providing a basis for 

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 

importance in batch production. Of the 52 approxi­

mately flexible manufacturing systems developed 

upto 19/9, about 40 have been put into operation, 

mainly in Federal Republic of Germany, Japan and

T
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the U.SjA., nearly 70 percent of then being for 

prismatic components.

Flexible manufacturing systems based on group 

technology or cell production principles using 

NC machines and guaging equipment, are now being 
installed with robot handling devices and pallet­

ised conveyor supply units to machine families of 

parts.

Development is also proceeding with the auto­

mation of metaiforming machines using mini-computers 

and microprocessors. Programmable turret punches, 

auto controlled guillotines ^na shears, and mani­

pulative equipment are in use. Robot development;s 

applied to metalforming operations will enable a 
considerable degree of automation in this class of 

piece—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, is being automated with the use of robots;
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and major developments are talcing place in Japan,
Italy, U.S.A. and in the U.K.

The automation of assembly operations remains 
problematical, except for flow line manufacture.
3ut again, robotic and computer developments will 

have a considerable impact on these operations 
in the immediate future.

Czechoslovakia and Poland are the biggest 

machine tool builders in the CCMECCN countries outside USSR 
and GDR, and both are actively developing flexible 

manufacturing systems (FMS). The main reason is 

that batch production constitutes a large proportion 

of engineering component manufacture in both uhese 

countries and both are short of skilled labour.

Flexible manufacturing system development in 
Czechoslovakia has concentrated on "prismatic" and 

latterly, flat milled and bored components. Poland 

has developed a number of flexible turning systems, 

though recently has begun work on flexible milling 

and boring system.



Most Czech FMS developments have been angled 

towards its machine tool industries, whereas 

Polish systems have been designed for general engi­
neering such as the production of shaft-like compo­

nents for the electrical motor, earthmoving, coal 

mining and commercial industries.

Czechoslovakia has progressed as far as, deve­

loping distributed numerical control systems (DNC), 

pallet exchange and transport systems, a novel 

stacking-crane fed box pallet system, and automatic 

tocl/raw material/work-in-progress stores

Groue Technology: One of the methods of sol­

ving the problem of conflict between productivity 

and flexibility in the computer integrated flexible 

manufacturing system is Groupt Technology (G.T.). 

G.T. is a progressive management concept employed

in an engineering industry within the framework of
«

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
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to streamlining production through rationalisa­

tion of components, it also helps to establish 

better co-ordination between the production wing 

St the other functions like design, methods, sales 

engineering etc,, The fact that more than 80 per 
cent of the engineering industries of the world 
are engaged in medium and small batch production 

should lend the concept of group technology a new 
significance.

The traditionally laid out production lines 
on the basis of functions viz., turning family, 

drilling and boring family etc., led 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 different 

cells of GT system, virtually function as small 

factories within the main factory. This assures 
reduction in through-put time, work in progress, 

inventory, setting time, work handling, jigs and
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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 INC 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 technology.

The application trend is more and more towards 

minicomputers at the work spot. Because of the 

linkages between the work stations, the trend is 

towards 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 computer with the 

machine is facilitating versatile control possibi­
lities offered by the computer technology. The 

computer has thus became most modem device for 
error diagnosis and correction on modem machine 

tools. This has enabled 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 mechanical 

systems. Thus the possibilities offered by compu­
ter technology not cnly provide the basic testing 

method during the trial run of the newly developed 

machine, but also enable 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 maintence personnel immediately 
receive intimation on the cause* and methods of corr­

ecting the disturbance.

The new capabilities of the computer are fin­
ding immediate application in modem machine tool. 

The future trend will be towards the development of

T
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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 thau the error will not actually take place. 

In the case oi: malfunction, computer will send a 

command for the replacement of the defective 

electrical or mechanical module. Thus it is now 

possible to operate machine cools without operating 

personnel•

Metrolocv and Inspection: Metrology is going 
through a revolution brought about by the integra­

tion of electronics into the science of measurement. 

Developments in inspection and guaginc equipment are 

aimed at matching the high production rates of mod­

ern machine tools and to meet the requirements of 

finer measuring resolution and higher accuracy. A 
large degree of automation is also being built into 

these systems for compatibility with automated 

manufacturing systems.

Major trends in guaging 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 to replace electro mecharaoal 

probes have been specially developed and there is 

a clear trend towards remote sensing of size using 
laser and similar devices.

A complete shift to digital display of infor­

mation in most measuring equipments including such 

devices as hand-held micrometers, is now evident.

Integration of different devices is being done 

into 'measuring centres', especially in post-process 

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 

C.OlyÛ r) whereas 5 years ago, there was a practical 
limit of resolution of 1 - using guage blocks.
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Progress in measuring techniques has been sc 

rapid that the resolution and accuracy of guaging 

have reached limits governed by the inherent in­

stability of the machine/workpiece system. The 

stress 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 IC fabrication etc.,

The developments of compact rugged anc reliable 

electronic probes has made possible in-process guag­

ing cn transfer-lines and ocher automatic manufactur­
ing systems. Systems are now being developed to use 

thin capability in the adaptive mode to correct job 

or tool setting to achieve the required size. Auto­
matic guaging systems 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 systems have already 

been developed to fit automated production lines
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These modules can be combined to suit guaging re­
quirements on a wide variety of parts and incorpo­
rate devices to load, transfer, index and unload 

parts and segregate them into acceptable and re- 
jedted lots.

Assembly: Assembly with its high labour con­

tent, is an area holding potential for profitable 

automation. Mass production industries in the 

West, have made considerable progress in this dir­
ection .

So far, automated assembly has been applied 

only to sub-assemblies. Sven in the automobile 

industry, considered highly automated in the U.S.A. 

automated assembly has been applied only to sub— 

tssemblies like rear-differential axle, breakdrum 

etc. 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.
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Puturs desicm or automatic assemblv ecuioment 

will incorporate guacing also. This will have an 

impact specially on electronic industries. Mechan­

ical assembly is now trying to use such systems in 

situations where parts may get jammed togethe- 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. Mew bolts, screws, nuts and ri/ens make 

assemblies easier, faster, cheaper and adaptable 

to automation. Newest in such concept is a system 

which sets bolts under a kind of adaptive control 

that shuts down the fastner driving tool when a 

preset torque •» rotational angle combination is 

reached.

Industrial adhesives are taking over many areas 

now served by mechanical fastners. Developments are
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and hold the assembly 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.

Material Handling; Material handling systems 

are increasingly being integrated with operations 

in the plant. These systems employ driverless 

trucks, conveyers, monorails, sorters and stock 
pilers in material handling.

Storage systems are employing taller stacks 
because of increased cost of floor space* To com­

bat stock pilferage, increased use of driverless 

order pickers operating within the locked room are 

under development.

Computers are obvious tools for application 

in material handling systems. It is reported that 

over 100 U.S. material handling systems are opera­

ting under computer control. Foundries will be a 

major target for automated computer-controlled 

material handling systems in the years ahead.

»



CHAPTER IV

AUTOMATION AND FUTURE TRENDS 
IN MACHINE TOOL "INDUSTRY~

ROBOTS

Robots have been on the industrial scene 

since the early 1960 s, 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 techno­

logy, they have computers that enable them to 

learn a succession of tasks and versatility that 

promises to render obsolete a good deal of what 

is currently thought of as automation. Robots 
in fact are the latest of automation - a program­

mable or flexible variety. As distinct from 
the automatic mechanism, a robot has generally 

multiple degree of freedom, rotary and linear 

which can be actuated individually and simultan­

eously to approximate closely the physical motions 
of a humanebeing, performing the same tasks. Rob­

ots have been developed which stimulate closely 

the variety of movements possible with the human



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

Whilst the earliest robots were controlled 
by programmes set with limit switches, modem 

robots are progranmed by minicomputer , tempora­

rily attached to it. Robots have been de\e loped 

which can be automatically programmed or "taught" 
a sequence of movements by a human operator who 
guides the robot through the sequence.

Compared with the previously built robots, 
the new robots are nimble jacks-of-all trades. A 

typical model can be fitted with variety of hands, 

mechanical "gripper" and enabled to pick up parts 

and pass them along a spray head that converts it 

into a painter or an arc that turns it into a 

welder. Such robots load and unload parts from 

furnaces, stamping presses and conveyors, and a 
few of them perform their jobs while driving con­

veyors. They also quench red hot parts, lubricate 

dies in stamping-machines, drill holes, insert 
screws aid grind parts. Robots are involved in 

inspection of finished products. At Texas Inst­

ruments, for example, dozens of computer-controlled 

small robot arms with TV ctoera eyes, spot pocket



_  fit

calculators moving down a conveyor belt, pick 

then up and place them in an automatic electronic 

inspection station. Most wonderful of all, robots 

are starting to assemble components in factories. 

Over the next 12 months, General Motors will in­
stall 10 PUMAs (an acronym for Programmable, Uni­

versal Machine for Assembly) which among other 

things will partly assemble armatures for electric 

motors, screw small electric bulbs into instru­

ment panel and help put the windshield washers to­

gether. PUMA is in the vanguard of an array of 

small and relatively in-expensive robots that are 
taking over more and more jobs that were previously 

performed by humans.

Robots are presently applied in diverse tasks 

which include loading and unloading machine tools 

and presses, removing parts from die casting mach­

ines, material handling and transfer^ especially 

in foundry and forge, painting and even in simple 

assembly operations. The automobile industry in 

the U.S.A. use robots extensively in welding line.

Developments are taking place with the use of 

addition of a device to give 'sight* and to give



'feel' to robots. By imparting "intelligence" to 
robots, they can be made to taka tactical deci­
sions in carrying out the assigned tasks by using 
vision and feeling feedback.

It is important to note that prototype robots 
with rudimentary sensory feedback are already func­

tioning in seme countries. However, a general 

application of such advanced robots in industry 

will depend on zhe cost of such units and the ease 
with which they can be programmed.

The application of TV and holographic tech­

niques are having a major impact on the major 
development of robots capable of seeing and recog­
nising 3-dimensional objects, especially when the 

objects are presented to the robot in a random 

orientation. This device can retrieve a freely 

hanging carbon brush (randomly oriented) and place 

it in an assembly machine for insertion in fract­

ional horsepower motor. Robots equipped with 

"sight" and “feel" sensors will certainly find 

widerapplication in automated assembly systems of
the future
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Advanced projects have been concieved nod only 

for adapting the comercially available robots for 

various production processes, but also develop them 

further for the present as well as for future requ­

irements of computer aided manufacturing systems. 

Some of these projects are meant to ascertain the 

software and the hardware requirements of individ­
ual robot stations for future application in an

integrated production cell and later, in an integ- 
metal

bated sheet/working centre consisting of several 

cells.

Two key developments have brought about the 

industrial robots to life. One was, technological - 
the development in the mid-60s of the micro 
processor, a computer so small that it can be fitted 

into a silicon chip, no bigger than a pea. As the 

computer shrank in size and cost, it suddenly be­

came practical as the brains to run a robot. The 

second development was wage inflation. Two decades 
ago, in the U.S. 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 
worker's wages and fringe benefits,then prevalent.
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Today, that typical robot costs $40,000 (they 

range from $ 7,500 to $ 150,000) and it can still 
be paid for, and operated at about $ 5 an hour. 

However, the U.S. worker often costs today $ 15 tc 

$ 20 hn hour. The robot revolution is just beginn­

ing but it is already moving fast.

The Japanese are resolutely pressing forward 
in the field of robotics. In January 1981,
Fujitsu Fanuc would have opened a new $ 33 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 one 

modules ?nd parts that go into verycne else's 

robots.

Today, roughly 10,000 robots are in operation 
in Japan as against 3,000 in the United States,

850 in West Germany, about 600 in Sweden ani 500 in 

Italy. Though for various reasons Japanese lead 

in employing robots in their manufacturing indus­

try, all, including the U.S.A., Japan and other 

European nations are equally determined to exploit 

robotic technology. For instance, automobile 
manufacturers in the U.S.A. are tne biggest users of
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robots in the industry. Genrai Motors ( gm) , is 

in the lead with 270 robots installed followed by 

Ford Motor Co. with 236, Chryslers 100 and Ameri­

can Motors 10. The robots are widely used in 

welding, with painting as close second.

PUMA
PUMA will take over a number of j obs 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 armature, 

put on some resinous material, St replace the arm­

ature in the furnace for curing.

Computer 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 on a computer keyboard in a ''language" 

that includes about 100 English words, such as 

'here', 'move' and so on. Eventually, robot en­
thusiasts say that the evolution of robot language 

will make it possible to give robots spoken or 

typed commands such as "assemble the carburettor".



This is no pipe dream. At SRI International, 

U.S.A., to cite one ---.stance, robots hav~ already 

been taught to obey one-sentence spoken-commands, 
relating to portions of an assembly job.

Industrial robotics is a technology in which 

the U.S. is in the forefront of innovation. Rob­

ots have been more extensively used in Japan 

possibly because the need has been more urgent in 

a labour-short country like Japan. 3ut the newest 

and most sophisticated American robous can per­

form more chores than tneir overseas cousins. The 

U.S. now leads the world in the pursuit of farther 

advances. Evenso, when the various strengths and 

weaknesses of all countries, including rhe U.S.A., 

Japan and the European nations are balanced out, 

basically, they are all about even in robotic 

technology. What matters however 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 t\ »



U.S.A., Japan and other industrialised countries, 

are now turning their hands towards eliminating 

the need for operators altogether in 1980s. The 

goal appears to be reliable unmanned machining 

systems for the 1980s and early 1990 that can 
substantially boost machine tool through-put, ass­

ure strict adherence to hard-to-meet quality 

control standards, minimise inprocess inventories 

and guarantee production rates by eliminating the 

last major machining variable. This is not the . 

unmanned factory, roc yet anyway. In the indus­

trial! sed countries, hard as it is, to train and 

keep skilled workers - these days, current eco­
nomics still do not justify the high cost of 

developing and building an unmanned manufacturing 

facility. This is specially true when one consi­

ders the fact that the computer network required 

to operate such system barely exists on paper 

right now. But it ¿s the next step down the road 

to the unmanned factory in the future, and the 
concept is beginning to gain acceptance in many 

areas of manufacturing.

The difficulty of finding qualified workers 

in the highly industrialised countries, is not the
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only factor leading manufacturers to look at un­

manned machining systems. The governments new 
regulations regarding quality control, rising de­

mand for higher product efficiency - and the closer 

tolerances and improved repeatability that higher 

efficiencies entail - and the continuing need to 

slash product costs to maintain competitiveness 

in an increasingly competitive world market^ are 

all factors that manufacturers are taking into 

account as they develop capital spending strateg­

ies for 1930s. With rising capital costs, its 
fuller utilisation has become most important. 

Skilled workers all over the world, particularly in 

the highly industrialised countries, besides becom­

ing prohibitively costly, are not willing to work 

in unearthly hours of the night shifts and also 

accept continuous ' overtime. Hence in order to 

utilise the plant^and machining right round the 

clock to recover the high costs of machining in 

today's price level and write-off the investments 

in this regard before the facility becomes obsolete, 
unmanned night shift operation of machine shop has 

become an accepted feature in the highly indus­

trialised countries.
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It is not surprising that Swedish companies
are among the first to put the unmanned machining

centers, into production. High labour costs and

trade unions' willingness to accept automation

are key factors. The unmanned machining centres
Ij .  o .A  .

(UMCs) delivered by Kearney & Trecker/to ASEA, 

the electical equipment manufacturers and to Bof- 

ors, the famous armament makers are in operation in 

Sweden. In this system, Milwaukee-Matic machining 

centres are automatically fed, palletised, passed 

via carousel magazine. The UMC system is aimed at 

increasing the number of machines that a worker 

can handle, reducing inventory, and speeding prod­

uction throughout.

Any country that 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 have tremendous advantage economically.

Unmanned manufacturing and assembly operations 

in industry have been viewed with somewhat dismay 

by social scientists all over the world, particularly 

by the developing countries, who have been one of 
the important sources^providing imigrant labour to 

the industries in the developed countries. However



there are two views: One is, that large number 

of economically active labour, both domestic and 
alien (hailing from poor developing countries), 

would lose their jobs through greater degree of 

automation in industry. But the other view pointy 

which is equally strongyis that automation like 

use of industrial robots to do dirty work has 

mooted alarms of loss of jobs and in a way, kept 

the labour unions^mostly at bay. Welding cars 

and spraying paint are stupefying jobs, and besides, 

they are ideally cone at temperatures higher than 

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

Westinghouse factories in the U.S.A., as many as 
25,000 workers may lose their jobs due to attri­

tion and there is no way to replace them all.

People joining labour force in industrialised coun­

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

to train people for the skilled jobs* that are in 

demand in today's labour market. "New jobs have 

always come from new technologies". One reason why 
Japan has been able to shift so extensively to 

robots is that the Japanese corporations have a 

tradition of caring for their employees' health & 

life and they do not want them to work on dirty jobs 

or or\ hazardous occupations.
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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' acquiescence may change. After 

all, the rate of unemployment is already increas­

ing due to high inflation in all the Western- 

industrialised countries and retraining programme 
of all the workers including those retrenched by 
high degree of automation may not be possible. 

Furthermore, retraining will not be possible be­

cause there could be no jobs for workers to be 

retrained for.

Factory workers and their unions in industri­

alised countries are not today so much worried about 
automation. For one thing, automation frankly has 

not reached that situation as yet. But as more and 

more industrial jobs are taken over from humans by 

automation, there may be some problems from the 

organised labour, social scientists and governments 
of the countries. Already, there are a few rumb­

lings. Russ Cook, The United Auto Workers (U.A.W.) 

District Committee man at GM*s Buick plant in 
Flint says "if we do not get smarter and start com­

bating the machines, we will be cannibalising



ourselves and competing against one another for
jobs”.

Automation, leading to unmanned factories, is 

technologically feasible in industry, yet its 

effect on humans could become insoluble social pro­
blems. The concept of unmanned factories may 

therefore progress haltingly, though the scope for 

unmanned operations under certain special circum­

stances will increase in the developed countries.

Perspectives - Future Vistas: Developments 

in machine tool designs have come up at a rapid 
pace in the last 10 - 15 years. These developments 

have been in response to the increased demands made of 

manufacturing technology through the influence of 

factors such as scarcity and shortage of skilled 

labour, need for flexible manufacturing lines, pro­

duction of larger variety of goods in smaller lots, 

higher part accuracies and 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.
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Developments in machine tools will continue 

to be influenced with added emphasis on meeting 

specific governmental and social regulations aff­
ecting the working environment.

The accent on increased productivity will 
continue. As machines become more sophisticated 

and costs climb, productivity increase will be 

measured in "real" terms and the machine tool 

builders will be frequently called upon to demons­

trate them and ocher economic gains to the user.

Design of machines and controls will place 

emphasis on high reliability in operand on. Down­
time on versatile highly produccive mac' ines 

becomes very expensive. For a small shop it can 

spell financial disaster. Builders should study 

the users difficulties and the machine downtime 

data so that the design can be changed to improve 

reliability.

Factors that reduce the usefulness of mach­

ines involve not only machine downtime due to 

failure but time lost in set up, operators absence, 
unavailability of material stock, tooling problems 

etc.. Better monitoring and sensing techniques
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will allow users to measure 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.

Machine tools of the future will have higher 

accuracies to meet the requirements of increased 

precision on components. Regulations or. noise 

levels will be enforced on future met:alworking 

equipments. 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. 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 on equipping the already installed 

machines with mandatory safety equipment. Ecology 

is another consideration. Pollution is another 

factor which all have to be reckoned in the future 

technological developments in metalworking machine

tools
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Machine tools of the future will be required 
to work aider range of materials including harder 

and stronger ones. Optimisation of cutting condi­

tions will therefore be very important in 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 skills and know­
ledge will be replaced by skills in programming, 

development of software, and electrical and elec­

tronic maintenece systems.

As machines become more productive and down­

time more expensive, all aspects of operator^ from 

attention to job knowledge will become more 

important. Machine operations requiring minimal 

inpuk will reduce the demand for skilled labour, 

held by such development as adaptive control, sur­

face sensing and automatic cycle adjustments, and 

performing monitoring.
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Keeping highly productive machines running 

will require top maintenece skills and alert 

machine builders will enhance these skills by pro­

viding machines with built-in diagnostics and 

documentation capabilities.

In general, the technological outlook is one 
of the continued improvement in machine tool pro­

ductivity and versatility and of reduced requirements 

of operators skills. There is, however, one area, 

in which lictle work is being done but in which 

developments are necessary if these other goals 

are no be achieved. That area is uhe control of 

metalcurting chips. Many cf the situations requir­

ing operator action in metal muting operations, re­

late to chips in unwanted or unpredicted places 
causing tool breakage, misalignment, malfunction of 

chip handling equipment etc.

What is hhead in the field of production tech­

nology and machine tool development ? This can be 

estimated perhaps with the help of few technological 

forecasts. Very recently, the Society of Manufac­

turing Enginners, U.S.A., made three forecasts on 
the future of production technology based on Delphi
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technique. These forecasts concern machining, 

production systems and assembly. These predictions 

provide useful answer to the question. Out of the 

133 queries in the preliminary round, 99 or 74 per­
cent were pertaining 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 1935: Assembling jobs will be integ­

rated with the other production routines making use 

of computer aided manufacturing systems. At least 
25 percent of the firms representing a cross section 

of the industry in the advanced countries, will 

apply, software systems for automation and optimi­

sation of various stages of production planning, 

e.g., machining sequence, selection of suitable 
machine tools, clamping devices, sequence of oper­

ations, tool selection and optimal cutting conditions.

Around 1987; About 15 percent of the total

machine tool production will not consist of single 

purpose machine but will constitute component blocks



of flexible production systems where the manipulation 

of workpieces between individual work stations will 

be done automatically and controlled by a central 
computer.

Around 1990: The advanced development of sen­
sors will facilitate robots to attain human capabil­

ities in the final assembly sequences. Computer 

aided design (CAD) techniques will be employed for 

the design of 50 percent of the newly designed 

production aids.

Around 1995: Almost 50 percent of the direct

work in the final assembly o :-automobiles will be 
achieved by programmable automatic-, and robots.

Around 2000: Based on these forecasts, it is

preseumed that even before the end of this century, 

many chantas in machine tools and production tech­

nology will , take place around a computer,

viz., computer aided design ,.nd fully integrated 
computer aJ-*ed manuf acture and automatic assembly 

uding extensively modern robots.
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