he Factory of the Future, totally unmanned and au-
tomatic, is surprisingly near at hand. The necessary
technologies have begun to gel, and the prospects
are bright for far-reaching changes throughout
American industry.

The computer has brought new intelligence to every part of
the manufacturing process, and minicomputers and micro-
processors have made individual machines self-reliant within
large integrated factory systems. As important as the in-
creasing power of the computer, is the increasing ease of
man-machine communications.

Industrial robots are getting smarter and learning faster.
With new sensors to emulate human sight and touch, they
can handle more and more complex jobs. Adaptive machine
controls are likewise giving machine tools greater flexibility
and capability.

Essential to all these developments are improvements in
data communications, making machines work efficiently un-
der central control and with one another. Here, optical fiber
systems promise to increase the flow of information drasti-
cally, and will make possible dramatic improvements in com-
puter design and operation.

Tomorrow’s Industry

Ever since the appear-
ance of the computer, en-
gineers and managers,
economists and futurolo-
gists, have all been pre-
dicting the advent of the
totally automatic, com-
pletely unmanned factory.
Until recently, this could
have been called more a
distant vision than a real
possibility. But in the last
decade, with surprising
speed, all the necessary
elements of such an unat-

tended factory have sud-
denly begun to come into
place.

The possibility is now
almost within our grasp of
completely automating
not only the continuous-
process industries and
high-volume assembly-
line operations, as in the
past, but also small-lot,
discrete-parts manufac-
ture. When one bears in
mind that in metalwork-
ingalone, 75% of all parts
are produced in lots of 50
pieces or less, the implications of this type of automation are
clear. It will not be a matter of a demonstration factory here, a
pilot plant there. The not-so-distant prospect is that of the com-
plete automatization of the bulk of American industry.

The main technological force which has brought us within
reach of this prospect is, of course, the evolution of the computer
itself—its repeated thousandfold increases in speed, capacity,
and reliability over the last four decades, coupled with equally
vast decreases in size and price. It is this which has made it possi-
ble to operate relatively large computers within the plant environ-
ment, while incorporating small ones into ever tinier devices.

The result is that intelligence is coming to pervade every level
of factory operations. Large computers, with their speed of opera-
tion and their instant decision-making and optimizing capabili-
ties, can control and manipulate the flow of information neces-
sary to a manufacturing process. Even for the largest computers,
however, the flow of information would become unmanageable,
if they attempted to control the operations of every machine or
device involved in a manufacturing process. That was the prob-
lem with the earliest DDC and DNC experiments of the 1960’s,
which constituted a kind of false dawn of total automation.

But the evolution first of minicomputers and then of micropro-
cessors has enabled the individual machine or device to become
“self-reliant.” The machine is acquiring the capability to process
on its own all the information necessary to its own functioning,
while receiving and communicating only that information which
is necessary to its integration into the manufacturing operation
as a whole. It receives signals to execute stored part-programs,

for instance, or issue re-
quests for new programs
to be downloaded, while
actually executing the
programs itself.

It is this self-reliance,
and the possibility which
it creates of building dis-
tributed, hierarchical sys-
tems, that is making flexi-
ble automation and
computer-integrated
manufacturing a reality.
At the same time, a third
computer development is
also contributing to the
advent of total automa-
tion: the growing ease of
man-machine interaction.
Paradoxically, the easier
this interaction with a
computer or a computer-
ized device becomes—if it
is programmable in shop
language, for example, or
if it will respond to voice
commands, or will
prompt the user through a
sequence of operations—
then the less time a hu-
man need spend directing
the operations of the computer or the device. Even such func-
tions as programming or design become more highly automated.

It is these three factors—the growth in capacity of large com-
puters, the greater self-reliance of individual devices and ma-
chines, and the increasing ease of man-machine interaction—
which have made possible the giant steps we have taken in the
last 10 years towards the totally automated factory. But of course,
we still have several steps to go. The most significant technologi-
cal trend of the foreseeable future is going to be the continued
development of these factors, to the point where the Factory of
the Future becomes the Factory of Today.

ne way of seeing how far we have come, down this
road, and where it is likely to take us in the next
few years, is to consider that item of equipment
which has come to symbolize automation in the
public mind—the industrial robot. To what extent
is it now ready to take its place in the completely unmanned
factory, and what improvements have still to be made?

The robot in its present state has already carved out for itself a
well-defined niche in industry. It performs excellently any task
which requires repetitive actions with occasional reprogram-
ming. Pick-and-place robots load and unload presses and die-
casting machinery, (in automobile spot-welding they are already
well on the way to replacing human beings),’and continuous-path
robots carry out complex spray-painting jobs with unerring accu-
racy. Programming has become easier as joysticks and teach-
boxes have replaced pinboard programming and “leading by the
hand.” Reprogramming has become less frequent, as the majority






