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The development of automation has come about through
isolated instances of automatic control, mechanized materials
handling, coding techniques, programming, and the develop-
ment of trends in the continuous processing industries.

This development was slow at first, and as the individual
concepts grew, they were more rapidly fitted into what can
now bg called automation--a philosophy of mamufacturing.

Automatic control functions play an important role in
automation, since they take the plabé'of the human operator
in the controlling functions of the system. With the intro-
duction of control, concepts of open and closed loop systems,
feedback, programming, and other terminology, are introduced
to supply a working vocabulary for the developments to follow.

Automation developed from many 1isolated concepts, re-
sulting in certain definite approaches to the subject,
such as:

The Transfer Machine Concept

The General-Purpose Machline Concept
Assembly Concepts

Modular Production Froduction Concepts

The various types of equipment and systems used in auto-
mation can also be classified in certain groupings, ranging
from relatively low orders of automaticity or levels of mech-
anization, to relatively high ones. These classifications
Vary with the area of application, and each one adds something
of value to the subject. The classification may be one of
terminology, automaticity, mechanization, or by industry,

including either management or engineering approaches.
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Information, coupled with energy, forms the basic param-
eters of operation of any device. As such, the devices used
to obtain automation, as well as the overall system involved,
may be classified according to the type of information they
contain or use, Information may be immediate or stored; it
may be supplied manually or by some other system; hence the
opportunity to describe the components of automation by the
informatibnal function they perform.

Extending the information concept, its availability in
the right amount and in the correct media constitute the
basls for investigating storage and coding systems--the
devices that supply or transmit the information upon demand.

Coupled with storage devices are the machines that pro-
cess and handle the information. These devices--processing
equipment and scientific sensing instruments--may vary from
very simple indicating or manipulating instruments, to the
complicated analog and digital computers. Both the analog
and digital functions play an important role in the handling
Oof their particular type of information.

Combined in the right proportions, systems which can
brocess information automatically exist in three basic
informational fields: factory control, paperwork data pro-
Cessing, and scientific data reduction. These systems over-

lap, but each performs a basic informational function.
Antomatizing these systems offers the key to automatizing

and integrating complete factory operations.
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The ultimate--the automatic factory--will result as a
combination of these various manufacturing and informational
systems; the one to control, and the other to physically
produce the desired product.

The term "automation" has been applied loosely to many
unrelated sub jects, and has been a target for abuse or
exageration. However, by grasping the nature of the relation-
ships of automation's varied concepts, a better understanding

of the subject is gained.
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PREFACE

In selecting a field of investigation for this thesis,
careful consideration was given to the manner in which the
material would be gathered, arranged, and presented. One of
the greatest problems was that no unified collection of
studles had been made of the entire field of automation from
an engineering standpoint. Although a great many papers and
articles have been written on the subject, each paper or
article was concerned with what the author considered auto-
mation in his own particular field of interest. Books, also,
have been prepared on automation and related topics, such as
automatic control, the automatic factory, mathematical
applications, etc., but few of them deal with the engineer-
ing aspects of automation, and the concepts that the engin-
eer mist be able to grasp in order to have a coherent under-
standing of the field in general.

Because knowledge of the subject encompasses 86 many
fields of study and application, it was decided that an
attempt would be made to assimllate and utilize material
covering the broad general aspects of automation, as a basis
Tfor emphasis on a particular aspect. For this reason, in-
Vegtigations were made Into saveral aspects of automation
Other than those included in the title of the thesis. This
Was necessary In order to form the basis for study of in-
Tormational aspects of automation, and to relate these

aspects to the entire field of study.
xiii
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The informational aspect was selected for specific in-
vestigation because it more closely follows every branch of
the broad subject than do some of the possible alternative
topics. It 1s concerned with machine design, materials‘
handling, systems design, method lmprovement techniques,
data processing, and many of the other interrelated fields

which are concerned with automation.

Although the subject of the thesis cuts across many
related fields of study such as electronics, mathematics,
business and management, the basic intent is to cover the
subject from the viewpoint of industrial engineering and
mamifacturing. Therefore, illustrations gnd references
are made to many techniques of related sciences concerning
their relationship to automation, but no attempt is made
through these references to describe in great detail the
technique or the extent and limitations of its application

to automation.

xiv



CHAPTER I
BACKGROUND OF TH.s AUTCMATIOWN CONCEPT

Introduction

Historically, the development of automation was slow,
beginning with unrelated bits of information and theories
in the various scientific fields of study, and in isolatecd
instances. of practical application. These examples were
not'calléd "automation," because taken by themselves, they
had 1ittle direct relationship to preéent-day concepts of
automation, automatic control, and the automatic factory,
often-~but erroneously--used interchangeably.

"In the beginning"--that is--when these ideas and
concepts began to crystalize in men's minds, they followed
the particular inclination of the individual. As the world
progressed in 1ts knowledge and understanding of basic sci=-
entific principrles, these various theories, relationships,
and examprles became interrelationships, much as many of
the scientific theories of today may be related to the sep-
arate but interlocking fields of science. Practical examples,
too, are related to these theories, since the example or
experiment is necessary in order to verify the theory, and
the theory is just as necessary to apply and expand the basic
concept to useful daily application.

To 1llustrate the statement that 1solated instances

Cconstituted the automation development, consider the example

Of the flyball governor, constructed in 1788 by James Watt.
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This practical app:ication, controllingz the speed of the
engine, incorporated through inertia forces and the speed
of the engine, the basic concept to automatic control and
feedback--fundamsntal concepts of auntomation--which will
be discussed in greater detail in the further development
of the ﬁhesis. Although James Watt may have been intarested
in the theory behind his application, his major concern
was to control the speed of his engine, amd the concept
of automation, considering the state of industrialization
of that period, would have seemed utterly fantastic.
Another historic example which has often been related
to the origins of automation was the flour mill bullt by
Oliver Evans in 1783-8), near Philadelphlia. This mill was
so constructed that the graln was unloaded at an upper level
and passed through the various stages of grinding by means
of powered conveyors of three basic types, to emerge at a
lower level as flour. This example was not automation, but
a method of continuous processing by using conveyor systems,
It bears no direct historical relationship to automation as
a devaloping chain of progressive steps, but stands as an
i1solated example of ingenuity in which the principle of
mechanized materials handling, now incorportated in auto-
mation concepts, met a particular individual need,

, Perhaps a more closely rclated example, historically
speaking wsas the automatic loom vroduced by J. M. Jacquard
of Paris, in 1801. These looms were controlled by a tech-
nique quite similar to the prescnt-day punched cards used

in business offices. The loom was not automatic in the



sense that it was automatically controlled in its oper-
ation, but the product of the loom was regulated in pattern
by the information entered upon the cards, in the form of
holes. This was accomplished by ralsing or lowering the
threads to change the pattern of the design, following the
punched card pattern. In this manner, exactly identical
material patterns could be obtained on separate looms or
with different operators. It effectively introduced a de-
gree of mass-production, since in France alone, ovér 11,000
Jacquard looms were in operation witihhin a short time after
introduction.

Other variations of the punched paper card technique
to permit duplication of the original product were the |
player piano and the mechanical misic box. The player
piano made use of paper rolls, containing coded holes which,
when run through the sensing mechanism, operated the hammers.
The pow;r to the plano was supplied through a foot bellows
pPumped by the operator. The mechanical music box uses a
revolving drum and raised pins, striking or flexing metal
strips, which give off musical notes in a prearranged or-
der determined by the pin location on the drum. Here, too,
these examples i1llustrate certain principles embodied in
the automation concept, but they are not of themselves,
éxamples of the automation development.

In 1312, the inglishman, Charles Babbage, envisioned

what today we would call the analog computer.1 Although

—~—

1Charles Babbage, Economy of Maéhihezz, John Murray,
London, 1846.



Iy
his concept of what the machine should do was visionary, he
had neither the practical mechanical understanding; nor the
refinement of machine tools to build into his wmachine the
accuracy required. (This was a major problem of many of the
early industrial inventors, including Watt.) Babbage's _
machine was designed to operate through long chailns of gear-
ing, which in practice would not have been feasable, be-
cause of the tremendous power which would have been required
to overcome the friction generated in the gear trains.

The mimite measurements and movements required of hils
machine could never have been obtalned in that day, and the
machine was never completed. Nevertheless, his attempts
stand as another isolated example of a concept incorpor-
ated in automation--the computer.

The development of the industrial revolution, with its
increase in manufacturing and technology, as well as its
problems, will not be discussed here, but from this point
onward, an atmosphere concucive to the advancement of con-
cepts pointing toward automation was created. An example
is the following quotation frem Gordon S. Brown and Donald
P, Campbell, of the Massachusetts Institute of Technology,
who state:2

By 1900 the theorems of Laplace and Fourier, the
studies of Houth in analytical dynamics, the work of
Kirchhoff in circuit analysis, the physical studies
of Lord Kelvin and Heaviside and others had laid the
foundations for a theory of control. But not until

the 1920's did the exploitation of theory by practice
really get underway.

——

2Gordon S. Brown and Donald P. Campbell, "Control
Systems," Scientific American, 187, September 1952, 59.
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Increased knowledze of metallurgy, physics, chemistry,
and other fields focused the spotlight of interest on tech-
nical and manufacturing problems, allowing greater flex-
ibility of application, and at the same time ralsing new
problems of vast complexity.

Developments in automatic machiﬁes and mass production
technigques were nmumerous in manufacturing from the time
that Henry Ford established his assembly, based upon ob-
servations of the Chiéago meat-packing industry. Tech-
nology increased during this period to the point of develop-
ment in the 1930's of a political concept of "Technocracy,"
or rule by the technical class.3 ' ‘

In 1928 the A, 01 Smith Company built a factory for
the purpose of automatically building auto frames. Actually
this was an example of continuous processing, rather than
automation.

In the petroleum and chemical industries, the concept
of continous flow production was developed. Although the
control function was performed mamially, various instru-
ments supplied information automatically concerning the
Substance being processed, allowing mamual adjustments
to be made in order to govern end-product. The petroleum
and chemical industries have utilized concepts applied in
automation (continuous flow, for example) but do not con-
Stitute In themselves what is considered as being automation.

Here the product is generally of liquid or plastic form,

—~—

3Aaron Director, The Economics of Technocracy, The
University of Chicago Press, Cnlcago, 1333.
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6
while most physical manufacturing consists of discrete units.t

It was during World War II that many of the problems
blocking the development of an automation concept were
removed. Vast numbers of scientists, engineers, and other
specialists were biought together to solve aé quickly as
possible the problems of design and construction of weapons,
systems, and equipment. Specialists in many branches of
sclence were able to exchange and relate their particular
techniques to each other's work, solving meny of the.prob-
lems which had previously been confined to a narrow field
of investigation.5

As early as 1946 J. J. Brown and Eric Leaver proposed
a concept of automatic production, which was called "vis-
ionary" by industrialists at that time.°® These two Can-
adians, who gained experience in the electronics field
during the war, were attempting to relate their concepts
to the field of manmufacturing and mass production. Many
of their ideas have becen incorporated into what 1s now
considered one form of automation. During this period,
there was much speculation concerning the advantages and
possibilities of the automatic factory.

Figure 1 1llustrates the overall development of auto-
mation in a graphic manner. One particular point to be
noted from this illustration is the fact that the automatic
factory 1s considered to ve a step beyond automation as it

exists today. Perhaps the role of indirect labor should

O0Brown and Campbell, op. cit., 187.
SLoc. cit.

Opric Leaver and J. J. Brown, "Machines Without Men,"
Fortune, 34, November 1956, 192.
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8
have been emphasized to a greater extent in the automation
area, but on the whole, the figure i1llustrates quite satis-

factorily the discussion presented here.

Automation--Its Definitions

The term, "Automation," was coined from the longer
word, "automatization," by Del S. Harder, of the Ford
Motor Company. iHis original definition was stated as
"The aufomatic handling of parts between progressive pro-
duction operations," and modified to include, ". . . & new
philosophy of manufacturing," and "design of parts, methods
for their mamifacture, and pfoduotion-tool control systems."
The Ford Motor Company originally used the term to describe'
a special group set up to study and mechanize the ioading
and unloading of new equipment received by the company.7

FPirst appearance of the word in print occurred in

American Machinist (Oct. 21, 1948, p. 107-122). There

eautomation was defined as ". . . the art of applying mech-

anical devices to manipulafe workpleces into and out of

equipment, turn parts between operations, remove scrap,

and to perform these tasks in timed sequence with the pro-

duction equipment so that the line can be put wholly or

partially under pushbutton control at strategic stations."® 1
At approximately the same time John Diebold, then a |

student at Harvard University, used the term, but with

1, J. Tangerman, "New Tools, Automatad, Make '55 Cars," !
American Machinist, 98, November 8, 195, 119. : ,

8Loc. cit.



9
a different connotation: "Automation is a new word denot~
ing both automatic operation and the process of making
things automatic."9
In a Harvard Business School report entitled, "Making
the Automatic Factory a Reality,"!0 Diebold and the other
memberé of his group stressed the concept of "rethinking"
1ﬁ designing for automatic production; that 1s, complete‘
analysis of the problem through the steps of product design
to completed manmufacture. He carried the concept further
than did Harder or the other automotive manmufacturers, by
including in his concept the use of automatic control.
Diebold stressed the importance of the materials handling
function, and that this would prove to be the biggest
stumbling block to the implementation of automation.
Perhaps a broader, more complete definition of the
term is given by W. E. Brainard, of Hughs Aircraft:ll
Automation is more than merely transferring.
Nor 1s it a push-button factory. It may extend back
to the design of the product. It is a new method of
mamufacture, not necessarily a new way of cutting metal,
but a way of controlling the various processes. Auto-
mation 1s a philosophy of design, it is a mamufaectur-
ing method, and it is control within a machine.
To these definitions should be added the fact that
automation often includes the concept of "feedback." 1In
the process of feedback (discussed more fﬁlly in the next

Chapter), information concerning the output at one stage of

the process is returned, or few back, to an earlier stage,

————

9Cleveland Public Library, Business Information Services,
2y, July-December 1953, 13.

1050hn T. Diebold and others, Making the Automatic
Factory a Reality, Griffenhagen & Assoclates, 1951, 7.

llTangerman, oo. cit., 119. -
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as a control function influencing its actions and hence
changing the output 1tselfr.12

Following the developments of the original automation
concept by Harder and its variation by Diebold, a great
amount of interest was generated in scientific c¢ircles and
in manufacturing industries concerning the effect of auto-
mation upon them. <he publishing companies in particular
.8siezed upon this opportunity and many articles and technical
papers on the automation subject followed. Piebold, using
material from his Harvard report, wrote a book entitled
Automation,13 covering in more descriptive form some of the
topics and adding more information about the control function
and the social effects of automation.

The Ford Motor Company continued to use the term, auto-
mation, applying it first to their press lines and later to
their engine block machining and other parts manufacturing
Processes. Other automotive companies were quick to follow
Ford's lead to some extent, adapting the original asutomation
concepts to their production lines. <These applications did
Not--and of today--still do not fulfill the concept of com-
Plete automation, employing the feedback feature. Some of

them preferred to call the new innovations "mechani zation" 1l

————

12Brown and Campbell, op. cit., 583.

13John T. Diebold, Mtomation, D. Van Nostrand, Inc.,
New York, 1952.

_ 1l‘Allz&m Ellenwood, Chief iMethods Engineer, Oldsmobile
Div. of General Motors Corp., oral communication.
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rather than automation, but the trend is toward the newer word.

Following the increasing interest in automation and re-
lated subjects, several publishing companies began to publish
magazines which included the subject of automation as a sub-
stantial part of the issue.

The magazine, Computers and Automation (ikdmund C. Berkley

& Associates, New York) features articles and technical re-
ports on antomation and computer toplcs, with cumulativg
indexes of manufacturers and consumers of computers; tech-
nical papers on computers and computer techniques; and the
relationshlip of computers to automation. It also includes
comprehensive surveys of publications in the automation field.
McGraw-Hill Book Company brought out its first copy of
Control kngineering on August 19, 1954. It has a paid sub-

scription list rather than a controlled circulation audience,
as do most of the other publications. With a goal of 15,000
subscribers by September 1957, it had aiready obtained 13,000
by the end of 195l, end was still rising.'’

John Diebold became editor of a new magazine in July 1954
called Automatic Control, published by the Reinhold Publishing

Corporation. His alm was to bridge the gap between manage-
ment and techniclians on the subject of automation, pointing
out the contributions of each group.

In August 195);, Roger W. Bolz became editor of the mag-

azine Automation, published by the Penton Publishing Company.

15“Advertising & Marketing," New York Times, August 20,
22:2.
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These periodicals gave wide publication to the field, and

helped to stimulate and report the interest that many man-

ufacturers showed concerning the automation subject.

Surmary

In summary, it can be said that the development of auto-
mation was not through a series of closely related events
but through the development of entirely separate concepts.
These concepts were developed to the point where they could
be utilized in varying degrees to furnish the concept of
automation. This concept was evolutionary in the sense that
that it was necessary for the various associated fields to
advance to a usable level, and revolutionary in the sense
that a new philosophy and quickened pace of mamufacturing
resulted.

The terminology and understanding of automation varies
with the application and the individual. Different defin-
1tions have been applied, and it is important to understand
wWhich particular concept is implied when discussing the
- tern.

The tremendous interest generated by automation is
evidenced by the magazines, newspaper articles, and tech-
NJical papers presented on the.subject as well as programs

and courses in related flelds offered at colleges and

Universities.



CHAPTER II
THE IMPORTANCE OF CONTROL IN RELATION TO AUTOMATION

Introduction

In discussing the term "automatic control" with respect
to automation, it is important td bear in mind.the defin-
itions stated in Chapter I. The first concept of automation
did not include automatic control of the process, but merely
automatic handling. As the concept grew, it came to inclpde
the linking of automatic control, or control by the machine
itself, to the manufacturing process. There 1s a basic dif-
ference, however, between a process using automatic controls
and an automatically controlled process.

In the case of a mamufacturing operation, a machine may
be 80 regulated that it will automatically turn out parts
without constant operator observation. It may continue to
cycle, however, regardless of the quality of the part, or
without any stock being fed into the machine at all. In many
Of the more modern automatic machines, the introduction of
material, malfunction of the machine, output exceeding
specified 1imits, or several other possible factors, could
cause the machine to shut down, with indication to an oper-
ator through lights, bells, or other warning devices, that
the machine is not working. An example of this is the auto-
matic sequencing of a plating process, in which there is no
Inanuél regulation once the process has been initiated. The

Product will continue through predetermined stages of the
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cycle, regardless of the quality or quantity of the output.
No attempt is made to measure the performance and make cor-
rections as the process contimies production.

In these examples it may be seen that although the mach-
ine functions automatically, it has no system of automatic
regulation of itself in order to regulate the product or
process. This 1s the basic difference between an automati-
cally controlled process, and one using automatic controls.
Both systems are often incorporated into the au?ométion
concept, and it is important to realize the difference.

In order to better understand the concepts of control
as related to automation, it will be necessary to define
and discuss certain terms. These terms will be used through-
out the various chapters of the thesis, and a definition

at this point will prepare the reader for their future use.

Terminology Used in Automatic Control

Feedback. Feedback i1s the fundamental principle that
underlies all self-regulating systems. In the use of the
feedback principle, information about output at one stage
of a process is sensed, returned or fed back to an earlier
stage of the process, and the process at this earlier stage
is then influenced in its action, changing its output in an
effort to correct the discrepencies originally indicated.
The system using this principle is called a closed-loop s&ys-
tem, or feedback control system, as opposed to the open-loop

type of system.
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In the previous examples, the plating process and mach-
ing process would be considered to be controlled by open loop
control systems. The control function was previously deter-
mined and unvarying in adjustment throughout the process.

The difference between open-loop and closed-loop systems
is illustrated in Figures 2 and 3. In Figure 3, it may be
seen that the closed-loop or feedback system is essentially
the same as_the open-loop system, but with the addition of
further measuring and control elements, tending to give self-

correction to the system.

Disturb-
ance
~ Input Controlled Output
Command >— System >
' Element (Process)
Figure 2
Open-Loop System
Disturb-
. ance
Input Ccntrolled Output
cess
i
Sensing
Device
Feedback
Control bomeetf—
kCorrection)
Figure 3

Closed-Loop or Feedback System
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Error. It will be observed that there must be an error
or deviation from the original or desired command, to be able
to effect a correction. Otherwise the system would operate
in essentially the same manner as the open-loop system. The
error i1s kept to a practical minirum, of course, but often
a certain degree of error is "built into" the system. The
example of the thermostat on a heating system or home freezer
unit illustrates this point. These systems are so designed
that a change of temperature will actuate a switch, initiat-
ing the action of the heating (or cooling) system, in an
attempt to maintain a constant temperature. However, it
would be impractical to allow the system to become activiated
at the exact point of desired temperature, only to shut off
when that point were reached. The system would be contin-
ually starting and stopping with a very slight temperature
change. Therefore, a range of temperatures is used. OCn the
freezer, the motor might be started when the temperature
rises above 10°F, and continue to run until the temperature
dropped to 0OF, to remain off until the temperature had again
risen to 100F. The heating system would operate in a like
manner, controlling the temperature over a range of values
rather than a point.

Usually the disturbance causing an error is the result
of some outside factor acting upon the system. It may be a
change in load, or an upset conditicn acting on the system,
In a manmufacturing process, the error may result from a faulty

or incorrectly sized part, in the process. If this is the
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To Steam Valve) = 2

Figure L
Watt's Engine Governor
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éase, the error detector will continue to observe the output
of the machine, at tie same time applying and altering the
corrective force as required.

The classic example of feedback, of course, is James
Watt's flyball governor, developed in 1738 (referred to in
Chapter I). Watt needed a method of maintaining a constant
speed with his steam engine. The speed varied with the load
applied and the amount of steam allowed into the cylinder.
By using two revolving balls suspended from linkage arms, he
could control the amount of steam entering the cylinder. As
the engine increased its speed, the weights would be thrown
outward and upward by centrifugal force. The associated
linkages would close the valve as the balls moved outward,
and open it as the velocity decreased and the balls dropped.
In this system, a portion of the output (from the flywheel)
was transmitted to the control element, which fed the ad-
Justment back into the system through the steam valve. This
example is primitive in comparison to present sensing and
Control systems of a complex series of devices, but it illus-
trates the basic concept of feedback. (See Fig. L4.)

The feedback principle has been applied successfully
In the past to control constant-speed electric motor-generator
Sy stems. Without feedback, a change in load could effect a
Change in speed, even though the power supoly were constant
(I?ig..S). With the use of a constant-speed regulator
CFig. 6j consisting of a tach-generator and a special DC

®Xciter, the system may be made to perform as a closed loop.



19

Constant
Voltage
Source

Control Setting
(Command )
Load

Figure 5
Open-Loop Control For Electric Motor-Generator System

Motor

Constant Control Element
Voltage (Amplifier Control Element ad (Disturbance)
Sourc (Error Corrector
- T T 7
ol X
!
A ( [

- - - - —-E\c;:;-J \‘Controlled System
Command Armature Output

(Control Setting)

Figure 6
Feedback Control Using a Constant-Speed Regulator

|
! /
: (i:)Gen. Motor i)
E : Tach. g
|
|
[}



20

Although the principle is the same, there is a vast differ-
ence in the complexity of regulation of a velocity and in
controlling the production of discrete physical units.

Hunting. With the use of feedback control, the phenom-
enon of hunting or tendency toward self-oscillation is intro-
duced. This may be caused by a mechanical or electrical
time delay, or by oversnooting the desired adjustment, due
to either a physical limitation of the equipment or an in-
accurate control command. <1lhis may be observed in Figure 7.

Figure 7a shows a series of feedback cycles, with cor-
responding cycles of output lagging the input. In Figure 7b
the feedback 1s exactly equal and opposed to the error.

This causes an equal amount of oppoaed feedback in the op-
posite direction on the next cycle. This problem of hunting
18 reduced as the delay in returning the feedback signal 1is
reduced. The problem 1s critical in the design of control
systems, since the feedback must be increased to make the
system more accurate, while at the same time the increase
may accentuate any small oscillation present. As the oscil-
lation increases, the feedback ceases to function in a con-
trol manner and the system is useless (Fig. 7d).

To decrease the time lag, electronic tubes or quick-
response DC generators may be used. A special phase-advancer,
which introduces time-lead, may also be used. This device
1s based upon the capacitor principle, in which an alternat-

ing current in a capacitor circuit leads the voltage applied.
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Figure 7c
Damped Feedback Oscillations

Figure 7d
Feedback System Out of Control
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A third method is to introduce negative feedback, called
damping. Usually a combination of these three methods is
used in modern systems.

Damping. 1In a feedback control system, the object 1s
to correct and eliminate the error. In order to prevent
the occurrance illustrated in Figure 7b, successive feedback
signals mst be of a decreasing or damping nature (Fig. 7c¢c).
This arrangement tends to damp the disturbance in the system.
“An example of this occurance is the flight control of a guid-
ed missile. The missile receives a command to follow a par-
ticular course, which is constantly changing. As commands
are given to the control surfaces, they tend to turn the mis-
sile into the correct path. Without damping control, how-
ever, the initial turn command would be such as to cause the
missile to overshoot the correct path. By damping, the suc-
cessive signals are reduced until the error is eliminated,
for all practical purposes. In anti-hunting circuits the
feedback 1s negative and proportional to the rate of change,
rather than the change alone.

In a similar way, the concept of damping could be applied
to the quality control function of an automatic process.

Here the upper and lower limits would be the valués which
could not be overshot, such as tension in a paper roll, the
speed of a machine, or the measurement of chemical deposition
in a plating process.

In many manufacturing processes, the damping concept is

not too important at the present time. <‘he most urgent
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problem 1s that of simple feedback and error correction.

Servomechanisms. In order to physically effect feed-

back control in an automatic process, a system must be util-
ized that contains the proper mechanical devices. The stan-

dard terminology given by the AIEE for a feedback control

system and a servomechanism follows:!

1. A feedback control system is a control system which
tends to maintain a prescribed relationship of sys-
tem variable to another by comparing functions of
the variables and using the difference as a means
of control.

2. A servomechanism is a feedback control system in
which the controlled variable is mechanical
position.

A servomechanism is a system, not a device. <1his def-
inition distinguishes a position-controlled situation (often
encountered in a mamufacturing process) from that situation
in which the control system attempts to match a fixed refer-
ence quantity such as constant voltage. A servomechanism
could convert electrical energy or an electrical signal into
a physical or mechanical response, or the reverse could be
true. The system could also be entirely mechanical or pneu-
matic, or a combination of the three. A hydraulic valve
actuated by air pressure, which is released by an electro-
magnetic coil, composes a part of a servomechanism. The
function that the servomechanism plays in the automatic con-
trol of mamufacturing processes is important, because the
control information or signal mst be translated into an

effective position or motion response.

) lpaul Lindholm, "Feedback Control Systems,”" Automation,
1, September 1954, 59.




Programming. With respect to computing machines, a

program 1s a precisé sequence of coded instructions or dir-
ections to a computer for solving a problem, or (2) a plan
for the solution of a problem. A complete program would
include plans for transcription of data, coding for the com-
puter, and plans for the effective use of the results. A
programmer is a person who prepares sesquences of instruc-
tions for a computer, without necessarily converting them
into the detailed codes devised for utilizing the information.2
When speaking of programming for non-computer types of
machines, such as those used mainly for mamufacturing, the
term "programming" takes on a different significance. Here
the program function of control is often quite simple, com-
pared with that of the computer. It may be defined as the
direction of a mechanism through the desired operating cycle.
On non-automatic types of machines, the programing function
is performed by the human operator. In the use of a higher
order of automatic machine tools, programming is often "built
into" the machine, and is a fixed, inflexible, repetitive
arrangement to control the part from start to finish of the
mamufacturing process. In transfer-type machines, the pro-
gram functions much like a reflex action; advancing the part,
performing operations on it, gaging or inspecting it--all
through limit switches, relays, interlocks, and other mech-

anical, hydraulic, and electrical devices. The plan is

ZhGlossary of Terms in the Field of Computers and
Automation," Computers and Automation, 3, December 195}, 3.
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or "message" being the same, as each piece of work passes
a particular point or station.

In certaln automatically contolled machines, programming
is more flexible, obtalned through the use of information
supplied from a source external to the basic machine tool it-
self. By changing the input information (the program), dif-
ferent parts or products could be manmufactured within the
designed capabilities of the machine. In this instance, the
program more closely approximates a computer program--a
sequence of coded instructions for solving a problem{ the
problem in this case being the steps of the machining or
asseﬁbling opera£1on.

For certain types of machining, the programming proced-
ure uses mathematical analysis or synthesis of equations to
establish the series of steps required. If a lathe were
required to machine a taper or conical shaft, application
of mathematics to determine progressive data that could be
used by the lathe controls might be necessary.

The degree or complexity of programming would vary with
the ﬁarticular application of automation. All programming,
however, involves the determination of a plan for the

solution of a problem; and generally a sequence of instruc-

tions or information to be applied is included in the concept.

Coding. As programming consists of determining the plan
or sequence, coding is the procedure of expressing the neces-
sary information in a language or medium acceptable to the
particular system. In the case where programming is "built-

into" the system, coding is simple or non-existent.

-



26

It may consist of setting a dial or pushing a stapt or stop
button. In a more flexible system where the program is fed
in from an outside source, 1t rmust be presented in some form
of a code. This might consist of punched paper or plastic
tape, cards, magnetic tape, cams, gears, master patterns,
or mathematical systems. A coder is a person who translates
the sequence of instructions in the program into the code
acceptable to the machine. If the procedure is office-type
data processing, the coder would use a coding machine con-
taining a typewriter keyboard. As the Information is typed,
the machine would perform the coding functions by punching
the required code.

Programming and coding have been presented here to il-
lustrate the part they play in the‘control concept of auto-
mation. In later chapters they will be discussed in greater

detail and illustrated by specific examples of application.

Summary

The concept of control in automation has been discussed
in this chapter, along with related terms and subtopics.
Whether or not the process incorporates feedback in its op-
eration determines whether or not the process is automatically
controlled, or is simply a process which uses automatic con-
trols. Introducing feedback, or the closed-loop control sys-
tem, introduces other complexities of error, hunting, and
damping. Sincc feedback operates on the principle of detect-

ing a difference between output and input, and attempts to
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correct it, the system goes through the procedure of hunting
or osclllating about the deslred value, which may be reduced
through negative feedback, or damping; similar but opposite
to the direction of the feedback command, and in proportion
to the rate of change rather than the change itself.

The method of implementation of control in mechanical
systems 1s through servomechanisms--feedback control systems
in which the controlled variable is mechanical position.

The components of a servomechanism may be electrical, mech-

anical, hydraulic, or a combination of these and other meth-

ods. They are the "muscles" of the control system, physically

effecting the sequences.
Formmlating the plan or sequence of coded instructions

for directing the machine tool through the desired cycle is

called programming. Programming may be built into the system

and be of a relatively permanent nature, or it may be more
flexible and interchangeable by supplying the program from

some outside source.

Coding is the method if implementing the program, trans-

lating the program into a form usable by the machine tool

or controlled process.



CHAPTER III
THE DEVELOFPMENT OF BASIC AUTOMATION CONCEPTS

Introduction
As stated in Chapter II, several types of machines and
processes have evolved which often have been loosely grouped
under the title of automation. These machines either use

automatic controls, or are controlled automatically in vary-

ing degrees. 1In this chapter the basic automation develop-
ments will be presented and discussed as an introduction to

formal classification of these developments.

The Transfer Machine Concept

A transfer machine is a multiple-station machine in which
a sequence of operations is performed upon a workplece by
tools located at the various stations. The workpiece in-
dexes from one station to the next in a predetermined order.1

The transfer-type of machine can be divided into two
broad classifications: (a) the unit (plain) transfer mach-
ine, and (b) the pallet transfer machiné; In the unit trans-
fer machine the workplece moves from one station to the next,
and is clamped individually at each work station. This al-
lows the complete transfer machine to be arranged in an open-
end type of layout, with loading station at one end and un-
unloading station at the other. Figure 8 is an example of

the plain type transfer machine (used for engine blocks).

1Kurt 0. Tech, Chief Engineer, The Cross Co., oral
commnication, March 28, 1955.



The pallet type of transfer machine uses a pallet-
fixture upon which the workpiece is clamped. The pallet
transfer machine is used when the part is irregular in shape
or difficult to handle and clamp, as it moves from one sta-
tion to the next. The pallet also allows positive location
of the part since 1t is indexed to a particular location at
each station. (The pallet is of such a shape that it 1is
easily located, while the part may not be adaptable to sev-
eral relocating operations.) Pallet transfer machines may
also be used where it is frequently necessary to modify
workplece design without altering machine characteristics to
any great degree.

Since it 1s necessary to return the pallets to the load-
ing station after unloading, these machines are generally
of the closed loop arrangement. Often the load and unload
stations are combined, and the workpiece enters and leaves

the machine at essentially the same location.

~tl—
Various
Machining &
Gaging Stations
Load & Unload -
Station
Figure 8

Method of Cycling Parts in a Pallet Transfer Machine
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An example of the pallet transfer machine is the equip-
ment used for machining rocker-arm shafts, by Oldsmobile
Division of General Motors Corporation. This machine is con-
structed 1n rectangular pattern, with loading and unloading
performed by an operator at one location. Pallet transfer
machines are also used in machining irregular-shaped parts,
such as refrigerator compressor housings.

Transfer machines have evolved from a particular need
in the automotive industry. Originally parts were machined
on single station equipment, such as standard production
lathes, milling machines, broaches, and grinders. As the
tempo of mass-production increased, a means of combining
machining operations was sought.

The first such attempt resulted in a two-way mulﬁiple-
spindle drilling machine. The workpiece was held in a single
location (work station) while drills were advanced from either
end of the machine toward the workpiece. The idea was later
expanded to include a variety of tools and operations until
the single-station multi-head machine reached a practical
limit determined by the workplece and machine.

The next logical step was a multiple-station machine
that would allow a greater number of machine operatlons be-
fore requiring removal of the workpiece. The first attempt
in this direction was to mount the machinihg equipment around
the periphery of a turntable or indexing dial. One station

was utilized for loading and unloading, whilé others were



31
used for machining operations. (Figure 11 is an indexing
dial machine used in assembly operations.) A similar arrange-
ment was the trunion-type of multi-station machine, in which
a movable trunlon is used to transfer the part from one sta-
tion to the next.

These machines were limited by the diameter of the work-
table or the trunion. As the slze of the table increased,
the error in indexing became large; hence the need to keep
the table diameter small, which in turn limited the number
of possible work stations.

From these earlier machines the multiple-station trans-
fer machines evolved. They allow high-speed transfer from
one machining operation to the next, eliminating a great
amount of manual handling between machine operations. They
also eliminate much of the non-productive time and space
between machines. (See Fig. 9a and 9b.)

Within the last five years, efforts have been made to
integrate separate transfer machines into a complete pro-
cessing system, with varying degrees of success. One example
is the Ford Motor Company's Cleveland Engine Plant.2 Here
are used shuttles, turntables, roll-over devices, time-
delay switches, loaders, unloaders, and a host of other

non-machining speclial-purpose materials handling equipment.

2Rupert LeGrand, "llow Ford Automates Production Lines,"
American Machinist Special Report # 303, McGraw-Hill Publish-
Ing Company, New YorE, 19527 -
Miles J. Rowan, "How Ford Extends Autometicity to
Engine Handling," American Machinist Special Report f 312,
McGraw-Hill Publishing Company, New York, 52.
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Figure 9a
Cross Transfer-Matic Engine Block Transfer Machine

Figure 9b
Layout of Cross Transfer-Matic

Engine Block Machining Line
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With the trend toward longer and more integrated mach-
ing processes using combinations of transfer machines, cer-
tain basic problems arise. Perhaps the most urgent is that
of "down-time" causéd by maintenance and tool replacement.
Another problem is that of designing the process sequences
so that the rate of production in the various machines is
balanced and coincides with overall production rates.

The problem of machine down-time has been partialiy
eliminated by a method which the Cross Company calls "section-
ized automation" and which has been referred to as "segmented
automation" at.various automotive production plants;3 This
system uses banks of partially machined parts located ad-

jacent to sections of the transfer machinery. Each section

utilizes a primary and secondary transfer mechaniéﬁ}zfﬁ;
primary mechanism being used to cycle the part in unison
with the overall system and the secondary mechanism function-
ing independently of the overall system cycling the work-
plece through its individual transfer section. The purpose
of the bank of spare parts is to keep all sections of the
transfer machine operating except the one which 1s shut down
for repalr or tool change. For example, if Section 2 of a
transfer machine 1s shut down, Section 1 will continue to

operate, feeding 1ts output Into a bank of stored parts. 1In

like manner, all sections following Section 2 will continue to

3Joseph Geschelin, "Segmented Automation Assures Un-
interrupted Production of V-8 Cylinder Blocks and Heads,"
Automotive Industries, 112, Jamuary 15, 1954, 53.
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operate, with Section 3 drawing its supply of parts from a
bank located adjacent to Sections 2 and 3, which was built
up previous to the shut-down. (Fig. 9¢ illustrates the
sections of the machine in Fig. 9a and 9b.) It is important
to realize that such a phase of operation 1s not automatic,
since parts must be removed or supplied to the machines by
haﬁd at Intermedliate load and unload stations, and in the
same manner, supplied to the bank. The use of banks of this
type requires additional on-site storage space. It would
probably be feasable to use an intermediate switching and
transfer mechanism to shunt parts into or out of the trans-
fer machine at banking points. ‘

A similar arrangement is employed by the bumper plant
of Oldsmobile Division of Generai Motors, Lansing, )*l.’tchig;zam.LL
Here bumpers awaiting plating or polishingboperations
are stored on racks suspended from power-and-free conveyors
(a type of overhead rail conveyor in which a powered convey-
or pushes, as desired, units which are attached to a free
donveyor located immediately below the power conveyor). The
racks of bumpers are shunted onto non-powered (free) storage
raiis in aﬁ overhead storage area, while racks are removed
from‘the opposite end of the storage area as needed. Here
the term "float" 1s applied to the storage area, and this
arrangement can be compared in design and operation to a

railroad siding which is used for storage and switching.'

uAllan Ellenwood, Chief Methods kngineer, Oldsmobile Div.
of General Motors, oral commnication, March 2, 1955.
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Sectionized Automation
Applied to Cross Transfer-Matic

Much of the t:ansfer equipment at the Ford-Cleveland
plant had been designed and built by the Wilson Automation
Company of Detroit, Michigan. O0Officials of this company
state that thelr system utilizes the cushioning effect of
alternately loaded and empty indexing stations.5 Those

stations located beyond a shut-down section would contimue

ABb. L. Overstedt, Wilson Automation Company, oral
cormunication, March 29, 1955.
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*to operate until all parts beyond this point (at time of
shut-down) have been machined in the remaining operations.
Those stations preceding the "down" station would continue
to operate until all available indexing stations had been filled
with parts, which iIn turn could not proceed beyond the shut-
down station. <Yhis creates a wave type of effect in the pro-
duction output, but eliminates a great amount of lost time
which would result if complete shut-down were allowed. It
also eliminates thé need of semi-processed material banks
as used in the Cross process. It has the disadvantages of
longer overall down-time once the machine station capacity
is saturated, and the inability to make maximum use of the
work stations due to alternate or intermediate loaded and
idle stations. This type of system would be feasable only
where unit transfer machines were utilized and each work
station operated independently of the next, shutting down
only when 1limit switches indicated that the following station
was full, In the pallet-type transfer machine; all pallets
operate in a train (generally alternate stations are idle
or gaging stations), and in such a system the entire section
would shut down upon the signal of a malfunction from
one station.

With the use of multi-tool and multi-station transfer
machines, the problem of tool changing is also critical.
This problem has been partially solved by the Cross Company

by using a tool control unit which includes a device called
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the Toolometer. The Toolometer consists of an electro-
mechanical tool cycle counter connected to each machine tool
in question. As the machine operates, the Toolometer indi-
cator indexes for each cycle, until it reaches a point of
zero tool 1ife (which has been arbitrarily deterined as a
certain mumber of cycles--commonly 5,000, but varying accord-
ing to type of tool, material of tool, type of operation,
quality reqﬁiremonts, speed, feed, etc.) and shuts down the
machine, or the affected section. An indicator light tells
the operator which tool to change. ' The device has the added
feature of indicating other tools which will require chang-
ing within a specified period--these also are generally
changed at the same time. After tool replacement, the pointer
of the Toolometer is reset and the machine operation 1s
continued.®

Here again it should be noted that this system 1s auto-
‘matic only in the sense that it will cease functioning of a
predetermined 1limit 1s reached or exceeded. The Toolometer
does not take into consideration excessive tool wear due to
a particularly hard part or soft tool, and adjust the in-
dicator accordingly. Neither does it change the output of
the machine or install a new tool automatically. Therefore
the tool changing process could be considered as one using
automatic controls, but not as an automatically corrected

process.

6Kurt 0. Tech, Chief kngineer, The Cross Company,
oral commnication, March 28, 1955.
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Programming is present in transfer-type machinery but
here the programming is essentially "built in." Since pro-
gramming is incorporated into limit-switches, mechanical and
electrical interlocks, relays, and switching devices, which
are designed to perform a permanently fixed operation in

indexing the part, the transfer machine is sometimes called
"reflex-action" automation. These devices are designed to
advance, actuate, and retract the tools, gauge and measure,
and shut down the equipment if a malfunction is detected,

at the same time giving indication of the malfunction through
means of flashing lights or other warning signals. The
transfer machine is essentihlly an open-lbop control'system,
with a human operator completing the feedback loop.

To a limited extent, transfer equipment has designed
into it a degree of flexibility. Power supply units, machine
base units, and inter-machine transfer units could be inter-
changed in some instances. However, the degree of flexibil-
ity is slight and tbe equipment would require rebuilding by
the manufacturer if the product were changed to any great
extent. A certaln amount of standardization has been accom-
plished in auxilliary equipment, however. bquipment working
heights, lengths, drives, control units, and component parts
have beeh standardized to some extent, but generally this
equipnent has been designed to fit a specific manufacturing

process.7

13, B. Cunningham, "Small Shops Can Use Automation Too,"
American Machinist, 93, April 12, 1954, 179.
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The major use of transfer-type of equipment has been in
the mass-procuction industries--notably the automobile in-
dustry. Other industries however, have utilized transfer
and similar-type equipment. One example is in the mamufac-
ture of artillery shells for the federal government.8 Here
special transfer-type equipment as well as standard machin-
ery adapted to automatic handling, is used. From the for-
mation of steel billets to the completely machined shell,
the material is conveyed into machines, furnaces, treating
ovens, etc., mechanlcally. The process is not completely
automatic or automatically controlled, however, since approx-
imately 80 per cent of the previously required‘work force is
still utilized. Here the advantage of automatic handling is
in freeing the operators from disagreeable or dangerous jobs,
as well as uniformity of product. Note that the product 1is
a mass-produced item, not requiring frequent product design
changes which would complicate process changes.

A speclal type of transfer machinery has been developed
in the food-processing industries. As the outgrowth of the
need for sanitation and uniformity, machines for labeling,
bottling, sealing, and tube and can manufacture have been
developed. The programming is built into limit switches
and mechanical cam and gearing devices.

Other examples could be stated which would parallel

closely those of the automotive industry. <'The various

8"Machining Shells," Automation, 2, January 1955, 50.
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examples offered above all have certain characteristics in
common. The machines are (a) built for special-purpose mass-
production processes, (b) the programming is of the "built
in" type, and (c¢c) the control system is of the open-loop
automatic type. Certain authors have decried the use of the
term "automation" to transfer machines because they do not
agree with the definition arbitrarily assigned to the word.
However, 1t will later be shown in Chapter IV, the manner in
which transfer machines may be considered as a particular

part of automation systems.

The General-Purpose-Machine Concept

The concept of automation may be approached from an
entirely different direction than that of the transfer mach-
ine, in which special-purpose, relatively inflexible machines
are designed to perform a particular function or produce a
specific product of limited design-change possibilities.
This concept involves the use of general-purpose, standard-
design machines, which may be rearranged, converted, or ad-
Justed to produce a wide vériety of products with a high
degree of flexibility. The aim, of course, is to have auto-
matic, controlled production, and to be able to adjust the
emphasis of production from one product to another, or to
make required product changes and improvements such as bus-
iness, economic, and technological changes would deem neces-
sary. This concept of automation was stressed by John

Diebold as group leader of a Harvard Business School research
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team, mentioned in Chapter I. At the time of writing of
their report, little emphasis had been placed upon the con-
cept of automation as a philosophy of manufacturing, although
Leaver and Brown in 1946 had envisioned the concept of the
automatic factory.9 Diebold believed that the materials-
handling of parts into standard-type machines would be the
most difficult problem to solve, while the idea of using
standard production-types of machines seemed perfactly
natural.

Diebold's concept has merit, since there exist today
many nachine tools which are operationally acceptable al-
though technologically outdated. In some industries, the
concept has been partially utilized, although the element
of overall computer control as proposed by Diebold is gen-
erally lacking. Most automotive body press lines now util-
ize such units as the "iron hand," which automatically pulls
pressed parts out of the die and drops them onto a conveyor
of one type or another, which in turn carries the part to a
second-bperation press, into which the part is loaded by an
automatic loading device.lo The presses used in these lines
are generally of standard design. (Incidentially, this
"{ron hand™ now employed on so many presses is in principle
very similar té the mechanism ﬁsed to unload offset print-

ing presses for many years.)

9Leaver and Brown, op. cit., 165.

loRupert LeGrand, "Ford Handles by Automation," American
Machinist Special Report, McGraw-£ill Publishing Co.,
New York, Ocutober 2§, 1948,




Lo

Another example of the use of standard machlines may be
found in the mamufacture of ball-bearing races at a Moscow
bearing plant. The designer, V. A, Morozov, claims to have
utilized 20-year-old standard production machines in an auto-
mation arrangement through the use of mechanically and
hydraulically controlled materials-handling equipment.11
Gravity chutes are used to a large extent in this arrange-
ment and no attempt is made to utilize feedback or automatic
control, This system is feasable because of the Russian
policy of‘rigid standardization of equipment, and it points
up the fallacy of expecting too-high a degree of flexibility
from such a system.

with a more critical interpretation of what constitutes
standard equipment, the prbposal takes on added meaning. If
the general-purpose type of machinery is designed to include
auntomatic positioning of workplece and automatic control of
the machining operations, and flexibile enbugh to allow its
use for a range of products, then Diebold's proposals become
meaningful. Several developments in the general-purpose,
automatically-~-controlled machines of this type have been made
over the past years, and recently the trend has been toward
including them as one approach or one classification of auto-
mation. Although they do not by themselves constitute the
complete automation concept, they serve as units which will

be more extensively utilized in completely automatic pro-

cesses of the future.

11pavid Scott, "Russians Apgly Automation to 20-Year-0ld
Machines," American Machinist, 98, October 11, 195', 16l.
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These general-purpose machines (general-purpose in the
sense that they are not specifically designed for only one
product or process) may be roughly grouped into three cat-
agories. There are (a) the cam-follower, tape-controlled,
and punched card-controlled machines; (b) machines using
"automatic programming" and playback; and (c¢) the MIT numer-
ically contrélled milling machiqe and similar developments
(acutally an extension of the first classification):

The cam-controlled machine originated in early "copying
lathes" and éeveloped into ﬁhat now is known as "cam-follow-
ing" machines. 'he automatic screw machine is a modern
eiam.ple.l2 The programming required to control this type of
machine is "built-into" the cam rather than the machine it-
self, and hence there exists a greater degree of flexibility
than in the "reflex-action" type of machinery. The disadvan-
tage of this system i1s that excessive cam wear results, be-
cause the force required to position the cutting tool is also
transmitted by the cam along with the poslitioning information.
This problem was solved when the Keller-type of machine was
invented in 1921, in which a pattern of relatively soft mater-
ial 1s traced by an electrical sensory device which in turn

transfers the information to the cutting tool.13

1¢1111am rease, "An Automatic Machine Tool," Scientific
American, 187, September 1952, 107.

131p14, 108.
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Other variations include the hydraulically-controlled
cam-follower machines and the tape-cam control devices. In
the hydraulically-controlled machine, a stylus follows the
shape of a pattern and transfers deflections of the stylus
point to servos which in turn control machine rn.c.vvements.nL
The tape-cam arrangement is a variation of this method, ex-
cept that a single dimensional characteristic is transferred
to the machine controls by means of a stationary, deflect-
able follower, which traces the edge of a moving plastic
tape pattern-strip which in turn passes over a serlies of
rollers. By using a similar tape-pattern for each of the
three spatial dimensions, a three-dimensional controlled
machine 1s obtained.15

These developments were followed by the tape-controlled
types of equipment such as lathes, milling machines, and
boring machines. The programming concept here is the same--
supplying directions to the machine through an externally
originated squrce--in this case a punched plastic tape or
paper card. Here the reference to the Jacquard loom in
Chapter I 1s particularly important, because the same basic
medla--a card or tape with holes punched into it--is used to
code the necessary machine control movements. However, the
present-day system utilizes electric or electronic trans-

lating devices to convert the code into measured electrical

From information supplied by the Turchan Follower
Machine Co., Detroit, Michigan.

15From information supplied by the Bridgwater Machine
Tool Company, Akron, Ohio.
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forces which in turn (through servo motors) control the
position of the workpiece in relation to the tool.

The controls for these systems vary with the intended
purpose of the machine. If a high rate of machining is
desired, generally the individual machining steps taken will
be relatively large and the control instructions will be
fewer per measured distance of tool travel. However, if
great flexibility 1s desired, the degree of complexity of the
control mechanisms is greater. 1In the final decision, cost
is the controlling element. The expense of making the mach-
ine more coﬁplex.nnst be in line with the intended machine use.

Degree of complexity also depends upon the type of
machine. Complicated lathe movements require a more complex
control system than boring machines, but the boring machine
usually requires more accurate locational controls. In most
of the present-day tape-controlled machines, controls are of
the open-loop type, since they automatically direct the move-
ments necessary to complete the machining cycle, but make no
provision for feeding back output results for correctional
purposes.

A somewhat similar development in tape-controlled tools,
yet one which goes a step further, is the "automatic pro-

16 The machine being

graming" or record-playback method.
programmed (for example, a milling machine) is equipped with

servo-control motors similar to the tape-controlled machines

16From information supplied by tlhie General tlectric
Company, Schenectady, New York.
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previously mentioned. In addition, it is also equipped with
a tape-recording unit coupled through the servo motors, which
in this case are selsyns. In the process of completing the
first part, a skilled machinist operates the machine through
the use of mamal controls. At the same time, every machine
movement is recorded on magnetic tape through use of the con-
trol units, which transfer the X, Y, and Z directional move-
ments into codable signals. This system automatically pro-
grams the commands as the first part is made, compared with
the usual mamal systems of computing each increment of
movement and recording it in code upon the tape. To repro-
duce any mumber of parts, the tape is simply run through the
control units for each workpiece placed in the machine, and
the original machinist's movements are reproduced upon

the part.

Although mistekes may be erased as the machinist pro-
cedes from one step to the next, any unnecessary motions on
his part which are left uncorrected will be repeated on
each workpiece.17 Of course, in programming a machine's
motions on punched tape before actual operation the same
critiecism is true, but in this case the programmer 1s forced
to analyze individually each machline movement, and generally

a second person checks his program, which is not done in the

case of playback control.le. Maximum possible cutting rates

LlFrederick W. Cunnignham, "Controlling Machines With
Tape," Automation, 1, August 1954, 79.

18D. D. McCracken, "Debugging Computer Programs,"
Computers and Automation, l, February 1955, 27.
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are not generally used by the operator, a disadvantage not
encountered in an analyzed prograrming procedure.

The third type of general-purpose, automatically con-
trolled machine is the mumerically-controlled milling mach-
ine built by the Servomechanisms Laboratory of the Massa-
chusetts Institute of Technology.19 This machine 1s essen-
tially the same as the tape-controlled macnines, but with
three important differences. The controls are much more com-
plete, using mumerical control of the binary system in con-
junction with the necessary computing devices (to be dis-
cussed in greater detail under the subject of computers); the
machine is correspondingly more flexible because of this type
of control; and the machine utilizes feedback to control its
output.

_ The machine used is a Cincinnatli Hydrotel vertical-
spindle milling machine, adapted to a mumerical system of
control. The servo motors operate to control the machine
movement mach the same as other tape- or cam-controlled
machines. In céding on tape, nowever, it 1s necessary
(after analyzing the part to be machined) to code only the
length of travel which a cut mast have, and the time to be
used in completing the cut. The numerical computing devices

of the machine will then calculate the nmumber of machining
steps to be taken and the size of these increments.?0 This

19¢. 3. Jacoby, "Analysis of Developments in Automation,"
Mechanical Engineering, 74, October 1952, 810.

2oCunningham, F. W., op. eit., 81
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removes from the marmual calculations much of the tedious

programming requirements, and at the same time allows the
machine to calculate by mathematical means the optimum method
of machining, giving a much greater degree of flexibility to
the opqration.

As the servo-motors position the part relative to the
tool, servomechanisms read the output of the various direc-
tional feeds and speeds of the positioning mechanism, i.e.
the actual amount of cross-feed or longitudinal table move-
ment. This information 1s sent back to the servo-motors
which in turn adjust to the corrected machine movement re-
quired. This feature 1s not generally found on other tape-
controlled machines, because of rigid adherance to the pro-
grammed punched instructions.

In describing these general-purpose machines, detailed
explanations of the programming functions and data-handling
media have been omitted, because a logical presentation of
these functions can best be made under the topic of infor-
mation-handling systems. Such functions will be taken up
in later chapters, since the purpose here is to give a gen-
eral description of the various types of mamufacturing

generally included under the subject of automation.
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Automation as Applied to Assembly

In describing the various types of automation, reference
has been strictly to methods of mamfacturing of component
parts. Logically the next area to discuss would be that of
assembly. Developments in automatic assembly have become
prominent as a result of the underlying causes of automation
1tself--elimination of tedlous, fatiguing, or monotonous jobs;
the elimination of a great degree of human error; the elim-
ination of costly human labor. But another factor--the tre-
mendously increased pace of autoﬁatic manufacture--bas de-
manded a method of assembly which could keep up with the man-
ufacturing tempo. As a result, applications of automation
to the field of assembly have been many.

Most of the automatic assembling devices are of the
order of the transfer machine. Gearing, cams, limit switches,
and relays play an important part in the programming and
control of these mechanism. Generally the units to be as-
sembled are small in relation to the equipment necessary to
assemble them. Examples are small automotive sub-assemblies,
toy assemblies, or electronic sub-assemblies. On occassion,
however, automatic assembly has been applied to larger units
such as aircraft engine crankshaft connecting rod groups or
bulky pallet load assemblies.2l Fackaging and bottling
machines (mentioned under the discussion of transfer mach-

ines) constitute a particular type of assembly. Usually

210. F. Hautau, "Automation Assures Precision Assemblies,"
The Tool Engineer, August 1953, (extracted).
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these machines are-controlled by physical mechanisms and/or

electrical relays. Certain types of manufacturing in which

assembly is an integral part, such as glass bulb mamufacture,

have been automatized to a high degree by transfer-types of

machinery.22 Cam and linkage devices are used extenslively

in this type of machine because of the required transmission

of force as well as control information. :
The materials handling industry has developed a method

of automatically palletizing bulky packages (Fig. 10). This

assembly system evolved from the need to handle more quiékly

the output of conveyor systems. Control is again by relays

and limit switches. The system is programmed by "pattern

cartridges" which select the proper pattern desired. Step-

ping switches count the packages as a layer is completed,

and are reset to await the forming of the next or an alter-

nate layer, depending upon the pattern preselected and reg-

ulated by relays. This system is closely integrated with

the other conveyor systems in the mamufacturing pla.n'l'..z3
In a great number of the small parts- or sub-assembly

machines, the dial-type'of turntable 1s quite popular.

This machine has evolved to a certain extent from the use of

simple hand-assembly turntables, in which a group of oper-

ators assembled components while working as a team. An

22"Machine Automates Glass Bulb Mamifacturing,"
Automation, 2, April 1955, 35.

23nmitomatic Pallet Loading," Automation, 1,
October 1954, 35.



Figuare 10
Automatic Pallet Loader
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improvement was to substitute mechanizec operations for hand
assembly. (See Fig. 11.) These machines are flexible to
the extent that assembly units placed about the turntable
can be removed or relocated, or hand assembly can be sub-
stituted partially or entirely, using only the mechanization
of the indexing 1:111:'1'1*:.ab1e‘.2’+ A variation of the common in-
dexing dial is the ring-type turntable, in which the assem-
bly machines are located in the center of an indexing, re-
volving ring. Supplimentary assembly operators may be seated
around the outside of the ring with little machine interfer-
ence. Indexing is more precise than with standard turntables
since movement ténds to approach a linear, rather than angular
path. In these machines, control is of the open-loop type.25
Other major developments are the chain-link conveyors
and the in-line transfer tables. Chain-link conveyors are
an outgrowth of the conveyor belt assembly line in which
workers assembled parts at tables or workbenches along each
side of a slowly moving conveyor. Hand-operated assembly
machines, such as staplers and riveters, were placed adjacent
to the belt, and with the addition of automatic-type machines,
chain-link conveyors were added to give positive indexing.
The conveyor 1s either a vertical loop or a horizontal loop.

Vertical-type loops (the return portion of the loop passing

2’-'-Geor*ge H. Kendall and Jerry A. Host, "Assembly by
Automatic Machines," Automation, 2, May 1955, 29.

25From information supplied by Dixon Automatic Tool,
Inc., Rockford, Illinois.
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underneath the working surface) are generally used where
additional hand assembly operations are required. Horizontal-
type loops (the conveyor path being in a horizontal plane)
allow assembly on both the near and far sides, or use of
machine components on one side and human operators on the
other. Each type has its particular machine design and lay-
out advantages and disadvantages, which will not be discussed
here. .

The in-line type of transfer mechanism more closely
resembles the standard machining transfer equipment in de-
sign, since the transfer mechanism is less similar to chain

-1links and more closely resembles transfer linkages, with
integrated limit switches and indexing controls. All of the
various types of equipment mentioned here are often referred
to as mechanization equipﬁent rather than automation equip-
ment, because although they eliminate much of the mamal
assembly, the degree of control is primitive.

In discussing recent developments in the electronic
component assembly industries (as well as other types of
mamufacturing assembly) the concept of redesign or "rethink-
ing" as presented by Diebold and others becomes increasingly
important. The degree to which this phase of automation has
progressed has depended upon both technological improvement
and the particular economic and social pressures present or
developing in our soclety. In many instances the degree of

redesign work accomplished in establishing a condition of
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automation is dependent not so much upon what 1s technolog-
ically possible but upon the degree of economic necessity
and consumer acceptance involved. Many of the automatic
(or mechanized)‘assembly systems now in use consist of as-
sembling standard component parts such as washers, muts,
screws, rivets, and a host of conventional fastening, con-
necting, and operating components into a conventional or
slightly modified unit. (See Fig. 11.) Despite the cries
of the forward-planner that such systems tend to be archaic
in method and design, a great amount of effort is directed

into such channels. Until proven economicaily feasable,

Figure 11
Bodine Dial-Type Autometic Assembling Machine

Using Syntron Vibrating Hoppers
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marmfacturers have been reluctant to_change. As stated by
James R. Bright of th; Harvard Graduate School of Business
at a recent symposium on automation, "It's often better to
be a fast second, rather than first, in automation programs."26

There are instances, however, where, as a result of the
pressure to mechanize assembly procedures, redesign becomes
a necessity. 1In the electron@cs industry the mechanized
mamifacture of electronic components has long been standard
policy. Assembly of these units was complicated by the de-
mands of intricate hand-soldering and frequent circuitry
changes and the use of hand methods of assembly was accepted
as a necessary evil., With the increased demand for electronic
equipment'by the military (and by the electronic needs of
automation,.itself) a method was developed to produce cir-
cuitry upon qhichlis fastened standard (or slightly modified)
electronic components. The circuits are "printed"™ upon a
laminated plastic board combined with a thin sheet of copper
foil. The "wires" are obtained by etching away that portion
of the foll not desired. Other methods of printing are pos-
sible, such as the printing of metal powder, which is later
cintered in a furnace.

Detailed descriptions of the method of manufacture of
these boards may be obtained from various technical writings

and need not be discussed here. The process itself is not

26James R. Bright, Automation Symposium, Michigan State
College, May 13, 1955.



56

generally automatic but logically could be.27 The aim at
this point is to discuss the automation assembly technique
specifically as applied to electronics. Several systems
of assembly have been developed; a few of them will be
mentioned here.

A system developed by Admiral Corporation utilizes
punched, etched base-plates and standard electronic com-
ponents.28 The machine is similar to an in-line transfer
machine. Parts are fed from a hopper at each work station
while an attaching head bends the lead wires and inserts
them in the pre-punched holes of the printed plastic card.
Heads are provided for attaching jumper wires to complete
the circuitry. As the base-plate panels are advanced along
tﬁe machine from one work station to the next, they are held
in position by an auxilliary-type pallet arrangement. The
control of the machine 1s essentially that of most transfer
machines, i.e., by interlocks, limit switchs, and relays.

General Mills has completed a similar asgembly unit
called "Autofab."?? This unit was produced originally for
IBM for the assembly of printed circuilt electronic sub-
assemblies for military-type computers. The photographs
(Figures 12 through 15) illustrate the operation of this

2?"F‘abricating Television Circuits,”" Automation, 2,
February 1955, 32.

281p1a, 3.

29Fpom information supplied by General Mills, Inc.,
Minneapolis, Minnesota.
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Figure 12

General Mills Automatic
Assembling Machine, "Autofab"

machine. As may be observed from the i1llustrations, this
machine utilizes a chain-type indexing drive. Attaching
heads have rotating hoppers which utilize magaz;ne-loaded
parts. Interlocks prevent continuation of machine operation
if faulty parts or assembly occur at one of the work stations.
According to company information, equipment for automatic

loading of parts magazines is being constructed.

g



54

.. r X\ )
\ Vou. ’ : -
. \ L A ; L .-
Figure 13

Completed Printed Circuit Board
With Components by General Mills Autofab

The methods of supplying and attaching parts to the
printed circuit boards vary with the particular design of
the machine and the requirements of the circuit. One mach-
ine, developed by the United Shoe Machinery Company, feeds
taped-together parts into the machine in the manner of an
ammunition belt. Other methods use special lead-bending
arrangements and attaching clips, but the end result is
essentially the same.

To a certain extent these machines are more flexible
than automotive-type transfer machines, because the parts to

be assembled are to a degree modular, having approximately
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Figure 1l
General Mills Autofab--Printed Circuit
Card Dispensing Hopper

Figure 15

General Mills Autofab--Completed Assemblies
Rolling Off the End of Line
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the same shape although differing in size. Different com-
ponents could be added or changed by readjusting positioning
devices and tooling. The relative size of parts and the
amount of physical work performed upon them in assembling

is small, and spacing readjustments of the machine are rel-
atively simple.

An advanced degree of the control function of the as-
sembly equipment is incorporated into a large machine being
built by General Electric. It utilizes punched card pro-
gramming to give a more versatile arrangement. Since the
programming 1s external to the machine 1itself, shorf-run
assemblies can be completed with only a short period devoted
to changeover.30

The Modular Concept of Production--Project Tinkertoy

Although this portion of the chapter on baéic automation
concepts could have been included partially under the topic
of assembly and partially under component mamufacture, this
concept in itself i1s far enough advanced technologically to
be considered and discussed separately. Project Tinkertoy
is the code name given to a program of mamufacture and as-
sembly of modular electronic products sponsored jointly by
the U. S. Navy Bureau of Aeronautics and the National Bureau
of Standards.

This project as devised by its creators was to include

two phases: a design phase, Modular Design of Electronics;

30Eamind L. Van Deusen, "Electronics Goes Modern,"
Fortune, 51, June 1955, 132.
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and a production phase, Mechanized Production of Electronics,
abbreviated MDE—MPE.31 (Tinkertoy 1s a copywriter trade name
of a toy manmufacturer.) This project was origlnated as an
aid to industrial preparedness and rapld mobilization in
case of need in a national emergency. The original idea was
to make possible a rapid conversion from civilian to military
products and visa versa. It was designed to utilize non-
critical unbrocessed or bulk materials in the mamufacturing
sense, and to allow rapid and interchangeable assembly
through the use of mechanized equipment.

While other types of mechanized assembly of electronic
parts (the General Mills and Admiral assembly machines)
utilize modularly designed parts to a degree (printed cir-
cuits and standardized electronic components) the MDE pro-
gram keyed 1ts entire development to the idea of modular
components.

The module is composed of a notched ceramic wafer which
is used as the base for all of the electronic components
(Fig. 16). These components consist of capacitors, resis-
tors, tube sockets, coils, basic circultry wafers, and other
common electronic parts. The wafer is used as the basis in
the mamufacture of these parts, however, rather than conven-
tional components. The riser (support) wires also serve as
circuitry, connecting various wafer units electrically. The

wires may be clipped between wafers at various points to

3lnproject Tinkertoy," NBS Technical News Bulletin, 37,
November 1953, 161.
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Figure 16
Wafer and Module Used in Project Tinkertoy

provide the necessary circuit breaks between elements. The
wafer sandwich or module is composed of from four to six
wafers which bear the necessary integrated components. These
modules are often fastened to a printed circuit base plate,
although this unit 1s not necessarily a part of the MDE
program (Fig. 17).

In Figure 18 is shown the flow diagram of the entire,

MPE pilot plant. Conventional methods of manufacturing
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Figure 17
Modular and Conventional Assemblies

components were considered inadaquate for obtaining desired
results, and an entirely differnet approach was tried. The
diverse skills of normally unrelated industries were utilized.
Muich of the mamufacturing equipment was designed and built

by the Kaiser Electronics Division of Willys Motor Company.32
(It is interesting to note that some special machines were

designed and built by the Doughmut Corporation of America,

3e"ppo ject Tinkertoy," op. cit., 170.






Figure 18

Figure 19
Capacitor Assembly Machine
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whose experience was about as remotely removed from the
electronics industry as possible, but whose background in
producing mechanized equipment for mamufacturing a modular
product, the doughmut, was an invaluable aid.)

The equipment utilized in the MPE scheme consists of
the mechanized transfer-type, utilizing a combination of
transfer mechanisms, conveyor chains, and wafer-feeding.and
positioning units. Actually the manufacture may be consid-
ered in three steps: (a) mamufacture of the ceramic wafer
(in a great degree similar to the mechanized mamufacture of
ceramic tile); (b) combining the raw materials of resistors,
capacitors, etc., to the wafer; and (c¢) assembly and testing
of the module. Wafer mamufacture may be completed some time
prior to tape or foil additions, and the wafer stored for
future use. Since a single design of wafer 1s used for all
of the electronlic parts, the economies of such a procedure
are obvious.

Component parts of the module may be prepared in the
same manner as the wafer, 1.e., some time prior to assembly;
or they can be mamufactured in conjunction with the assembly
operations. This allows greater flexibility than previously
obtained either in the electronics industry or in the use of
transfer equipment. Mechanized equipment is used for ap-
plication of resistor-tape, capacitor foll, and in printing
basic circuitry on the wafers (Fig. 19). (Here printing is

used in the true sense, in ﬁhiéh silver paint 1s deposited
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in the notches and forced through stencil-type patterns to
print resistor and condensor leads and inter-notch circuitry.)
The control of the mamufacturing machinery is of the inter-
lock-1limit-switch variety, while programming of the parts
manmufacture (obtaining resistance or capacltance desired or
mumber of resistors per wafer) is accomplished with punched
cards fed into the program reader of the machine.

A method of materials-handling of the wafers is accomp-
lished by the use of a keying notch on one side of the wafer
(see Fig. 16). This notch allows indexing and orienting of
the wafer as it leaves fhe vibratory bowl feeder (Fig. 20).

FPigure 20
Vibratory Bowl Feeder



ATqmessy quauodwo) Jo8Jep aInpeooxd SUuTaUTId JIBJBM
23 9an3fg 13 2In31g

ONILNINd HOLIDVIYD




68

The eight channels of the feeder are designed to position
the wafer in a series of steps, depending upon the random
arrangement of the wafer as it enters the first channel.

From this point onward, the wafer enters the particular com-
ponent-application machine or module assembler.

Module assembly may be separated or integrated with the
component mamufacturing depending upon the production sched-
ule.33 Parts are fed from vibratory bowl feeders into the
module assembler according to precise scheduling. The mod-
ules are assembled from stacked wafers, and riser wires are
automatically clipped and soldered into the correct positions.
Devices automatically clip risers to complete necessary cir-
cuitry, and the module is both mechanically gaged and elec-
trically tested by automatic functions of the machine. The
assembled module is then transferred to base-plate assembly
areas where the modules aré assembled marmally. With devel-
opment of tne Admiral and General Mills types of mechanized
assemblers, a next step in tne automation field would be to
assemble these modules to the bases by mechanized means.

The method of programming of the assembly machine is
accomplished by use of a modular work sheet, which contains
top and botton outlines of six wafers with identifying num-
bers at each notch. Provision for order of assembly is
noted, as well as required circuitry, and this information is

then transferred to punched cards and integrated into machine

33”Project Tinkertoy: It Changes the Electronic Design
Concept," Product Engineering,2l;, December 1953, 139.
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control and operation. Mamal ad justment is required in
setting up the machine, but a punched card system automat-
ically checks electrical properties of the completed modules.

A falrly intensified study of engineering applications
of the modules coupled with environmental studies were made
by Sanders Associates, Inc., of Nashua, N. H.3l'L This com-
pany became expert in converting regular circults to MDE-
type modules, and with this information the Bureau of Aero-
nautics built several thousand experimental assem.blies.35
From this information, complete procedures for fabrication
by hand and machine were determined and a study of mamufac-
turing cost determination was completed, the results being
published by the National Bureau of Standards.36 In a study
conducted by Harvard researchers, the cost determinations
are sidcussed in some deta11.37

The results of such extensive experimentation scon be-
came obvious. Although Project Tinkertoy was originated as
a pilot-prlant military-preparedness measure, the increased
pressuré of the automation concepts upon the civilian indus-

try propelled the modular concept into civilian products.

34 project Tinkertoy," NBS Bulletin, op. cit., 170.

35Van Deusen, op. cit., 1L6.

36Vo1. III, Hand Fabrication Techniques, PB 111277;
Vol. V, Manufacturing Cost Determination, PB 11315; National
Bureau of Standards, Washington, D. C., 1953.

37Stephen A. June and others, "The Automatic Factory--
A Critical Examination," Instruments & Automation, 28,
March 1955, L3l.
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One mamufacturer has experimented with the process and devel-
oped it to the point where he will soon use it to produce
38

television sub-assemblies.

Summary

This chapter has included the several types of machines
and processes currently classified as automation. Also inf
cluded 1s the modular concept of production, exemplified
by Project Tinkertoy.

The transfer machine concept developed in tne automotive
industries through the progressive combining of machine tools
until there now exlsts what is‘known as the pallet- and
plain-type modern transfer machines. These machines are of
the open-loop control, built-in-program variety.

The general-purpose-type of automatic machines present
an alternate concept of automation and were the result of the
need for machines of general-purpose use, yet automatically
controlled. They allow a degree of flexibllity not gener-
ally found in transfer machines. 'These machines may be
classified as (a) cam-follower, tape-controlled or other
tyres of externally programmed open-loop machines; (b)
machines using automatic programming and playback (also
open-loop controlled; and (¢) the MIT numerically controlled

type of machine in which closed-loop feedback is present.

38Van Deusen, op. cit., 146.
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Assenmbly techniques constitute a particular concept of
automation using adaptations of t.e above-mentioned types of
machines for the purpose of assembly. The method of control
of the various systems in use is similar to those of man-
ufacturing equipment mentioned above.

Modular concepts of automation have centered around the
National Bureau of Standards MDE-MPE (Project Tinkertoy)
experiment. Modular design, as well as mechanized manufac-
ture and assembly, are empuasized in this concept, which
has recently been utilized in commercial mamufacturec of
electronic equipment.

Other types of industry have to a lesser degree been
described as utilizing automation, but these can generally

be grouped as a part of the above concepts.



CHAPTER IV
CLASSIFICATIONS CF THE AUTOMATION CONCEPTS

Introduction

In Chepter III the development of basic automation con-
cepts'was discussed. From this discussion it can be seen
that there seem to be several conflicting opinions as to
just what automation really is. The advocates of one par-
ticular concept tend to be highly distrustful of the appli-
cation of the term to any other concept. Those who are
familiar with the metal-working industry, especlally the
automotive and automotive machine tool iﬂdustries, tend to
think of automation in terms of transfer machines--the basic
unit of automatic machining in their particular field. They
tend to be highly suspicious of any device which exceeds the
level of electrical complexity of a 1limit switech or an elec-
trical relay. The electronics and control engineers, ‘on the
other hand, look w;th disdain upon the lowly transfer mech-
anisms, preferring instead to emphasize the electronic com-
puters and highly complex electrical-mechanical servomechan-
isms as the true concept of automation. Quoting from a
roundtable discussion on automatic factories, Eric W. Leaver
stated:l

Where industry has attempted to automatize, Brown
[b1s associate] and I feel that 1t has too-often got

off on the wrong foot by trying to create highly special-
ized machines. I don't think you can escape the

1”The Automatic Factory," Fortune, 48, October 1950, 178.
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conclusion that some of these machines rival Rube Gold-
berg. They have 1little chains and gears and rods popping
in and out all over, and it seems as though the thing
may have gone slightly astray.

In rebuttal, Professor Pease of MIT stated:2

The reference to Rube Goldberg is not a recognized
retreat of the Electroniker when he faces the complex-
ities of mechanical apparatus. The Mechanlker feels
the same way about electronic devices. Mr. Leaver's
integrated automatic machine units will be fantastically
more complex than anything we know today.

Considering the longevity of the transfer machines,
some- critics have compared them with the biological extinc-
tion of the dinosaur. Perhaps a more valid comparison could
be found in the mechanized transportation industry. Origin-
ally the railroads were the giants of transport. The strug-
gles of the gasoline-powered automeblle were feeble at first
but expanded to the point where their intrepid challanges
to the railroads are now tending to create a realigmment of
the entire railroad philosophy.3 Both transfer and general-
purpose types of automatic machinery will contimue to be
required, but thelr form and method of operation may be
drastically altered.

Attempts at classification of automation have been
several. These classifications are usually for a specific
purpose and are shaded by the background of the classifier.
Current thinking on methods of classification will be pre-

sented here, each of them interpreting automation in a

2loc. cit.

3Francis Bello, "Lightweight Trains--At Last," Fortune,
51, July 1955, 110. -
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particular way. These classifications will include:
orientation of automation by terminology; classification by
extent of automaticity; a description of management clas-
sification; a brief discussion of classification by industry.
In Chapter V, classification by informational concepts will
be integrated with the application of information to the

subject in general.

Orientation By Terminology

This method of classification emphasizes the use of
particular words to describe various types of automation.
The particular example presented here is expounded by J. J.
Brown, whose writings have been used as reference in other
portions of this thesis.u

In Brown's tables, the subject is broken down into three
basic classes--mechanized, automatic self-operating or self-
controlled (automation), and cybernetic. He feels that
these three words can adaquately describe developments com-
monly called automation. The terminology can be further

expanded as follows:

TABLE Ia 5
CLASSIFICATION OF TERMINOLOGY
Class | Generic Noun ~ Noun | Ad jective Verb
I Mechanization Mechanized TQ mechanize
i1 Automatism Automation | Automatic or | To automatize
Automatized
III | Cybernetics Cybernetic To cybernetize

43. 3. Brown, "Stop Coining Words!", Control Engineering,
2, March 1955, L9.

S5tbid, 69.

!‘

——



75

TABLE Ib
DESCRIPTION OF TERMINOLOGY
Class| Descriptions
I No program, but repeated action. Control
mostly fixed. .
II There is a program (wnich causes repeated action).

Repeated actions are not the same, since sensing
devices have brought inrormation to modify action.

III Records or sensors cause repeated action, but
emphasis 1s on control rather than output. Actions
are less likely to be the same each time, because
many sensors have brought in control information to
modify them.

Table II breaks these classes into degree, cnaracter-
istics, and examples. Thé examples tend to give a more
meaningful explanation to the classification.

At tnis poinv a brief discussion of the term, cyber-
netics, 1s in order. It was origniated in this country by
Norbert Wiener of MIT to deseribe " . . . the entire field
of control and commnication theory, whether in the machine
or in the animal."® Therefore in its application here it
is used in a much narrower sense. Table I shows that the
term automation falls midway between the first class,

mechanization, and the ultimate, cybernetics.

®Norbert Wiener, Cybernetics, John Wiley & Sons, Inc.,
New York, 1948.




‘weqsfs JogvwaeTe 8130
‘a03vdjoTque [ToMlowep-8TodwouwuTy

*WGAO DPOTTOIZUGO

*SEO T} TPWOO WY sedwwyo
pejwdIoTwe 03 Jresyt sisufpy

4 MOUMOJI TARY
03 GAT3TSWeg

-aonpexd ‘ouUTyORL WOT3BTIWLI *gonpoad JwygInses pwe syeyaeqwm Pe3UeOTIO
eJendwer ‘aezTvdocea 3TSTp o4 wEeINY qudut wy sedwwyo eq sres3} syenfpy jonpexd
*J03wAGT® ‘sueTaIPNed T} PO3WOTI0
oTavuiogne 8130 ‘goTid eTgwuesNy -J0de Swidweyo eq Jres3y s3snflpy woproWMNY oewnreqi)
*ouTyo = *JowqpeeJ 8VH °eTode Je
JwpTITW LI *xeumip 3YITTpweH pwe 3v 3wgddogs pwe FujaIwys=3Teg Limg
*sxeqndweo wqdtTp *qowqpeey eawy AR °JTOS3T
‘2e3WBYD PIOSOX TOUATLOWW w-._..v&.ob sde3s anq wWoT30Wm AT 368 oq O3 S L1eqvxepoN
POTIOJZUOO
*ouryown 3upyjesdigeres *Jowqpeey oy ‘wexdexd yo pwpy -JTeg J0
‘outyoww anwydnep ‘eygel omos seg °*aezvaedo [iwe 63 TTeq Burgeaedo-grog
JOMOTTOF “OUTUOWH MOIOS °*eqny v 83wta 37 ‘Suoam se03 Iwpyfwe JI -Tmeg €0 T3 BWO04NY
*oufyovw JuTpTOW WIOQS( 4X0% oy} 9103313
‘soutyov JI0JsUWIy ‘eTqouoany uwoygwaedo eup *wnwadoad TYWIeA0 ON Ayd
*Lxoutyoww Iwy330q *UO T3 WIIOJUT
% 3wtdwioed ‘ssead Jurqwpag uregqed snyd eSejuespe TeO TUHOSK INC R R0
*youl eTrqowogne ‘eT0w puw N0oTd e3vquBApY T8O TWWHOON L1ay311s pozTUNyoe)
goTdurexy 038 TI0300IVYD eexdeq 88%T)
- —

SINTHOVR 40 XHOYVESTIH
II JTavL






17

Classification by Extent of Automaticity

A method of classification more applicable to the engin-
eering viewpoint would be one in which symbolic terminology
is used. This allows a grouping of the various classes into
an arrangement helpful in designing or producing a marmfac-
tured product.

The method présented here was originated by George H.
Amber, profeésional engineer of Detroit, Michigan.7 Amber
states that this concept is now being used by Westinghouse
engineers. In order to give a logical arrangement, three
criteria are used: ascending order; intensity, summation.B

The extent to which man's functions can be replaced
by power and automatic control are classified in ascend-
ing order; the degree of automaticity 1s used as a meas-
ure of its intensity; the summation of many units, a
measure of process automation.

From this statement is evolved the terminology of the
classification. The term "order" is used to indicate the
level of automaticity of a machine and is designated A(n)‘
The subscript (n) varies from zero (indicating a zero de-
gree of automaticity) to eight (considered the highest type
of automaticity possible). |

The term "degree" is used to indicate the intensity
or completeness of automaticity in a machine. Thls consti-
tutes a horizontal classification, as opposed to orders,

which are arranged in an ascending pattern. Degree indi-

cates the extent to which all of a machine's operations

(George H. Amber, “"Orders and Degrees of Automaticity,
Electrical Mamufacturing, 55, Jamary 1955, 6l.

8Loc. cit.
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ORDERS OF AUTOMATICITY

Crder Characteristic Examples

Ao Zero automaticity. Requires Hand tools, jacks
marmal control, muscular energy. hand pumps. :

Ay Inergy supplied by machine. Power saws, simple
Operator must feed work to drill presses,
machine or visa versa. grinders, pumps,
Operator stops, starts machine. electric typewriters.

Ap Power fecd, power assist, clus stomatic-feed drill-
power drive. press, automatic-feed

lathe.

A3 Use of programming; ability of Automatic screw mach-

Ap

Ag

machine to "remember."
Continuous operation. "Blind
obedience" without "judgment."

Use of feedback plus program-
ming. Closed-loop control.
Some discretionary sense.

Uses feedback, programming.
Also accepts programmed mes-
sage, performs computations,
commits the operations.

Uses feedback, programming.
Computes a course of action
from feedback. Logically
analyzes result of computation
according to built-in rules.
Acts upon decision.

Similar to Ag, plus ability to
"learn" by experience. Assim-
ilates information obtained
from operations and projects
into a program of operation.
May change process to obrain
desired results. Has ability
to geneceralize. ,

Intuitive operation based upon
statistical and probability
functions. kEkxercises executive
Judgment.

ines, automatic drills,
transfer machines,
automatic-cycle machine
tools.

Automatic honing
machine, furnace temp-
erature controls,
speed regulators.

MIT numerically
controlled milling
machine, radar dir-
ectors, bomb sights,
gun fire control
computers.

Otis autronic elevator

control system; certain
guided missile control

systems.

Speculation only. An
automatic press, by
sensing operating con-
ditions as it proceeds,
could plan and pursue
a plan of action under
existing conditions to
obtain desired results.

Highly imaginative
speculation. May
never occur.
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are automatic and 1s designated by a fractional exponent of
the base (A), as A3/7, indicating that three of the seven
operations of the machine are automatic.

The third criterion, summation, introduces the use of
~a third term, the prefex. This 1s the function factor,
denoted by a lower-case letter. This function factor rep-
resents the functions of the machine, and is assigned
arbitrarily. It may, however, be used in an ascending order
depending upon the weight that the particular functions are
gilven., These functions may be the type of operation, rate,
method, size of workpiece, etc. A particular machine might
be denoted cA39/10. (For instance: function ¢ assembly ;
order of automaticity Aj3; degree of automaticity--9 out of
10 of its operations automatic, with one operation 1loading
marmal.) In assigning this funcction factor, however, it is
important to realize that a machine may contain or utilize
several functions. In machines of a lower order, one func-
tion may be of primary importance and hence easy to classify,
but in higher orders of automaticity, the function generally
is variable. Usually the function of immediate importance
is the one which will be emphasized in the summation.

Summation, the addition of the combined characteris-
tics of a series of machines in a system or process, indi-
cates the "automation" (here meaning the quantity and quality
of automaticity and function) of the process line. This

results in an equation like the following:
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cA.ol/1 £ aA12/3 £ bA23/h £ cA3h/6 £ dA35/6 or, in
five typical manufacturing operations, the following might
result: unpacking steel plates manmually (cAcl/l); mamial
feeding of the plates into a punch press, which punches and
automatically ejects the part (aA12/3); making bearing pins
on a lathe in which only one of the four operations is
mamal, such as an adjustment (bA23/u); assembling the stamp-
ing and pin, in which loading and inserting a small part are
marmual (cA3h/6); and automatic degreasing, bonderizing,
masking, and painting, where loading the part 1s mamual and
5/6,.

Such an equation furnishes a pattern to gauge the en-

unloading the part is automatic (dA3

tire production setup. Although mumerical equivalents or
mathematical values have yet to be applied to such a rep-
resentation, it i1s entirely conceivable that a method will

be devised. With such an evaluation, not only technologically
feasible combinations but management decisions could be

based upon this concept. In its present form, the equation

in a few short symbols can indicate to the trained observer
locations of improvement or points of danger.

The classifications of order, witu characteristics and
examples 1s given in data supplied by Amber, and is tabulated
in Table III. Classifications of functions or degrees of
automaticity are not listed, since these will vary with the
individual macnine design and usage. According to this con-
cept, automation occurs wnen machines of the A3 or higher

orders are linked together to give continuous automatic pro-

duction.
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A Management Classification of Automation

From the management standpolnt, the concept of automa-
ticity or automatic convrol is not as important as the econ-
ic gains which could Qe obtained by using (or not using)
certaln automation developments.

A management-oriented methcd of classification is pre-
senfed by James R. Bright.9 Bright analyzes automation in
the light of three different qualitieé (rather than quan-
tities): (1) span of mechanization, (2) level of mechan-
ization, and (3) amount of mechanization. He explains these
three terms as follows: Span--the portion over which a given
total mamufacturing sequence extends; Level--the degree of
mechanization characterized by a particular function or ac-
tivity; Amount--"How prevalent is mechanization of a given
function or activity as a whole?" These are the general
descriptions which are presented in Table IV.

From these descriptions a comparison can be made with
previous classifications. Amber was concerned with automa-
ticity of a particular machine or group of machines. Here
Bright uses the same basic concepts--vertical, horizontal,
and surming (function) approaches, with a slightly different
interpretation and an extended area of application. Although
the words used are similar, the shadings of meaning are
slightly different, and care should be observed in inter-

changling or comparing classifications.

9 Jemes R. Bright, "How to Evaluate Automation,"
Harvard Business Review, 33, July-August 1955, 101.
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+ Largely
physical
¢ action

physical
and mental
action

Largely
mental
action

!

Movement (creation
of time and place
utility)

Storage (creation of
time and place util-
ity)

Maintenance (reten-
tion of utility)

Design (conception,
analysis, interpreta-
tion, planning)

Measurement

Materials handling
Transportation
Raw materials and
finished goods
storage

In-process storage

Warehousing

Maintenance

Product design
Process design
Inspection

Testing
Production control

Inventory control

Low to extremely high

Medium
Medium to very high

Low to medium

Low to moderate, with a few
high exceptions

Very low

Low to moderate, with a
few high exceptions

Low

Low to moderate, with a few
high exceptions

Moderate to very high

Very low, with slight ex-
ceptions

Low to moderate, with a few
high exceptions

| TABLE IV o
GBNERAL DESCRIPTICNS OF MECHANIZATIONl
.. . - e . & .-
Prevalence of mechanization
Basic function Major activities Degree of mechanization in industry
(pertaining to the span) (indicating the level) (indicating the amount)
. . Forming Medium to extremely high Almost entirely mechanized
( Processing (creation Assembling Very low, with a few high Very little, with exceptions
of form utility) exceptions
Packaging Very low to extremely high Much in mass-production

industries and bulk-mate-
rial work (powders, liquids,
etc.); little elsewhere
Moderate, but rapidly in-
creasing

Almost entirely mechanized
Roughly proportional to size
of the volume; much in
bulk-material industries
Very low, with a few ex-
ceptions

Roughly proportional to vol-
ume and size of object stored

Hand and hand tools uni-
versally used

Very little, except in highly
engineered products such as
aircraft

Very little, with exceptions
Much (particularly in mass
production)

Much

Fairly common

Much

— - - -

From these general terms, a more detailed breakdown 1is

evolved and organized in a chart called a mechanization

profile, which charts a product through the entire series of

processing functions,

This chart 1s definitely product-

oriented, although the process required to evolve the pro-

duct is used to make up the carted functions.

Bright has

charted fifteen of the more advanced operations commonly

loBright, "How to Evaluate Automation," op. cit., 102.
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> A ' TABLE V
'MECHANIZATION PROFILE — RUBBER MATTRESS UNIT
b e ———
Operation, Machine, or Function (Station)
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TABLE VI
MECHANIZATION PROFILE — CYLINDER BLOCK LINE
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classed as automation, two of them being presented in Tables
V and VI. These profiles resemble in many ways a sophisti-
cated Operation Chart of a process, and as such could logi-
cally be developed and expanded into the field of industrial
engineering as tools to determine desired automation sit-
uations and to analyze and improve exlsting sapplications.

The profile 1tself utilizes the general qualities pre-
. sented 1n Table iV. Function, activities, or operations in
-the process are grouped in horizontai sequence, giving the
chart progression from left to right, starting with the
first operation and ending with the last.

Each function (operation) is classified according to
the amount of mechanization (here used as the specific amount
at a particular operation) and by the type of device employed
to accomplish certailn functions--represented by various sym-
bols. The third dimension (vertical) represents the level
or degree of mechanization of a particular function. Bright
utilizes seventeen levels of mechanlzation as a basis of
classification of this concept. These levels are more finely
divided than the orders of Amber, and recognize factors of
classification other than automaticity, although the idea of
a man-machine complex in which the machine assumes a heavier
balance of activities (in a sense does things more auto-
matically) runs parallel to Amber's classification.

The description of the seventeen levels are given detail

in Bright's analysis, and will not be presented here.
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Certain comparisons can be made, however, pointing out the
meanings of his groupings. To the left of the Level number
(see Table V & VI) the concepts of both control and power
are broken down into groﬁpingg. To a certain extent, these
factors determine the complexity and automaticify of the
function. The levels comprise a finer sifting of the factors
involved, and allow the introduction of management concepts
and a basis for economic and other evaluations not necessariiy
permitted in a classification by automaticity.

In equating the two systems, Level Six may be roughly
compared with Order A3 of Amber's analysis, both on the
basis of the particular type of machine involved (transfer
machines) and the type of control and programming. Bright's
chart, however, recognizes the fact that other levels are
involved and that the type of equipment (or components) used
to effect these results may operate on various levels. This
gives a broader, richer, interpretation to the classification,
"sketching a picture" from which other management and engin-
eering considerations may be derived. Levels Nine to Eleven
would probably fall under A3 order of automaticlty, but in
their use here allow the injection of a "measurement" concept
without pulling the chart out of balance. The levels from
twelve to seventeen would roughly compare with orders A, A5’
and Ag. Since Bright does not project his concept beyond
the current developments, there 1s no provision for an A7

or Ag equivalent.
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One of Bright's purposes was to determine the present
extent and comparative values of automation. In‘doing so,
he has stressed the fallacy of the value of automaticity
per se, and therefore this emphasis is refleéﬁed in his pro-
file arrangement. Automation in his classification cannot
be expressed at one particular level of méchanization, but
as " . . . something on a significantly higher level of
mechanization than previously existed in that particular

activity or plant . . . .

Classification by Industry

Certain non-technical classifications of the automation
subject according to industries which use automation or which
mamufacture equipment utilized in asutomation will be briefly
mentioned. These classifications indicate a grouping of
interests, and as such are important to a degree. Industries
using gutomation equipment are varied, and certain aspects
(in particular, the informational aspects) could logically
extend into the majority of these groups. Therefore remarks
here will be confined to those industries currently mamfac-
turing automation equipment. A general grouping is as
follows:11l
Data processing
Electronic components
Control instruments

Machine tools and machinery
General automation

PN N N

NEWw -
s St e ? e

11"An Economic Report on Automation Stocks," Instruments
and Automation, 28, March 1955, 439.
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The data processing group includes many of the office
and business machine companies, and also those companies
speclalizing in photography, duplicating, and mamufacturers
of special data-handling forms. Consulting firms special-
izing in data-processing systems, as well as manmufacturers
of transmission equipment may be so grouped.

The mamufacturers of electronic components would in-
clude specifically the parts manufacturers, as well as
mamufacturers of electronic subassemblles.

The control instruments group includes mamfacturers
of both electrical and electronic controls; hydraulic,
pneumatic, and mechanical instruments; serv&hechanisms; and
the more complex test and control instrumentation of scien-
tific nature.

The machine tools and machinery group includes those
industries which build automatic machines and attachments,
as well as conventional conveyor systems and materlials-
handling equipment.

Under the classification of general automation may be
grouped those industries whose products are varied but which
contribute in some degree to the automation field.

These industry classifications are not rigorous in any
sense of the term, but they tend to group the by-products

of automation into some logical type of order.
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Sunmary

In explaining the varled concepts of automation, several
methods of classification are possible. Some of these are:
orientation sbout terminology; classification by extent of
automaticity; classification from the viewpoint of manage-
ment; and classification by industry.

In the technical fields, classification by terminology
and by extent of automaticity are by large the more important.
The first concept classifies the subject in definable terms,
while the second goes a step further and translates terms
into symbols. With these classifications, the limits and
progress of automation may be described and technical plan-
ning using automation may be accomplished.

Automaticity is one of the more important features of
automation, and by determining the level of automaticity
the extent of automation i1s defined.

Management classificatlion of automation generally is
concerned with the economic aspects affected. By classify-
ing by levels of complexity and overall extent of application,
better management decisions can be made. The use of mechan-
ization profiles provides a tool for the industrial englineer
in measuring and improving existing or proposed automation
facllities, aﬁa allows management to relate to automation
those factors influencing or being influenced by economic

considerations.
Classification of automation by industries presents a

non-technical view of the fields which contribute to the

automation concept.



CHAPTER V
INFORMATION--ITS RELATION TO AUTOMATION

Introduction
Throughout the preceeding chapters of this thesis,
discussion has centered about the more conventional factors
influencing automation. From the historical development 6f
automation to the classification of the current concepts, a
pattern may be observed--a pattern which expresses a phil-
osophy of manufacturing. This pattern would hardly be com-
plete if it were limited to the external results of auto-

mation or the devices used to physically achleve those results.

Underlying the concepts of automation--those of products
mamufactured or equipment utilized--underlying even the con-
cepts of control and automaticity--are the factors which tie
these concepts into this pattern--into a usable whole.
Information 1s one of these factors, and as such will be
described in this chapter as 1t relates in general to
automation. In later chapters, the specific uses and appli-
cations will be discussed, relating informational aspects to

the previously formulated pattern.

Automation and Information Theory
Before relating information to automation, it will be
necessary to determine the exact meaning of the word. Sev-
eral meanings are possible, some of them quite different

from the comonly accepted definiticns of the term.
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Webster defines information as "knowledge of a special
event or situation, commnicated by others or obtained by
personal study and investigation; intelligence; instruction."
This definition 1s the one generally accepted by most people
for the majority of applicatlions of the term. Imagine the
consternation, however, when one definition implies that
information has nothing to do with meaning! Such a definition
seems to contradict its very sentence structure, and yet
with it, certain phenomena have been explained which were
incapable of definition previously.

This controversial definition is to be found in the
theory of Dr. Claude E. Shannon of the Bell Telephone Lab-
oratories. His theory,-knowh as Information Theory or
Communication Theory, states that information is the freedom
of choices in a situation. As such, it is a measursble,
quantitative rather than (or as well as) qualitative concept.
It 1s a precise, mathematical measurement of the amount of
a substance called information, which can be transmitted by
a particular method of commnication.

As stated by Warren Weaver, co-author of Shannont's
text (not of his theory):

The concept of information developed in this theory
at first seems disappointing and bizzare--disappointing
because it has nothing to do with meaning, and bizarre
because it deals not with a single message but rather
with the statistical character of a whole ensemble of
messages, blzarre also because in these statistical

terms the two words information and uncertainty find
themselves to be partners.

1

Claude E. Shannon and Warren Weaver, The Mathematical
Theory of Communication, The University of Illinois Press,
Urbana, 19[9, 116. )
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And in commenting to a group of scientists who had be-

. come badly confused by his use of the word, Shannon stated:2

I think that perhaps the word "information" is
causing more trouble . . . than it is worth, except that
it is difficult to find another word that 1s anywhere
near right. It should be kept solidly in mind that

nformation] is only a measure of the difficulty in
transmitting the sequences [i.e., messages] produced
by some information sourcse.

Shannon has stated throughout his book: "Information
is defined to be measured by the logarithm of the nmumber of
choices" and "Information is . . . a measure of one's free-
dom of choice in selecting a message."3 He states that
information includes "noise," and the greater the amount of
noise, the greater the total information. The fact that
information involves randomness gave impetus to the idea
that 1t was a statistical relationship.

Shannon evolved his theory in 1948 while investigating
problems in commmnication at the Bell Telephone Laboratories.
Actually Norbert Wiener had previously recognized that com-
manication of information (at least, the measurement of
information) was a problem in statistics, and had stated
this fact in his various writings. J. Willard Gibbs had also
stated an ergodic hypothesis (a peculiar relationship between

probability and symbols) which served as a fore-runner of

fundamental ideas in the information theory.

SFrancis Bello, "The Information Theory," Fortune, 18,
December 1953, 137.

3shannon and Weaver, op. cit., 100, 108.

uStanford Goldman, Information Theory, Prentice-Hall, Ic.,
New York, 1953, 295.
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But it was Shannon who wrote the paper first published in
Bell Laboratories periodicals and later in book form,
A Mathematical Theory of Communication, directed toward the

electrical engineer. The theory, however, reaches beyond
electrical engineering, and has been projected into psychol-
0gy, neurophysiology, linguistlics, and other fields of study.

In formulating his theory, Shannon observed that what
he called information resembled closely (in mathematical
form) what the thermodynamicist calls entropy. (Entropy is
a difficult-to-define thermodynamics term in which the change
of entroby is a measure of the unavailable energy.) In like
manner information theory deals with the communicativeness
or uncommnicativeness of messages, influenced by outside or
internal disturbances or interferences (called noise) which
affect the reliability of the message.

The term "noise" originated in the terminology of the
radio engineer where the word had its literal meaning, but
as currently used, noise is present when the same message is
not recieved as that which was sent. In other words, if
noise is present in a message, it means that the information
is not certain to be correct, and the effect is to reduce
the usable content of the message. Thus, the message might
be said to contain negative information (if such a thing
were possible); It was in this manner that Shannon recog-
nized that entropy (the unavailability of energy) and infor-

mation (its uncommnicativeness) are similar. In extending
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his concepts, he included the effects of redundancy in creat-
ing nolse reduction and rellability. Redundancy is the use
of more words (or symbols) than are necessary (in the ab-
solutely noiseless case) to express meaning.

Although information (as defined in information theory
by Shannon) says nothing whétever about meaning, it paints a
picture by default, and leads one to believe that there
exists a relationship between the two terms, It 1s in the
light of such a possible relationship and interpretation
that informational aspects of automation will be considered

in this thesis.

How Information is Related to Automation

In speaking of iInformation in the sense that it contains
meaning (or 1s related in some way to meaning) a certain
feeling can be developed about the subject. In this respect,
ideas about the nature of information in a qualitative sense
can be stated. It can be looked upon as the essence or core
of all messages. It is generally considered the fundamental
substance used in the thinking process, and could be consid-
ered the basis of all intelligent activity. 'It may be ob-
served that in all activity, information is a basic require-
ment which must be present to effect an action. A machine
or system may be programmed, controlled, and operated auto-
matically, but such action in turn must be instigated by
some form of information, as well as-the physical force

necessary to supply motion.
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Here information may be defined as that substance wlich,
in its entirety, comprises the essence of a message or
means of transmitting, communicating, or deriving a desired
informative action, condition, or result. In other words,
information and meaning are in some manner related, in con-
tradistinction to Shannon's theory, which states that infor-
mation (as he defines it) has nothing to do with meaning.
(At least, he does not attempt to relate information to
meaning.) The aim of this thesis 1s not to elaborate upon
the mathematical implications of information and communica -
tion theory or its application to automation, but to discuss
the informational aspects of automation in the sense of the
definition as proposed here. It mast be remembered, however,
that Shannon's concepts can and have been related to those
devices used in automation which are of a highly commnicative
or information-transmitting nature, such as computers and

electronic transmitting equipment.

Information and the Control of Machines
Just as energy may be classified and described by the
function it contains or performs, so can information. Accord-
ing to Professor Stanford Goldman of Syracuse University:5

There is an interesting analogy between "information"
in commnication theory and "energy" in physics. We all
know that there are many natural phenomena, as well as
man-made devices, which transform one type of mechan-
ical activity into heat or electrical activity or chem-
ical change. A unifying concept which greatly simplifies

®Goldman, op. cit., 289.
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all considerations of these transformations 1s the idea
of energy. The discovery that a measurable entity ex-
ists, namely, the energy which can measure mechanical,
electrical, thermal, or any other kind of physical ac-
tivity, and which can measure potential as well as
actual activity, greatly simplifies thinking about
physical phenomena. In the study of any corplicated
physical or physiochemical transformation the guiding
principle 1s usually to. see what happens to the ‘energy.

In a similar manner, the discovery that a measur-
able entity, information, exists, which can measure what
is transmitted by messages, regardless of thelr form, is
a unifying step in commnication theory.

Since automation has been pictured as a philosophy of
mamifacturing or as a method of accomplishing the production
of objects through the use of more automatic methods of man-
ufacture than have been previously used, the relationship of
information and energy 1s highly applicable to the devices
which automation uses. Thils relationship has been presented
in a classification or tabulation by E. W. Leaver and
J. J. Brown.6 At the introduction to their classification,
they state:

What we have tried to do 1s discover the least
number of concerts which will enable us to describe
the various methods of producing work in a highly tech-
nological society. These basic concepts we believe to
be two: the parameters of informetion and energy,
together with their various subclasses. Working with
these materials we have attempted to prepare a chart
of devices that is analogous to the periodic table of
the elements put in modern form by Mendeleev in the
middle of the nineteenth century. Although the chem-
ical elements are quite different from machine elements,
we believe there remains some ground for considering
this analogy useful.

The classification presented bears little resemblance

to a periodic table, either in form or in operation, but it

%5. W. Leaver and J. J. Brown, "A Functional Morphology
of Mechanisms," Automation, 2, July 1955, 37.
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does offer a worthwhile explanation of the manner in which
information exists or is applied to automaticity. Although
not stated, Leaver and Brown's use of the word "information"
is similar to the concept as applied in this thesis to auto-
mation, 1.e., as having or conveying meaning of some nature,
to accomplish a desired result.

Table VII presents the basis of Qlassificatién of the
information concept. It includes Conditions (signifying a
state of being and a method of application) and Classes
(represented by energy and information). From this basic
breakdown, the various classes of energy and informnation
(which represent the various Conditions) can be arranged and
combined so that they may be applied to wvaricus existing
devices. The term "device" is defined here to mean some-
thing whose usefulness lles in its movement (or relation to
some other device which has movement).

- The informational classes are further subdivided into
subclasses according to feedback, patterns, and programs
(see Table VII). The concept of collation--the comparing
and integrating of information from two or more sources--
enters into the classification by the use of parentheses.

This scheme uses the more prominent functions of a
device to determine the appropriate class. Since both
1nfbrm@tion and energy are necessary, a device (in this
classification) must utilize at least one item from each
class, but any item from one class can be combined with any

item frqm the second class to give a complete classification.
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TABLE VII
BASIS OF CLASSIFICATION--ENERGY AND INFORMATION

Informatlion
Condition Energy Information

Immédiate-~Manua1 1 A
Immediate--Nonmanual® 2 B, b
Stored--Mamal ¥¥ | 3 c', C"
Stored--anmanual** L ~ p', D"
¥ Information from an independent source = B
s Foedback information operation = b

Stored information (patterns) = C', D!

Stored information (programmed) =c", D"

Parentheses () signify collation

Teble VIII presents general examples of devices classi-
fied by information and energy and Table IX gives specific
examples.. Although these tables are helpful in understand-
ing informational aspects, they still lack organization into
a form approaching a periodic table in any sense of the word.
Nevertheless, the scheme presents the subject of automation
from the standpoint of the basic motivating forces (infor-
mation and energy) which govern the operation of mechines.
As such, it forms the basis for considering various methods
of application of automation functions. .

A reappraisal of control and feedback concepts can now
be made, considering information as an essential part of the
scheme. The fundamental device of control systems is shown
in Figure 23a. This diagram considers the device to be an

operator on energy and information. This concept may be
expanded into open and closed loop devices as shown in

Figures 23b, ¢, and 4.



TABLx VIII !

GENERAL EXAMPLES OF INFORMATION-ENERGY CLASSIFICATIONS

information Class

Energy Class

Tools 1 A
Machines 2,3,L4 A
Dies & Patterns ct
Records, Programs c"
Temporary Automata 3,4
Triggered Automata 2,3,4 A
Automata 2 B,C', C", D', D"
Collative Automata 2 (BC'), (BC")

3 (BD'), (BD")
Feedback Automata - 2,3,4 (b)
Sensor Automata B
Programmed Automata c", D"
Pattern Automata c', D

Figure 23b expands the device to include a control
function and a manipulation function. In this manner infor-
mation and enérgy combine in the control function and trans-
mit through the manipulator, controlled energy to effect
the desired result.

A logiceael extension of such a system is represented
in Figure 23c. Here collation (the comparing and integration
of information from two or more sources) results in a third
function of the device. Generally this situation results
from the combining of stored-mamuial information and immediate-
manual information--for example the adjustment of a valve,
in which stcred-manual information (the basic design shape
of the valve) and the externally applied adjustment (immediate-
manmual information) combine (are collated) and in turn con-

trol the energy supplied by the flow of a liquid introduced

TLeaver and Brown, "A Functional Forphology of Mechan-
isms," 4O.
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TABLE IX
SPECIFIC EXAMPLES OF INFORMATION-ENERGY CLASSIFICATICNS
Device Class | Device Device
Automobile LAl Lathe (motor driven) 2C'A
Axe 1A Lathe (screw cuttimg) | 2C"A
Auto. Screw Machine ‘Lathe (0ld fashioned
(self-fed) 2c"ce treadle driven)| 1C'A
Automatic Pilot 2(C'b) | Milling Machine 2C1C"A
Automatic Vending Punch Press (foot
Machine 2C"A operated) 1C'A
Bulldozer 2AC! MIT Milling Machine 2(¢"v)c!
Drill (hand) 1AC! Molder (eutomatic) 2C!
Drill (electric, Punch Fress (motor
hand controlled) | 2AC! operated) 2C'A
Drill Press Punch Press (automatic
(electric) 2C'A self-fed) 201¢c"
Elevator (hand Radar Gun Layer 2(Bb)
controlled) 2AC!
Elevator (push- Sander (motor driven) 2AC!
button operated) | 2CtC"
Fire Control Typewriter (hand
(radar) 2(Bb) operated) 1AC!
Gage (automatic) 2(BC')| Typewriter (electric) | 2AC!
Hammer 1A Typewriter (teletype
receiver) 2BC!
Energy (1,2,3,4)
Information '
(A,B,C',C",
D',D")
Operation
——»— Operator e
Figure 23a

FPundamental Device
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Operator - - - = ‘T
|
|
[

Controlled

»— Manipulato
rnergy '

Operation

>—

Figure 23b
General Open-Loop Device

into the valve. Thus the simple device, the valve, incor-
porates the function of collation, control, and manipulation
in order to obtain a desired control.

Figure 23d 1s similar to 23c¢ except that feedback of
information is introduced. In.this 1llustration, both

stored-manual (or nonmamual) and immediate-manual information

are collated.

— Operator — - 7
|

Controlled Operation
Manipulato '
Energy |
| |
| l
Informatipn _ |
Collator |
| I

Information
A
Figure 23c

Open-Loop Collation Device
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Although many complex feedback devices could be
included, these simple arrangements are sufficient to illus-
trate the basic concepts involved. These informational con-
cepts of machine control are important because they allow
consideration of product and process in terms of desired

function rather than by conventional construction.

Figure 23d
Closed-Loop Collation Device

Energy

r—-—'—- — — Operator - — — —

r

ﬁ__*_.'

' \\iiifator

|
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Peedback Information —<¢——

l
l
l
Information :
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The Relation of Programming to Information Supply

The concept of programming--the direction of a mechan-
ism through a desired operating cycle-~-has been discussed
in general in Chapter II. But there are certain relation-
ships of programming, when discussing it in the light of
informational aspects, which make the subject worthy of
additional consideration.

Programs have often been referred to as "messages"
since, like messages, they convey certain ideas. Compﬁters
utilize a proéram as a preclse sequence of coded instructioné
or directions in order to solve a problem. Other mechanisms
use sequences of instructions in one form or another in what
might be referred to, for analogous reasons, as a transmis-
sion (or utilization) system. This transmission system,
regardless of its form or shape, will convey the intended
message only if the message is converted into the language
which the system is designed to comprehend. Professor
Goldman states:8

In order to transmit a message (an idea) in a given
transmission system, 1t is necessary to translate the
message into a signal which can be carried by the trans-
mission system.

This statement seems rather obvious, but the concept 1s
often overlooked in attempting to program machine tools.

Programming generally can be divided into two classifi-
cations: patterns and ﬁrograms. Patterns constitute pro-
gramming of the built-in variety, in which the pattern is an

integral part of a component or single part of a machine.

8Goldman, op. cit., 286.
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Dies, cams, gears, and devices in which permanent physical
shape 1s the primary consideration are usually placed in
this classification. The level of automaticity of such
devices 1s generally quite low. The class of information
involved is usually of the stored-mamual variety, since it
is mamually built-in (stored) until called upon to effect
control. Any sequence of instructions in this case is lim-
ited to position (as in the rotation of a cam or gear).

"Programs" (which transfer their message in sequences
over a period of time) may be either built-in or exﬁernal to
the mechanism in question. If the mechanism consisted of a
non-ad justable timing device, the information involved would
be of the stored-mamial variety, built into the design of
the mechanism. If adjustments were possible, the information
in this case would still be of the stored-manual variety,
but would constitute a program composed of both the designed-
in sequence and the external adjustment.

A program invariably indicates the use of stored infor-
mation. This information is generally of the manual variety
(set in by a human operator), which indicates the level of
automaticity of the programming function is quite low, com-
pared with many of the systems it in turn programs. In order
to have mich automatic programming (with no human interven-
tion) the information functions would of necessity be non-
mamal--a system only visualized in Amber's higher orders.
Systems which come the closest to such a situation are the

controls of various guided missiles and certain electronic



1ol

computers, which sense their operation and temporarily store
and program their succeeding movements. These devices oper-
ate on rules of logic, however, originally programmed into
them by their designers, and originate only a temporary form
of program. Perhaps for this reason (the need to supply
information through a program) machines may never become
automatic in every sense of the word.

In the design of conventional machines, the concepts of
information and programming are of slight importance—-tra-
ditional apprbaches are satisfactory. DBut as processing
functions have been integrated and become more complex, pro-
gramming has advanced in importance also. In the design of
equipment, either & provision for built-in programming is
made, or an arrangement to add external programming is in-
cluded. If the latter 1s the case, then the machine design
mist be compatible with the external programming function.

In performing simple, non-integrated tasks, energy is
generally of prime importance; the programmed function being
neglegible and the information being supplied immediately
and manually. As the control function becomes more lmportant,
the situation reverses. 1Instead of information being used to
supplement or assist an energy transformation, information
becomes the commodity of prime concern and energy becomes
the secondary or aiding factor, being present only to aid in
obtaining a desired informational result. Here the program
also takes on added significance--it becomes the primary

tool for accomplishing the desired result, while the machine
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manufacturing function becomes secondary. Those systems which

are primarily data-handling in nature fit this classification.

Information and Management Decisions

In conducting interviews with various users or mamifac-
turers of automation equipment, the question, "what effect
will automation have on management decisions?" brought forth
varied answers. None of those interviewed felt that manage-
ment decisions would be eliminated. On the contrary, most
saw automation as creating new problems in this respect.
Answers varied as to background and the nature of the relation-
ship of automation to the individual, but most recognized
that the problems of obtaining, organizing, and utilizing
the information necessary for management decisions were be-
coming even more difficult. One representative of a chem-
ical mamufacturer stated that they were interested in improv-
ing their routine data-handling methods, and also that com-
puters had been used to some extent in sifting the data

required for certain operating decisions.9

Speed and accuracy
were stressed as important factors in utilizing what auto-
mation they could 1n management functions. Although elim-
ination of clerical help was a factor, most management people
concerned with this problem stated that such programs were
instituted only when the need for rapidity and accuracy

exceeded the capacity of the existing office force.

9Hugh A. Bogle, Management Engineering, E. I. DuPont

de Nemours, Wilmington, Delaware, oral commnication,
March 11, 1955.
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Management reorganization has been studied in certain
instances to take advantage of the benefits of automation
and mechanized information processing. Here the effort has
been directed toward more economical use of existing systems
and the integrating of the newer groups resulting from the
use of computer and data reduction techniques, and product,
process, and project developments.

Those companies whose major activity centers around pro-
ject research and developﬁent face special problems in apply-
ing automation to their informational needs. (Note here that
" the emphasis is on applying automation to information, not
information to automation.) Some companies, such as Arma
Division of American Bosch Arma Corporation, have organized
their management and engineering skills to best utilize com-
mittee organization and the project team concept.lo Other
test and development facilities have maintained vertical
organization with provision for specific groups to handle
scientific data reduction and automatic processing of
information,

Other attempts at integrating the data handling and
informational activities of decentralized mamufacturing are
now being considered. Representatives of Remington Rand, Inc.,
state that certain automobile companies in the Detroit area
havé contemplated the tying together of their spread-out

facilities by integrated data processing systems.ll And in

10E, D. Gittings, "Management of Systems Engineering,"
Automation, 2, March 1955, 55.

1lg, Granger, Remington Rand, Inc., oral commnication,
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the fields of scheduling and production control, computers
have been designed to construct production schedules.

In all of the examples mentioned, the idea of making
management decisions by automation methods has not entered
into the discussion. Most management representatives have
indicated a concern for speeding up the routine data hand-
ling, processing, and resulting paper work in order that
planning can be accomplished and decisions made on the basis
of prompt, accurate, complete information. .But management
has not proposed that one of its basic functions--~the making

of decisions--be absorbed by automation!

Summary

In this chapter the relationships between information
and automation have been discussed from several points of
view. Concerning the meaning of information (and the relation-
ship of information to meaning) 1t was pointed out that 1ﬁ-
formation in its mathematical sense as proposed by Dr. Claude
Shannon 1s a measurable quantity, and not to be confused with
meaning or conveying an idea.

Information as here related to automation is used in the
sense of conveying a message in order to achieve a desired
result. Information in the mathematical sense has also been
applied to certain communicating systems and electronic
computers used in automatipn applications, and care should

be taken to recognize the difference in terminology.
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In discﬁssing information and machine control, the
understanding of the energy-information relationship is neces-
sary, in which information and energy function together to
effect control., This relationship may be classified accord-
ing to the methods of application and use.

Programming takes on added significance when considered
in the light of information, its main ingredient. Program-
ming uses stored energy, generally of the mamal variety.
Patterns, programs, and the relationship of planning in the
design of automatic machines and systems becomes more impor-
tant as the system increases in complexity. The emphasis
upon energy 1s reversed as control becomes more important,
and information becomes the primary factor in the relation-
ship. Programming, the method of gulding the information in
a sequence, then becomes the primary tool for accomplishing
the desired result.

Management with automation requires the use of better
information processing systems in order to keep pace with
mamufacturing functions. Reorganization or integration of
the management structure to allow the handling of information
with automation methods is often necessary. The tylng togeth-
er of decentralized facilities by integrated data processing
techniques has been contemplated, as well as the use of com-
puters in solving production scheduling problems. In all of
these concepts, management proposes to maintain its basic
functions of planning and decision-making, using improved
information-handling methods to better achieve the desired

results.



CHAPTER VI
THE AVAILABILITY OF INFORMATION

Introduction

Information, to be of any value, must exist in some form
that 1s readily available, In the light of the discussion
in Ghapter V, information (as applied to machine control)
was classified as being either mamual or nonmanmual, and im-
mediate or stored. Genreally information of the nonmanual
variety (supplied by the machine) existed in the immediate
form. Feedback information was considered as immediate, be-
cause it was used for the irmedlate purpose of altering the
controlled state of the machine.

As storage generally implles a time delay, the idea of
placing something (in this case information) at a location,
leaving it there, and returning at some later period to re-
trieve 1t seems perfectly natural. But consider the situation
where information may be "stored" for only a few thousandths
of a second, and then, for all practical purposes, eliminated
entirely. Does this constitute storage? If storage implies
the postponement, delay, or holding of information (regard-
less of the time period) in order that some condition regard-
ing the information (such as mathematical functions of ad-
dition, subtraction, or integration) is altered and then
the resulting alteration is used in some way, then such an
example may also be considered to be stored information.

The device which accomplished this delay would be considered

an Information storage device.
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Information avallability, as it applies to automation,
must take into consideration the information sources. Much
of this information is contained in reports, tables, hand-
books, or records of previous occurances. Such so-called
"original" information is original only in the sense that it
is derived from or contained in one form or another of raw
(unprocessed) data. The data--the accurmilation of items or
occurances forming the basis and reference for activity--
contain information and are original to the extent that they
constitute the first record or observation of an occurance.
In such instances, however, the information may be considered
to be in the stored state. As the data 1s processed, the
information it contains is transformed from one type of
storage to another, often being discarded when the desired
end result is obtained.

In Chapter II coding was defined as the procedure of
expressing the necessary information in a language or medium
acceptable to the particular system. In pattern-type pro-
grams any code is simply the designed shape of the pattern.
In sequence?programs, the medium may vary, and in situations
where information is considered the prime commodity, the
code may be one of several, each method being designed to
operate under the various conditions imposed by the specific
situation.

In discussing information availability, the concepts
introduced above will be emphasized. Information storage and

its various coding methods play an important role in auto-
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matizing information-using systems., With these tools, the
essence of an idea may be grasped and manipulated in order

to render a desired result.

Information Storage Concepts

Attempts at retention or storage of information over
the span of history are inmumerable. Early hieroglyphics,
carvings, and even the knotted cords of the Incas all were
systems of storing information. The development of print-
ing constitutes a history in itself, But in applying storage
to automation, lnterest mst be directed to those specific
means which in some manner contribute toward a greater degree
of automaticity. Reports, tables, graphs, and other doc-
uments are currently used in information-handling, some of them
integrated with automatized systems. Although essentially
a manual method of storage, information in this form 1s
sometimes stored automatically by measuring and recording
instruments which function in accordance with a programmed
procedure.

Punched Cards. One of the advantages of automaticity

is usually speed of operation. A device for achieving speed

in the assimilation and storage of information is the punched
card, which can be mechanically read and the information

which it contains processed in the desired manner. The

punched card principle is not new--in its modern form it has
been used since the beginning of the twentieth century--but

in the card form it constitutés the modular unit for performing
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most of the varied mechanized data-handling tasks possible.

Cards used by IBM contain 80 vertical columns per card,
each column belng composed of eight channels. Series of
rectangular holes may be punched at various locations to
effect a coded message. The paftern of the holes 1s sensed
by a series of electrically energlized brushes which enter
the holes and make contact with a plate béneath the card.

This information is then translated into coded electrical
form to effect the desired reaction. Various procedures of
sorting, selecting, duplication, printing, etc., may follow,
according to the Information contained, equipment used, and
programmed system selected.

A second type of punched card--used in Remington Rand
systems--uses round holes punched into the card 1n much the
same manner as IBM cards. The cards are of thinner construc- -
tion, since photocells make or break the circults as the cards
are positioned. Uses similar to the IBM procedures are
adaptable to these cards.

Punched Tapes. Although cards are much in use today,

they contain serious drawbacks of bulk and non-continuity.
To obtain a medium that has contimuity, punched tapes may be
used. These tapes operate in much the same manner as punched
cards, except that they constitute a contimious strip of
information.

The width of the tape varies with the application. 1In
tape-controlled machine tools, this width 1s often great.

One inspect-record system utilizes a tape of 60 holes per
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scanning line.1 Usually machine tools require a large num-
ber of holes per line if the controlling functién is at all
complex. In controlling machine tools, one method of ade-
quately describing a machining cut would be to use a large
mumber of holes per line.2 However, by requiring only an
increment in direction from the last position recorded, the
width of the tape (and number of holes) could be reduced
to practical limits.

Punched tape has been used with teletype machines for
many years. For this reason, it often provides a common
lénguage vehicle with which to extned the mechanization of
information handling, using a relatively simple storage
system (see Fig. 2). A variation of paper tape is the
punched plastic tape or movie film. Here dimensional stabil-
ity and duraebility are important. Most tapes contaln a series
of ratchet holes for engaging the drive mechanism, as well
as information holes.

The basic difficulty with this zystem, as with the use
of punched cards, is bulk. Although contained on fairly
compact reels, paper and plastic punched tape are too bulky
for many applications.

Photographic Storage. Photographic processes have long

been used as storage devices for information., Microfilm is
generally used in recording printed pages, and as such con-

stitutes an extension of printed storage systems. Although

lugystem Inspects and Records," Automation, 1, October
1954, 30.

2Cunningham, ¥. W., op. cit., 78.
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the information 1s condensed into a relatively small surface
area, thé reading and selecting process must be accomplished
marmually. Such a system is difficult to automatize because
without some concise coded summary of each item, preliminary
searching for desired information would be very difficult.
Actually a system devised by Dr. Vannevar Bush used a rapid-
selector film device in which summarized key words are en-
coded in a binary digit system to the left of printed mater-
ial on photographic film.3 Photocells scan the film for key
words and position the film for mamal reading of the printed
matter. Here the difficulty lies in the problems of index-
ing and cross-listing all of the possible reference subjects.

Magnetic Tape. One of the most versatile systems in

present use 1s magnetic recording tape. Magnetic recording
allows permanent reéords of information without chemically
éffecting the recording medium, but merely changing its mag-
netic state. Unlike photographic film; the record may be
reproduced immediately without processing, and there is no
deterioration of the record with repeated use or over a period
of time. Information in the proper code may be recorded on
several parallel channels, or alternately with other infor-
mation on the same channel., The information may be discarded
when no- longer of value, and the tape reused for other infor-

mation storage (see Fig. 25).

36ilbert W. King, "Information," Scientific American,
137, September 1952, 1l41.
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One primary difficulty of information storage and
access-the need for a changing time-scale--1s solved through
the use of magnetic tape. Rapid recordings from high-speed
output devices may be slowed down to permit transfer and
analysis. The recording speed may also be adjusted to allow
for different rates of operatlion of the various equipment
used. Rapid scanning 1s possible, and allows the selection
of specific items of information desired. The tape has
great flexibility of use, since various equipment may be
used to record information and also to further use or pro-
cess certain parts of the record. The tape may be switched
from machine to machine, or transported from one area to
another. Information may be monitored from the source, and
only a particular portion be recorded. The tape 1s completely
compatible with various electronic signal transcribing and
modulation procédures, and in this way is able to diserim-
inate between signals not discernable by punched tape systems.

One serious limitation of magnetic film (or any infor-
mation-storage medium of tape form) 1is that the data is re-
corded in serial form--one item following another in the
order of recording. Consequently, in searching for a desired
item of information, much unwanted material mast be passed
over before the desired information 1s observed.

Magnetic Memory Drums. In the construction of electron-

ic digital computers (to bg discussed in Chapter VII) storage
devices are necessary, and are often referred to as the

"memory" section of the machine. Although incorporated into
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computers, such devices are often separately constructed and
used as auxilliary storage mediums.

One form of storage device is the magnetic memory drum,
The drum surface is coated with a magnetic dispersion similar
to that of magnetic tape. This drum rotates constantly at a
high rate of speed, and in this way creates small loops of
information storage about the circumference of the drum.
Electrical heads positioned at intervals about the drum pick
up or transfer coded information to or from the drum in much
the same manner as magnetic tape is recorded and read.
Since the drums spin at a very high rate of speed, thousands
of bits of coded information can be recorded or read per
second, allowing the devices to function as part of a high-
speed system.

Random and Serial Storage. Random versus serial storage

concepts become important when discussing the more intricate
storage devices. 1In certaln scientific aprlications the
short loop of stored information of drums is satisfactory,
since information requirement is small in cemparison to the
mathematical computations which would be applied. But in
using storage drums for many business procedures the use of
random access storage 1s necessary.

A random system is one in which the number of items
is relatively constant but each item i1s subject to per-
iodic additions and modifications.

A serial information storing system is one in which

the list of entries is of indefinite length and 1temﬁ
are not subject individually to future modification.

UGlen E. Hagen, "Automatic Information Storage With
Random Access," Automation, 1, August 195L, 66.
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Tape and card systems are readlly adaptable to serial
systems because of their continuous nature, but this very
fact limits thelir use in random access systems. Such a sys-
tem requires direction to a specific location to modify or
acquire information stored there, rather than the contimuous
"tacking on" of information used in serial storage. Serial
storage 18 required for permanent continmuous records but has
its limitations when specific items of information are desired.

One type of random access magnetic memory drum has been
developed by a California firm.5 This drum is of large dia-
meter (approximately four feet) and the reading heads are
air-floating, circumventing the previous engineering lim-
itations of rigidly positioned reading heads which (because
of physical expansion) kept the drum size relatively small.
The head is free to move across the surface of the drum,
locating or entering desired information. Use of several
heads would allow simltaneous access to various items of
information~-a decided advantage where rate of utilization
of one system is slow enough to allow the storage from var-
ious sources. In this way information could be channeled
from one source, through the storage drum, and into the
input of another source.

Delay Lines. Another type of storage medium 1is the

physical delay system. This system uses the characteristics
of impulses passing through a medium (such as quartz crystals

>Tbid, 68.
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or tanks of mercury) which delay the signal and contimally
recirculate or reflect the impulses through methods physically

designed into the system.
Electrostatic Storage. Strictly electronic systems of

storage are also used. One method (used in the IBM 702
business calculator) makes use of electrostatic properties

of a cathode ray tube. Electronic charges are stored upon
the face of the tube in a predetermined pattern. Although
the area available for storage is small (1,000 characters as
compared with 60,000 per drum) access is random and the in-
formation may be directly selected from a particular location.
Therefore these devices are generally used for internal
computer storage while the magnetic drum units are for large
volume external data storage. One disadvantage of using tube
storage 1s that 1f the power fails, stored information is
lost, while this is not true in most of the external systems.
That is precisely why permanent or semi-permanent information
storage uses slower-responding but less vulnerable media;
volatile storage devices belng used generally for temporary
storage only.

Magnetic Core Matrices. A less volatile system, and

yet one which offers random access, i1s the use of magnefic
cores., Small rings of magnetized metal are used to store,
read, and erase information., Two wires of the pattern (one
vertical, one horizontal) are required to magnetize a core,
while a third wire is used to read the stored signal. <YThe

cores are so arranged that several hundred may be placed on
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a surface a few inches square. These core patterns serve
generally as intermediate storage devices 1n large computers
and cushion the rate of information flow from the computer
as it feeds to the less rapid external recording devices.

Other forms of storage include mechanical wire delay
lines and the cycling of impulses through banks of electronic
tubes or through relays. In certain gulded missile designs,
wire~wound delay lines retard information flow in order to
allow feedback damping operations.

Perhaps the most important point to keep in mind while
di;cussing storage concepts is not so mch the exact method
of storage used, but the fact that storage is necessary in

applying automation to most informational systems.

Coding the Information

Codes have been defined as systems of symbols for rep-
resenting information, and the rules for assoclating these
symbols. They serve as the channels for conveying infor-
mation, mich as physical circuitry acts as the channels for
electrical impulses.

There are many types of codes, each one having a specific
purpose. Some of the codes used in the automation of infor-
mation processing will be discussed in this chapter, in order
to consider another preliminary informational aspect before
discussing actual automation applications. Although different
coding systems will be mentioned, the importance of the
coding function is to be emphasized rather than any individual
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code. The industrial engineer (or anyone else applying
automation concepts to business and industry) must be able
to assimilate the informational requirements in whatever
form presented, applying the proper method of application
to the particular situation.

Familiar Coding Systems. Regarding the printed word,

the alphabet comprises the code. Here the characters vary
in size, style, and in other ways to make difficult the |
automatic processing and control of the information they
contain. Louis Braille recognized this when he invented the
Braille code for the blind.6 Instead of raised letters, he
used a pattern of punched holes based on a binary system of
six digits. Using combinations of these six digits in two
colunns, 63 characters were possible, providing for letters,
mumbers, and punctuation., The Morse telegraph code is an-
other example of using mumerical values for alphabet letters
arranged in a coded form. Most of the codes in automation

applications use a variety of thebnumerical arrangements.

The IBM Coding System. The IBM punched cards contain

a code consisting of eight channels (horizontal rows) and

80 columns (vertical rows). Each vertical row is punched to
represent one symbol, hence the possibility of a maximﬁm of
80 symbols per card. This code is also used on punched
paper tape and provides a method of transferring information'

from individual cards onto a continuous strip, without changing

6King, op. cit., 132.
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the code. Because of the associated equipment, IBM punched
card coding is quite versatile.

The Teletype Tape Code. 'Teletype systems have used for

many years a code containing five channels. These five
channels constitute the punched pattern of teletype tape.
This tape has often been referred to as the "common language
vehicle" because of 1ts wide acceptance in the communiéations
field. Although there exist many varieties of the five-
channel code (6, 7, 10, etc., channels) this code has been
adopted in the operation of many business machines and there-
fore is a desirable code from the standpoint of usablity.
Figure 2l is a diagramatic representation of the tape, and
Table X constitutes a five-channel code chart.

Magnetic Tape Code. This code generally includes seven

channels, with each character represented by two or more
magnetized spots. It may be noted in Figure 25 that the
mimber portion of the code represents a pattern of 8-}-2-1.
(1 1s represented by a magnetized spot in the "1" column, 2
by the "2" column, 3 by the "1" and "2" columns, etc.)

This system allows translation into a purely binary notation
(the code used most frequently in digital computers). IMag-
netic tape has the advantage of coding a large volume of in-
formation within a very brief space (see Fig. 25).

The Binary Code. <This code is the one generally least

familiar to those who are not closely assoclated with the
comminications field, and yet it constitutes the basic method

by which digital computers perform their thousands of
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counting operations. Information-handling systems are in-
cluding the computer in an ever-increasing aegree as a basic
unit of automation, and therefore it is imperative that a
basic, if brief, understanding of the pinary system be in-
cluded in the concepts of information availability.

The binary code is actually a very simple mathematical
system using only two digits (0 arnd 1). Such a system is
valuable in wusing equipment in which the only possible
conditions are "on" and "off." Variations of this procedure
would be "yes" or "no", "conducting" or "not conducting',

a positive pulse or negative pulse, etc.

The use of a decimal system tends to increase the com-
plexity of the computing device to a point where it becomes
impractical. A binary system, however, allows the use of
equipment which can make the simplist of decisions (yes or
no). By repeating such decisions very rapidly, a logical
answer 1s obtalned by continuously trying solutions until
the correct one 1s found. Since the system uses only two

symbols, O and 1, the mathematical manipulations are quite

simple:
Digital Binary
1 = 1 Addition: 1 £ 1 = 10
2 = 10 1 0= 1
g = 100
= 1,000 Multiplication: 1 x 1 = 1
16 = 10,000
32 = 100,000 lx0= 0

In other words, the number 101 (binary) would equal

5 (decimal system), or 1 £ |, (deeimal) = 1 £ 100 (binary):
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4069 = 9 x 10° £ 6 x 10} # Iy x 103 (decimal system)

o9 =1 x 22 f0ox2l f1x22f40x23 foxatp1xad

F1x2b f1x2T p1xB f1x29 41 x220 41 x 212 -
10 £ 01 £ 12 £ 03 4 ol £ 325 £ 6’ 41287 4 2568

# 5129 # 102420 ¢ 204,81 = 111111100101 (binary syster)

Converting 1,069 to its binary equivalent:

Highest power of 2 U069 is 211 = 2048 = 100,000,000,000
Highest power of 2 u069-20u3] is 210 =
102 = 10,000,0.0,000
Highest power of 2 Ji069-(2048 # 1024)] 1is
= 512 = 1,000,000,000
Highesg Poyer of 2 [Lo69- (2048 # 102l # 512)]
is 29 = 100,000,000
Highest powef of 2 [h069 (2048 £ 102l £ 512 #
256)t is 2 f 2 ﬂ+ 69-(2048 7 1024 4 512 4 10,000,000
est pow 0 9 0 10 12 ‘
56 # 128)] 18 26 = 1,000,000
Etc. = 25 2 32 = 100,000
Ete. = 22 = | = 100
Ete., = 2° = 1 = 1

111,111,100,101

Figure 26
Converting the Number 4069 Into its Binary Equivalent

Decimal Binary
Add: 1 = 1
L = 100
E = 101

cor: 101 (binary) = 1(4) A 0(2) A L(1) s 4L A0 F£1 =5
Figure 26 presents & more complicated conversion problem.
The relation of the 1-2-,-8 system of the magnetic tape:

code now becomes obvious. Such a code, through proper sensing

devices, can be converted into blinary code for computer use.

(T TN e et o e
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Summary

In order to automatize information, it must exist in a
form feadily available and be contained in a medium easily
usable. Stored Information is the form generally considered
most applicable to automation concepts, and therefore the
concept of information avallability includes the 1deas of
information storage, and also the methods of representing the
stored information--coding.

Various media of external storage include punched cards
(IBM and other syetems), punched tapes (paper and plastic);
photographic storage, and magnetic tape storage.

Internal storage methods (within equipment) include
magnetic memory drums, mercury delay lines, electrostatic
(cathode ray tube) storage, and magnetic core matrix storage.

.Coding techniques include the systems used with IBM
and other punched cards, teletype tape codes (often referred
to as common 1anguage code), magnetic tape codes, and binary
codes.

These various coding and storage techniques emphasize
the importance of understanding the need for availability
of information in the proper arrangement and medium, when

applying these techniques to automatized systems.



CHAPTER VII
THE MACHINES THAT HANDLE INFORMATION

Introduction

In order to automatize any information-handling process,
equipment which can mechanically or electrically handle the
data 1s necessary. This equipﬁent ney vary in complexity
and automaticity from that of a pencil to that of a high-
speed matirx printer, or from a slide rule to an analog
computer.

The problems of adaquately describing the multiplicity
of instruments, devices, and machines are many. Most data-
processing systems use a variety of equipment., Many combin-
ations are possible. In this chapter, the object will be
to discuss equipment as it applies to automation from the
standpoint of automaticity, informational characteristics,
and general functions performed.

Portions of the discussion will center around familiar
general-purpose equipment, more highly speciallzed data-
processing equipment, instruments, and computers. The dis-
cussion on computers (as they apply to sutomation) will
consider both analog and digital computers, and various
methods of conversion between the two.

A further arrangement of informational devices groups

them as performing elther a scientific function or a business-

marufacturing function. Certain devices of the instrument

class tend to be used more in scientific flelds, while

—— e
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other types of speclialized equipment, such as the business
machines, are more applicable to business functions. The
emphaslis upon automaticity and mechanlical handling, however
has tended to intermix the functions and to produce systems

using an assortment of devices.

Familiar General-Purpose Equipment
Most general-purpose information-handling equipment
could be classified as slightly or moderately mechanized.

Machines such as typewriters, cash registers, adding machines,

and the like would be considered in this class. Concerning
their automaticity, Amber would class them as mainly of
Order Ay, or zero automaticity. These machines require both
manmual control and muscular energy for operation. According
to the Leaver and Brown information-energy classification,
these devices would be considered in Class 1lAC', or in other
words, the energy would be immediate-manual; the information
'which is fed in (typed) as also immediate-mamual; and the
stored information (linkages and type) as stored-manual,
patterened. Bright, also, would list such equipment as hand
tools, at Level Two of mechanization.

The next level of automaticity, mechanization, or in-
formation classification would include equipment such as
electric typewriters, electric adding machines, and electric
cash registers. All that has been added is a power drive.
Respectively, the classifications would be: Order Aj,

Class 2AC!', and Level Three or Four. These machines are of

i
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a general-purpose nature, being used for various office work
and general mathematical problems. An electric or electronic
calculator might also be so grouped, and here the classifi-
cation would be the same, except that Bright might list the
device as Level Six (sequential functioning) as part of the
operation. The rest of the operation would remain at Level
Four. Since most general-purpose office equipment machines
have the information fed into them marmually by the operator,
the level of mechanization 1s not very high.

Speclalized Data-Processing Equipment

Under this classification are placed many of the special-
purpbse office or business machines. The various IBM and
other punched card machines could be considered to be in this
catagory. Also included would be line-printers, collators,
tape punches, sorters, tape recorders, magnetic memory drums,
tape-to-card converters, and specialized typewriter-coder
combinations.

Much of this equipment operates at a higher level of
automaticity than the general-purpose machines. For example,
the IBM and Remington Rand punched card sorters operate on
the same levels of automaticity and mechanization as the
average transfer machine. Since they are programmed to
perform a particular function, they would be classified as
Order A3. But since their inherent purpose is generally to
measure characteristics, they would be classified to include

both Levels Six and Ten. They exceed the capacities of the

Ll ot o —— e o
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transfer machine in the fact that they utilize external
programing, allowing greater flexibility of performance.
Certain equipment such as Teletype machines and Flexo-
writers may operate by remote control, receiving coded infor-
mation from some distant source. In this case, Level Seven

could be added to Levels Six, Nine, Ten, and kleven (accord- -

b

ing to Bright's classification). At other times when used

as an electric typewriter, the mechanization level would i

ie
i

fall to four (power tool, hand controlled) and the order of
automaticity to A (power drive, mamual feed).

It is interesting to note that usually the first plece
of equipment to be used in an information-handling process
is not very automatic. This machine may be a standard or
electric typewriter, containing orders of automaticity of
Ap or Al, or a manually operated card- or tape-punching
machine, Order A2. Subsequent equipment which use punched
cards as input are of the Order A3, which would be considered
quite autoﬁatic in the machline-tool and fabricating industries.

Where the "original" information is obtained in a form
compatible with automatic recording, then higher levels of
sutomaticity may be applied. In the scientific fields,
perhaps, greater opportunity for these applications are
found, and it 1s in these areas that business machine proced-
ures and scientific instruments combine to give a more highly
mechanized system. (Conversely, scientific instruments could
logically be used to measure some of the business functions

now performed mamally.) One example is in the recording
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of wind-tunnel data. Some installations record electrical
impulses from wind-tunnel experiments directly on punched
cards, which in turn may be automatically processed.1 The
use of sensing and tranglating instruments are of course

necessary to convey information in the desired code to the

card-punching machines.

Instruments

Introduction. In order to obtain nonmamial-immediate

or stored information in the "original" form, devices are
required which may sense the information as it occurs (or
becomes observable, in the case of nonmanual-stored infor-
mation). These devices are known as instruments, and may
vary in complexity from the common thermometer to complex
analog recording and translating instruments.

The term "instruments" has generally been applied to
those devices of a scientific observing, testing, measuring,
or data-originating nature, as opposed to equipment used for
processing information. Such a classification has 1ts weak-
nesses, since instruments also convert data from one form
to another. Instruments are no longer used solely for sci-
entific or engineering purposes. They are now frequently
incorporated into manufacturing and business data-processing
systems. However, those devices which have been so classed

will be the ones discussed here.

IFrom.information supplied by Consolidated lLngineering
Corp., Pasadena, California.
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Instruments may consist of components or completely
autonomous systems. They can cerform primary information-
collecting and storage functions, or translating, amplify-
ing, and sorting functions; hence the difficulty of applying
a specific classification system. In thelr application to
automation, however, they can best be sescribed by starting
with initial functions and considering them in the light of
automaticity and informational functions. Also may be ob-
served the concept of analogy, which becomes increasingly
important as the devices become more complex.

The Analog Function. Webster defines an analogy as

"resemblance of relations; agreement or likeness between
things in some circumstances or effects, when the things are
otherwise different." An analogue (analog) is that which
18 analogous to, or corresponds with, some other thing. It
is In the similarities of instruments and the physical
phenomena which they measure, that allow these measurements.
As instruments become more complex, the analogies be-
come more subtle, more involved, until it generaily is
necessary to transfer some of the information carried into
digital forms. In a simple thermometer, the analogy consists
of relating change in temperature with a proportionate expan-
sion or contraction of a liquid, which in turn is measured
.against a linear scale. In more involved situations, the
analogies "pile up" until the inaccuracies resulting at
each successive stage combine, as in Babbage's machine

(page 3), to effect a practical limit.
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Simple Instruments. Such devices as thermometers, bafomr

eters, and non-recording indicators of physical phenomena
constitute this type of instrument. The level of mechaniza-
tion is non-existent, and cannot be measured by Bright's
classification, unless Level Nine (measurement of a character-
istic) is éonsidered. An order of automaticity A3 might be
appropriate, since the device functions automatically accord-
ing to a "program" of a sort. But since "nothing happens",
i.e., there is no end result, no solution, the classification
is not entirely appropriate. A better indication is given

by the information-energy classification system, which in-
dicates that the information observed is immediate-mamial

and the device contains pattern-type stored information in
its operational design. Since there is little, if any,

energy involved, the classification would be (BC'). Paren-
theses indicate collation of stored and immediate information.
Leaver and Brown avoided this problem by classifying as de-
vices only items whose usefulness existed in their movement.

Simple Recording Instruments. Recording instruments

are one step advanced in mechanization from the simple indi-
cating instruments--they are powered and record their output.
Such devices as recording thermometers and recording barom-
eters are typical. With recording devices, the observing
Instruments become Ay devices. They use a combined pattern-
sequence program, power operation (for the recording system),
and the information is supplied automatically by nonmanual

means. Thelir information-energy classification would then

D RS S S —



133

be 2(BC'). The interesting observation that in commn-

ications systems "the idea which a message conveys 1s also

a mossage" 1s also appropriate in this type of instrument.

Here the informational fuhctions are two in nature: the

information stored or supplied to the mechanism, causing it

to function in a desired manner, and the product of oper- .

ation--the information being handled. #

‘Transducers. These devices are instruments which sense I
physical phenomena and translate them into measurable sig- l
nals, usually in electrical form. They differ from record-

ing devices in that the information 1s converted directly

to a form usable by the next instrument stage. Such instru-

ments as electrical strain gages, electrically operated

pressure pickups, thermocouples, certain types of gyros, and

torquemeters are typical of this group. Scanning by photo-

cells might logically enter into this classification. Timers

and counters fit intermediately between this group and that

of recording instruments. Information would again be of the

class (BC'), and power function negligible. Automaticity by

Amber's classification would indicate a level of nine or ten.

Intermediate Recording Instruments. These devices are

supplied with data from a transducer or some other form of
pickup, and recofd-the data in one form or another. ixamples
would be the tape recorder, recording oscillograph, tele-
metering equipment (a remote form of recording), and the
various types of automatic plotting boards. Since these are

mechanized devices, they may be classified as Order Aj;
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Levels Six, Seven, might, and tleven; and information-energy
Class 2(BC').

Such equipment is often self-actuated by introduction
of input information. I[quipment such as the tape recorder
would be considered intermediate, since the information
(stored on magnetized tape) is usually conveyed to some other
medium such as punched cards, or goes through further pro-
cessing, such as analysis, amplification, reduction, etc.
Information stored on records by plotters or recording
oscillographs may be in a final state, and here the record-
ing instrument acts as a final output device.

Converting Instruments. These intermedlate instruments

amplify, control, segregate, monitor, and transform the infor-
mation carried, in one manner or another. glectronic amp-
lifiers fit this classification. These devices would also

be 43, 2(BC') devices. Converting equipment of the analog-
digital nature will be discussed under the computer concepts.,

Higher Classifications. Although some overlapping

exists, instruments may generally be considered according to
the above classifications. Devices containing a higher ex-
tent of automaticity (feedback and automatic control) exist,
but these devices generally include as components the instru-
ments mentioned. Here the information handled might be con-
sidered feedback information, Class b, but the transducers,
converters, and recorders function in a manner similar to

those using natural physical phenomena. Higher classes of

1 c—————— s — gy
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instruments such as the computers and guided missiles obtain
their higher levels of automaticity and control by combining

functions of the simpler instruments.

The Use of Computers in Processing Information

Introduction. Both instruments and special-purpose

data-handling equipment reach a point of complexity in thelr
development where simple storage or conversion of inrogmation
is no longer adaquate. Then the considerations of calculat-
ing, computing,'and controlling-~the introduction of logical
choices--becomes imperative.

Machines which perform such functions have been given
the name of computers. (Many of them are designed for this
specific purpose--computing.) But their capabilities are
not generally limited to this function. Louis N. Ridenour
proposes that these devices be called "information machines",
which would be quite appropriate in this discussion.l

Computers are classified as digital (rmumerical in oper-
ation) or analog (solution by comparison). These devices
are generally combinations of lesser information-handling
devices. Although they differ in method of operation and in
results obtained, both digital and analog computers may be
related through the use of analog-digital converting devices,
to obtain the particular advantages of each system.

.Many excellent papers have been written describing the

operation, construction, and design details of the various

ILouis N. Ridenour, "The Role of the Computer," Scientific

American, 187, September 1952, 116.

»
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computers, and similar effort will not be duplicated here.
This presentation will consider computers in the light of
automaticity and informational functions, as have discussions
on the various other topics throughout the thesis. 1In
Chapter VIII the various contributions of the computer to
automation will be brought together with other concepts pre- .
sented throughout .the thesis, to illustrate applications of

the computer in sutomation systems.

The Analog Computer. Analog computers are the loglcal

extension of the intermediate forms of analog measuring ins-
truments. Here, however, the device is usually composed of
several units, each one performing a particular mathematical
function. Some‘of these computers are designed to perform
computations for a variety of inputs, having the same basic
qualities but differing in overall application. Others are
adaptable to the use of exchangeable components, plugging in
or out the particular elements as desired.

Anglog computers may be either electrical or mechanical.
The electrical computer utilizes the similarity of electronic
circuits to the measured system, converting input data into
the desired solution. An example is the network analyzer
used by power companies to simulate complex electrical power
systems.,

The mechanical computer generally includes mechanisms
to simlate addition, subtraction, multiplication, integra-
tion, or the generation of trigonometric functions; various

devices being combined as required by the particular problem.
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A device used to continuously sum (integrate) varying
input data 1is illustrated in Figure 27.2 Here a rotating
disc, shaft, and two intermediate balls, continuously sum

the input rate from the disc shaft.

Figure 27

Ball and Disc Integrating Device

A varying fluid flow measurement would be an example of
use for the ball and disc integrator. The fluid flow would
represent input to the disc shaft (dx); location of the balls
from the center of the disc (the second adjustment, y) might
represent a second factor, such as concentration of a sub-
atance in the flow. The total integration at any time would
be determined by the sum of the disc revolutions and the

2Alvin Piatt, "Computing Mechanisms Integrate Process
Control Elements,”" Automation, 2, June 1955, 61.
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ball location (y), which in turn would vary with the concen-
tration of the substance in the fluid. Of course, the suit-
able transducers would be required to furnish the input data
to position the computer elements.

Other devices of the analog computer would include rack-
and-pinions, variable potentiometers, etec. The complete
computer would equal the sum of all the various analog de-
vices used to solve the problem, and need be no more complex
than the problem requires. |

Because of their ability to work with mathematical
functions, these computers have been used extensively in the
fields of chemical and petroleum process control. The com-
puters are integrated into the system, each analog device
performing a particular measuring, computing, or regulating
function. As such, their order of automaticity varies from
A3 to A).

According to Bright's classification, levels of mechan-
ization of the analog computer penetrate that region in which
the device responds with action. This would‘correspond to
Levels 15 and 16. In the more complex guided missiles (for
example, the Nike I or the Terrier), Level 17, "Anticipating
required performance and adjusting accordingly" might be
applicable.

The information fed into analog computers is usually
immediate~nonmamuial, being supplied from some transducing
device. It may have been recorded on magnetic tape, however,

and in this case would be of the stored-nonmamual variety.

‘u B A 4 -t ——tn .'
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These mathematical machines generally accept information in
the form of voltage, angular position, or frequency and time
inputs. This information is usually transferred immediately
through the series of 1links, discs, cylinders, and other
mechanisms in the machine, and connot be described as becom-
ing stored information while in the computer.

Concerning the operation of the computer itself, the
use of mechanical or electrical elements forms a pattern-
sequence combination of stored information. The energy is
nonmarmal, and is usually of negligible value, acting only
as the carrier of the information. Classifying analog com-
puters by information-energy concepts, they would vary from
2(BC') to 2(bD"). Other classifications are possible, de-
pending upon particular system features.

To avoid placing too much emphasis upon a particular
classification, the 1mportaﬁt points to keep in mind from
'the viewpoint of the industrial engineer are perhaps those
of the functions to be performed, and the levels of complex-
ity possible with this type of computer. These have been
sumarized by Alvin Piatt, of Librﬁscope, Inc., manufacturers

of analog equi.pment;:-3

1. Complexity of the computation.

2. Character of the inputs and the outputs--whether
they are electrical, mechanical, pressure, or
force, and what scale factors can be used.

Accuracy required.

Required speed of response of the system.

Power avallable.

Environmental conditions.

o= w

3ptatt, op. cit., 6l.

™ e———
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Digital Computers. The digital computer is related to

the-special-purpose business machines in the same manner as
the analog computer 1s to analog instruments. It 1s a con-
timuation of digital data processing at the computing, con-
trolling, and logic levels.

In comparing the usage of the two, digital computers
are used in extremely complex computations which will tol-
‘erate only very small errors, but do not re&uire contimuous
output. Analog computers are generally specified when the
computation problems are not complex enough or the accuracy
requirements are not severe enough to economically justify
digital computer use.

Digital computers are composed of five basic unifs.
(In fact, the first computers were combinations of these
separate units, hooked together into one system.) These
systems consist of:

l. Input devices.
2. Output devices.
3. Storage devices.
4. Arithmetic unit.
5. Control center.

Input devices transfer the information to the computer
from some external storage media, such as punched cards or
magﬁetic tapes. Most of the computers in operation today
are designed to handle one or both of these media at input
and output.

The information is then fed to an internal storage de-

vice, such as magnetic drums, cathode ray tubes, or magnetic

cores. These devices give more rapid access to the information,
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since they are usually of the random access variety of stor-

age device, while tape and cards constitute serial storage.
Computations are performed by the arithmetic unit,

which is controlled by the control center. These computations

are fed into output devices, which transfer the information

onto external storage media (cards or tape), completing the

computer function (see Fig. 28).

Control
_ —~ — Center I~ __
— - /77 \\ - ~
y o L S S~
Input Device Internal Arithmetic Output Device

(magnetic tape Storage - Unit (magnetic tape
or punched kmagnetic or punched
card reader) T > drums, cores,| [ "~ "[Teard printers)

electronic

tubes, etc.)

9 *
Data Processing Data Proc;ssing
Machines Machines

Figure 28
Components of a Digital Computer System

Information is generally fed into the computer in the
form of seven-column magnetic ‘tape ¢ode, or eight-column IBM
code. In these codes, four magnetic tape or six IBM columné
are data-handlinh and sthree tape or two IBM columhé are coded
instructions (programs) for machine operation. The coded
input media is usually prepared on electric typewriter-coders
or IBM card-punching equipment. A sample problem, as prepared
for General Electric's ORAC computer, is presented in Figure 29.



In the equation--
y=3x2/5x /2= BxAslxf2

find y for all values of x between 1 and 1000 in steps of one.

Address DNumber

12

The following inforiation is stored at addresses In the
computer!s memory--a rotating magnetic drum:

Operation Address

Instruction Address -

operation 1.

0000 x=1 1l 1201 21 0000
0001 999 2 1202 2l 0003
0002 1 3 1203 22 oool
0003 3 L 120l 2l 0000
000l 5 5 1205 22 0005
0005 2 6 1206 12 0006
0006 y 7 1207 31 0006

8 1208 21 0001

- Key to Instructions

9 1209 23 0000
21 = put into accurmlator
22 = add 10 1210 30 1215
23 = subtract
24 = mltiply ) 11 1211 21 0000
30 = choice (see further)
31 = read to tape 12 1212 22 0002
32 = go back to _
12 = write into memory 13 1213 12 0000
34 = stop and ring bell

1 121y 32 1201

15 1215 3L 0000

By turning a kncb and pushin; buttons on ORAC's front
panel, the operator tells it to go to address 1201 and perform

It automatically proceeds from there to operat-

ion 2,3,4, and sc on, performing the operations as follows--

Operaticn Number

Operation

Eowon M

O 0 o~ o\

=

Result:

(999-x)

"Bring what is at at address 0000 into the accummlator."
At this address the number 1 is stored. (x = 1)
"Multiply the number in the accumulator by 3."
Result: 3x = 3
"Add to what is in the accumulatcr, the mumber at 0004."
Result: 3x £ 5 =38
"Multiply result of operation three by value at 0000."
Result: (3x /A S)x = 8
"Add what 1s in 0005." Result: (3x £ 5)x £ 2= 10
"Put answer at address 0006 on the magnetic drum."
"Record answer on magnetic tape for future printing."
"Put into accumulator the number at address 0001."
"Subtract x from that number."
"Meke a choice . . . i1f (999-x) is positive or zero, con-

y

tinue with operations 11, 12, and so on; oth:erwise perform

Figure 29

How the Digital Computer Solves a Problem

operation 15, ringing bell to indicate problem is finished."
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"Put x into accumulator."

"Add 1, giving (x £ 1), the new value of x."

"Reccrd this at address 000, making the new value of x
available fcr calculating y."

"Go back to operation 1 at address 1201."

From here on, the computer repeats steps 1 through 1l

until x reaches 1000. Then operation 10 stops the calculation
and rings bell to signal operator his instructions have
been carried out.

Figure 29 (continued)u
How the Digital Computer Solves a Problem

The digital computer 1s both controlled by and performs
operations on stored information (in the form of the combined
program and information data of the input media). AmBer

would consider such a device as Ag order of automaticity,

‘and the energy-information classification would correspond to

2(bC") or 2(bD")--immediaté-nonmanual power with stored, man-
ual or nonmamual programmed information, combined with feed-
back information. Bright would probably consider the com-
puter to be of Level 17, combined with several of the lower
levels. Measured by any of the classifications used here,
the digital computer far exceeds the levels of automaticity
of any individual pilece of data-processing equipment.

YCnarles R. Wayne, "Digital Data Processing--A Key to
Technical Progress,' General Electric Review, 56,
July 1953, 12.
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Analog-Digital Converters. These devices convert an-

alog data--elither in the form of mathematical analogies or
electrical comparisons--into digital codes. Some of these
devices utilize mechanical drum counting arrangements with
commitating or other physical interrupting devices. Other
- systems use completely electronic conversion systems. Com-
plexity of the system varies with the input and output
parameters involved.

The advantages of such devices 1s obvious--if infor-
mation of the "original" form can be sensed, measured by
analogous methods, and directly converted into digital media,
then a completely automatic data-processing system could be
evolved. The key to the solution of integrating mamufactur-
ing and data-processing systems lies in this link between
analog computers--adaptable to many types of production
equipment--and the digital processing equipment, which can

process most data-handling functions.

Summary

The machines that handle information can be grouped in
the catagories of general-purpose equipment, specialized
data-processing equipment, instruments, and computers. Such
equipment can also be considered as performing scientific-
englneering functions, or business-manufacturing functions,
although emphasis upon automation has tended to mix the uses
of these devices.

Machines such as the office standard and electric type-

writers constitute that group of machines known as general-
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purpose equipment. The levels of automaticity of these items
is quite low.

Special-function office equipment generally process
information at a higher level of mechanization or automaticity.
Many of these devices are program-controlled. Examples are
the punched-card sorters or Flexowriters.

Considering the scientific devices, most instruments
come under this classification. These devices function on
the principle of analogies between the measured phenomena and
the measuring device. Instruments may vary in complexity
from the simple devices, through transducers, simple and
intermediate recording devices, converting instruments. and
higher types of analog devices verging on computers and
containing a high leével of automaticity.

Computers perform the functions of information-handling
and data-processing of the lesser specialized equipment
instruments to greater degrees of complexity. Analog com-
puters deal with mathematical analogies, while digital com-
puters handle digital (generally binary) coded information.
Levels of automaticity of these systems are quite high, com-
pared with those of the lesser instruments and office equipment.

Devices which convert analog information media into
digital media allow the processing by digital means, the in-
formation sensed and transduced by the analog instruments.
Such devices form a 1link to the further development of

integrated data-processing systems.



CHAPTER VIII
APPLYING AUTOMATION CONCEPTS TO INFORMATION PROCESSING

Introduction

In previous chapters the discussion centered about the
primary informational aspects of automation--information,
its availability, and the machines that handle information.
In this chapter, methods of combining these various aspects
into useable systems will be discussed.

The areas of information processing are three in nature--
information systems related to production; those concerned
"with scientific data reduction; and "integrated data pro-
cessing," or the automatized processing of paperwork. These
systems tend to overlap and merge, much as the functions of
the eqﬁipment and instruments which make up the systems tend
to be useful in varied situations. In order to discuss these
various 1deas, however, such a basic arrangement is conven-
lent. From it, variations, extensions, and combinations
might be considered.

Most of the 1deas as proposed for the "automatic factory"
consist of informational and overall controi systems for
mass production, which do not actually exist at the present
time. There are, however, systems of production which in-
corporate many of the anticipated features of the automatic
factory. These are generally found in the fluid processing
industries. Here automaticity and control concentrate on

the information functions. Since information has of itself
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many of the properties of fluidity (when conveyed by the
proper media), it would be logical to begin the discussion
with these systems. The progression would then lead to the
discussion of scientific data reduction. Here the object is
more rapid, accurate informational records of scientific
experiments. The final steps would be the integrated pro-
cessing of the data in these records and other paperwork,
which in turn control the organized activities of the
production facility. ,

Automation in the Process Industries

Introduction. Much of the automatized fﬁnctions of the

petroleum and other liquid flow industries deal with the
handling of information. The individual process flows are
controlled by automatic feedback devices. Analog-type
instruments constantly monitor pressures, temperatures, etc.,
feeding the information to a control mechanism which adjusts
the system to maintain a state of steady flow. As such, the
devices would constitute an Ay order of automaticity. These
instruments are not capable of correcting for major disturb-
ances, however. They are able to adjust a flow, but when
observed conditions exceed their capacity for correction,

an additional control system is required.

The Central Control System. Automaticity has not yet

reached the stage in these processes where overall control
1s completely mechanized. The human operator is still re-
quired. It is up to him to interpret major disturbances and

dispatch aid 1if necessary. In order to do so, he is provided
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with automatic sensing, indicating, and signalling devices.
These generally consist of a graphical panel board (includ-
ing the indicating instruments), annuneciators, and automatic
scanning devices, usually coupled with recording systems. It
is the scanning and recording devices which concern us here.

Processing the Data. The scanning device 1s programmed

to periodically sample the indications of the various instru-
ments, and to report through recorders any irregular occur-
rences (as well as to signal these facts to the operator).
Since the steady state of the flow 1s of little importance

as long as it remains as programmed, only disturbances and
information for accounting purposes are recorded. These data
are processed according to the system indicated in Figure 30.
Information 1s fed through analog-to-digital converters and
thence to a code translator and readout control (actually a
simple form of digital computer). Thé information is then
fed to card punches or printers, or to computers for further
computation.

This method of data processing indicates the automation
pattern for all production systems requiring such processing:
measurement of phenomena (through analog devices); indication
and selection (scanning); conversion of information to digital
form; interpreting or computing; and recording, either in
coded or printed r9nm. The actual control of an automatic
factory would be mhch more complex because of the production
of units containing form, shape, and size, but the starting
point would be with the more fluid components of production--

Information.
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Scientific Data Reduction
Introduction. Scientific experiments and engineering

tests have traditionally provided a means of obtaining know-
ledge in many fields, or in the better understanding of common
ocourrences. Early.experiments were based upon the obser-
vations as seen by the experimenter. Eventually instruments
of the analog variety became the sensing devices, indlcating
in some scale understandable to the observer. As the exper-
iments became moré complex, recording instruments became im-
portant, relieving the experimenter of some of the routine
duties and allowing him to concentrate upon the experiment
itself. Recording and computing devices have now evolved to
fhe point of automaticity of computations and mechanized
data conversion.

Basic Methods of Data-Reduction. Seismic studies,

gulded missile testing and development, atmospheric studies,
and other complicated experiments now use a wide variety of
data-handling systems. Most of the systems follow the order
outlined in the section discussing the process-flow industries.
But in this type of data-handling, control of the system
originating the signals 1s not as important as the measure-
ment and recording of_the irregularities as they occur. The
immediate purpose of scientific experiments is to observe,

not to control (although the scientist does attempt to con-
trol or eliminate undesirable factors in the experiment.) A
progression of methods for solving the data processing problems

has evolved from a system using little automaticity, to one
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Evolution of Scientific Data-Reductlion Systems
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that is quite automatic. Figure 31 illustrates this
progression.1

Here a gradual transition from the use of stored analog
records to direct analog-digital conversion and thence to
digital recording may be observed. The rate of transcribing
from stored analog to digital media 1s fairly slow, and more
rapid systems are desired. In the final stage in which a
digiteal transducer is used, actual digital measurement of the
phenomena occurs. Devices such as the mass-spectrometer
actually measure the mumerical contents of a system, giving
an output in digital code. This allows more rapid process-
ing by digital methods. |

- In scientific data analyzing as in process control data

analysis, the primary information desired is that which 1is
abnormal. Steady state information, once the fact has been
determined, no longer is of value, the engineer being inter-
ested in irregularities. In order to check for worthwhile
information before converting or processing further, a re-
cording oscilllograph record of all measured phenomena may‘be
observed and the desired data culled for further processing.

Miltiplexing. In order to record simultaneously infor-

mation from several sources, or the measurement of various
parameters, an arrangement for sharing the recording medium
has been @evised. This is called mltiplexing, and makes

better use of existing equipment, both in scientific and
other applications.

lp. K. williams and M. L. Klein, "Survey of Integrated
Data Conversion Systems," Instruments & Automation, 27,
September 195, 11160.
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Multiplexing may exist in several forms: space division,
frequency division, or time division.2 Space sharing con-
sists of the storing of information on different parallel
tracks of the recording medium--usually magnetic tape. Fre-
quency division utilizes several modulated frequencles on one
track, and time division utilizes a commtated sharing of the
same track. These methods are often used in seismic explor-
ations for the various information desired, or in the tele-
metering of internal responses of a guided missile during
experimental tests.

The Antomaticitx.gg Scientific Data Reduction. Now that

the systems have been discussed, the automaticity of these
systems may be considered. In most, there are large gaps
consgisting of time delays, mammual transfers, and partial re-
duction of the data by manual methods. As a complete systen,
mechanization may drop to Level One, and may soar as high as
Level 15. But is a high level for all functions feasable or
even desirable? Economic factors may prevent automatizing
certain functions which are of a very low level. Certainly
the input (or sensing) function should be automatic, but what
about the output and following operations? Here the question
that is basic to all automatic systems occurs: Should manage-
ment decisions be automatized? Herein lies a fertile fleld
for investigation which has barely been scratched. Such a

system would be extremely complicated, and will be a long
time beling developed, if at all.

L. L. Fisher, "Magnetic Tapes Are Versatile," Automation,
2, July 1955, 105.




154

Integrated Data Processing
Introduction. With the increase in automaticity of man-

ufacturing operations, the paperwork which preceeds, paral-
lels, and follows up the manufacturing cycle mst also be
mechanized, or the overall manufacturing system would tend
to become snarled and bogged down. In an attempt to auto-
matize the information-handling of office procedures, a tech-
nique known as integrated data processing has been developed.
This system integrates repetative data-handling functions
and increases the fluidity of informational procedures.

Integrated data proceésing is a plan for mechanizing
the handling of business paperwork. Its basie rules for
achieving this mechanization are two:3

1. Record data at the point of origin on office machines
which create punched tapes or cards as the automatic
by-product of the recording operation.

2. Process original and subsequent data on office machines
which read and punch tapes or cards, so that all data
are self-perpetuating.

Integrated data processing points up the reasons why
industrial engineers are interested in automation. It uses
work simplification procedures and methods improvement to
eliminate steps by combining them, and consequently simplify-
ing the procedure. With such improvements, the processing

of information is more accurately accomplished and completed

in a shorter time period.

3p. B. Garrott, "Integrated Data Processing Brings
Automation to Paperwork," Automation, 2, January 1955, 39.
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The Common Language Vehicle. In Chapter VI, punched

paper tapes were discussed under the subjects of information
storage and coding devices. Here the punched tape is applied
to create a contimuial flow to the concept of information
handling.

With the punched tapes, equipment is required which can
handle the coding and repetitive processing functions, and
specialized office equipment plays an important role. The
central machine 1s the device used to originally encode the
material on tape. Simpler systems, where corresponding con-
ventional business forms are not important, make use of the
teletype machine. But more complicated systems require a
machine that can both punch the desired tape, and create a
corresponding paper form at the same time.

The Flexowriter, a typewriter with built-in tape punch
and reader, is one such system used. Another 1s the IBM
electric typewriter, coupled with a tape punch attachment.
The tape which results i1s processed through the various office
machines designed to handle punched tape as a by-product.
Figure 32 1llustrates this procedure.

The Use of Business Forms. Mich of the information

placed on standard business forms is repetitive. In the
process of copying this information from one form to another,
errors of recording invariably occur. To eliminate this,
punched tape is used as the transferring agent. When a form
is typed, information common to the entire procedure or sev-

eral parts of it, is automatically entered on the by-product
tape.
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Data Office Recordi Comminication
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Figure 32

Equipment Used in Integrated Data Processing

The forms are used for their originally designed pur-
pose, such as invoices, requisitions, etc. The punched tape,
however, is sent on to the next stage of paperwork, where
information common to the original form 1s prepared in ad-
dition to the original data. In this case, the o0ld tape
reproduces the original data on the required business form,
positioning thé machine so that the new data may be typed in
mamially. At the same time, a new by-produét tape is punched.
Once the information is recorded upon the second tape, the
original partial tape is usually destroyed. But if it can
be used in some other function, such as accounting or record
control, it is transferred to thlis department and used,
stored, or destroyed according to the requifements of the

system. Colored tapes make the ldentification of its origin
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simple, and various storage methods have been developed.

Flow of information is rigidly controlled in an inte-
grated data processing system and careful design of the sys-
tem 1s necessary. Here the tools of the industrial engineer--
procedure charts and flow diagrams--are helpful. The design
of the typing form must be carefully planned in order to fit
the requirements of code, machines, and system. When these
features have been carefully considered, though, the use of
the integrated data processing system is relatively simple.

Examples of Application. Integrated data processing

may be used either within the office, between office and
plant, or in linking the information-handling functions of
several plants. A system devised by the management engin-
eering department of E.I. DaPont de Nemours Company utilizes
teletype machines to integrate batch-scheduling and customer
ordering, billing, and involce systems in their die mamufac-
turing plant.u This has resulted in the reduction of pro-
cessing time by eliminating many manmual references to formulas
and past records.

In the Detroit area, indications of use of integrated
systems by the decentralized automobile plants are apparent.
Here the tying together of physically separated facilities
is the important factor. (See psrsonal interview, appendix.)

The Alcoa Aluminum Company uses these methods to inte-

grate their production paperwork with office procedures, and

uHugh A, Bogle, E. I. DuPont de Nemours Co., oral com-
mnication. -
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at Chrysler Corporation, embossed metal plates for car body

identification are completed in the shop by integrated methods.s

Using the Computer With Integrated Data Processing.

Most of the data processing methods may be handled on the
specialized office equipment mentioned above. But certain
functions, such as production control, scheduling, etc.,
which require computation, could include computer techniques
in the system. Scientific data reduction, once it has been
converted from analog to digital code, often uses digital
computers and integrated processing equipment. Thus inte-
grated data processing ties together the more widely separated
informational aspects of automation through the link of
the computer. |

Figure 33 i1llustrates a Remington Rand file-computer
system which performs scheduling and other planning oper-
ations. This system is used by the General Electrie Company
at their Louisville, Ky., plant for applications in the areas
of payroll, materials scheduling and inventory control,
order serving and billing, and cost accounting.6

The computer has been used in the insurance business
and other organizations handling a great amount of stored
data. Storage of information has been reduced in bulk

drastically by using magnetic tapes as the storage media.

5p. B. Garrott, "Tyi Paperwork‘to Production,"
Automation, 2, July 1955,n§u.

6w. W. Smith, "Impact of the Computer on Methods,"
Automation, 2, May 1955, 107.
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Conclusion. Integrated data processing in 1ts various

forms has alded greatly in the mechanization of information.
The automaticity of the system has not been increased to a
high level, but mechanization has been made more uniform.
Here again the end-point of the system--the final output
and use of information--is not automatized, and indicates
the continuing importance of management in the decision-

making functions.

Sumary

Information processing can be divided into three areas:
production, scientific data reduction, and integrated pro-
cessing of the office paper work. Although the fields over-
lap, these three topics offer a convenient method of dis-
cussing the subject.

The process flow industries offer an example of auto-
matized information handling. The usual mamfacturing sit-
uvation differs from chemical processing, but automation of
information will probably be effected in a similar manner.

Analog devices, which sense and control the flow, also
feed the information to a central control panel, where it is
scanned, irregularities noted, and proper corrections made.
The information-handling varlies from an instrument reading
to the use of analog-digital converters, computers, and
mechanized output coding, printing, and computing systems.

Seientific data reduction systems have developed through

a chain of analog-sensed to digital-recorded data systems,






161

using intermediate indicating, recording, and converting
devices. Optimum arrangements being developed use direct
sensing-to-digital conversion, eliminating the slower inter-
mediate steps.

Multiplexing systems of several types allow the sharing
of data flow channels and conversion systems. This allows
measurements of various parameters to be recorded simltan-
eously, and to be analyzed separately under more convenient
conditions.

Integrated data processing systems originate office
paperwork semi-automatically and mechanize the intermediate
data-handling functions. Using typewriter-coders for orig-
inal form preparation, by-product punched tapes or cards are
produced, allowing the flow of information common to the
complete procedure to be duplicated upon each succeésive form
automatically. Information which applies only to a partic—.
ular form and/or succeeding forms is then mamually typed in,
and a new tape is cut. Flexowriters, IBM typewriter-tape |
combinations, or teletype machines may be used in the system.

The system may be used in linking office and plant data-
handling functions, the data systems of several plants, or
in integrating intra-office paperwork>procedures.

By using computers with these systems, both scientific
data reduction and production data.analysis may be inte-
grated into the system, as well as the fiie-storage functions

of insurance or similar large-volume paperwork institutions,
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In most of these systems, automaticity of various com-
ponents 1s not very high, but by integrating the entire
system, mechanization has been made more uniform. The com-
puter, of course, constitites the highest level of automa-
ticity of the system, while probably the input devices (by
typewriter or hand) are still the least automatic.



CHAFPTER IX
RELATING INFORMATION SYSTEMS TO THE PRODUCTION FACILITY

Introduction

Throughout the thesis, the topics discussed have been
related to each other by a process of integration--the sum-
ming of interfelationships, similarities and functions. In
the discussion of controlling an overall production facility
(the automatic factory), an integration of the second degree
is necessary--combination of the many automation aspects
into an operating whole.

Much of the current preoccupation with the automatic
factory 1s mere speculation., Only a few of the many mamufac-
turing systems approach complete automaticity, and those
which do are similar to the petroleum or other contimious
flow probess industries mentioned in Chapter VIII. This
speculation 15 worthwhile, however, if it can lead to a
more desirable phase of automatic mamufacturing.

In this final chapter, concepts of the automatic fac-
tory will be discussed. The component automation systems
necessary, the overall system of operation, and the current
environmental conditions--social, economic, and technical--

as they apply to the automatic factory, will be discussed.

Integrating Component Automation Functions
If the automatic factory 1s to be considered as being
composed of several lesser automation functions, then the

various component systems should be discussed in the light
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of their relationship to the overall plan. Therefore, a
summary of the previously-mentioned approaches in this
respect 1s appropriate.

In the earllier chapters, the controversies or conflict-
ing functions of the transfer machines versus the general-
purpose automatic machines were mentioned as an introduction
to the formal classification of these approaches. It was
pointed out that both types of equipment played a part in
automation systems, and that the use of one or the other
depended upon several factors, such as tne degree of auto-
maticity required, the producv and process flexibility neces-
sary, and certain technical considerations. In the auto-
matic factory, also, a great deal will depend upon what the
factory 1s designed to do~-whether its products will be rel-
atively rigid in design or adaptable to radical change.

In all probability, the automatic factory will contain
both the transfer equipment and the general-purpose equip-
ment in its design. The mass-production type of factory,
with lower automaticity level and unvarying products, will
be used where simplicity is the basic operational require-
ment; here design change is not too important. The general-
purpose machine concept will be incorporated into automatic
factories producing a variety of similar products.

It 1s difficult to say which will come first, but some
forms of each approach will be used. The use of general-
purpose factories--since they will have to be more complex--~

ordinarily would require a longer time period to develop,
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but under certain economic or political situations (in time
of war, etc.) concentrated effort might first produce this
as the most desirable factory arrangement.

The modular design concept is an important feature of
the automatic factory. The Project Tinkertoy developments
11lustrated that flexibility could be achieved through the
use of modular components. Here a combination of special-
purpose machines handling a modular component become, in
effect, a 1limited form of general-purpose equipment.

Assembly has always been a stumbling block in automa-
tizing production processes. Because parts are designed for
mamial assembly, applying automation has required redesign-
ing of the workplece, assembly procedures, or both. The
modular concept is applicable here also, and will aid in
integrating the other mamufacturing functions.

Technical computations and many of the empirical design
decisions of the engineering staff, as well as scientifiec
data reduction, will be completed automatically and directly--
mich in the manner in which the mass-spectrometer senses and
transduces its observations directly into digital form.

Paperwork has imposed an increasing burden upon the
operation of factories, and the use of integrated data pro-
cessing systems in the factory has helped to automatize
this function., Since tne paper is simply a physical carrier
of the information being stored or processed, the linking of
the various production facilitles will tend to eliminate
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to a great extent this present means of conveying information,
and the term "paperwork", for all practical purposes, will
become obsolete. The ideas to be commnicated, however,

will still exist, but will be conveyed by systems of a more
fluid nature. -

The functions of control will play an important part in
the automatic factory, synchronizing present operations and
merging the current state of production with any anticipated
changes as they occur. Here the information-handling con-
cepts of gathering original information, storage, processing,
and application will take on new significance. As opposed
to the separated functions of office and production facility
of today's factory, these automatized components will be
meshed to function as a unit. Much of the minor decision-
making will be eliminated or automatically completed.

Overall Systems of Operation

The overall system of operation of the automatic fac-
_tory can be compared to the tactical and strategic functions
of a modern military force. The tactical functions will
consist of the contimual day-to-day performance of the cor-
rect marmufacturing operations. The strategic functions will
regulate the long-range mamfacturing considerations, alter-
ing and adjusting current production through regulation of the
tactical control portion of the system, to meet the changing

needs.
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As the concept of end-point control (a system whereby
signaled changes in the end product automatically bring
about the required changes at each point in the manufactur-
ing process) is essential in the production facility, so also
does the function of future prediction by logical methods
become necessary to perpetuate the long-range program of
operation, whatever that may be. First applications might
use computer systems to control production planning, as
sales forecasts (fed into the system mamally) are varied.
But later developments might include the machine described
by Amber's Order Ay, which has intuitive powers. Such a
device could make 1ts own sales forecasts by reasoning
along statistical lines.

The devices developed for control can only perform those
actions designed into them. Since linear observations are
the natural human way of looking at things, the machines
are built accordingly. The output of the machine can be no
better than its design, and 1t can be wrong even though it
follows its designed procedures. This point must be kept in
mind when considering the ultimate control and planning
of automatic factory control systems.

In breaking down the control and information-handling
functions into the two groupings stated above--strategic
and tactical--it is well to consider the devices which will
effect the control. The tactical function--control of day-
to-day production--will be effected by a combination of
digital and analog devices. Since relatively simple
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controls can detect and (through feedback) adjust operations
to control output, these devices will be utilized for this
purpose. The analog device is an immediate information-
conducting device; hence 1ts usefulness in maintaining and
balancing the immediate production output. Since its com-
plexity would increase with the complexness of the analogous
situation, the use of analog devices and analog computers
would probably not extend far beyond individual product or
processing lines. (See Fig. 34.) Computations from the
analog computer could be fed into digital systems of con-
trol (mich as in the scientific data reduction systems men-
tioned in Chapter VIII). Then, according to logical control
procedures, digital computer systems would determine adjust-
ments (such as raw material selection) and feed this infor-
mation back into the production cycle (Fig. 34). Connections
with other such systems throughout the factory would assure
an integrated system.

The strategic control function of the automatic fac-
tory will be performed by digital computing devices, as
described in Chapter VIII. These machines will coordinate
information fed to them from the production systems, with
information from outside sources. They will then issue the
program of operation (production schedule) to the various
factory computer systems, which in turn will c¢ontrol pro-

duction accordingly.
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Figure 3|
Automatic Factory Control of Production

The computer arrangement used by General Electric at
Louisville, Kentucky, 1s scheduled to perform many of the
production control functions; although it does not control
the actual production machinery.1 Their computer 1s expected
to furnish all of the related information required for making
changes in the production schedules. For example, if pro-
duction were to be doubled, the computer would show the

effect of such action upon every inventory item involved.

lw. W. Smith, op. cit., 108.
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It would 1ndicate at what time inventory items would run out,
or the possible over-loading resulting from certain sched-
uling arrangements, and give alternate solutions necessary
to effect a proper rate of production. Although this system
is not connected directly into the control of the production
machines, it indicates the possibility of such an arrange-
ment. Such an integrated system would include the necessary
data-processing equipment to 1nter-connecf purchasing, order
service and billihg, payroll, and shipping schedules. It
could loglcally reach all the way to the distributers, who,
through punched cards, would furnish the necessary data

for scheduling and production purposes.

Several factors exist that impede (or control) the
development of automatic factories. Among these are the
social, economic, and technical conditions which have pre-
vented thelr development tlms far.

Social problems of worker unemployment and retraining
may tend to causé the implementation of automation to over-
all factory systems to be slow. The net effect of such
problems is difficult to ascertain, but they certainly are
influencing factors.

Technical problems, of course, are many. Any untried
project of this nature requires a vast amount of experimen-
tation and preliminary design work. Much equipment would
be experimental, and development would probably be on the

level of pilot plants.
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. The economic factors, perhaps, exert the most pressure
in determining the advent of automatic factories. Until
the present developments of automation have been fully ex-
ploited, and many of the technical problems solved in lesser
degrees, the expense of automatic factories will prevent
thelr realization. However, rising costs may hasten the
development of the automatic factory as a means of keeping
production costs low enough for a marmufacturer to hold his
place in the competitive market. All othef factors being
favorable, it is 1likely that such a situation would hasten
the advent of the automatic factory.



CHAPTER X
CONCLUSION

In this thesis, autqmation has been discussed in several
ways. The word "automation" has been defined, described
and related to the various terms and topics commonly associ-
ated with the subject.

Some have asked, "Why coin new words? The ones we now
have are good enocugh!(" Others have said, "We'll use the old

word, but (like the Mad Hatter in Alice in Wonderland) we'll

let the word mean just what we want it to mean." And st111
others state, "We need a new word to describe a new concept."”
Often the difficulty in describing an idea lles in the exist;
ing means of commnication, which has been designed to apply
to an established approach, and perhaps needs reconsider-
ation in the light of new circumstances.

Many people have clalmed that automation, and the things
it represents, constitute a panacea for our present or
future society. Some have denounced automation as a chain
of events pressing mankind on toward moral servitude and
economic disaster. Others have warned against the rash ap-
plication of automation per se, preferring rather to consider
it to be a tool to aid in the accomplishment of the conven-
tional (however dynamic) objectives of mamufacturing, apply-
ing or laying aside its concepts as the complexity of the

situation may require.
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Certain antagonists have questioned not only the valldity,
but also the desirability of the entire concept of automation.
They have passed the subject off lightly as being "only a
state of mind," implying,‘of course, "that nothing new has
happened--there!'s now just something else to waste time talk-
ing about."” But if a state of mind may be taken to mean
"a way of looking at things,” then such an implication is
not quite appropriate. Often the best way to discover the
truth of a statement, or its falsity--to decide whether it
is sonmething or nothing--is to investigate the things said
about it, consider these in the light of consistency, the
sources, and the intent, and decide upon its validity on
these grounds.

Throughout the preceding pages, the 1déas of automa-
ticity, mechanization, control, and the automatic factory
have been woven into the automatlion pattern. The infor-
mational aspects have been emphasized as being some of the
more important influencing factors. Other concepts, also,
have been introduced as they apply to the engineering view
of the subject.

If this thesls has explained automation in a clearer
manner, has spread a certain amount of enlightenment upon

the subject, then 1ts basic purpose has been accomplished.
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Interview With iMr. R. Granger,
Electronics Representative, Remington Rand, Inc.
March 28, 1955

Mr. Granger, are there any companies in the Detrolt area
now using integrated data processing systems?

No, not at present, although there are several with whom
we are working to install such systems.

Could you tell me who these firms are?
I'm not at liberty to say. '

What seems to be the biggest problems involved in setting
up such systems?

Well, commnication is the biggest problem.
How does that enter into the situation?

The first companies that will use an integrated data
system will be those with several plants or offices,
somewhat spread out. That means that inter-area trans-
mission systems are important, and we're having a lot of
trouble here.

How do you transmit the data--by teletype tape?

That's right, but also by means of magnetic tape, and
through electronic channels and received on magnetic
tape. Present teletype systems are too slow and 1lnac-
curate for a good data-processing system. We'll probably
go into greater use of Bell Telephone's coaxial cables,
and that runs up the expense. As the speed of transmis-
slon increases, the data will have to be better inte-
grated at each end of the system.

What type of company will use this system first?

In the Detroit area, the automobile companies are a
natural--their plants are decentralized enough to require
a better system tying them together.

When will this come?

We think that within the next year or two, we'll see some
companies in the Detroilt area using our systems.
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Interview, R, Granger (continued)

What other types of companies could profitably use your
systems?

The chemical companies in particular. DuPont is using
one of our Univacs for various purposes, including
general engineering problems. They've set up a system
in one of their plants using a punched-card, teletype
combination to integrate the data problems of batch
orders and related problems.

What do you feel are the biggest obstacles to introduction
of these and similar systems?

There are still engineering problems, of course. But
most of these are being rapidly licked. The main ob-
stacles are costs, which we are constantly reducing, and
in convincing and educating businessmen to see the pos-
sibilities of such systems.
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