

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































528 AUTOMATION IN BUSINESS AND INDUSTRY

working with fast-acting relays performs this function. It is important
to make the stepping of the relays and switches independent of the

Fig. 179 Inside view of control panel of Fig. 17.8 showing components (Cour-
tesy Dasol Corp.)

length of time it takes for the operator to push the select button.
Special add-and-subtract counters are used to keep up-to-the-minute
inventory. These are tied into both the previous select relay circuits
and the tilt sections associated with the sorting racks.

The second phase consists of memorizing the selections in consecutive
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order. Two banks of step switches under the control of relays pick
up the calls and record them for future use. Should there be an error
in selections, an independent relay circuit allows the error to be erased
and deducted from the inventory of that particular rack.

The third and last phase is the read section. A group of step switches
coordinates the information relayed by limit switches at the individual
rack and the selections retained in the memory levels of the previous
circuits. Motor control relay circuits are energized to stop the con-
tainer at its proper discharge point and effectively send the container
down its rack over a specially designed pull-off friction wheel drive.
Erase levels then delete the section from the memory. The stepping
levels of the read section wait for the signal that the container has
passed the eye before carrying out the next selection. Separate levels
in the step switch circuitry guard against asynchronous troubles by
giving a visual indication of the causes as well as preventing any
further error.

Today, controls of this type are being applied to machine tools to
an increasing extent.

17.5 AUTOMATION IN MANUFACTURE

Automation in manufacture today is of real interest for companies
seeking to improve the quality of their products as well as to reduce
the cost for a competitive and broader market. And, it is in this area
that some of the most difficult problems are being met. But today,
even such complex items as parts of television and radio circuits,
springs, radiators, appliances, engines, bodies, and a host of other
products are being produced on automated lines.

Manufactured items, hardware, and other products are being pro-
duced partially or completely automatically or in a series of semi-
automatic steps. Automatic machines linked together by feeding, sort-
ing, conveying, orienting, stacking, and other automatic devices carry
the parts through a series of manufacturing operations. Such opera-
tions as casting, machining, forging, stamping, bending, drawing, coil-
ing, etec., are being done automatically in a series of steps or are in-
cluded in a completely automated procedure. Much as instruments
monitor the processing of chemicals and the melting, casting, and treat-
ing of metals, so in like manner inspection and gaging devices control
the processing of pieces being manufactured or completed and assem-
bled into a finished product.

It may well be asked what the difference is between automation and
ordinary mass production as we know it. First, automation should
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not be confused with basic mass-production techniques. Mass produc-
tion, as developed from the original ideas of Eli Whitney, comprises
the basic science of manufacturing, without individual fitting, large
quantities of products from groups of components produced in mass.
The primary feature of mass production revolves about dimensional
standardization of components to permit interchangeability in assem-
bly. Manufacture may be entirely by hand methods from start to
finish. Mass-production techniques, however, constituted a major step
in creating the possibility of providing large quantities of complex
products with superior quality and uniformity at lower cost in time
and money. But today, hand methods often fail to fulfill the require-
ments because of economics, market demand, speed, labor, and other
factors. The solution is the succeeding step in the manufacturing pic-
ture—automation.

17.6 TYPES OF AUTOMATION SYSTEMS

In the achievement of automation, groups or sequences of operations,
automatic mechanisms or machines, and control and handling devices
are brought into a single system to produce continuous or cyclic opera-
tion. Wherever two or more automatic machines are tied together with
overriding automatic controls to create self-feeding, a self-initiating
and self-checking process, an automated system is created. Material,
data, or pieces can be introduced into the system manually or auto-
matically, and the processing steps are carried out to a reasonable
degree, without manual intervention, to completion. Control may be
simply mechanical, electrical, electronic, or a combination. Generally,
almost any process can be automated. It is possible to automate a
single-stage operation, a sequence of operations, a whole department,
or a plant.

One modern installation which indicates the handling possibilities
is television-tube production shown in Figs. 17.10, 17.11, and 17.12. An
early stage in the Sylvania television-tube automatic line is shown in
Fig. 17.10. From the bulb-washing machines, tubes move through this
settling room controlled by one man. Automatic suction arms lift
bulbs to spill out the chemical solution and then deposit them on a
screen drying conveyor.

After passing through a screen lacquering operatlon, the tubes are
placed on this automatic aluminizing line where the funnel portion is
coated (Fig. 17.11). Each bulb is evacuated and pure aluminum va-
porized within the bulb to create a mirror surface.
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The actual aluminizing operation is carried out by the equipment
shown in Fig. 17.12. Following this the lacquer is baked out, units
are exhausted, bases sealed, aged, and automatically tested. The auto-
matic tube conveyor system employs some 400 limit switches, 700
relays, 75 timers, 100 motors, and 16 miles of control wiring.

S ; i : e : :
Fig. 17.10 Early stage in the Sylvania automatic television-tube line

Automation can be segregated into several types. It is possible to
create an automatic batch or a continuous system. One process, for
instance, may be more economically carried out in batches and another
when operated continuously. Process characteristics as well as eco-
nomics dictate the best method.” On one hand, operations such as those
including furnace treatment may require batch-type arrangement, al-
though mass-production operations can often be carried out more eco-
nomically on a continuous basis, keeping close control of the work-
piece.

Figure 17.13 shows the schematic flow of the automatic batch
production line for bearing races with integrated press forming, machin-
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ing, annealing, washing, carburizing, and grinding operations. The raw
material is first press-formed, machined, washed, annealed, washed,
press-deep-drawn, washed, annealed the second time, washed, ma-
chined, gas-carburized, water-quenched, tempered, cooled down in
soluble oil, and moved to final grind. All furnace charging is carried
out through hoppers equipped with metering devices and charging

Fig. 17.11 Automatic aluminizing section of Sylvania television-tube line

mechanisms. By building up charges in these hoppers, any variations
in flow from machine tools and other equipment will not interrupt the
regular flow of parts required to keep the furnaces operating at peak
capacity.

Secondly, manufacturing automation systems may be set up with
end-point control or in-process control. With end-point control, proc-
essing is completed before testing, checking, or gaging is done. This
is suitable in many processes and feasible with others. However, where
high precision or high-cost pieces are involved, in-process control is
desirable for economic reasons. For in-process control, material being
processed is under continuous control; metal parts, for instance, are
gaged in the machine and correction or size control is accomplished
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during the operation. Gear cutting and shaving operations, for exam-
ple, can now be carried out under continuous gaging and measuring
instrument control, and necessary corrections are fed back to the equip-
ment continuously. ‘

Figure 17.14 is an example of end-point control. For existing inter-
nal grinders, a gage may be used which fits into the machine discharge

v

Fig. 17.12 Sylvania aluminizing operation close-up

chute. The completed workpiece is discharged by machine, rolls into
the gage as shown, and is trapped for inspection. Good pieces are
accepted and roll down the chute. Off-size pieces actuate the trap
door shown to segregate good and bad production.

Figure 17.15 is an example of in-process control. Automation
installation shows parts on the conveyor passing over the top of the
gage. When in position between grinder centers, the part is automat-
ically picked up from the chain. The hydraulic cylinder built into
the gages causes the gage to jump on to the work; the grinding wheel
then advances to begin the cycle. When the part reaches an acceptable
size, the wheel is automatically retracted and the cycle continues.
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An example of a completely automated standard gear production
machine is shown in Fig. 17.16. Work is fed into the machine from
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Fig. 17.14 End-point control device for grinders (Federal Products Corp.)

Indexing conveyor motion ———
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Grinding wheel

Ground part rolls
to next conveyor
or operation

Fig. 17.15 In-process control for center grinding (Federal Produets Corp.)

the hopper and chute at left; a three-way classifier in the center checks
the gear for size; the controller at right automatically adjusts the center
distance between cutter and work. The controller also keeps a statisti-
cal record of production and shuts down the machine after a predeter-
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mined quantity has been reached. Quality improvement and scrap
elimination are considerable. With complex parts, end-point control
offers the only practical solution.

Fig. 17.16 Completely automated gear production setup (Courtesy Michigan
Tool Co.)

17.7 QUALITY AND FEEDBACK CONSIDERATIONS

Another area that assumes key importance in automation is statis-
tical quality control. Although desirable in ordinary mass production,
it is neither always used nor an absolute necessity. Common methods
of gaging after manufacture without machine control are still common-
place and still suitable to a large degree. To permit economic auto-
matic assembly or automatic production of separate pieces, in-process
continuous gaging to eliminate serap and off-size is desirable and often
necessary. Although not commonly recognized, feeding, chuting, ori-
enting, and assembling operations in automation fail most often because
of nonuniformity or nonconformity of parts.

Through automatic size and uniformity control of the parts being
produced, production of bad pieces is eliminated. Economically of little
importance in production for hand assembly (where scrap can be
detected by the assembler), in-process gaging before continuous pro-
duction assembly operations is important. Extremely small irregulari-
ties can jam intricate devices easily and, hence, crude operations may
often be impractical to automate.
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Here the design for economical automatic production assumes critical
importance. Individual pieces can be designed for maximum facility
in the reproduction process; in the gaging procedures necessary; in the
handling, chuting, orienting, and feeding steps required; and in the
actual assembly arrangement.

Where granular and fluid materials are processed, the same holds
true—the quality of the product produced is dependent on the control
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Fig. 17.17 Nuclear gaging system used for coated abrasive processing (Courtesy
Industrial Nucleonics Corp.)

of the ingredients. Manual control usually results in high rate of loss
and wide variations. Quality can be improved and maintained by
automatic control of ingredients. Cost is largely reduced by eliminat-
ing scrap and rerun and attaining faster output. In many cases, scrap
reduction and quality control alone account for significant savings. In
one instance, by replacing a hand inspection test with an accurate
automatic test, not subject to operator variations, needless scrap was
reduced almost 50 per cent. In another instance, automatic metering
and weigh feeding of ingredients eliminated millions of pounds of rerun.
Cost savings are worthy of real concern but in many of these cases,
actual losses fail to appear as such or are accepted as a necessary evil
associated with the particular product.

Figure 17.17 is the schematic arrangement of a nuclear gaging in-
stallation in coated abrasive processing. Until recently, gages used
functioned merely as recording instruments. Control was exercised
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manually and the machine had to be stopped every 1000 yards to cut
weight samples. Now the equipment includes five Industrial Nucle-
onics gages with feedback to permit automatie, precision control.
Yearly savings were $90,000, exclusive of labor saving which was only
$7500. Similar installations are being widely adapted in metalworking.

This then is the area of feedback. Regardless of the level of auto-
- mation, information can be fed back through the control system to
more or less control the accuracy of the job being done. Gages and
measuring devices can control production operations; instruments and
sensing devices can monitor processing operations to hold preset values
or vary values as desired; mechanical controls can maintain preset or
sequences of steps as needed. They can also shut down the process
in event of trouble. In other cases the actual procedure itself forms
the feedback loop—if it cannot be completed the operation stops—or an
operator at the final controls forms the feedback loop. The main pur-
pose is quality or accuracy. '

17.8 DESIGN OF PRODUCTS AND AUTOMATIC ASSEMBLY

Real economy in mass manufacture of products has been closely
associated with good design for production, but failure to insure the
best design features has seldom denied satisfactory results. Actually,
it has even been possible to defy good design criteria and depend on
the skill of the men along the lines to supply the necessary correction
factors. Not so in automation. Mere mass-production techniques
must be superseded by modern production design for automatic manu-
facture. Although there are instances where production of components
and assemblies has been automated without design change, in most
cases significant savings await ingenious design modification.

This is especially true of automatic assembly. To attempt to assem-
ble automatically without consideration of design modification for
suitability would parallel the attempt to mass produce without regard
to the technique of interchangeability. Today, with automation, sim-
plicity in production design is the byword. Basic principles for assem-
bly design are just now being evolved, and in the near futyre it will
be possible to present specific data for design guidance. With some
designs, even arduous labor and large expenditures may not provide
the desired economic result. The much publicized Project Tinkertoy
bears this out. After thorough economic studies were completed it
was found that semiautomatic methods offered the most effective result,
not complete automation.
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In this analysis of the project it was found that the electronic am-
plifier of simplified modular design reduced manufacturing cost 38.5
per cent over conventional piecemeal design. This method consists in
hand-assembling the simplified machine-produced components. Fully
mechanized production of the same modular design reduced cost 44
per cent with roughly the same output per hour. However, seven of
the process steps proved to be lower in cost with the hand method,
and when substituted in the otherwise mechanized procedure the com-
bination offered the lowest total cost per unit.

Significant factors in the project were that $665,000 was required
to create the all automatic facility and $82,000 the semimanual. Little
savings would accrue from increase in size of either facility. Limita-
tions on the output, and hence economics, of the mechanized produc-
tion installation were found to center around equipment cyclic rates,
machine delay time, reject percentage, equipment costs, numbers and
skills of operators, and equipment maintenance. This example merely
indicates that automation is not a panacea. As always, a neat overall
compromise in both design and production provides the best end result.

Today, in electronics assembly, the most successful approach appears
to be that of using time-tested basic components with etched circuit
boards. For example, the automatic electronic assembly machine built
by General Mills, Mechanical Division (see Chapter 13, Figs. 13.16
to 13.20), inserts from one to twenty-four electronic components—
assorted resistors, capacitors, pulse transformers, and diodes—into
printed circuit boards. The normal speed is twenty assemblies a min-
ute, nearly 10,000 in an eight-hour day. For assembly of an IBM
computer circuit, the etched eircuit has been designed as a standard.
By inserting components into the proper sequence of holes, any one of
a series of basic computer circuits can be produced. Standardization
of the design has permitted automatic production of boards. All nec-
essary circuits can be produced from one standard circuit board.

Overriding considerations in basic design detail which must be
brought into play for automation ean also, and often do, contribute
direct additional benefits. Typical cases on record show that the con-
stant drive toward suitability for automation and for simplicity result
in products that are much superior from standpoints of performance,
uniformity, stability, service life, and maintenance.

Actually, automatic assembly is not new but its development has
been slow and laborious. The demand for assembled products in many
areas was such that there was no possibility of reasonably producing
them by conventional hand methods many years ago. As a result these
items have long since been produced automatically. At present the
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following operations are included in automatic assembly lines: (1)
machining—drilling, reaming, tapping, milling, boring, and burring;
(2) press operations—stamping, riveting, upsetting, staking, piercing,
trimming, and forming; (3) joining—welding, soldering, and heat seal-

Fig. 1718 Automatic bolt-positioning and torquing machine for aircraft engine
housings (Courtesy Wright Aeronautical Division, Curtiss-Wright Corp.)

ing; (4) feeding—hoppering, feeding and driving screws, and applying
sealers and lubricants; (5) inspection—weighing, sorting, measuring,
and testing; (6) miscellaneous operations like burning off materials
and cleaning operations; and (7) packaging—counting, package mak-
ing and closing, and printing.

Today these principles are well established and any product can be
assembled at least in part. But this equipment requires highly trained
operators and setup people for successful operation. Present know-how
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indicates that a limited group of steps should be included in one assem-
bly sequence—perhaps up to twelve—and for success each sequence
should be arranged to permit dropping out of the line for short periods.
On the basis of modest-sized components successfully handled so far,
work is now in progress to automate the assembly of automobile en-
gines. The semiautomation of aircraft engine assembly is already
history.

The automatic machine shown in Fig. 17.18 positions and tightens
bolts of the engine tappet housing to the rear aireraft engine crankcase
section. The tappet housing is positioned between the power and rear
section and houses the pushrod assemblies for operation of the cams
and rocket arms through the cylinders. Each of the automatic ma-
chines for assembly is positioned in front of the assembler at working
height and the assembly is done with as little human error as possible.

It is often necessary to develop new production techniques for eco-
nomic automation. The Rockford Army Ordnance shell plant is a
good example of an automation process design based on conventional
production techniques. The line has two parts: (1) forging and (2)
machining for 155-millimeter shells. Compared with a standard line
the following factors have been pointed out. Product quality and uni-
formity are better. Operating cost is “average,” but if equipment de-
preciation were figured in, cost would be higher than that for a stand-
ard line. First cost for the line is greater. Maintenance costs are
higher and spare parts of a special nature are a problem. The same
number of plant personnel are required but in all cases much higher
skills are necessary. Today, this type of shell processing has been re-
vamped for production by extrusion techniques which completely ob-
solete the earlier approach.

17.9 ENGINEERING AND MANAGEMENT

Automation creates a greatly increased demand for engineers. Not
only does the product or service to be automatically processed require
better and more competent preliminary design, but so also does the
production equipment. Improved design for production is a must for
economic reasons and for suitability to automatic processing. Greatly
increased engineering time is absolutely necessary in the development
of successful automation. Today, the engineering time and cost are
paramount, and the actual equipment construction cost often becomes
insignificant in comparison. The achievement of more widespread
automation places a high priority on the supply of competently trained
engineers and engineering technicians. The future rate of advance
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will be closely associated with their availability and the development
of new techniques and know-how. Necessarily, advance will be grad-
ual rather than overnight, owing to the sheer bulk of problems requir-
ing solution in each instance.

Along with increased engineering staff and engineering activity, real
achievement in automation requires a much closer coordination of
top management, engineering, and all phases of manufacturing. Suc-
cessful application of automation principles necessitates full apprecia-
tion of the numerous factors involved and a rational approach is
needed.

Viewed as an engineering and organizational problem, automation
can be basically termed a horizontal technology. Both functionally
and industrially, automation requires a blending and coordination of
many specialized vertical areas of engineering and industry.

Where continuous processing is concerned, two or more specialized
industrial fields may be involved. Where previous practice permitted
each to develop single facilities separately, under automation thése
generally must be tied into a single system. It is not unusual to find
materials handling, chemical processing, heating, mixing, blending,
pressing, machining, assembling, inspecting, and packaging combined
into a single system.

Figure 17.19 is the layout of the Dodge continuous forging line for
crankshafts. Total time for each part is 8 hours but shafts emerge at
30-second intervals.

From the previous forging line, crankshafts move to the heat treat-
ment line (Fig. 17.20). Twin systems match this relatlvely slow proc-
ess with the forging line production rate.

The major problem of automation consists in the integrated engineer-
ing of widely divergent manufacturing areas in an atmosphere where
specialization has been the typical practice. Thus, the need has arisen
for developing special automation engineering groups of broad back-
ground and experience. Before automation, few engineering depart-
ments were set up to cope with this problem. Today, however, such
engineering facilities have been found to be a necessity, and many
specialized consulting groups have been formed to supply a complete
service for companies not in a position to maintain such a group.

With the development of engineering groups of broad industrial
experience, know-how and techniques commonplace in one industry
are readily adapted and transplanted into another. Instances have
been all too numerous where one industry has been found to be working
diligently to develop a method identical to one in use for many years
in another industry. Automation, by virtue of its horizontal nature,
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is fast bringing to light many of these obscure developments and evolv-
ing an overall technology which makes tremendously increased demands
on engineering acumen. The result will be seen in strong demand for
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increased engineering personnel in top management, in the engineering
department, and in plant operations.

In no case should the president or top management decree automa-
tion. Economically this is not feasible—results often will be either
unsatisfactory or even unsuccessful. The many cases of real achieve-
ment on record which have stemmed from altogether unrelated causes
emphasize the need for careful management study of the overall prob-
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lem. To expect automation to develop “upward” from plant and
engineering sources alone will fail to produce the full potential.

In many instances today the automation programs being instituted
are set up so as to be sparked and fully controlled by management
since the effective climate for automatic operations includes many areas
of the enterprise outside the ordinary sphere of engineering. Thorough
research by management can often reveal the presence, absence, or
adaptability of critical factors necessary for realization of automation.

A survey of industries both old and new using automation reveals
that it has proved uneconomic to attempt a direct jump to full automa-
tion. The very complexity of most installations forbids it—and seldom
has it been done. On the contrary, it is most practical and economical
for automation to evolve gradually. Automatic manufacture of vari-
ous types of headlamps and other light bulbs provides an excellent
example. Here it is found that evolution has been in process for per-
haps twenty years, step by step, with each step requiring considerable
engineering and development—and with no one person or group being
the sole creator. Rather, many engineers and plant personnel are
needed to produce the final successful product.

Thus, the rational approach proves to be one in which automation
is entered into with considerable study, research, and economic evalua-
tion from all vantage points. Every project must be carried out and
completed under a master plan which includes full evaluation of auto-
mation possibilities, even if use is practical only in a minor degree.

Working with a program in which all phases of the existing organiza-
tion are cooperating, management, engineering, and labor, leads to
an understanding of what automation is trying to accomplish. Methods
~ study men of yesterday sought to determine whether a given motion
was really necessary, but the automation engineer of today is question-
ing every phase. The design of the product—is it suitable for manu-
facture? The manufacturing method—do we need this operation at
all? And the operation itself—is it in the right sequence? Should
it be done by automatic machines? Can the automatic operations be
linked together to get automatic production?

17.10 THE FUTURE

Once the full perspective and potential of automation are apparent,
its application in proper degree can result in real advance. Vastly im-
proved working conditions and far greater development of potential
interests and skills can be attained. The necessary elements for auto-
mation are largely available. The question today is not will there be
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automation but how much will there be and how soon will it spread
across all manufacturing industry.
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18. Economies
of

Plant Automation

FRANK K. SHALLENBERGER
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Palo Alto, California

18.1 INTRODUCTION

It is my intention in this discussion to consider the dollars and cents
aspects of automation from the management point of view. It is
important that we look carefully and critically at the economics of
automation, for automation will stand or fall on the economic yard-
stick of cost versus payoff.

Automation is an industrial product, sold in industrial markets. It
is new. It is expensive. It has many uncertainties. It will not be
bought as a style or fad or gimmick. It will be bought only when it
offers a better, more efficient way of doing the job. The economics
of automation will make or break it—it must pay off.

In these terms our discussion should include a consideration of the
economics of automatic equipment, the impact of automation on man-
agement, the application of data processing to plant management
problems, and the impact of automation on the society of which indus-
try is a part. ,

Although automation is a new word in our industrial vocabulary, it
is not a new phenomenon, and a brief look at the past will provide
clues to the significance and the acceptance of automation in the
future. Therefore, I feel compelled to take time to try to build a frame

547
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of reference for the consideration of the economic and management
aspects of automation.

Fundamentally automation is a natural and logical extension of the
technological change that had its origin in the wheel, the crank, the
screw, and other basic mechanical concepts. It is an outgrowth of
the mechanization which characterized the first industrial revolution.
It is a logical end to imaginative, uninhibited methods study and
process improvement. Modern automation brings important new tech-
niques to industry—programming, feedback, computers, servomecha-
nisms, ete. It introduces the principle of self-regulating control, the
concept of machines to run machines. It makes possible the replace-
ment of human judgment in the control of industrial processes. But
from the dollars and cents point of view of operating management,
automation represents merely the addition of new techniques to the
tools of mechanization which industry has been developing over the
past 150 years. These new techniques will accelerate and greatly
extend the substitution of machines for men. They will make eco-
nomically feasible the mechanization of operations where mechaniza-
tion previously was not practicable. But to plant management auto-
mation is not basically new, and it must compete with the many other
techniques of cost reduction and produet improvement.

Expressing automation in terms of our personal lives, we can say
that we are today at the stage where our automobiles have power
brakes, power steering, and automatic transmissions. All of these
have been designed to help take the physical effort out of driving, but
the operator is still required for control. Automation in the modern
sense can ‘“‘close the loop.” It could make possible an automobile that
could be driven on to the highway, and then, with the dial set for
San Francisco, the occupants could read or watch television or look
at the scenery or sleep until they arrive there. Modern control-type
automation can make similar contributions in the plant, the office, the
warehouse, and the farm.

Automation has been called the second industrial revolution, a rev-
olution in which electronic controls will replace man’s brain or sensory
system in the same manner as power machinery replaced his muscles
in the first industrial revolution. It has been said that the first indus-
trial revolution provided machines; the second, machines to run ma-
chines; or that the first revolution was characterized by power and
the second by control. We are interested here in the economic impact
of automation rather than in semantics, but the point should be empha-
sized that automation is likely to be more of an evolution than a
revolution. Like mechanization it will come slowly and gradually and
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not overnight. And as economic historians look back on this period
of our industrial development and interpret it in terms of the grand
sweep of economic history, they will note that in the mid-twentieth
century, “something new was added,” something which greatly accel-
erated the application of technology to industry, something which in-
creased the rate of productivity growth from its traditional 214 to 3
per cent per year to a rate perhaps double that. They will note that
whereas extensive mechanization was feasible only in mass-production
industries, the development of automatic electronic controls made pos-
sible the substitution of machines for men on a much broader scale
than ever before.

18.2 THE GROWTH OF AUTOMATION

Before we term automation the second industrial revolution, we
should recognize another contender for the title, the revolution in man-
agement philosophy and practice pioneered by Frederick W. Taylor
at the turn of the century. This revolution was not evidenced by
material changes such as automatic conveyors, transfer machines, and
workerless factories; but Taylor’s contribution of scientific planning
and control as a substitute for off-the-cuff management was in many
ways much more fundamental than automation. His proposal that
management decisions be based on objective investigation and fact,
rather than upon hunch and tradition, and his advocacy of determining
in advance what management hopes to achieve and then establishing
controls to make certain it is achieved, were extremely radical concepts
at that time; in fact, unfortunately, they are still radical doctrines in
some business quarters today.

It is interesting that from Taylor’s basic concepts and study of the
management job came not only what we now call scientific manage-
ment but also the systematic approach to industrial technology that
is today leading to the automation of production processes. Taylor’s
own development of high-speed steel is a classic example of the type
of organized industrial research on which the technology of modern-
day industrial automation has been built. And as we shall see later,
Taylor’s concept of management will reach its highest level in the age
of the automatic plant, when long-range planning and control by man-
agement will be fundamental to successful operation, and when elec-
tronic data-processing equipment will make possible advance planning,
logical decision making, and effective coordination and control to a
degree that Taylor never dreamed possible. The popular example of
early automation is Oliver Evans’ flour mill built outside Philadelphia
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in 1784. Rather meager information regarding the construction and
operation of this plant is available, but we are informed that by using
water power to drive such modern devices as belt, bucket, and screw
conveyors, grain was automatically processed into finished flour with-
out human assistance.

There are numerous other examples of early-day automation. The
“Victualing” Office of the British Navy is said to have operated an
automatic biscuit factory in 1833. Jacquard developed and built his
first punched-card-controlled loom for weaving figured fabrics in 1804.
Elias Howe developed the modern high-speed sewing machine in 1845,
and mechanical coal stokers were introduced in the same year. In
1854 the automatic telegraph message recorder was developed. Con-
veyors that automatically weighed and transported animal carcasses
were introduced in the meat-packing industry in 1869. The Westing-
house automatic air brake was invented in 1872, cigarette machines
were introduced in 1876, and automatic bottle-making machines in
1907. In 1920 the famous A. O. Smith plant was built, a factory
designed and equipped to produce automobile chassis automatically.
Strip steel was sheared, punched, formed, riveted, and painted by auto-
matic equipment, ultimately at a rate of 10,000 finished.chassis per
day in a plant where the workers were primarily inspectors and main-
tenance men, not producers. Ford has had an Automation Department
since 1947, the same year in which Sargrove built two machines in
England for making radios automatically.

Our process and chemical industries have been largely automatic
for many years; so also has been the production of bottles, tin cans,
paper, light bulbs, radio tubes, cigarettes, phonograph records, and
many other products.

Individual automatic machines are common throughout industry—
automatic lathes and screw machines, automatic mills and drills, auto-
- matic punch presses, canning equipment, printing presses, and bottling
plants. We have automatic molding machines in foundries which fill
and ram molds at the rate of one every 20 seconds, draw, blow clean,
place sprues and risers, roll over, close, shake out, and after pouring
return the flasks to the molding station while the castings are auto-
matically carried away, gated, and -cleaned.

During World War II, the transfer-type machine was developed.
The transfer machine consists of a number of more or less standard
machine heads coupled together with automatic handling between sta-
tions, mounted on a common base and centrally controlled. One
recently built performs 688 machining and inspection operations on
100 V-8 cylinder blocks per hour with one operator. Such machines
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typically have automatic conveyors to return work-holding fixtures to
the loading end, automatic chip removal, and signals to indicate tool
wear and malfunctioning. These units are becoming so complex and
carry on so many functions that it is said that it can be statistically
proved that they cannot function, that at any given moment they will
be shut down for maintenance or tool replacement. Cyeclic tool change,
preset tooling, unitized plug-in circuits, graphic indicator panels to
help localize trouble when breakdowns occur, and segmented automa-
tion are some of the techniques used to meet this problem.

Automatic inspection, testing, sorting, weighing, and packaging
equipment is widely used. Simple components such as oil filters are
now being automatically assembled. A $21.95 radio is reportedly being
manufactured and assembled in 4 minutes, the whole process being
completely automatic. A $60.00 vacuum cleaner is being made with
only 60 cents worth of labor in it. A trackless, operatorless “sniffer”’-
controlled industrial truck can follow a wire buried in the plant floor.
Color sorting is being carried on at speeds up to 200 scannings and
sortings per second. Remington Rand is currently advertising that the
UNIVAC high-speed printer can read out and print a full page in 9
seconds.

Through control automation, machines have been taught to observe,
think, make decisions, and act accordingly. For example, most auto-
mobile engine plants now have crankshaft balancing machines which
check the balance of a machine crankshaft, remove the right amount
of material from the right place to correct any unbalance, and pass
the finished shaft on to the next operation.

There is another type of development which has much the same
impact as automation—shell molding, die casting, and powder metal-
lurgy—processes that are not only ideally suited to automation them-
selves but also have the effect of eliminating subsequent operations or
facilitating their automation by providing consistent dimensions which
permit automatic handling, chucking, and assembly.

Well, if automation is not really new, if it is basically the same old
stuff in fancy dress, then why all the excitement over it? Why do
people like Ben Fairless, Douglas MacArthur, George Meany, and
Walter Reuther go out of their way to comment on it, sometimes at
great length? Why all the attention given to automation in the
magazines, Sunday supplements, editorials, company publications,
symposiums, labor-management meetings, and military groups? Why
is it that we see the word in practically every issue of such magazines
as Fortune, Time, Business Week, and the Wall Street Journal? Why
do we have several new magazines devoted entirely to the subject?
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Why are advertisements using it for a catchword? Why are others
manipulating it as a trick word—*“economation,” “fleximation,” “air-
mation”? Why are labor leaders making a scare word of it, using it
as a fulerum for wage increases and the guaranteed annual wage?
Why have even the Russians climbed on the bandwagon with an article
purporting to describe “the world’s first automatic piston factory”?

There are primarily three phenomena responsible for this upsurge
of interest.

(1) Mechanization or “Detroit automation,” applied thus far in
only a rather narrow segment of American industry, the production of
automobiles, appliances, foodstuffs, and similar items of mass consump-
tion. Mechanization is increasing at a rapid rate under pressure of
increased labor costs, competition, expanding markets, high purchasing
power, and easy capital.

(2) The technique of automatic, self-regulating control, the heart
of the new plant automation, the direct outgrowth of the electronic
technology of World War II. This is the application of the “little
black boxes” which pilot aireraft, direct gunfire, and control the flight
of guided missiles to plant problems of guiding the feed and cut of
machine tools, controlling conveyors, inspecting, assembling, and pack-
aging the finished product. ‘

(3) The development of computers or electronic brains which can
and will automate vast areas of clerical, statistical, and administrative
work.

Tt should be noted that the devices of automation are not necessarily
clectronic, nor are they necessarily programmed, nor do they all in-
corporate the principle of feedback. Some represent only techniques
of mechanization without feedback—cams, levers, air or hydraulic pis-
tons, limit switches, relays, solenoids, ete. Such devices will be part
of the automation package, too, the actuators which carry out the
instructions of the control equipment. '

The more recent additions to the automation kit, with which the
plant engineer or machine designer works, are the electronic devices,
offering programmed self-regulating control. The ability of these de-
vices to follow a planned sequence of actions, to make a logical choice
between alternatives, to monitor their own performance, to detect and
correct, their own errors, and to make certain that they have performed
exactly as instructed—these are the contributions of modern automa-
tion. The versatility of electronic controls is almost without limit.
There are few if any jobs in industry they could not perform if eco-
nomically warranted.
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18.3 ECONOMIC BENEFITS

The economic benefits of automation are not limited to the replace-
ment of labor, for it can improve quality, decrease spoilage, and in-
crease machine and space productivity. But clearly its greatest eco-
nomic benefit and most effective sales appeal is as a substitute for
human operation and control. Let us not be evasive or timid on this
point. Let us be frank, honest, and realistic. Let us not hide auto-
mation’s greatest potential benefit—the elimination of labor.

I have heard numerous manufacturers state recently, “We want our
equipment mechanized to take the hard work and drudgery out of the
operation. But wherever possible, we also want it automated to elimi-
nate the human element, to obtain consistent and predictable results
which cannot be obtained when labor has control of the operation.
We want to be able to know our costs in advance. We want the
operation set up so the machine paces the worker, rather than the
worker pacing the machine. That is as important as eliminating the
worker.”

Automation has given us devices which can see better, hear better,
and measure better than human operators. They are more reliable,
more powerful, and more precise. They think and move infinitely
faster than humans. They never get tired, they willingly work around
the clock, they do not make mistakes, they do not talk back, they
are obedient, consistent, and fully predictable. They will not go out
on strike, they do not ask annually for higher wages, and they have
few personal problems.

From the standpoint of industry as a whole, one of the most impor-
tant characteristics of electronic controls is their high degree of flexi-
bility. This is a fact of basic economic importance in the potential
of future automation. Mechanization as it has been applied in the
automobile industry is feasible only in long-run assembly line, mass-
production type of operations—a dramatic but relatively small seg-
ment of industry. We must bear in mind that over 75 per cent of our
manufacturing falls into lot sizes of less than fifty pieces. Such short-
run production simply cannot afford mechanization of any appreciable
magnitude. If, however, mechanisms can be developed to carry out
the necessary operations automatically, and at the same time permit
ready conversion to other sizes and other shapes, or to completely
different operations, we shall have gone a long way toward solving
the problem of automating more than just a select segment of industry.
Electronic controls appear to provide such flexibility. The bright new
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future, which they promise, lies in the possibility of mechanizing inter-
mediate short-run operations, where any high degree of mechanization
has thus far been impossible—in the aireraft industry for example.
Those engaged in the production of automation equipment-will do well
to recognize that the green pastures are not all in Detroit. The inter-
mediate and short-run market offers broad opportunities to the equip-
ment manufacturer who can meet its special demands.

There are many automatic processes that are inherently flexible as
far as product is concerned—die casting, heat treating, plating, paint-
ing, cleaning, etc. The automatic molding machine described earlier
can be converted to casting other products simply by changing patterns.
Now electronics seem to promise similar flexibility in other areas such
as machining. The best-known example of such flexibility is MIT’s
numerically controlled milling machine in which a punched tape con-
trols all action of the cutter in three dimensions. It will machine-out
any simple or complex design dictated to it by the tape within the
capabilities of the milling machine.

The Arma Corporation has developed a small lathe controlled by a
punched tape much like a player piano roll. A technician working
directly from blueprints punches the required information into the
tape. Reportedly this lathe produced in 4 minutes a piece that re-
quired 30 minutes for a skilled machinist to make. Tape preparation
required only 15 minutes; in other words, the machine was programmed
and turned out a single piece in about two-thirds the time required
by a skilled machinist and thereafter continued to produce at a rate
seven times as fast! The estimated cost of the electronic control was
$1500 or less than one-third the annual cost of a machinist. This
machine performed only very simple work and is not yet commercially
available, but its significance is apparent, especially its very high
flexibility.

There are many others working on similar approaches. For exam-
ple, development work is now being carried out in Palo Alto on an au-
tomatic machine tool controlled by means of a magnetic tape which
provides up to fourteen channels of control. It is contemplated that
companies which cannot afford the necessary taping equipment will
send blueprints to a centralized taping service, which will then supply
the tapes ready for use in the same manner as photographic films are
developed and printed. Changing from one job to another will be just
a matter of changing tapes and tooling.

When such machines as these are coupled together with flexible
automatic loading, unloading, handling, inspection, and assembly de-
vices with appropriate controls and interlocks, the automatic factory
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will come into its own. So far as I know, relatively little has thus
far been done to obtain the same degree of flexibility in these other
areas.

It must be emphasized that there are other important incentives
to automation besides reduction in labor costs. The experimental
Arma lathe, for example, through feedback control, held tolerances
to 0.0003 inches, much closer than the skilled machinist can do; thus
automation produces a better product with less scrap, and tolerances
can become a matter of little concern. Further, automation can
greatly increase operator safety. It can eliminate drudgery and im-
prove working conditions. It can decrease space and equipment re-
quirements by increasing machine productivity and permitting round-
the-clock operation. It can make economically feasible operations and
products which previously could not have been competitive. For
example a new reusable shipping crate which can be quickly taken
apart or put together without nails or tools is now being produced
in Los Angeles. Thanks primarily to automation, this product has
an extremely promising future, for the intricate and precise cutting
and boring required are economically feasible only because a specially
built automatic cutoff and boring machine has made production pos-
sible at competitive prices. This machine does more accurately in
6 seconds what it took 2 minutes to do on conventional tools. At an
anticipated production rate of over 2000 cleats per day, the produc-
tion savings are clearly apparent. The payoff is less than one and a
half months—and the venture would have been impossible without the
automatic machine.

18.4 DETERRENTS TO AUTOMATION

The foregoing examples indicate some of the technical possibilities.
But to foretell the future of automation, we must ask ourselves some
questions about automation from the standpoint of operating man-
agement. What use should we make of automatic equipment? How
fast should we go? What are the basic considerations determining the
applicability of automation?

To me, one of the striking things about automation is not what
can be done in the future but rather how little has been done in the
past. The past is indicative of what industry is likely to do in the
future; hence, it warrants consideration here. There are thousands
and thousands of operations now performed by human workers that
could be performed more accurately, more efficiently, and at lower cost
by automatic means, using devices which have long been available
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such as air and hydraulic cylinders, limited switches, solenoids, relays,
photoelectric cells, ete.

Why has industry not taken greater advantages of the opportunities
offered by these devices? - What considerations have determined
whether or not specific operations should be automated?

Availability of capital has of course been a prime consideration.
Automation equipment is generally expensive. There has been little
standardization of components and generally speaking each installa-
tion must be engineered for the job. Kach proposed mechanization
must compete for available dollars with other uses that might be made
of the same funds—research, development of new products, increased
inventory, improved tooling, and sales promotion. In small plants,
funds are often lacking for even the simplest and most modest mechani-
zation. No matter how great the potential payoff, there always seems
to be some other place that offers even greater and more definite return.

Very often management does not know what is available, or how
to use it, or what can be done. It is a full-time job to keep up with
current developments in this rapidly growing field and to plan the
application of such devices to the individual company’s operation.
Most managements simply have not had or have-not taken the time
to study the new developments in the light of their own company’s
needs.

Companies serving markets of low-volume, short-run, unpredictable-
demand, and nonrepetitive operations are understandably cool toward
automation. It has already been pointed out that mechanization on
any appreciable scale is practicable only in mass-production opera-
tions. However, there is nothing sacred or necessarily desirable about
100 per cent automation. Like any good methods work, automation
should be carried only as far as the situation warrants. In some very
few situations, 100 per cent automation may be justified. In others,
the operation may be made only 50 per cent automatic or even 5 per
cent. The payoff is proportionately the same. It must be recognized
that there are opportunities for automation in every plant.

One of the reasons why automation has not progressed more rapidly
is that to obtain the full benefits requires more than just superimposing
automatic mechanisms on existing production operations. Many exist-
ing products are simply not suited to automation in their present form.
To redesign them of new materials and to re-equip the plant for their
production may require extensive investigation and a major capital
outlay, plus the scrapping of existing tooling and equipment. It may
also require a major sales effort to gain customer acceptance of a
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radically new product. These expenditures constitute a hurdle not
easily surmounted. '

One of the greatest deterrents to automation is good, old-fashioned
management inertia, especially when profits are substantial and com-
petition is easy. Many companies do not think of new equipment
until difficulties arise with the old. A new way of doing things is always
suspect from the start for it involves changes which people make only
with reluctance. There is a natural human tendency in industry to
let well enough alone. A new process always brings uncertainties. I
have spent a major part of the last few years in ‘introducing a new
and modern process to industry and have some knowledge of the dif-
ficulty of gaining acceptance for a new idea. In 1953 our salesmen
were told, “Business is too good to change. Why upset things? We
are making plenty of money. Why risk it?” In 1954 the same cus-
tomers claimed, “Business is poor. We do not have the money, and
cannot afford to modernize.” This attitude reminds one of the Arkan-
sas traveler who was told there was no point in fixing the roof when
the sun was shining, and when it was raining, it was too wet up there
to fix it. Unfortunately, there is a great deal of that kind of think-
ing in business tou.” ™ .

A friend of mine, a competent engineer and an excellent salesman,
attempted unsuccessfully last year to sell automation equipment to
industry in the San Francisco Bay Area. Within a year he was forced
to give up. He likens his customers to the farmer who would not
listen to the county agent’s advice because, as he said, “Why should
I take advice from him? I ain’t farming half as good as I know how
already!” N ‘

This situation is one known and recognized by every manufacturer
of capital equipment. It is a most difficult job to introduce new and
improved equipment to industry. The public will demand and pay
for new gadgetry and emotional appeals on consumer products, but
the buying motives of the industrial purchaser of industrial equipment
are vastly different from those of the typical retail customer. Company
after company introducing products to industrial consumers who it
appeared “could not afford not.to buy” have learned the hard way
that only a small, advanced segment of industry is really actively
interested in new processes, new equipment, and new materials. The
electronics people have perhaps more to learn here than those who
have been producing industrial equipment in the past, for they have
generally been selling to aggressive, alert buyers in a field of rapidly
advancing technology. When they begin selling control or production
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equipment to industry as a whole, they will find the situation con-
siderably different.

One manufacturer of automatic mspectmn equipment has adopted
a policy of attempting to sell an industry only when it is certain that
the equipment can cut present costs in half. Even then it takes, on
the average, a full year from the first call to the first sale. Another
firm developed and put on the market a new and highly flexible machine
tool capable of multiple simultaneous operations and rapid change-
over from one job to another. Even in its own plant this company
has had great difficulty in getting production people to visualize and
make use of the new capabilities of the tool.

Labor has of course done its share to delay modernization through
general resistance to change, insistence upon maintenance of former
piece rates, and opposition to the assignment of workers to more than .
one machine. It has been stated that the United Automotive Workers
is the controlling factor in the rate at which automation takes place in
the automotive industry. A West Coast manufacturer reports that it
has been forced to mount multiple tools on a common base in order
to obtain union permission to utilize idle operator time.

High income taxes and unrealistically low depreciation rates a.llow-
able under the Internal Revenue Code have also retarded plant im-
provement. Plant managers logically ask, “Why invite labor trouble
and tie up more capital when the Government takes away most of
the savings in taxes?”

Another deterrent to modernization is archaic economic thinking. In
most companies it is easier to obtain funds to keep an old machine
working than to purchase a new unit, especially if the old machine has
a substantial undepreciated value on the books. Before automation
moves very far or very fast, businessmen must learn that book value
has little or nothing to do with whether or not a machine should be
replaced with a more modern machine. Obsolescence is a result of
technological change and is not affected by accounting procedures. The
question of whether or not a machine should be replaced by a more
modern unit depends upon comparative performance in the future and
not upon bookkeeping entries in the past.

Closely related to this type of thinking is the common hesitation
to make a large capital outlay in a field of rapidly developing tech-
nology for fear a new development will make the expenditure obsolete
before it can be written off. Rather than take this risk, some com-
panies seem to prefer the purchase of an old standby model, tried and
true, which is already obsolete.
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These are some of the reasons why automation has moved slowly
in the past, and they will continue to retard it in the future. Manu-
facturers of industrial equipment must recognize these deterrents and
design and work around them. But there are powerful forces which
are working in the other directions as well, strong incentives to auto-
mation.

18.5 INCENTIVES TO AUTOMATION

We have already described some of the improvements being made
in automatic equipment. The machine-tool industry in general is
not noted for its great imagination or progressiveness. But the leaders
in the industry are becoming aware of the fact that the best way
to sell new tools is to obsolete the old ones. Electronic controls are
beginning to appear as significant improvements in industrial equip-
ment. There are indications that competitive battle lines are forming
for a struggle between the electronics and the machine-tool industries,
a battle to determine which companies will build the new equipment—
the conventional-equipment manufacturers with the assistance of the
electronics people, or the electronic-control people themselves.

Increased competition is undoubtedly one of the greatest possible
stimulants to modernization. We are today at the threshold of what
appears to be the greatest capital boom in history. Widespread pub-
licity on the benefits of automation has awakened management to the
opportunities it offers. A major portion of the current capital spending
is undoubtedly for automatic equipment. A leading manufacturer
of automatic equipment reports that in 1957 it will produce each month
twice as many units as were produced in the entire year 1947, and
that its 1957 dollar sales will be eighty times as great as its 1947 sales.
Factory sales of instruments for industrial control were reported to be
$3,000,000 in 1940, $65,000,000 in 1953, and are expected to reach
$150,000,000 by 1960.

The increased cost of labor is among the most important incentives
to automation. The higher labor pushes its wages and the less pre-
dictable labor becomes, the greater the likelihood of its replacement
by automatic mechanisms. The firm whose rapid growth was just
described reports that anticipated wage increases are one of the
most important factors in their sales forecast. The guaranteed an-
nual wage, which labor claims is designed to help protect the worker
from technological unemployment, is much more likely to become
a major stimulant to automation. Labor has on the whole been rather
sensible in its approach to the problems created by automation. How-
ever, it has been completely “‘off-base” in linking the guaranteed an-
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nual wage to automation. Guaranteed employment can work only
toward the replacement of the workers by the machine. Traditionally
labor has been a variable cost; once labor costs are frozen by a
guaranteed annual wage, labor thereby becomes a fixed cost in every
sense of the word, and the incentive to its replacement is thereby
increased. _
Capital is more readily available for modernization than in the
past. A new pay-as-you-go financing plan which allows the borrower
to pay for new equipment with his depreciation allowance under the
new tax laws has recently been announced. Various other equipment
purchase plans attempting to gear payments to savings are available.
Equipment leasing permits modernization with very little capital in-
vestment and often with substantial tax savings. Steel Magazine ap-
praises leasing as follows: “Equipment leasing is something like free
love—both have cost advantages over ownership or marriage; both
involve relationships that may be terminated fairly easily; both are
subject to legal difficulties not found in' the more conventional ar-
rangements; both are probably more talked about than practiced.”
The overwhelming incentive to automation is national defense. The
population of the NATO group of nations is outnumbered two to one
by the Soviet bloc, and only by increasing man-hour productivity ean
this disparity be overcome. Defense production is typically large-
volume, close-tolerance mass production, subject to manpower con-
siderations and unrestricted by availability of capital—hence ideally
suited to automation.

18.6 APPRAISAL OF AUTOMATION

The decision of when and whether to automate and how far to go
in automation are primarily economic decisions. In some cases there
may be no feasible alternative—processes in which radioactive mate-
rials, excessive pressures and temperatures, and tolerances and vol-
umes not practicably attainable without automation are involved.
But in most cases the decision to automate is based on the economic
yardstick of dollars and cents, investment versus payoff.

The full benefit of automation can be obtained only by the com-
plete rethinking of the entire product and process—complete rede-
sign, new materials, new equipment, new plant—as opposed to piece-
meal automation. One of the best examples of this is the use of
printed circuits, automatic assembly, and dip soldering in the produc-
tion of electronic equipment.‘ Even this is a transitional step, using
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available components that were designed for conventional assembly.
Hence it is only a foretaste of future electronic assembly.

Unfortunately, it appears that in most cases a complete conversion
to automatic production is both economically and technologically im-
practicable. In general, therefore, automation must be carried out
one operation, one process, one department at a time. A certain
amount of the go-slow, wait-and-see approach is desirable, for auto-
mation is a young science and "its most important developments are
still in the future. But at the same time current progress must be
made. We cannot wait for perféction There are profit-making op-
portunities in the present, and competitive pos1t10n may be lost if
we drag our feet.

It is not practicable to set forth a universally applicable approach
to automation, especially a program of piecemeal automation. But it
is possible to indicate the type of questions which management must
ask.

What do we expect to gain by automation? We do not automate
to be stylish. Are we looking for economy? Labor saving? Reduced
effort and fatigue? Safety? Freedom from labor troubles? Higher
quality? TUniformity? Reduced material consumption? Increased
production? Space savings? From such questions can be developed
a master plan to insure that so far as possible all changes are directed
toward a common integrated goal.

Where do we start? The criteria are the usual standards of in-
dustrial engineering—bottlenecks, operations offering the greatest cost
savings per dollar expended, or trouble spots (safety, skill require-
ments, fatigue, tolerances, ete.).

On each proposed change we must ask, “What will it cost?” What
can be recovered on old equipment? What indirect costs are involved—
in engineering, product redesign, pilot line testing, market appraisal,
sales promotion, tooling, training, relocation of labor, and interrupted
production? Are adequate funds available? Are there better uses
for those funds, uses that promise a more rapid or more certain
return?

What risks are involved? Are there labor difficulties? Is the
product ready for automation? Is the design thoroughly proved?
Are there technological uncertainties? What is the risk of product
obsolescence? Is the equipment convertible?- What ﬁnanclal risks
are involved? :

What is the anticipated volume? Are there market uncertainties?
What is the competitive situation? How long is the payoff period?

How do operating costs compare—for materials, labor, maintenance,
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power, space, overhead, spoilage, subsequent operations, and assembly?
Are the necessary operating and mamtenance know-how and facilities
available?

What is gained (or lost) in terms of product value—attractiveness,
quality, utility, durability? Are there intangible benefits—morale,
safety, housekeeping, reduced supervision, competitive prestige?

There are many uncertainties, but we must be liberal in estimating
the potential savings. Usually the payoff is much faster than expected.
Rising material and labor costs have accelerated payoff in recent
years. The indirect and intangible benefits typically add up to sub-
stantially more than the direct savings. In an expanding economy,
a machine which was a substantial risk today may become an absolute
necessity tomorrow. New and unforeseen uses and benefits often
develop.

Carl Braun, a strong advocate of plant and equipment moderniza-
tion, has expressed the economy of good equipment by comparing
the benefits of a dynamic and progressive equipment policy with the
hidden penalties of niggardly equipment policy. For every dollar
saved by penny pinching on equipment, he estimated at least four
dollars were lost in productivity, maintenance, materials, and over-
head, with an even greater loss in intangibles.

We should ask ourselves such questions as “What is it worth to
cut rejects in half? To cut tolerances in half? To have the operation
paced consistently? What is greater safety worth? How much is
it worth to get three times the production from the same floor area?”
The first cost of automation is not important, and traditional ideals
of utilization are not 1mportant The important question is ultimate
total unit cost.

Good automation does not cost; it pays. There is a challenge worth
thinking about in the current advertisement advocating moderniza-
tion, “Old equipment may cost a company nothmg—nothmg but its
future.”

Two very simple examples will serve to indicate the payoff of rela-
tively simple automation. In the Berkeley plant of Magna Engineer-
ing Corporation a series of operations on the Shopsmith headstock
(drill 9 holes, ream 1 hole, ream and counterbore 1 hole, tap 4 holes)
were originally done on single-purpose tools—drill presses and tapping
machines fitted with quick-change chucks, tumble jigs, and special
fixtures. This tooling cost $5600 and machine time was 8 minutes per
headstock.

A special six-station rotary table indexing machine to perform these
operations was built for $12,150. The old equipment was sold for
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$4000, leaving a net cost of $8150. Now one operator loads, unloads,
and indexes the machine by pressing a button. Cyecle time is 2 minutes
per headstock. Labor saving, including overhead, is 47 cents per
headstock. The equipment was completely amortized through labor
saving alone on the first 17,400 units or eight and a half month’s
production. Thereafter annual savings have been $11,700. The new
machine eliminated the need for a second shift, reduced space, scrap,
and handling between machines, and produced a more uniformly ma-
chined headstock, thus improving product quality and facilitating
assembly.

In a permanent mold operation making aluminum tables for the
same product, two men were required to operate the mold, pour, pull
cores, open, remove the casting, close, return cores to position, and
lock. Only ten castings per hour could be made consistently. Under
the new method the mold was automated for operation by one man who
presses a button to start the automatic cycle. Output was increased
to fifteen per hour. Mechanization cost $2300 and paid for itself in
less than two months. Annual savings after payoff are $15,500, or
over 600 per cent on the original investment. Mechanization of this
operation reduced physical effort and decreased mold and core wear
substantially. Castings were better and of more uniform quality be-
cause the automatic cycle was not subject to the discretion of the
operator. v

18.7 PROSPECTS FOR FUTURE AUTOMATION

What is the future of the automatic plant? We must try to be
logical and realistic in appraising the prospects for automation and
to avoid the temptation to overrate the possibilities. It is far easier
to be a poor engineer than a good engineer, to find reasons why it
cannot be done, rather than ways in which it can be done. We tend
to think in terms of products and markets as they are today and
find it difficult to see beyond to a greatly changed tomorrow. When
we look around at Western plants, we see many where the volume, the
type of product, the market, and the lack of finances make automation
of any magnitude completely impracticable in the immediate future.
For example, the president of a progressive company making highly
standardized fiberglass-reinforced plastic products stated recently,
“Why should we automate? Our labor is only 10 per cent of our costs.
Show us how automation will reduce our materials consumption and
we'll buy it.”

On the other hand, when as a consumer we look at the articles we
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buy, we see many of them, such as pens, pencils, lamp bulbs, cigarettes,
gasoline, and paint, which are already produced by processes that are
almost completely automatic. We see others, such as hardware,
clothing, toys, plumbing fixtures, plastics, radios, and television—now
produced by semiautomatic processes—which offer great opportunities
for further automation. When we look at these we lose any fear
of overstating the possibilities.

Automation will not come overnight, for reasons we have already
set forth. There will be many plants which will never enjoy extensive
automation. Service and distributive industries do not lend them-
selves to automation. There will be many products which for various
reasons will continue to be made by nonautomatic methods. And yet
every plant will have some degree of automation, and we can expect
that the vast majority of things we eat, use, and wear will within
the next decade or so be made in plants where the only workers will
be primarily technicians and not producers. :

The subject of this discussion is the economics of plant automation.
However, in making a general assessment of the economic prospects
for automation, we must stretch our thinking far beyond manufactur-
ing alone. The punched card, which may someday run our machine
tools, has had its greatest development in the clerical field. In re-
tailing, there is no reason why electronic equipment could not auto-
matically record each sale, check the customer’s credit, send out the
bill, post the new stock balance, reorder if necessary, and give manage-
ment a continuous up-to-the-second accounting of all operations.

Transportation offers tremendous opportunities for automation. The
shortcomings of human control become critical with present-day air
traffic congestion and supersonic speeds. Automatic electronic con-
trols are not subject to such shortcomings, and it is to be expected
that they will soon take over full control of aircraft in flight. The
same may be true of rail, ocean, and even highway transportation. In
freight yards, cars are today humped, braked, classified, and made
up into trains by electronic controls. Computers handle plane reserva-
tions in large cities. Commuters can buy tickets in a four-second
slot machine or may ride a moving sidewalk in railroad stations and
airports. Telephone communications are largely automated today.
A push-button warehouse has recently been announced.

The possibilities in agriculture are likewise great. We have wit-
nessed an impressive mechanization in agriculture in the last thirty
years. Many crops are already planted, cultivated, and harvested
by machine. "It is a rather simple step to automate these processes.
It has been predicted that chemicals alone will displace more than
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one-third of our farm workers in the next twenty years. A West
Coast electronic company has developed an electronic crop thinner
which automatically detects and removes unwanted plants, four rows
at a time. ‘

The place of the small plant in a highly automated industrial society
deserves serious consideration, for it would appear at first thought
that the need for large capital investment and highly skilled manage-
ment would of necessity lead to concentration of resources in large
operations. In some industries this may be true, but there will be
many others in which processes and equipment are simpler or demand
is more limited, where small but well-integrated operations can better
fill the need.. We have already pointed out that automatic equipment
need not necessarily be expensive or inflexible. Some of the auto-
matic equipment described earlier, such as the Arma lathe, seem
ideally suited to small business and will for the first time bring to
small plants and intermittent production the opportumty of automa-
tion.

Every major mechanized industry—petroleum, automobiles, ap-
pliances, etc.—has a plethora of small companies serving the large.
There will always be a need for small shops to install, service, and
tool automatic equipment for larger concerns and to design and build
special equipment. Small companies seem to thrive in a period of
technological advance, and many of the significant steps in the de-
velopment of automation controls are being taken by relatively small
companies.

There will- be local demands for foodstuffs, building materials, and
other commodities which must be met by small local concerns. There
will be situations where the imagination, vitality, flexibility, and lack
of tradition and inhibition in small plants will offer an advantage over
the rigidities and ponderous character of larger companies. In addition,
there will be the service industries, those catering to the leisure market,
and the distributive industries. On the whole, small business has
little to fear and much to gain by automation.

18.8 IMPACT ON MANAGEMENT

To me the most exciting, the most cha]lengmc, and the least-ex-
plored aspect of automation is the impact of automation on manage-
ment. We have already seen that not all plants will be automated
to the same degree. But whether a plant becomes automated or not,
it will face new management problems as a result of automation. Non-
automated plants must -compete for the consumer’s dollar and for
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labor with more automated industries. Companies whose direct com-
petitors become automated will be forced to do likewise or fall by the
wayside. And in companies where extensive automation takes place,
many new management problems will be created.

It is not possible to discuss all the types of management problems
that are likely to arise in nonautomated, partially automated, and fully
automated plants. Therefore, some of the new problems that will
be faced in the fully automated plant should be indicated. Each
company may interpolate its position and problems, depending upon
the degree to which automation may take place in its own industry.

The automatic plant will be relatively inflexible as to product and
volume. Early writers envisioned factories equipped with tape-
controlled automatons, replacing human workers and operating con-
ventional general-purpose machines. It was suggested that if such
a plant were producing vacuum cleaners and a shutdown threatened
because of a shortage of electric motors, the plant could, with a little
retooling and reshufiling of equipment, be converted to the production
of motors until the shortage was remedied.

We have already discussed the flexibility of electronic control. Cer-
tainly many highly automated plants will be much more flexible than
today’s mechanized plants. Automation may even reach a rather
high level in certain types of job shops.

But we can hardly expect the automatic plant to be an assortment
of general-purpose automatic tools that can be changed over from
one operation to another simply by changing tapes. In most automatic
plants the special tooling—jigs, fixtures, dies—and single-purpose
machines, inevitably expensive and suited only to the production of
a single product, will severely limit the possibilities of change-over
from one product to another. And in terms of layout, balance between
operations, loading and unloading, and materials-handling equipment,
the truly automatic plant will be strongly wedded to the single product
for which it was originally designed. Thus design and product changes
will be costly and flexibility with respect to product will be distinctly
limited.

It appears likely that the automatic plant will also be relatively
inflexible in volume output. Automation equipment is expensive.
Because it is highly productive and can readily be operated around the
clock, the output per dollar of investment may be very high and
fixed costs per unit of output may be low. Nevertheless, fixed costs
will always be high relative to variable costs. Labor costs will be
fixed, because salaried maintenance, setup, engineering, and adminis-
trative personnel, in whom a large investment in training has been
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made, must be kept on the job as long as the plant is operating, re-
gardless of the level of operations. And even materials cost will be
relatively fixed, because long-term commitments for materials will
be necessary to insure a continuous supply. The automatic plant
need not accommodate itself to the convenience of a large work force,
and competition will force it to operate around the clock. A plant
operating twenty-four hours a day cannot expand its output in the
event of an increase in demand; because of high fixed costs, it will be
uneconomical to reduce operations in the event of a decrease in sales
or price.

What does this mean for management? The function of long-range
planning and the companion functions of coordination and control
will be elevated to major importance. The automatic plant will re-
quire a highly sophisticated management—technically competent, de-
cisive, capable of sound and realistic advance planning, able and willing
to take substantial corporate risks based on carefully appraised facts,
equipped with efficient administrative controls, and capable of better
than normal coordination. The overall company point of view, the
ability to coordinate operations as an integrated whole rather than as
functional divisions of sales, production, and finance, will be empha-
sized, and functional lines will become more and more blurred. Com-
pany men, not functional specialists, will be needed on all levels.

The new responsibilities of the production manager are obvious.
The automatic plant will be a highly integrated unit from incoming
raw materials to finished product—vulnerable at any point. Emphasis
will be on high utilization, with little time available for maintenance
activities. Preventive maintenance will be a must. The normal pat-
tern of plant operation may be reversed, with maintenance, tool
changes, and service activities on the day shift and production opera-
tions on the night and swing shifts. Maintenance and standby per-
sonnel must be able to “double in brass,” for the automatic plant must
avoid the risks of human whims and frailties.

Administrative breakdowns, such as material shortages or faulty
planning, will be as serious as mechanical breakdowns. A high pre-
mium will be placed on administrative competence, precise planning, ef-
fective control, and decisiveness. Relations with suppliers will take
on added importance. Control over operations must be immediate and
effective. Plant location will be less dependent on availability of
labor, and we may expect to witness a continued decentralization to
nonindustrial communities. Location need no longer cater to a pool
of labor but to the living desires of trained technicians. A new type
of engineer will be required, one whose training cuts across conventional
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lines—mechanical, hydraulic, electrical, and industrial—able to work
as a part of a team, willing to take substantial responsibility, and able
to make quick, sound, on-the-spot decisions. The, production en-
gineering function will also reach a new level. Methods study and
problems of utilization of the human operator will'tend to give way
to problems of machine design, process improvement, equipment utiliza-
tion; and maintenance. - '

Strangely, it may be the sales department and not the production
function which will carry the major responsibility for the success of
the automatic plant. ' The wheels will start to turn with the sales
forecast and the overall operating plan—the responsibility of the top
planning group. But on the sales department will fall the responsibility
for developing and maintaining that market necessary to keep the
automatic plant operating at an economical level. Full automation will
be practicable only in plants producing standard products in large
quantities. This constitutes another challenge to sales, gaining con-
sumer acceptance of highly standardized products. In most cases
products will have to be entirely reconceived in -terms of the function
they are to perform, and redesigned of new materials suited to auto-
mation. Once again this constitutes a burden on the sales department,
which must overcome the consumer’s natural resistance to radically
new products. There are indications that seasonality of demand is
gradually disappearing from the American business scene. This
change must be hastened, for the automatic plant cannot be turned on
and off with the seasons. '

It is clear that the challenge to sales is as great as the challenge to
production, and the competence with which the sales department can
meet this challenge will determine to a large degree the success of
automation in many companies and industries. ‘

Automation will also bring many new problems for the personnel
and industrial-relations group. It will be their responsibility to find,
train, develop, maintain, and motivate a skilled work force made up
primarily of technicians. Where will we locate such employees, what
job satisfactions can we offer? What incentives? How will we meas-
ure the performance of such a group? What will automation do to
the precious ingredient of leadership at the foreman level? What new
industrial-relations problems will a shorter work week or a six-hour
day bring? The problem of workers holding jobs and seniority rights
in two plants is already a headache for management. A shorter work
week will aggravate the problem. Will labor actively resist automa-
tion? Will increased pressure for the guaranteed annual wage come
hand in hand with automation? What can be done to meet the prob-
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lems of displaced workers? What seniority and mobility problems
will arise?. What new issues must be bargained during the transition
period? S

Automation will bring with it a tremendous increase in the bargaining
power of labor, both because the automatic plant eannot afford work
stoppages, and because as labor costs decrease as a percentage of total
costs, management’s resistance to wage increases and fringe benefits
likewise softens. There is in this a real threat for nonautomated in-
dustries employing many men, for they cannot isolate themselves from
the wage patterns set in automatic plants.

There will also be new problems for the financial executive, who must
provide capital funds for these new facilities, give up the luxury of
variable costs, adapt budgetary and financial planning to an operation
"dominated by fixed costs, and finance inventories through off-season
periods in plants that cannot afford to shut down or even to reduce
operations. The controllership function will continue to grow in im-
portance. The trend to responsibility accounting by major cost centers
rather than by operations or job lots will be accelerated.

What effect will automation have on industrial research? Will the
investment in specialized production equipment and tooling “put a
damper on” product and process research? There is much evidence
that product change in some highly mechanized industries is seriously
restricted by sunk costs. But can any firm isolate itself from tech-
nological change in a competitive market without becoming highly
vulnerable to inroads by competitors or newcomers? In industries
where technology is volatile, companies will be forced to write off
equipment expenditures at a very high rate and include this fast write-
off in their deliberations on the economics of automation, in their
pricing, etc.

It seems clear that management responsibilities in all areas will be
complicated by automation, that the future will demand a much
higher level of management competence than required in today’s com-
petitive economy. There will be more decisions to be made, less time
to make them, and the consequence of ill-considered action will be
infinitely greater: Does this mean that today’s harassed, overworked,
hypertensive, insomniac administrator will find  himself completely
overcome by tomorrow’s new and more exacting responsibilities? Must
we wait for the evolutionary process to produce a superrace of man-
agers before the automatic plant becomes fully practicable?

Historically the advance of technology has been a balanced ad-
vance on many fronts, with developments in one area providing an-
swers to problems created in others. It appears that the same inter-
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action may take place here as well—that automation itself may pro-
vide the solution to the dilemma of the increased management burden
it creates.

In the first place, when production is automated, operations are
converted from intermittent to automatic continuous production, and,
thereby, thousands and thousands of day-to-day middle-management
decisions, decisions on schedules, loading, work allocation, work
methods, ete., have been erased. The die is cast, the gears of the auto-
matic plant of necessity mesh together, and there remains in essence
only the high-level decisions of how fast and how long they run.
Even emergency action must be largely preplanned in advance. This
is of course oversimplification, but the principle remains.

Secondly, managers of the automatic plant will have the assistance
of electronic data-processing equipment, first cousin to the controls
that will guide and control the production machines. These devices
will play an equally important part in the automatic plant. For com-
puters, coupled with new techniques of statistics, operations research,
and linear programming, can help provide the answers that will help
management administer the delicately balanced operations of the
automatic plant. The potential use of computers in research, en-
gineering, mathematics, and the sciences has been discussed. But has
the contribution they can make to sales planning and analysis, pro-
curement, inventory, and quality control been considered? Future
business management can be greatly influenced by the availability
of continuous, up-to-the-second information on practically every phase
of the company’s operation. No longer need we wait until tomorrow to
obtain today’s operating figures, nor need we wait until next month to
determine this month’s performance. In the automatic plant we cannot
afford to wait. At any instant the computer can provide a statement
of performance up to the second and, if desired, an extension to to-
. morrow, next month, or next year, compensated for seasonals, trends,
competition, and other factors.

Businessmen flatter themselves today when they talk of taking
“calculated risks.” The phrase means only that we do not know
all the facts but have considered the risks and unknowns and attempted
to take them into account. Actually it adds up to a few incomplete
facts plus considerable old-fashioned hunch and judgment. Tomorrow
with the aid of the computer we shall really be able to caleulate our
risks and carry on a planning and control job worthy of the name
enlightened management. There is a blessing here, but there is also
" a risk. Management can have so much information that it may not
see the forest for the trees, may demand and try to use too much in-
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formation, and may lose sight of essentials in the mass of detail. Self-
discipline, an orderly sense of value and importance, and a firm grasp
of the overall picture will be necessary.

18.9 SOCIAL IMPACT

There are other aspects to this matter of economics of automation.
Industry does not operate in a vacuum. It operates in an economic and
social environment which provides capital, materials, workers, and
markets, and which regulates industry’s activities whenever those ac-
tivities operate to the detriment of the community. Thus, business
must look not only to the impact of automation on its own internal
affairs but also to the impact of automation on society. Business has
very definite responsibilities to that society and must have answers
to the questions and problems that automation will create.

Almost automatically, when we think of technolegical change, we
think of unemployment. Some labor leaders have already resurrected
the bogeyman of technological unemployment. It has been eynically
suggested that displaced workers may even suffer the indignity of
receiving their severance checks from a computer. I am certain the
labor leaders know better. Their remarks are as stupid as the actions
of Belgian workers who threw their wooden shoes or “sabots” into tex-
tile machinery and gave birth to the word “sabotage.” But though
these fears may be unfounded, they cannot be ignored. Management
must recognize and deal with them. Automation cannot be rammed
down labor’s throat.

It certainly is true that in many cases the primary objective of
automation is the elimination of labor. But will automation lead to
widespread unemployment? Certainly not in the long run. Tech-
nology has always created more jobs than it has destroyed and has
made possible a continually expanding economy which has absorbed
more than it has displaced. But these hit-and-run conversationalists
confuse the facts further with dramatic remarks such as, “We are not
interested in the long run; we live in the short run; in the long run
we’ll all be dead.”

We may be sure that labor will play automation for all it is worth
at the bargaining table and in public debate. Those who wish to have
a free hand in automating their own plants, who wish to develop and
sell automation equipment must make it clear to all that automation
is a great potential blessing which promises tremendous benefits for
all mankind, for the worker and the consumer much more than for
capital. Management must emphasize the promise of increased leisure,
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reduced prices, and improved standard of living, greater employment
security, an economy of abundance, and the importance of automation
in defense. It must be pointed out that technology does not eliminate
jobs, it creates them; that a major strike in the automobile industry,
for example, would put more people out of work than automation
ever will.

Automation will not and cannot come as a tidal wave. It will de-
velop at a disappointingly slow pace, one job, one department at a
time. The techniques of automation are still only partially developed.
Automation of even a minor segment of a plant requires much planning,
product redesign, consultation with equipment producers, coordina-
tion with sales, construction, installation, debugging, etc. No exist-
ing plant will automate overnight. And new plants do not destroy
jobs; they create new ones. There will be time for readjustment, time
to find new jobs, time for retraining (a responsibility of labor as well
as management), and opportunities for normal turnover to absorb
displacement. ‘

Automation of clerical work may well be much more rapid than
automation of industrial jobs, for the number of office workers has
grown 60 per cent in the last ten years. Management has an insatiable
desire for information—if it is accurate, timely, and can be obtained
at low cost. Data-processing equipment can provide such information
and may actually expand rather than contract clerical employment,
just as mechanization expanded employment in the automobile in-
dustry. Furthermore, office work is in an area of high natural turn-
over, and a large displacement can be readily absorbed.

The total impact of automation on industry may be large in dollars
and cents, but in terms of industry as a whole it will be rather small,
at least in the immediate future. It has been estimated that less than
8 per cent of the work force is employed in industries, where auto-
mation is technologically or economically practicable in the foreseeable
future, and these industries are already largely mechanized.

Even when installed and working, automation will not eliminate all
jobs in any plant. Phrases such as “the workerless factory,” “machines
without men,” are figures of speech, figments of overstimulated imagi-
nation. It is estimated that for every ten workers replaced by auto-
mation, one good maintenance man must be added. Even in the
automatic plant there will be many workers, technicians, setup men,
programmers, tool makers, maintenance men, supervisors, and. systems
engineers. Our industries that have attained the highest degree of
automation—automobiles, appliances, rubber, steel, etc.—are also
among our largest employers. It is perhaps significant, certainly it
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should be reassuring to labor, that some of the old-time glass blowers,
displaced by modern high-speed automatic bottle-making equipment,
are today operating these same automatic machines and are of course
earning much higher wages.

Labor has clearly stated its objective of a thlrty-hour week., If
they are successful, any possible decrease in the number of jobs will
be spread among the work force as a whole. Furthermore a new
leisure market will be created, a market for home furnishings, garden-
ing equipment, sporting goods, entertainment, and travel, creating
major expansion in these industries.

All these factors are minor when measured in terms of our rapidly
expanding economy. Automation means a better product at lower
cost. In this country that combination has always meant greatly in-
creased sales. When Walter Ruether was facetiously asked how he
expected to collect dues from automatic machines in a new automobile
plant, he reportedly replied with the question how management ex-
pected to sell automobiles to them. Industry will not install automatic
equipment, unless it knows it can sell the product. One of the char-
acteristics which distinguishes American management from manage-
ment anywhere else in the world is its aggressive, imaginative, hard-
hitting ability to sell. '

All facets of our economy promise a tremendously expanded demand
in the future—our universal desire for an improved standard of living,
the increasingly large portion of our population represented by non-
working, elderly people, the tidal wave of youth bursting the seams
of our school systems, the defense program, and our commitments
abroad. It has been estimated that just to maintain our present rising
standard of living we must increase our produetivity 50 per cent during
the next ten years. In other words, we must step up our annual increase
in productivity from its traditional 214 per cent to 5 per cent. This
hardly bespeaks widespread unemployment! Only through rather ex-
tensive automation can such a demand be met.

We cannot deny that some temporary unemployment will be created.
We are living in a period of change, and this is one of the prices we
pay for the benefits that change brings. Management must do its share
to cushion the impact of automation, and if it wishes to avoid undue
labor or government restrictions on its right to automate, it will make
certain that automation is accomplished with the least possible
disruption.

There is another aspect of automation with perhaps even greater
importance, one of which management should make the most in its
effort to gain recognition of the benefits that automation promises.
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Too little attention has been given to the contribution automation
can make to a fuller, richer life. Clearly it can bring a higher standard
of living and increased leisure. But it can also increase job satis-
faction by replacing monotonous, dull jobs with challenging, mean-
ingful assignments. Mass production has been ecriticized for de-
grading the worker, for replacing skilled craftsmen with machine
tenders. Norbertt Wiener in his book The Human Use of Human
Beings has commented, “It is degradation to a human being to hitch
him to a plow and use him as a source of power. But it is an even
greater degradation to assign him to a repetitive task in a factory
which requires less than a millionth of his brain power.”

It has also been said that “unskilled work is a mistake in engineer-
ing,” that the most easily automated jobs are the repetitive, unskilled
jobs. Automation could lead to “the human use of human beings.”
It could replace large numbers of unskilled workers on drab, monoto-
nous jobs with highly trained technicians on challenging, responsible
assignments of keeping the fabulous machines running. Thus the
new technology may cure the evils of the old technology. In this
sense, automation may be a reversal rather than an extension of the
first industrial revolution.

This raises other pertinent questions to which management must
find answers. We cannot deny that there will be some down-grading
of labor whenever better jobs do not open or when workers cannot be
trained for greater responsibility. What happens to those who are
replaced and have neither the training nor the aptitude for higher-
level work? Henry Ford I is reputed to have said that a whole stratum
of humanity is unfit for anything but repetitive assembly line work.
Even if Ford were right, there would be many semiskilled and un-
skilled jobs in nonautomatic industries.

The other side of the coin is equally unknown and perhaps more
important to management. Will we be able to find the skilled tech-
nicians to supervise, service, tool, and maintain this highly complex
equipment and adapt it to changing product demands? One large
manufacturing company reportedly estimates that when its operations
are automated it will have to step up its hiring of college graduates
from 300 per year to 7000 per year! We already have a severe shortage
of technical skill in industry. Certainly one of the great frontiers
of psychology lies in improving our methods of determining human
potentials. Thus far we have only scratched the surface. The ex-
perience of the military in selecting and training for highly technical
jobs indicates that industry has a long way to go in this regard.

What will be the effect of automation on the business cycle? Will
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it reduce or aggravate the fluctuations in our economy? The evidence
seems to indicate that automation will bring increased stability. It
must bring stability, for the automatic plant cannot survive in a
fluctuating economy. As we have seen, there will be few variable
costs in the automatic plant and hence little incentive or opportunity
to vary production in response to fluctuations of the market. Of
course such cutbacks as may occur will be less likely to initiate a
chain reaction of reduced purchasing power, for there will be few
workers laid off. But the economic inflexibility of the automatic plant
will necessitate investment and operating commitments which cannot
be turned on or off in response to changing markets. We can today see
evidence of the contribution that long-range business planning can
make to a stable economy. Aided by the computer, we shall develop
a level of planning skill and business predictability completely un-
attainable today. This all leads to the promise of an employment
security much greater than that offered by unemployment compensa-
tion, make-work projects, guaranteed annual wage, or similar devices.

There has been much talk about the contribution automation can
make to higher living standards and increased leisure. This presents
business management and society with a question of real challenge.
Will we have the intelligence, the character, and the incentive to use
our added leisure and other benefits constructively, in ways that bene-
fit and enrich rather than degrade and weaken? History teaches a
sobering lesson: The more we have of creature comforts, the more we
try to defend and protect what we have and the less we tend to
pioneer and risk and innovate and strive for the ideals that led to our
past great accomplishments.
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19.1 GENERAL PREDICTIONS

In a general way, it is not difficult to predict the future of automation.
Ultimately, a major portion of the processing of data that now oc-
cupies the routine attention of many thousands of people will be ac-
complished automatically. Similarly, a large fraction of the routine
repetitive activities of factory workers will be done by the use of the
new automation techniques. Direct results of this spreading industrial
revolution will certainly include a large increase in our national pro-
ductivity. Indireet results will include the appearance of new products
whose design and production are for the first time made economical
because of automation. Hundreds of thousands of people will be
employed by the companies engaged in the various ramifications of
automation, with annual sales reckoned in billions of dollars.

Such predictions are easy to make, and they are certain to be true.
Today the handwriting on the wall is so clear and unmistakable that
it allows for no misinterpretation so far as the ultimate future of
automation is concerned. What this handwriting on the wall does
not spell out so clearly, however, is how long it will be before this
bright future of automation is actually realized. Will. most of Ameri-
can industry be well on its way to realizing the benefits that can
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arise out of automation techniques ten years from now, or will it be
twenty years before the full effect is felt?

Certainly we will all agree that predicting the time scale for the
development of a new technological or scientific trend is a different
kind of business from predicting what the trend may ultimately lead
to. We are all familiar with the concept of the dispensability of in-
dividuals in the development of new ideas. We know from history
that when a field develops to a point where it is in effect ripe for new
ideas and techniques to come out of it, frequently the new ideas and
techniques appear to be discovered, almost simultaneously, by entirely
unrelated workers in the field. However, from the perspective of the
historian, the almost simultaneous discovery of some new idea may
mean only that the two independent discoverers thought of the same
thing within an interval of ten years or so. Although this interval
is often insignificant when history is being written a few hundred
years later, it can be of great concern to the participants in the making
of history. We can be certain that if Einstein had not turned up
with the theory of relativity, including the energy-mass equivalence,
when he did, someone else would have developed an approximately
similar theory before now, but it is quite possible that there might
have been a delay of a dozen years in the process. An incidental re-
sult of such delay, if it had occurred, could have been that the atom
bomb would not yet have been invented. Although this might or
might not prove significant to the historian who writes up the ac-
tivities of these times two hundred years hence, it may be that, from
the narrow points of view that motivate most of us, such a time lag
would be not at all insignificant.

And so it may be with the field of automation. Although the ultimate
results are predictable, the rapidity with which we approach those
results are likely to be materially affected by the activities, the de-
cisions, the mistakes, and the successes of individuals, groups, and
companies that are today in the field. If they choose improper methods
of approach to the very great problems that exist in this field, it could
well mean a delay of fifteen to twenty years before a given level of
automation effectiveness is reached.

There may or may not be general agreement on this philosophy, but
as long as this remains just philosophy, it is not likely to be very use-
ful in helping us plan our course for the future. What we must do to
turn this theorizing into useful channels is to see if we have any way
of differentiating between approaches to automation that will lead to
rapid progress and approaches that will result in delaying the at-
tainment of the desired goals.
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This, then, is my objective—it is not to discuss the future of auto-
mation as such, but rather it is to explore whether there are any gen-
eral methods of approach that can be taken by individuals and or-
ganizations in the field that will promote the growth of automation
more effectively than other methods of approach.

19.2 CHARACTERISTICS OF AUTOMATION SYSTEMS

We should note that the most effective performance in the develop-
ment of a new field is usually exhibited by those who best employ
lessons learned from past activities of a similar character. Therefore,
let us start by inquiring whether there is any field similar to automa-
tion for which a past history of development exists from which we
might hope to learn some useful lessons. What do we mean by a similar
field? What are the distinctive characteristics of automation? It
is apparent that one important feature of the field is that it is based
upon the development and use of very complex equipment which,
although not entirely electronic, is nevertheless centered upon elec-
tronic devices and electronic techniques. A second vital aspect of
automation is that the equipment is rarely, if ever, an end-item in
itself, such as a radio or an automobile, but usually appears as a
tool or component that is integrated into a complex system involving
men, machines, methods, and procedures—all organized to perform
some basically nontechnical operation.

19.3 SIMILARITY OF MILITARY ELECTRONICS AND.
AUTOMATION SYSTEMS

Is there any field having similar characteristics that has already
undergone extensive development? Indeed, there is one—it is the
field of military electronics. There, too, the equipment, although by
no means entirely electroniec, is based upon electronic apparatus and
electronic techniques. Like automation systems, military electronic
systems are exceedingly complex. In fact, many of the specific tech-
niques and apparatus components being used today in automation
were developed in military electronic activities. Not only with respect
to the nature and complexity of equipment, but also with respect to
the type of operations in which it is used, there exists a great similarity
between military electronics and automation apparatus. In each in-
stance, the complex equipment must be operated by basically non-
technical people to perform as a part of a very intricate and extensive
system of human organization, machines, methods, and procedures, to
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accomplish an overall result. In each case, the design of the equip-
ment is intimately associated with and affected by the surrounding
complex of men and procedures.

Let us analyze the lessons that have been learned in recent years
in the development of military electronic systems, often at great
expense. Automation may well be in the unique position, for a
new field, of being able to draw on a reservoir of immediate past
experience comprising the activities of thousands of people and the
expenditure of billions of dollars.

19.4 MILITARY ELECTRONICS

Let us therefore now direct our attention to military electronics and
how it has grown since the beginning of World War II. There were,
of course, many applications of electronies in the last war. However,
it is well known that the area of greatest electronics activity, and
therefore of greatest long-range influence on the field of electronics,
was that of radar. Project activities were carried out in a number
of universities, and a great many industrial organizations quickly put
large crews to work to develop the techniques that ultimately led
to modern radar. And this equipment was, of course, used quite ex-
tensively by all branches of the Armed Services—on the ground,
on the sea, and in the air. As we all know now, it proved to be
sufficiently useful that it played, if not a key part, at least an im-
portant part in a wide range of military activities. Therefore, radar
would appear to be a good subject to study in looking for lessons
learned in military electronics that might be applicable to automation.

As a vehicle for developing the points of interest, let us consider
the field of airborne radar. The first airborne applications of radar
were in bomber planes to provide the navigator with means for ob-
taining position fixes at night or above the overcast. There were
also early applications of radar equipment to night fighter aircraft
to make it possible for the pilot of an interceptor plane to locate an
enemy bomber at night and to approach close enough to have a
chance of seeing the bomber plane outlined against the night sky,
thereby permitting a gunfire attack.

19.4.1 The Black-Box Approach

Once radar equipment had been put into aircraft to facilitate navi-
gation to the general vicinity of the target, it was natural that some-
one should propose a combination of radar with bombsight or fire
control equipment to permit actual blind attacks to be made against



580 AUTOMATION IN BUSINESS AND INDUSTRY

enemy targets, rather than just the accomplishment of navigation to
the vicinity of the target. The military organizations approached this
matter in what was to them a normal way. They employed the
black-box method. For each weapons project, they assigned to a
suitable officer and staff of the military organization the systems
management responsibility. In turn, this military project team made
arrangements for a suitable contractor to provide what was to them
simply a black box—a radar designed to be suitable for use with the
bombsight or fire control equipment currently in use by the service
in question. The theory was that the radar equipment would be de-
- livered, designed to military specifications supplied by the customer,
into the hands of the military project organization, and would then
be combined with the usual bombsight or fire control computer, in-
stalled in the necessary airplanes, and connected together by military
people to provide the hoped-for capacity for all-weather operations.

But the black-box theory did not work. It was not that the radar
equipment did not arrive more or less on schedule, for it did. Also,
the size and shape of the black box worked out pretty well so that it
fitted together physically with the computer. Furthermore, the plugs
and interconnecting cables required to hook the two pieces of ap-
paratus together mated pretty well. The only trouble was that, when
put together, the radar and computing equipment generally inter-
acted upon one another in obscure ways that had not been anticipated.
There were a number of reasons for this. As only one example, there
were important differences in the character of the target data sup-
plied by a tracking radar and the target data supplied by optical
tracking, with which bombsights and fire control computers had
previously been used. The angular accuracy with which early radar
equipment determined the position of a target was somewhat less
than the accuracy with which a human observer could set eross errors
on a visual telescope image of the target. This, of course, surprised
no one. However, what was not so well anticipated was a set of
subtle effects on the performance of computers that arose out of the
“jitter” or random variation in target data, owing to the basic char-
acteristics of radar. These properties of the radar data in some in-
stances rendered completely inoperable computers that had performed
very satisfactorily in their past optical applications. In other in-
stances, the computers worked, but with a disappointingly low level
of accuracy and effectiveness. Such matters as these are well under-
stood now, but in the early days of military electronics they often
came as dramatic and disheartening surprises to the military project
people who sometimes abruptly discovered that in practice their
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hoped-for superior, advanced weapon operated in a very disappointing
fashion.

19.4.2 Systems Integration

But our military people are not, and were not then, slow to learn.
Therefore, it did not take them long to recognize that their basic
mistake had been a failure to appreciate the fact that a radar bomb-
sight is not obtained by adding a radar black box and a bombsight
black box but rather must arise out of a single integrated develop-
ment in which the design of the radar is intimately affected by the
bombsight into which it is to work, and the design of the bombsight
is strongly characteristic of the radar that is to supply it with data.
In other words, a highly technical systems integration activity was
required that had been missing.in-the early attempts by the military
to provide themselves with advanced weapons systems. The solution

“to the problem required that the well-meaning, but technically un-
prepared, military project people get out of the coordinating business
and assign to technical people the overall responsibility for the design
of a single, integrated radar-computer combination. Here were the
ingredients for an interesting industrial competition. Which type
of organization was to be given systems responsibility—the computer
company or the radar company?

At this stage, early in the last war, computers for military applica-
tion were primarily mechanical in nature, were designed by people
trained largely as mechanical engineers and mechanical designers,
and were built by companies specializing in mechanical work. The
newer radar techniques, however, were electronic in character, and
the participants in the development of these new techniques were
physicists and communication engineers. It might have been thought
that there would ensue a long and possibly even bitter tug of war be-
tween the mechanical and the electrical groups for supremacy. There-
fore, it was particularly interesting, and certainly of significance for
the future of automation, that almost before the lines of battle could
be drawn, the competition was-over, with the physicists and- electrical
engineers left in clear, undisputed possession of the field. As is usually
true of such decisive engagements, there was a very good reason for
the one-sidedness of the victory. It arose out of the fact that, in this
country at least, the educational training and subsequent professional
experience of physicists and communication electrical engineers is
much richer in scientific fundamentals than is the training given to
mechanical engineers. As a result, electrical engineers and physicists
are better suited to the solution of new types of previously unen-
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countered problems than are mechanical engineers. This is particu-
larly true of those physicists and electrical engineers who have had
graduate training from our better institutions. It came much more
naturally to these people to deal concurrently with the combination of
radar and computer problems. Hence, no competition; the newer crop
of electronics people took over systems responsibility.

It was in this way that most electronics people obtained their early
indoctrination in the field of computing in the 1940-1945 era. In the
process, not only did they learn to be ingenious in the invention of
techniques by means of which electrical components could be caused
to perform mathematical operations, but also, working with mechanical
engineers as part of the team, they learned to understand the mechani-
cal techniques that had been employed for this purpose in the past
and to take them over and use them in econjunction with electrical
techniques whenever the mechanical techniques were superior. To
some extent, therefore, they ultimately absorbed what might have been
their competition.

The impression should not be given that the companies that prior
to the last war had been successfully engaged in the development and
manufacture of mechanical computers for military applications all
folded up and went out of business. In general, this did not occur.
Frequently the established organizations saw the handwriting on the
wall and began to add to their technical staffs considerable numbers of
physicists and electrically trained men. It is a tribute to the manage-
ment of these organizations that some of them were sufficiently fast
on their feet to emerge after the war in a position almost as strong
in the now electronically dominated field of weapons systems as the
position they had held earher on the basis of superior mechanical design
competence.

To illustrate the pomt for one military application the government
let contracts for the development of a certain kind of airborne com-
puter to two different companies, one traditionally known as a me-
chanical company, the other as an electronics organization. Both com-
panies developed satisfactory computers performing roughly the same
functions in the same types of airplanes. Both companies were given
production contracts against which considerable numbers of computers
were delivered and ultimately installed in military aireraft. When a
comparison of the two kinds of equipment was made, it was discovered
that the computers built by the electronics firm contained more gears
than the computers built by the mechanical firm, and the computers
built by the mechanical firm contained more vacuum tubes than those
supplied by the electronics organization. The real point of the story
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is that, by this time, teams of physicists and electronics and mechanical
engineers were in control of the systems development activities in both
companies.

But the addition of a computer to a radar was only the beginning
of a trend toward a general broadening of the scope of the technical
assignments given to the designers of military electronic equipment.
Another early step in this broadening process, in the instance of the
bomber, was to employ the output of the computer to manipulate the
control surface of the aircraft and thereby fly it automatically on a
correct bombing course, rather than simply to display to the pilot steer-
ing instructions, as had been done in the past. In the instance of the
interceptor plane used to attack enemy bombers, the analogous devel-
opment was to use the output of the fire control computer to steer
the plane on a proper gunfire attack against the enemy bomber. This
type of problem led electronic engineers into such areas as the aero-
dynamic response characteristics of aireraft and the dynamics of flight.
And so, as time went on, the trend in military electronics was to assign .
to the electronics organization more and more responsibility for the
design or at least the integration of the growing numbers of increas-
ingly complex equipment subsystems that were required to work to-
gether to produce some desired operational result.

19.4.3 Weadpons Systems Concept

Along with the trend toward the broadening of the responsibility
of the electronics development organization to cover other technical
areas not previously associated with electronics, a concurrent trend
developed toward expanding the responsibilities into nontechnical areas.
Just as technical considerations led to the necessity of treating the
radar and the computer that went with it as a single piece of equip-
ment rather than as two separable black boxes, so, as the technical
responsibility of the electronics development organization expanded
to include entire weapons subsystems, such as radar navigating and
bombing equipment or interceptor fire control apparatus, it was also
necessary that the organization become more deeply involved in mili-
tary operational considerations of a basically nontechnical nature.

It is important to understand how far this trend toward broadening
responsibility has progressed in the field of military electronics. To
illustrate, let me give some examples of problems that must be dealt
with today by the members of a team charged with the responsibility
of developing an electronics system for use in interceptor aircraft to
assist in the shooting down of enemy bombers. Such problems include
the following: -
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(1) How many bombing planes are likely to come in at one time?
At what altitude? What kind of maneuvers will they perform? What
countermaneuvers will be required of the interceptor for successful
attack? Such matters as these can have a major bearing on the elec-
tronic computer designer’s choice of the type of attack trajectory
that is to be specified for use by the interceptor plane.

(2) What kinds of manipulations can the occupant of a supersonic
aircraft really perform? One of the worst mistakes the designer of
equipment can make is to impose upon the occupant of an aircraft
operations he cannot really accomplish successfully, particularly under
the stress of battle. 7

(3) How long does it take the pilot of a defending interceptor to
get into his position in the plane, take it off, and get to altitude once
an alarm has come in? This determines the time available for target
kill and influences the choice of trajectory of attack to be designed
into the computers.

(4) What will be the numbers and the training of the maintenance
men the customer will be able to provide under battle conditions for
keeping the electronic equipment operating? Equipment that may
exhibit unusually high performance when maintained by men with
doctorates in physics or engineering may in practice be quite inferior
to simpler equipment of much lower ultimate performance if the main-
tenance staff is to consist of one high-school graduate.

And so it is that an almost indefinitely long list could be provided
to illustrate the extent to which organizations today, successfully en-
gaged in military electronic systems development, have been required
to broaden their scope, first to include a wider variety of technical
assignments than used to be considered appropriate for electronics
organizations, and then to accept the responsibility for a wide range
of concurrent, nontechnical matters. This development of the military
weapons systems concept, important as it is, is not very widely under-
stood today. Oddly enough, although this development has come about
as the direct consequence of World War II, the principal strides made
by the military in establishing suitable organizational and contractual
arrangements for handling their difficult weapons systems problems
have been made since the end of the last war. It is no accident what-
ever that the really giant strides in the applications of the newer
electronic techniques to the science of warfare have also been made
since the war and have been almost invariably associated with projects
in which organizations, primarily electronic in character, have been
given strong positions of systems leadership.
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19.4.4 Summary

All this recent history may be summarized in the conclusion that
the key to success in military electronics has been established to be
the employment of a proper systems approach in the development work.
The basic difference between improper and proper systems approaches
has been illustrated as follows:

(1) The black-box approach to military systems is the improper
approach and does not work. In this approach the customer attempts
to specify to outside contractors the characteristics of equipment sub-
systems that it is hoped can be brought together with other subsystems
by the customer to perform some overall operational function. In the
complex weapons systems of today, this approach does not work be-
cause of the almost inevitable existence of a wide range of subtle,
technical interactions among the various subsystems. As a result, the
nontechnical military customer does not have an adequate degree of
scientific or engineering competence to perform the systems integration
function. ’ ‘

(2) The proper approach, which does work, is to assign systems re-
sponsibility for the design and integration of the various subsystems
required to compose a complete operating weapon system to a single
group of competent, versatile scientists and engineers, including physi-
cists and electronics engineers, because of the superior training these
men receive in the fundamentals of science and in the solution of new
problems. Proper exercise of the systems management responsibility
results in the development by such groups of an unusual ability to deal
concurrently and quantitatively with a variety of nontechnical opera-
tions, as well as technical matters. This is the way in which a new
and advanced system, which may employ the most complex equipment
and technical methods, can best be made to fulfill the actual objectives
of the development, which are generally operational or nontechnical in
basic character.

To summarize, our government, in the last few years, has supported
a gigantic experiment, costing hundreds of millions of dollars and
involving many thousands of man-years of effort, testing these two
approaches to weapons systems development. It would be tactless, of
course, to enumerate the inefficiencies and failures that have charac-
terized the first approach, and to show in detail how the outstandingly
successful programs have always been characterized by the second
approach. However, the record exists and is incapable of misinter-
pretation. In the military systems field, one approach is poor, the
other is good!
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19.5 CARRY-OVER FROM MILITARY ELECTRONICS TO
AUTOMATION IN BUSINESS AND INDUSTRY

In showing the unsuitability of the black-box approach, examples
from airborne bombing and fire control were used to illustrate one of
the kinds of interaction problems that so frequently arise. Attention
was called to the very extensive, and at one time unsuspected, ramifica-
tions in the design of the computer equipment that are required because
the statistically fluctuating character of radar data is so different from
the character of optical data for which computers had formerly been
designed. There is a good analogy to this kind of problem in the field
of automation.

An excellent example is in the area of factory production control.
It has to do with a problem to which automation experts sometimes
address themselves—that of devising a combination of methods and
electronic calculating equipment to derive machine-loading information
that will permit the scheduling and use of the various machines in the
shop so as to obtain the maximum utilization of men and machines
compatible with meeting customer delivery dates. As all who have
had occasion to tackle this problem know, optimum machine loading
is by no means easy to obtain in a factory that makes a wide variety
of items. However, any set of methods and equipment devised for
“automating” the scheduling and assignment of machines must use
various types of input data related to the availability of inventory
supplies, the number, types, and delivery dates of customers’ orders,
and the like. Usually, some of this material is provided by the tabulat-
ing department of the company. This tabular information comes in
the form of lists, reports, and summaries of various types, derived
from inventory or customer order data.

The black-box approach as applied here would be one in which com-
pany management would stipulate to the group engaged to develop
automation methods of machine scheduling a scope of responsibility
that did not include the source and accuracy of the tabulating data,
on the theory that this is a separate problem to be dealt with, if at all,
by others. This can be recognized as similar to the black-box approach
described in connection with the development of radar for combination
with computing equipment to solve bombing and fire control problems.
Just as in the military case, with such an approach to machine utiliza-
tion, automation in a factory is likely to run into serious difficulties,
and for much the same reason as that which lay behind the problems
of the black-box approach to radar-computer combinations. Here is
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the trouble—or here at least is one kind of trouble that can arise. The
tabulating data bearing upon such matters as the number of items in
stock, purchase orders to be filled, and the like, are frequently based
upon counts and checks that have been made considerably in advance
of the time the final data arrived in the hands of production control
for machine-scheduling use. It is not at all uncommon in a big factory
to find that some types of tabulating data, by the time they reach
the production-control people; are so badly out of date as to be quite
unsuited for certain kinds of control purposes. How serious such in-
accuracies may be depends entirely upon the use to which the data
are put. Frequently factory people work out their own practical solu-
tion of this problem by trial and error methods that ultimately result
in control procedures which, consciously or unconsciously, place a mini-
mum of dependence on the large time-lag data. Under such circum-
stances, the introduction of an entirely new set of methods and proce-
dures accompanied by sophisticated electronic equipment for bringing
automation into the machine-loading problem might result in such a
different use of the tabulating data that time-lag effects which previ-
ously gave no trouble would cause the new system to fail completely
to meet its objective.

There is an interesting similarity between the weakness of the black-
.box approach in factory production control and the weakness of the
black-box approach in a radar-computer combination. In each case,
problems arise out of the unsuspected existence of certain inaccuracies
in the basic input data. In the radar-computer combination, the in-
accuracy stems from the characteristics of tracking radar. In the fac-
tory example just used, inaccuracies arose out of the methods of col-
lection and processing of the tabular data. The conclusion is the same
in both cases: it is risky to design a black box that is to be used as
a portion of a larger, complex system of machinery and procedures,
unless the design of the black box is accompanied and governed by a
thoroughgoing analysis of the entire system within which the black
box is to function. In other words, the black-box approach is as un-
suited to the needs of automation development as it is to military
weapons systems.

The apparent simplicity of this conclusion should not be allowed
to conceal its very practical implications. For example, this principle
asserts that rapid, efficient progress toward factory automation will
not result from the narrow approach of developing automatic equip-
ndent to convey material from one machine to another unless the design
of the material-handling equipment is associated with an analysis that
shows it to be compatible with the requirements of the newer machines
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and methods of fabrication that may shortly be:required as a result
of an overall systems approach to the entire problem of the automatic
production line.

As another example, rapid progress is not likely to result from a
program to develop equipment and methods that will permit a factory
to maintain its inventory at the lowest possible level, unless this work
is integrated into a well thought-out program that takes proper account
of the other closely related factors, such as machine utilization and
delays in customer deliveries.

There is an unspecified implication in the examples just advanced
to establish the unsuitability of the black-box approach. As in the
military experiences, it has been assumed that the customer himself
is unable to do the systems integration task and thereby properly
supervise and control the work of the development team. Is this a
sound general implication? That conclusion was reached in the mili-
tary situation because of the technical complexities that were mixed
up with the operational problems. In most cases the business and
industrial customer is equally unsuited to these very analytical and
technical tasks, if by the customer we mean the operational people
within the company in question for whose use the automation methods
and equipments are designed. More specifically, the man who has
grown up as an operating expert in the field of production control in
a large and modern factory is not likely to be efuipped to determine
the combination of procedures and electronic techniques that should
be used to bring to his factory the fruits of automation. The field is
much too technical and too complicated for that. The production
control expert of the factory he is associated with, unfortunately, needs
also to be one of the world’s best-informed men with respect to the
characteristics of modern electronics computing and data-handling
equipment and methods. This he is not likely to be or to become.
Just as in the case of military electronics, it is necessary for some one
person or some one small group to encompass both the operational and
the technical factors involved. Experience purchased by our govern-
ment at the cost of many millions of dollars has shown that the ap-
proach that works is to give the systems design responsibility to the
technical man and be patient while he learns what he needs to know
of operational nontechnical matters. The other approach is rarely
successful in fields such as military electronics or automation where the
scientific and technical content is so very high.

The factory expert must, of course, work closely with the automa-
tion expert. If the problem in question is the design of a new data-
processing system for automation of the production control functions
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of the factory, the factory experts should not be shoved aside and
ignored by the team of physicists and engineers who set to work to
devise a new system. This would lead to exactly the same kind of
useless result as would be secured in a military systems development
if the technical team were to ignore the military operational people
in choosing their technical method of approach to the development of
the military system. Although the customer must not himself attempt
~ to perform the highly complex systems design job involving technical
and operational factors, it is, of course, the customer who must supply
to the scientific systems team the basic operational data that serves
to define the problem. And if the scientifically dominated systems
development team is really to be effective, its key members must have
a breadth that makes it possible for them to talk to production control
experts and develop an adequate understanding of their problems.
Each automation systems development project, just like each military
weapons systems development project, requires the establishment of
extensive and detailed communication between the basically technical
project team and the basically nontechnical operational people. Mili-
tary experience has shown that such interrelations can be successfully
established, and that basically technical organizations can develop
project teams that, although scientifically dominated, demonstrate
great aptitude for absorbing and properly integrating the operational
problems into their considerations. The factory expert should have
something to say about the development of a new production control
system; but the factory man must consider himself to be primarily
a source of input data to the project team, and he must recognize that
as long as the field of automation involves as much technical complexity
as it surely will for the next ten years, the people who do the con-
structive and inventive work will not be production control experts but
instead must be men trained as scientists and development engineers.

And so, with abundant use of analogies from military experience
these are the principal points of this discussion—the importance of a
properly integrated systems approach to the automation of business
and industry, and the key role that must be played by scientifically
dominated teams in the control and management of such systems de-
velopment projects.

These points have been emphasized heavily because they are vital
in the future of automation, and also because it is not at all clear today
that business and industry are aware either of their importance or of
the great pertinence of the military electronics experience. There are
many examples today in the business and industrial approach to auto-
mation of the employment of methods that have been more than amply
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tested, unsuccessfully, in weapons systems work. If this approach
becomes prevalent in the automation activities of the next few years,
then American progress in achieving the benefits of automation will
be markedly slower than it needs to be. Certainly a ten-year difference
in the achievement of a high level of automation can easily be the
result if these matters are not properly understood and attended to by
business and industry.

However, let us not view the future with alarm. In fact, there are
some trends today which, if properly nourished and extended, could
result in an adequate level of systems competence in the development
of automation during the next few years. The rest of this chapter
will be devoted to an appraisal of these trends.

19.6 APPRAISAL OF SYSTEMS APPROACH

If my arguments to this point have been convincing, then we should
all be agreed that rapid development of automation requires that the
solution of each factory control or data-processing problem in business
or industrial establishments be governed by the results of a systems
analysis treating all company operations capable of exerting a major
influence on the choice of methods, procedures, and equipment best
suited for the solution of the problem under attack. Furthermore, we .
should also be agreed that the extensive technical content of such sys-
tems work requires that it be accomplished by teams dominated by
professionally trained scientists and development engineers, who, how-
ever, have also acquired a capacity to deal effectively with concurrent
nontechnical operational matters. Now these conclusions appear to
specify pretty completely the manner in which any company interested
in the introduction of automation into its operations must go about
accomplishing such a result. The procedure indicated is for the com-
pany to give a systems development contract to some organization
with a high content of scientific and development engineering com-
petence, and with an established record of performance in the design
and development of electronic systems. If such arrangements are sup-
plemented by the establishment of a proper degree of intimacy between
the systems development group and appropriate operational people
within the customer company, favorable conditions should exist for the
ultimate determination of a combination of methods, procedures, and
apparatus to bring to the customer the maximum quantity and quality
of practical automation consistent with the state of the art.

However, there is a difficulty sometimes associated with the imple-
mentation of this approach to automation. This difficulty arises out
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of the fact that the thoroughgoing scientific systems analysis and
equipment design procedures upon which the approach is based can
frequently be a very expensive undertaking. The proper solution of
a major systems development problem may well require a technical
team of a hundred or more people working for two or more years. The
price tag for such a program may run to several millions of dollars.
So, although the procedure described is undoubtedly the proper ap-
proach for General Motors to take in bringing automation into its
production lines, or for the Bank of America to employ in the develop-
ment of mechanized data-processing procedures—where the size of the
business and the ultimate benefits arising out of a properly designed
system will recover many times over the cost of the development effort
—such an approach may be out of the question for small or medium-
size businesses. Not only do we not want to ignore small or medium-
size businesses, but as a practical matter automation certainly will not
really have arrived until it is suitable for this scale of industrial
activity.

Certainly there is a practical answer to this problem. To develop
it, we must start with the observation that there are two different ways
in which a systems team can go at the problem of developing a com-
bination of methods, procedures, and equipment for the solution of
an operational problem. The method already discussed is one in which
the development team undertakes to design new equipment to accom-
plish the required purposes. In this type of program, the development
team usually limits itself to the employment of electronic and me-
chanical components, vacuum tubes, servo motors, semiconductor de-
vices, memory elements, and the like, that are currently available,
but attempts to devise ways of combining these components in circuits
and electromechanical arrangements that may result in devices and
subsystems quite different from any that have appeared before. When
this kind of invention and design process is carried out with proper
regard for the nontechnical operational objectives of the program, the
most effective results are obtained. It is this kind of work that the
major business and industrial establishments should support in order
to obtain the maximum benefits from automation.

19.7 BUILDING-BLOCK APPROACH TO AUTOMATION

There is, however, another approach to the same kind of problem
that can be employed by the systems development team. In this
approach, the team limits itself to the employment of complete devices
or subsystems that are currently available, rather than to the employ-
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ment of electrical and mechanical components currently available. For
this kind of approach, the “building blocks” with which the develop-
ment team works, instead of being transistors, vacuum tubes, motors,
potentiometers, and the like, are electrical printers, arithmetic and
control units, card readers, magnetic-tape files, and the like—assuming
that units with such titles are currently available for purchase or
lease from industrial suppliers. The “building blocks” with which the
development team works are numerous and elemental, in the one in-
stance, and few and complex in the other. However, the analytical
and logical problems involved in the design of a suitable system of auto-
mation for a business or industrial establishment are much the same
in the two instances, although physically the results might appear to
be quite different, because in the first case new and extensive apparatus
results, whereas in the second case the output of the systems approach
is a combination of existing pieces of hardware.

Now, obviously, the first method of approach to an automation
problem is a more flexible one and allows the development of equip-
ment and procedures that are more precisely suited to the needs of
the business or industrial establishment under study. In fact, the
second method of approach is not practical at all until there has been
enough development of the first type to provide on the market a suit-
ably wide range of devices and subsystems of adequate flexibility to
permit, combinaton in various patterns to perform a variety of automa-
tion tasks. Ultimately, however, it is to be expected that this second
condition will exist as more and more organizations get in the business
and a wider and wider range of automation problems achieve solution.

Should a banking institution, for example, sponsor the development
of automation for its own uses, it is quite likely that some of the result-
ing methods and equipment would be at least partially applicable to
the activities of other banks enough smaller to be unable to sponsor
the pioneering work themselves, but large enough to have similar opera-
tional problems. Since American industry never works in such a way
as to exclude for very long the participation by smaller members of
an industry in the advanced developments of their larger colleagues,
we may safely expect that ultimately the pioneering work done by
the large organizations will extend benefits in this way to other mem-
bers of the same:industry. This process will undoubtedly be helped
along by the companies that design and manufacture the equipment.
Their own interests, of course, will be best served if they can ultimately
obtain a wide market for their products. Therefore, whenever they can
do so without compromising the automation system that they are ini-
tially employed to develop for the major customer, they will choose
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methods of packaging the subsystems that go into their final system,
and of standardizing the methods and procedures in different forms to
meet the approximately similar requirements of other customers.

And so we can expect to find, as time goes on, that there will be
developed a number of basic lines of automation, each line composed
of equipment and methods and procedures in combinations that will
make it possible to handle the automation problems of a class of busi-
ness and industrial customers. It is not possible today to predict with
any certainty how wide a range of customers may ultimately be served
by any of these major lines of automation. Perhaps there will be a
set of machinery, methods, and procedures that will be applicable only
to the banking business, another set of machinery, methods, and equip-
ment applicable only to the insurance business, another for department
stores, another for automobile factories, and the like. Of course, com-
‘panies in the automation business will prefer and will continue to work
toward lines of equipment at least, if not methods and procedures,
that can be employed across the board by all business and industrial
establishments. Undoubtedly the final result will lie somewhere be-
tween these two extremes. There will be certain kinds of machinery
that are applicable to a variety of data-processing and factory auto-
mation problems wherever they arise. There will be other types of
machinery that will be more highly specialized to one industry. The
same will be true of the methods and procedures that in each instance
must work intimately with the machinery in order to accomplish the
overall operational result.

But, whatever the final pattern, it is clear that the growth of this
complex of methods and machines must stem from the large-scale
systems study and equipment development programs, sponsored by
major establishments, that will determine the basic character of the
available equipment subsystems and methods. Solution of the auto-
mation problems of a large number of smaller customers will then
follow, guided by the second kind of systems development approach,
in which the design materials employed by the development scientists
and engineers will consist of the available subsystems, rather than
elemental electrical and mechanical components.

From the point of view of the smaller business and industrial estab-
lishment, this means of extending the applications of automation equip-
ment is of great economic importance. The controlling factor is that
by all odds the major part of the development expense is associated
with the actual invention, testing, and reduction to practical form of
the design of the devices and subsystems that make up the final equip-
ment. The approach that employs existing equipment, therefore, al-
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though depending just as much on a high quality of scientific systems
analysis, is much less costly and, if the problem under investigation is
fairly similar to other problems for which major and expensive hard-
ware development programs have been accomplished, then it is not
unlikely that there will already exist devices and subsystems that can
be combined to give a fairly satisfactory solution to the automation
problem of the smaller business or industrial establishment.

19.8 OPERATIONS RESEARCH IN AUTOMATION

Finally, it may be interesting to note that the second kind of system
development activity, although essentially not very different from the
first kind, goes by an entirely different name. The term that has come
to be applied to this kind of work is “operations research.” More gen-
erally, operations research is a term used to describe the activities of
scientifically trained teams who undertake the assignment of analyzing
broad areas of operation of business or industrial establishments, to
determine procedures and methods of making decisions that are most
effectively geared to the basic objectives of the business. When, as is
so frequently the case nowadays, the scope of assignment of the opera-
tions research team includes consideration of the possible employment
of the newer techniques of automation to improve the efficiency of the
enterprise, then the operations research assignment is indistinguishable
from the integrated systems development operation, except that such
an assignment is usually of the second type, where the team does not
design new apparatus but instead limits itself to designing combinations
of available equipment that can best meet the needs of the business in
question.

It is no accident that operations research activities are beginning to
appear and grow rapidly in various establishments throughout the
country at about the same time that development of automation equip-
ment is really getting under way. In each instance the principal work
is being done by scientists and engineers who have learned their trade
during and since the war in military electronic systems activities of
one form or another. Some of these men have gone to organizations
where they can use the detailed knowledge of electronic and electrome-
chanical techniques, which they acquired while working on weapons
systems, in the development of new kinds of automation apparatus.
The others have made their way to operations research groups, where
they find a direct carry-over to the business and industrial world of
the analytical methods and the systems approach that they found so
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productive in military work. The rapid development of automation
requires and will make use of both types of activity. As time goes on,
we shall see a great expansion in the scientific and engineering staffs
of the companies that engage in the development of the equipment
of automation. In the companies that are successful, we shall also see
an increasing dependence upon thoroughgoing systems analysis of the
problems of major business and industrial establishments as the basis
for equipment design. Concurrent with these developments, we shall
see a rapid increase in the numbers and quality of operations research
teams throughout the country, which, as time goes on, will carry a
larger and larger fraction of the load of bringing to smaller business
and industry in particular the combinations of methods, procedures,
and equipment that will bring about the benefits of automation in the
most economical and efficient manner. In each type of activity, prin-
cipal dependence will be placed upon teams of scientists and develop-
ment engineers, led by men who, in addition to superior professional
attainments, will exhibit unusual breadth and capacity for compre-
hending and dealing simultaneously with nontechnical as well as tech-
nical problems.

19.9 CONCLUSIONS

The reason for this‘emphasis on the systems point of view is that
experience has shown there is a certain subtlety about it that is likely
to be overlooked. There is an illusory sense of simplicity about systems
development work. There is something very logical and appealing
about the idea of assigning to the production control organization of
a factory the responsibility for working out and specifying the kind
of automation equipment and techniques that should be employed to
improve the efficiency of the production control operations. There was,
of course, a similarly incorrect sense of fitness to the early military
decision to assign to bombing and navigation experts the responsibility
for working out and specifying the kind of equipment and procedures
needed for the performance of improved bombing and navigation func-
tions. The significance of the military electronics experience and
its direct applicability to the field of automation are not generally
appreciated by most businessmen. As a result, there is a great danger
that business and industry will repeat a large fraction of the mistakes
that have by now led many of our military people to a considerably
more sophisticated and informed approach to major systems problems
than characterizes the approach of many business and industrial ex-
ecutives.
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If business and industry comprehend well and early enough the
basic facts of automation, these trends will be supported and strength-
ened with the result that the national ability to move rapidly ahead in
the field of automation will grow, and the bright new industrial revo-
lution just now starting will bring major benefits in new products and
in increased national output of old products within the next eight to
ten years.
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gyros, 344
Machmeter, 350
pressure, 349
Flip-flop circuits, 20, 193
Flow control, 425; see also Air flow
detectors, Liquid flow
Floyd, G. F., 68
Force balance controller, 123
Ford, Henry, I, 574
Ford Motor Company, 20, 550
Fortune, 551
Fractionating column, 427, 429
Frame, 279, 282
Frequency response, 64, 434
cracking furnace, 436
flight control, 342, 355
pneumatic controllers, 439
processes, 435 '
Friction, 144, 345
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types, 162

Functional analog, 136, 144
differential equation solution, 144
modes of operation, 151

Furnace control, 428

Future, 209, 249, 545, 563, 576

Gaging, 535, 537

Gallup poll, 112

Gates, digital computer, 195

Gaussian distribution, 112
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General Electric Company, 297, 369, 399
General Mills, 369, 385, 539
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General-purpose computer, 138, 187, 220
General Riveters Corporation, 526
Genisco, Inec., 262, 270
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Giannini, G. M., & Company, 262, 270
Goodyear Aircraft Company, 133
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Graphic panels, 444

Grey code, see Modified binary code
Grinders, 535

Guaranteed annual wage, 559

Guided missiles, 333, 354, 358

Gyros, 344

Haloid Company, 298

Hanson-Gorrill-Brian, Inc., 270

Harder, Del, 20

Hartree, D. R., 137

Harvard Computation Laboratory, 216

Harvard IBM Mark II, 277

Heading reference, 345

Helipot Corporation, 270

Hewlett-Packard Company, 258, 270

Hexadecimal number system, 189

High-gain amplifier, 171

Hillyer Instrument Company, 498

Hollerith, H., 280 '

Hollerith punched-card code, 281

Howe, Elias, 550

Hughes Aircraft Company, 21

Human Use of Human Betngs, The,
574

Hydraulic amplifiers, 119
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Hydraulic elements, transfer functions,
53
Hysteresis, 144, 465

IBM, 116, 216, 223, 226, 278, 280, 289,
290, 296, 303, 325, 539
IBM 026 printing punch, 280, 295
IBM 101 statistical machine, 236
IBM 407 accounting machine, 289, 297
IBM 701, 286, 287, 291, 297
IBM 702, 290, 291
IBM 704, 226, 276, 201, 297
IBM 705, 287, 291
IBM 711 card reader, 291
IBM 714 card reader, 291, 292
IBM 716-717 printer, 289, 291
IBM 719-720 printer, 295
IBM 721-722 card punch, 291
IBM 727 tape units, 283, 291
IBM 730 printer, 295
IBM 774 tape data selector, 292, 293
IBM cathode-ray tube output, 297
IBM-Harvard Mark II, 277
IBM NORC, 283
IBM SSEC, 278
Implicit-function technique, 171
Industrial control instruments, 89
sales, 559
Industrial Controls Corporation, 523
Industrial Nucleonics, 538
Industrial process control, 113, 456;
see also Process control systems
Industrial relations, 568
Industrial revolution, second, 4, 7
Information flow, 6
Information theory, 15
Infrared analyzer, 449
Input-output equipment, 206, 274
analog-to-digital converters, 254, 256
buffers, 277, 285
card punches and readers, 291
card-to-tape converters, 282, 292
characteristics, 291
cost, 277
electronic data processing, 221, 235,
309
interlock, 286
keyboard-to-tape converters, 282, 292
magnetic tapes, 202, 235, 283, 290
magnetic wire, 276
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Input-output equipment, off-line, 274
on-line, 275, 291
photographie, 297
print readers, 284
printers, 282, 289, 291, 295
recording media, 279, 283
reliability, 277
tape punches and readers, 291
tape-to-card converters, 282
Input-output limited problems, 220, 275
Inspection, statistical methods, 111
Instruction, 28, 181
branch or jump, 205
classes, 185
code example, 229
decoder, 204
format, 182
modification, 230
program length, 317, 323, 331
register, 204
storage, 227
Instruments, 89
accuracy, 91
and controllers, 96
industrial, 89, 90
narrow span, 440
scientifie, 91
statistical, 111
user preference, 92
see also Industrial control instru-
ments, Measurement
Instruments and Automation, 21
Insurance data processing, 314
Integrating amplifier, 140
Integrator, 140, 159
Intelligent Machines Company, 284
Internal Revenue Code, 558
International Business Machines, see
IBM
Inventory control, data processing, 117,
318

Jacquard, J. M., 550
JAN-R-11 requirements, 413
Jet aircraft, 357

Johnniac computer, 291

Kearfott Company, Inc., 270

Kellogg Switchboard & Supply Com-
pany, 270
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Kelvin, Lord, 35, 137, 215
Keyboard-to-tape recorders, 282, 292
Kirchhoff’s laws, 136, 148

Labor, bargaining power, 569, 571
cost, 559, 566
electronic equipment production, 382
elimination, 553
fixed cost, 560
guaranteed annual wage, 559
resistance to automation, 558, 561
unemployment, 571
work force, 572
work week, 573
Laplace transformation, 38, 51
LARC, 287, 291, 298
Leeds & Northrup Company, 270
Librascope, Inc., 270
Life insurance, data processing, 314
Limit stops, 431
Line printers, 289, 295
Linear programming, 25, 223, 249
Link Aviation, 134
Liquid flow, 422
Liquid level, 422, 424
Little, Arthur D., Inc., 270
Livermore Radiation Laboratory, 287
Logging, 267, 445 .
Logical algebra, sece Boolean algebra
Logical decisions, 184
electric power systems, 476
functions, 195
instructions, 185, 205
inventory control, 322
magnetic elements, 106
utility billing, 330
Luft infrared analyzer, 449

MacArthur, Douglas, 551

Mach number, 349

Machine decisions, see Logical deci-
sions

Machine language, 25, 307

Machmeter, 350

Magna Engineering Corporation, 562

Magnetic amplifiers, 468, 474, 480

Magnetic cores, 106, 200, 226

Magnetic drum, 100, 200, 201, 227

Magnetic recording, basic principles,
200
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Magnetic tape, 202, 226, 279, 282, 291
card-to-tape converter, 282, 292
code, 283
files, 315, 319, 324
machine tool control, 80, 512
metallic versus plastic, 282
printers, 282, 294
record playback, 80
recorders, 166
requirements for sequencing data, 236
sorting and merging, 235
speed, 291
strategy, 235, 238
tape-to-card converters, 282

Magnetic tape recording characteris-

tics, 283

Maintenance, preventive, 187, 567

Management, 116, 542, 547, 561, 565
American, 573
data processing, 304, 570
inertia, 557
process control, 113, 433
science, 304
scientific, 549

Maniac computer, 291

Manufacturing, 515, 531
control, 531, 536
lot size, 553

Manufacturing applications, 515
aircraft engines, 540
ball bearings, 519, 534
biscuit factory, 550
flour mill, 549
forging, 543
gears, 523, 536
grinders, 533
nuclear gaging, 537
punch press, 521
riveting, 524, 526
stamping, 516
television tubes, 530
transfer machines, 518, 550
warehousing, 527

Mark I computer, 216

Mark II computer, 277

Mark IV computer, 217

Mark sensing, 329

Mass spectrometer, 449

Massachusetts Institute of Technology,

see MIT
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Master record, 314, 317, 319, 323, 327,
331
Meany, George, 551
Measurement, accuracy, 91
continuous analyzers, 424, 447
correlation, 108
customer acceptance, 114
digital, 504
mechanical manometers, 439
physical properties, 451
position, 504
significance, 108
statistical, 111
see also Flight control system, In-
struments, Process variables
Mechanical control elements, transfer
functions, 53
Mechanical differential analyzer, 137
Mechanical integrator, 140, 159
Mechanical summarizers, 98
Melpar, Inc., 369, 394
Memory, see Digital computer storage
Merging, magnetic tape, 235, 238
Mid-Century Instrumatic, 133
Military electronic systems, 579, 586
Miniaturization, 102, 375, 394, 443
Mini-Mech, 394
Minneapolis-Honeywell, 21
Minnesota Electronics Corporation, 270
Missiles, see Guided missiles
MIT, 215, 297
numerically controlled machine, 510,
554
Radiation Laboratory, 103
Servomechanisms Laboratory, 508
storage tube, 202
Modified binary code, 257, 263
Moore, J. R., 72
Morse, P. P., 25
Moseley, F. L., Company, 270
Multiplication, accuracy, 175
AM-FM, 158
analog, 140, 142
dual-amplitude modulation, 160
electronic, 157, 175
mechanical integration, 159
potentiometer, 140
quarter-square method, 159
servomechanism, 142, 147, 155
Mylar plastic tape, 282
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National Bureau of Standards, 276, 297,
369, 409
National Cash Register Company, 291
NATO, 560
NCR-107, 291
Newton’s equations, 136
Noise, 70; see also Disturbances
Nonlinearities, 52, 142
components, 142
flight control, 343
rate gyros, 344
transfer functions, 53
Non-Linear Systems, Inc., 270
NORC, 283
Nuclear magnetic resonance, 450
Number systems, binary, 27, 189, 256
binary-coded decimal, 27, 256
hexadecimal, 189
modified binary, 256, 263
octal, 189
Numerical control of machines, 494,
523, 554; see also Digital control of
machine tools
Nyquist, H., 47
Nyquist stability criterion, 47, 57, 60

Oak Ridge National Laboratory, 282

Obsolescence, 558

Octal number system, 189

Oerlikon Tool & Arms Corporation, 271

Off-line equipment, 275

Office automation, 306

On-line equipment, 291

Open-loop control, 42, 48, 71, 437

Operational amplifier, 153

Operations research, 3, 25, 225, 594

Operator chart, 98

Optical grating, digital measurement,
505

ORACLE, 282

Orifice meter, 425

Parity bit, 282
Peripheral equipment, 275
Philbrick Associates, 133
Phillips, W. E., 427
Photoelectric reader, analog-to-digital
conversion, 263
curve follower, 165
punched-tape reader, 288
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Photoeclectric reader, tracing, 79
Photographic storage, 283, 297
Pitch, aircraft, 337, 345
Pitot tube, 349
Plant process control, see Process con-
trol systems
Plastic magnetic tape, 282
Pneumatic devices, 103, 120, 439
amplifiers, 105, 119
computing relays, 440
controllers, 426, 439, 442
narrow-span instruments, 440
sine wave generators, 435
Pompeo, D. J., 450
Position measurement, 504, 506
Potentiometer, 140, 154, 161
Potter Instrument Company, 258, 271
Praktische Grosszahlforschung, 109
Pressure processes, 422, 423
Print reader, 284
Printed circuits, 371
etching, 373, 377
silk screening, 376
sprayed, 384
Printed page, 283
Printer, 282, 291, 294, 206
analog plotting, 296
Charactron tube, 298
Dataprinter, 296
gang, 289
IBM cathode-ray tube, 297
line, 289, 295
nonmechanical, 296
plugboard control, 294
speed, 291, 295
type wheel, 295
Xerography, 298
Process control systems, 14, 23, 113, 421
accounting loop, 116
" basic control loop, 117
batch, 421, 531
cascade, 428
characteristics, 23, 422
computer, 128, 432
continuous, 42, 421, 531
continuous analyzers, 447
coordinated, 429
customer acceptance, 114
data logging, 268, 445
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Process control systems, dynamic char-
acteristics, 341, 434
electronic, 442
frequency response, 435
graphic panels, 444
management, 116, 433
multiple-element, 431
quality control, 451
servo techniques, 434
single variable, 425
supervisory, 431
time constants of variables, 422
see also Feedback control system
Process control systems applications,
cracking furnace, 436
electronic controllers, 443
flow, 425
fractionating column, 427, 429
furnace, 428
servo techniques, 434
steam boiler, 430
Process industries, 419, 420
Process variables, 422
definitive, 447
interdependence, 427
product properties, 424
Product composition, 424
Product design, 363, 535
Product quality, 451
Production control, 586
Productivity, 520, 549
Profiling, 77
Programming, electronic data process-
ing, 182, 228, 317, 323, 331
Programming, process control, 446
data logging, 446 )
digital control of machines, 510, 513
electronic-equipment production, 404,
412
plant control, 128
Proportional controller, 122, 127
electrical, 126
electronic, 442
force balance, 123
stroke-compensated, 124
Prudential Insurance Company, 303
Pseudo codes, 248
Pulse generator, 261, 509
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Punched card, 279
card-to-tape converters, 282, 292
code, 281
-punches, 291
readers, 291
tape-to-card converters, 282
Punched-card applications, 312, 403,
407, 411
Punched-card equipment, 29, 214, 235
Punched paper tape, 227, 279, 283, 288,
508, 523

Quality analyzers, see Continuous ana-
lyzers
Quality control, 114, 536
component insertion, 391
electronic assemblies, 395, 406, 411
electronic components, 368
statistical methods, 111
Quarter-square multiplication method,
159

Radar, airborne, 579
Radio Television Manufacturers Asso-
ciation, see RETMA
Rate gyro, 344
Rand Corporation, 297
Random access files, 221
Random phenomena, 16
RCA-BIZMAC, 298
RCA-Victor Corporation, 298
Rea, J. B., Company, 271
Real-time computation, 137, 138, 175
Record playback control, 80
Recorders, 166, 207
analog computer analysis, 166, 175
z-y, 110, 296
Recording, see Magnetic tape recording
Recording media, 279, 283
Reeves Instrument Corporation, 133
Regulation, 84, 459, 469
Relay, amplifiers, 143
electrohydraulic, 102
electronic, 121
fluid, 119
pneumatic-hydraulie, 105
Relays, 164, 196, 526
protective, 476, 484
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Reliability, digital computer systems
and electronic data processing, 186,
243, 246

input-output equipment, 277

Remington Rand, 223, 407, 551

Rensselaer Polytechnique Institute, 21

Resolvers, 142, 160

RETMA, 364, 368

Reuther, Walter, 551, 573

Rockford Army Ordnance, 541

Root locus method, 38, 47, 61, 67, 355

Routh, E. J., 47

Routh’s stability criterion, 47

Routine, 182, 186

Russia, 552, 560

Sabotage, origin, 571
Safety shutdown, 431
Sales, 558, 568
Sampled data systems, 54
Sampling rate, analog-to-digital con-
verters, 254, 264
Sampling system, continuous analyzers,
451
dead time, 452
Sargrove, John A., 368, 550
Sargrove automatic machine, 383
Scanning system, 106
computer control, 129
Schmidt circuit, 193
Scientific computation, 220, 224
linear programming, 223, 249
matrix inversion, 222
partial differential equations, 222
simulation, 223
trajectory, 217
Scientific computers, see Electronic
data processing
Scientific instruments, 91
SEAC, 276, 278, 285
Self-regulation, 552
Sensing elements, see Measurement
Servomechanisms, 53, 67, 507
computing, 142, 155
digital control, 503
division, 156
error, 507
flight control, 343
function generator, 162
magnetic tape drive, 290
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Servomechanisms, multiplication, 142,
155
process control, 434
punch press, 521
transient error, 508
Shepard Laboratories, 295
printer, 291
Shopsmith, 562
Sideslip angle, 335, 348
Sideslip stability augmenter, 356
Signode Steel Strapping Company, 517
Silk screening, 376
Simulation, 141, 144, 484
generator, 489
high-speed relays, 484
nonlinearities, 144
time delay, 141
submarine trainer, 134
systems design, 38
wind tunnel drive, 491
Single-variable control, 425
Small business and industry, 565, 592
Small-lot production, 399, 513, 553
Smith, A. O., 550
Social implications, 4, 571
Sorting, 235, 238
Special-purpose computers, 138
Spectrometers, 448
Speed, digital computers, 186
digital recording, 283
electronic data processing, 218
flight control, 337, 349
regulator, 459
Speed control, log carriage drive, 479
steel mill, 459
Sperry Rand, 226, 287, 290, 292 295,
see also UNIVAC
SSEC computer, 278
Stability, see Feedback control system
stability
Standards, electronic industry, 364
Stanford Research Institute, 369
Statistical instruments, 111
Statistical phenomena, 16
Steam boiler, 430
Steel Magazine, 560
Steel mill control, 83, 86, 459, 468
Steinmetz, C. P., 5
Storage, see Dlgltal computer storage
Straight-line coding, 229
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Streeter-Amet Corporation, 262, 271
Stroke-compensated controller, 124
Submarine simulator, 134
Subroutine, 186
Subsonic flight, 338
Subsystems, 37, 593
Supersonic flight, 340
Supervisory control, 431
Sylvania Electric Products, 369, 530
Synthesis, control system, 71
transfer functions, 151, 169
Systems and procedures, 246
Systems design, 37, 73
“analog computers, 468, 471
industrial controls, 458
manufacturing, 561
military, 583
subsystems, 37, 593
Systems engineering, 3, 12, 37, 363, 545,
581, 590
electronic-equipment assembly, 370
flight control, 354
weapons systems, 583

Tabulating equipment, 29, 214, 312
Taller & Cooper, 262, 271
Taylor, Frederick W., 549
Technology, 9, 12, 42, 113
Telecomputing Corporation, 259, 271
Teledeltos paper, 296
Telemeter Magnetics, 288
Teletype Corporation, 227, 277
equipment, 276, 277, 278, 279, 285, 288
reader and punch, 291
Television assembly, 364
Temperature processes, 422, 423, 428
Terminology, 25
Thévenin equivalent circuit, 487
Thomas autometer, 451
Time constants of process, 422, 436
Time delay simulation, 141
Tin plating, 473
Tinkertoy project, 369, 409, 538
Tracer controls, 76
Trainer, submarine, 134
Trajectory solutions, 144, 147, 217
Transducers, see Translators
Transfer function, 49, 457
autopilot, 169
closed loop, 50
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Transfer function, control elements, 53
cracking furnace, 436
generator and exciter, 473
open loop, 49
regulator and exciter, 489
stability, 57
synthesis, 151, 153, 169

Transfer machine, 518, 550

Transient response, 67
Floyd’s method, 68
hysteresis, 466

Transmission lags, 440

Translator chart, 93

Translators, 89

Transonic speeds, 340

Transportation, 564

Transportation lag, 422

Tullahoma wind tunnel, 490

Two-time scale computer, 128

Ultraviolet analyzers, 449
Unemployment, 571
Unit record, 283, 308; see also Master
record
United Automotive Workers, 558
United Shoe Machinery Company, 369,
389
United States Air Force, B-36, 362
F-86, 362
United States Armed Forces, 361, 579
United States Bureau of Census, 280
United States Navy, Bureau of Aero-
nautics, 409
Bureau of Ships, 394
United States Signal Corps, 399
UNIVAC 1, 223, 226, 277, 286, 551
UNIVAC II, 226
UNIVAC high-speed printer, 295
UNIVAC LARC, 287, 291, 208
UNIVAC printer, 291
UNIVAC Scientific 1103, 286, 288, 290,
291, 298
UNIVAC Scientific 1103A, 291
UNIVAC tape verifier, 292, 293
UNIVAC Uniprinter, 292
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UNIVAC Uniservo, 290, 291
UNIVAC Unityper, 292
University of California, 287
University of Pennsylvania, 217
Utility billing, 323

Variables, 30, 45, 341
definitive, 447
operational, 422
product, 424
Veeder-Root counter, 258
Velocity, aireraft, 337, 349
control of digitally controlled ma-
chines, 502
Vertical gyro, 346
Victor Adding Machine Company, 271
Viscometer, 452
Viscosity, 422
Voltage regulator, 469, 489

Wall Street Journal, 551
Warehousing, 318, 527
Watt, James, 34
Western Union, 296
Westinghouse Electric Company, 467,
550
Wheelabrator, 516
Whirlwind I Computer, 297
Wiedemann Machine Company, 521
Wiener, Norbert, 4, 25, 34, 574
Williams storage tube, 202
Wind tunnel, 490
Word, 181
fixed and variable length, 182
World War II, 34, 103, 333, 552, 579,
584
Wright Air Development Center, 369
Wright brothers, 333

Xerography, 298

X-y recorders, 110
line printers, 296
cathode-ray tube, 297

Yaw, 337, 343
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